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ABSTRACT

CHEMINFORMATIC AND MECHANISTIC STUDY OF
DRUG SUBCELLULAR TRANSPORT/DISTRIBUTION
The subcellular transport and distribution behavior determines both the
pharmacological effect on the cellular level and the drug exposure at a tissue,
organ and whole body level. Despite of the rapid evolution in experimental and
computational approaches for studying the subcellular transport of small
molecules, a thorough understanding and reliable experimental analysis of
cellular pharmacokinetic behavior remain challenging. Mechanism-based
computational models are promising tools for testing hypothesis, exploring
mechanism and guiding experiment design and data analysis in pharmacokinetic
and system biology studies. The primary goal of this work is to propose a
hypothesis-driven, simulation-guided strategy for drug subcellular transport and
distribution studies. The current knowledge of organelle targeting features of
small molecules was analyzed in terms of its relevance to developing
computational models for analyzing subcellular pharmacokinetic behavior. A non-
invasive insert system was designed to characterize small molecules’
intercellular transport kinetics, and a mechanism-based passive diffusion model
was adapted to facilitate the design and analysis of subcellular distribution and
intercellular transport experiments. This study pointed out many opportunities to
advance effective screening for drug candidates with desirable distribution and

xii



transport behavior at a subcellular and systemic level. These opportunities
include: 1) the development of quantitative experimental platform for the real-time
tracking and analysis of non-fluorescent molecules in multiple subcellular
compartments; 2) the elaboration of hypothesis-driven, mechanistic modeling
techniques emphasizing a better understanding of the non-steady-state
intracellular accumulation behavior and limited intercellular diffusivity; 3) the
promotion of simulation-guided experimental design strategy; and 4) the

incorporation of synthetic biology concepts into pharmacokinetics studies.
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Chapter |

Introduction

Abstract

The systemic pharmacokinetics and pharmacodynamics of small molecules are
determined by subcellular transport phenomena. Although approaches used to
study the subcellular distribution of small molecules have gradually evolved over
the past several decades, experimental analysis and accurate prediction of
cellular pharmacokinetics behavior remain a challenge. In this review, we
surveyed the progress of subcellular distribution research since the 1960s, with a
focus on the advantages, disadvantages and limitations of the various
experimental techniques and computational predictive tools. Critical review of the
existing body of knowledge pointed to many opportunities to advance the rational
design of organelle-targeted chemical agents. These opportunities include: 1)
development of quantitative, non-fluorescence-based, whole cell methods and
techniques to measure the subcellular distribution of chemical agents in multiple
compartments; 2) exploratory experimentation with non-specific transport probes
that have not been enriched with putative, organelle-targeting features; 3)
elaboration of hypothesis-driven, mechanistic and modeling-based approaches to

guide experiments aimed at elucidating subcellular distribution and transport; and



4) introduction of revolutionary conceptual approaches borrowed from the field of
synthetic biology combined with cutting edge experimental strategies. Specific
aims were proposed for state-of-the-art subcellular transport studies which aimed
at understanding the formation of new organelles in response to drug therapy,
exploring the role of chemically-synthetic organelles as intracellular drug depots
and developing subcellular pharmacokinetics models to guide the rationale

design of organelle targeting super drugs.

Keywords: drug transport; pharmacokinetics; biodistribution; drug targeting;

databases; mathematical modeling; drug delivery.



Introduction

Despite of the rapid development in combinatorial chemistry and high
content screening assays for synthesizing and testing of large numbers of new
chemical agents, the discovery of drug candidates with favorable
pharmacokinetics (PK) and pharmacodynamics (PD) properties has remained a
challenge in drug discovery process. Nowadays, the pharmaceutical industry is
facing the ‘productivity crisis’ featured by increasing R&D cost and decreasing
number of marketing approvals [1], during which 75% of the cost of drug
development turned out to be on failures in Phase Il/lll clinical trials and any
attempted recoveries after regulatory rejection [2, 3]. Therefore, to meet the
growing demand for more drugs [4, 5] and to increase rate of approval, the ability
to accurately predict the absorption, distribution, metabolism, excretion, and
toxicity (ADMET) profile of new chemical agents is highly desirable.

On the cellular level, the entire set of processes of absorption / uptake,
distribution, metabolism and elimination within one single cell, as referred to as
the subcellular transport and distribution, controls not only the benefit / toxic
effect on a cellular level but also drug exposure at a tissue, organ and whole
body level. This is because many drugs require entrance into specific subcellular
organelles to reach their targets, or they have side effects associated with
unwanted accumulation in non-target sites within cells. For example, although
the concentration of many weak base anticancer agents remains high in drug-
resistant cell lines, the efficacy of the drugs are often compromised due to

sequestration of weak bases in acidic intracellular organelles rather than the



intracellular sites of action [6-10]. In osteoporosis therapy, the lysosomal cysteine
protease inhibitor with physicochemical properties that facilitate lysosomal
trapping also exhibit significantly higher in vitro and in vivo potencies than its
derivatives with less preferable molecule properties [11].

On that ground, novel drug targeting strategies to improve compound
efficiency in reaching specific organelles have been sought to increase a
molecule’s potency and decrease undesired side effects. For example, small
molecules are being targeted to mitochondria by conjugating these molecules to
cell-penetrating, lipophilic peptides, oligoguanidinium, or triphenylphosphonium
moieties [12-17]. To fulfill this organelle targeting drug design strategy, there
have been many efforts aiming at characterizing the physiological properties of
the most important intracellular organelles and identifying key physicochemical
features that determine the accumulation of exogenous chemical agents inside
these organelles [18-21]. More importantly, the mechanisms driving the
distribution kinetic of chemical agents within the cell and the dynamic cellular
response to these chemical agents are being revealed with the aid of new
experimental strategies and conceptual approaches.

To put the state-of-the-art of subcellular transport research in perspective,
we reviewed the historical progress of subcellular biodistribution research,
focusing on the evolution of experimental, theoretical and conceptual approaches
used to analyze the organelle-targeting features of small molecule chemical
agents. The advantages, disadvantages and Ilimitations of the various

experimental techniques and computational predictive tools were discussed.



Specific aims were proposed for pioneering subcellular transport studies which
aimed at understanding cellular response to drug therapy, exploring the role of
chemically-synthetic organelles as intracellular drug depots, and characterizing

and analyzing the comprehensive pharmacokinetics behavior at a cellular level.

Pharmacological effects as evidence for specific organelle accumulation

Eukaryotic cells have highly organized subcellular compartments with
distinct structural and functional features. Current knowledge of the physiological
properties and general principles of target delivery into major subcellular
organelles were summarized (Table 1.1). Pharmacological effects, i.e. changes
in these features, especially changes in organelle morphology (swelling, rupture,
shrinkage, etc.) upon drug treatment have been used in a large number of
studies as the evidence for compound localization in specific organelles.
Surveying the literature, a large number of subcellular localization reports were
based on evidence that the chemicals induced changes in the structure or
function of specific organelles [22].

Prior to the widespread adaption of cell-based uptake and transport assays
in small molecule drug development, morphological changes were commonly
used as evidence for organelle accumulation. From the 1960s to the 1980s,
similar numbers of studies were based on observations with light microscopy,
fluorescence microscopy and transmission electron microscopy [23-25]. Light
microscopy was the preferred tool in detecting expansion in the endolysosomal

compartment, visible as a massive, cytoplasmic vacuolation phenomenon. With



transmission electron microscopy, morphological changes of the major
organelles could be observed directly, with or without the aid of specific organelle
tracers. In the early 1980s, fluorescence microscopy became increasingly
applied to the detection of organelle swelling and shrinkage using fluorescent
probes. In the endolysosomal compartment, the observed morphological
changes have been shown to reflect the accumulation of weakly basic
compounds inside these organelles, or the inhibitory effects of cations on the
activity of lysosomal proteins [26, 27].

Morphological changes in lysosomes and mitochondria often coincided with
changes in membrane potential, pH gradients or membrane permeability [28-32].
Under some circumstances such changes resulted in the release of a resident,
organelle-specific enzyme into the cytosol or into the extracellular compartment.
Thus the detection of fluctuation in voltage or pH gradients, or the detection of
released organelle components, was used as evidence for accumulation of
exogenous small molecules in specific organelles, from the 1970s [33-36] and
continuing to this day [37-40].

Also since the 1970s, analytical measurements using thin layer
chromatography and HPLC to detect alterations in organelle composition,
including changes in lipid content, protein concentrations and metabolic changes,
have been used as evidence to infer accumulation of small molecules in specific
organelles [41-43]. For example, significant increases of phospholipids in the
renal cortex of gentamicin- or netilmicin-treated rats [44] were ascribed to

impaired lysosomal degradation of phospholipids due to inhibition of lysosomal



phospholipase C by accumulation of said molecules in lysosomes. Ammonia,
amiodarone and some other compounds that interfere with degradation of
proteins or phospholipids in lysosomes [45-47] were also associated with
inhibition of lysosomal proteases and phospholipases due to the accumulation of
these weakly basic compounds in the lysosomes, resulting in intra-lysosomal pH
changes with consequent effects on lysosomal enzyme activities [48-52].
Nevertheless, claims that a molecule “accumulates in” an organelle based
on a change in organelle structure (or function) are circumstantial and prone to
misinterpretation and experimental artifacts. For example, in the case of toxic
compounds, inhibition of organelle function may not require direct interaction, or
accumulation within a specific organelle. For instance, apoptosis signal
transduction pathways lead to mitochondrial membrane permeabilization, loss of
mitochondrial membrane potential and the release of cytochorome c from the
mitochondria, as well as nonspecific effects on other organelles. Therefore,
induced changes in mitochondrial volume, membrane potential, or permeability
do not necessarily reflect a direct interaction with mitochondria. The same is true

for other organelles [53].

Chemical analysis as evidence for specific organelle accumulation
Pharmacokinetics gradually became part of drug development from the

1960s through the 1980s. However, only since the 1990s, there has been an

increasing recognition of the importance of cellular pharmacokinetics as a

determinant of systemic pharmacokinetics. In the process, quantitative



measurement of chemical uptake in vivo or in vitro became increasingly
important as direct evidence supporting the actual localization of a molecule in a
specific subcellular compartment. Irrespective of the experimental strategy,
analytical measurements were increasingly applied in cellular uptake or
distribution studies, providing direct evidence for accumulation in specific
organelles. However, only a relative small fraction of the molecules whose
intracellular localization has been reported in the scientific literature is supported
by such evidence [22].

In uptake experiments, researchers measure drug mass in intact cells or in
isolated organelle after in vitro or in vivo administration of the compound. In some
cases, a known, organelle-targeting compound was used to compete for the
interaction or otherwise inhibit the organelle-specific accumulation mechanism.
For instance, in a report of the subcellular localization sites of weakly basic
molecules, the reduced cellular uptake after the disruption of trans-membrane pH
gradients was used as evidence for endolysosomal accumulation [54, 55]. Less
commonly, ion-selective electrodes have been used to study the uptake of
positively charged, lipophilic compounds in isolated mitochondria [56-58]. Binding
to resident organelle-specific components including protein, lipids or nucleic
acids has also been measured as direct evidence to demonstrate organelle or
cytosolic accumulation [59-62].

Starting in the 1990s, there was an increase in the number of investigations
looking at the qualitative or semi-qualitative (relative) distribution of a compound

in all subcellular compartments, simultaneously, featuring analytical



measurements following cell fractionation [22]. In cell fractionation studies, the
basic experimental strategy has been to isolate the various organelles by
differential centrifugation [63], followed by measurements of the absolute amount
of a compound in each organelle fraction [64-66] and/or comparing that amount
relative to the total accumulation of the compound in the cell [67-69]. Reliable
separation of distinct subcellular organelles is critical to the evaluation of
subcellular distribution profile. While enzyme activity of organelle specific marker
proteins in each fraction can be readily determined, for effective separation of
subcellular compartments requires little overlap in marker enzyme activities
between the fractions. Then the fractions can be subjected to chemical analysis
of organelle associated compound accumulation by means of spectrophotometry
[70], HPLC [71-73], LC/MS [74], and most commonly, by scintillation counting of
radiolabeled compounds [75-78].

Many significant advances in distribution studies were achieved through the
development of cell fractionation techniques. Organelle separation and analysis
techniqgues such as immunoisolation, fluorescence activated sorting and
electromigration analysis was developed. However their use in subcellular
distribution studies remains infrequent, possibly because they are technically
demanding. For organelle immunoisolation, cell homogenates were exposed to
organelle-specific antibodies attached to solid supports and the cell fractions of
interest were concentrated by binding to antibody [79-81]. Fluorescent activated
cell sorting was applied to separate multiple intracellular organelles stained with

membrane dyes or labeled with fluorescent antibodies to organelle membrane



proteins [82-85]. Since around the early 2000s’ electrophoresis has been used to
separate different subcellular organelle fractions from cell homogenate [86-94].
Most recently, magnetic chromatography methods were developed to isolate and
enrich lysosomes from cells that internalize iron-containing particles [95-97].

As a caveat, organelle isolation procedures are not necessarily free from
experimental artifacts: organelle isolation procedures can disrupt such
interactions [58]. During the lengthy procedures to attain higher purity and
adequate amount for further analysis, organelle damage and compound leakage
from one or more subcellular organelles are inevitable and difficult to control [63].
While whole cell fractionation analysis followed by analytical measurement has
advantages over experiments that probe a specific compound-organelle

interaction. However, fractionation analysis is very labor intensive.

Whole cell based microscopic imaging studies as evidence for intracellular
localization.

Whole cell based microscopic imaging studies using intrinsically fluorescent
or fluorescently-tagged molecules accounted the most number of scientific
articles reporting a molecule’s subcellular localization [22] and have been most
common over the past decade. Less commonly, electron microscopy combined
with immunocytochemical methods were used to obtain high resolution
information of intracellular distribution of small molecular weight compounds that
precipitated out at their sites of accumulation [98, 99] or that were tagged with a

specific immune-epitope [22, 100, 101].
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Compared to pharmacological and chemical analyses which are tedious and
prone to artifacts, microscopic imaging has generally been preferred as an
efficient and reliable method to obtain real-time intracellular distribution data.
Microscopic visualization of fluorescent or fluorescently-tagged molecules
provided the evidence for establishing subcellular localization, in the majority of
published, subcellular localization studies [22]. While the intracellular
accumulation sites of fluorescent compounds can be determined directly based
on the characteristic morphology of stained compartments [102-108], the use of
resident, reference fluorescent markers [109-113] has enabled determination of
subcellular distribution by analysis of co-localization patterns. Following
advances in location proteomics [114-118], machine vision-based quantitative
image analysis has been used to establish the degree of co-localization between
compounds of interest with an organelle-specific reference marker [119-121].
Furthermore, large combinatorial libraries of fluorescent probes and automated
high content screening instruments have facilitated analysis of chemical motifs
associated with specific intracellular distribution patterns [120-122]. For
compounds with fluorescent property but interfered with cellular auto-
fluorescence, the fluorescence resonance energy transfer-based approach has
been designed to study the trafficking and distribution of xenobiotics with proper
conjugation [123].

Fluorescence based imaging techniques offer many advantages over other
detection methods, evidence for subcellular localization based on fluorescence-

based studies is generally criticized due to well-known artifacts. For example,

11



environmental factors such as binding status [124], ionic strength [125], solvent
polarity [126-128], pH [129-131] and temperature [132-134] can affect a
molecule’s fluorescence intensity, or peak excitation and emission wavelengths.
If the fluorescence intensity is dependent on environmental factors, conclusions
on subcellular distribution pattern might not be entirely accurate or complete as
molecules may not be fluorescent in every compartment they localize to[135].
For non-fluorescent molecules to be detectable under fluorescent microscopy, a
fluorescent tag needs to be conjugated to the compound. This tag can alter the
distribution of the original compound. Thus, claims about the subcellular
localization of a tagged compound are only valid in the context of the entire small
molecule-fluorescent probe conjugate.

Over the past decade, more sensitive and general mass spectroscopy
imaging methods, such as the confocal Raman microscopy and secondary ion
mass spectroscopy, have also emerged to monitor the distribution of non-
fluorescent compounds in cells [136]. To date, a few pioneering studies based on
these techniques have been reported in intracellular mapping of xenobiotics [22,
137, 138]. Nevertheless, significant breakthroughs are being achieved in this
area. For example, the major challenge in conventional Raman imaging is how to
amplify and quantify the weak resonance signal in live cell environment. The
application of coherent anti-stokes Raman scattering has led to improvement in
signal detection and has been applied in tracking the intracellular distribution of

endogenous lipids, virus RNA and organelle transport [139-141].
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Yet another recent advance was the application of secondary ion mass
spectrometry (SIMS) in analyzing subcellular localization sites of chemical agents.
SIMS is the most sensitive analysis technique traditionally used in material
sciences to analyze the elemental, isotopic or molecular composition of thin films
[142-144]. Beginning the late 1990s’ SIMS has seen new applications in
qguantifying the phospholipids composition in biological membranes [145] and
mapping the distribution of isotope labeled chemical agents after in vitro or in
vivo dosing [146-149]. Though still in its infancy, SIMS is garnering attention in
subcellular distribution studies because of its high sensitivity and outstanding

resolution.

Computational models to frame quantitative hypotheses and analyze
subcellular distribution patterns.

Since the 2000s, cheminformatics and computational modeling-based
approaches have become essential to drug discovery and development. In
parallel, cheminformatics and computational approaches are increasingly being
used to generate and test hypothesis about the intracellular distribution and
transport behavior as well as the chemical-organelle interactions in particular
subcellular organelles [18-20, 120, 150-152]. However, evaluation of
computational models is inherently dependent on the quantity and quality of
subcellular localization measurements. In the next few sections that follow, we

will discuss the features and applications of common types of mathematical

13



models that have been developed to predict subcellular distribution and transport

behavior.

Empirical and semi-empirical models

Computational models for predicting the subcellular PK/PD behaviors can be
classified into two categories: the statistically-based, empirical or semi-empirical
models and the mechanism-based physiological models. Typical statistical
models use experimental observations of small molecule subcellular localization
as a training dataset. With calculated physicochemical properties as input
parameters, regression, multivariate statistical analysis or classification strategies
can be applied to make qualitative (yes/no) or quantitative (how much)
descriptions of the compound distribution pattern in the training set. If the fit
between the model and the training set is acceptable, the model can be applied
to a different test set of molecules with overlapping physicochemical properties,
to make predictions about the molecules’ localization. In cheminformatics
research, this is referred to as a quantitative structural-activity relationship
(QSAR) study [153].

QSAR models have been widely used in and seen commercialized products
for the prediction of different ADMET properties, including the prediction of
physicochemical and topological parameters [154-156], oral bioavailability [157-
159] and toxicity, carcinogenicity, skin sensitization and so on [160-162]. In
predicting the steady state subcellular distribution pattern, several published

articles have been published to analyze compound intracellular accumulation
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sites using decision trees and other regression based QSAR tools [18-20, 163-
167]. QSAR models could also be combined with time exposure data to simulate
the kinetics of distribution in different subcellular compartments [119, 152, 167-
170]. In these models a multi-compartment model was built based on first order
elimination and the time course, concentration or activity data from test
compounds was used to optimize the adjustable parameters in the original model.
The resultant model with optimized parameters could be applied in evaluation of
efficacy and risk assessment for newly synthesized chemical agents.

The success of QSAR-based models depends largely on the accurate
calculation of molecular properties and the quality of input data. Ideally the
observations used for predictive QSAR models should be derived from the same
experiments, based on the same mechanism of study, assessed with the same
criteria, and performed with similar methods so as to avoid intra-laboratory
variations in the manner the measurements are made and the way the
observation is defined. QSAR models also benefit from large data sets of
compounds. Therefore, QSAR models based on scant published data obtained
with different methods and experimental approaches are more descriptive than

predictive.

Mechanism-based physiologically-relevant models
Mechanism-based physiologically-relevant models for predicting subcellular
localization take into account not only the molecular parameters of the chemical

agents but also the physiological properties of subcellular organelles of interest.
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The pH-partition theory and the ion-trapping mechanism have been proposed as
basis of the earliest and simplest mechanism based model to estimate the steady
state accumulation in single subcellular organelle type, as driven by trans-
membrane electrical potentials and pH gradient across phospholipid bilayer.
According to the pH-partition theory, lipophilic cations accumulate in the
mitochondria due the negative mitochondria membrane potential, and the
behavior could be predicted by the Nernst equation [171-173]. According to the
ion-trapping theory [48], when a phospholipid bilayer separates two
compartments of different pH levels or electrical potential, the basic membrane
permeant lipophilic molecules become protonated and charged preferentially in
the acidic compartment. Because of the lowered membrane permeability of the
charged form of the molecule, the molecule becomes concentrated in the acidic
compartment [174-176].

More recently, complex mathematical models have been developed to
predict the subcellular distribution and transport behavior among all intracellular
compartments. These models usually incorporate a number of general
mechanisms including mass balance, Fick’s law of diffusion, pH—partitioning
theory and ion-trapping. For example, physiologically-based models were
developed to calculate the uptake of electrolytes into plant cells [177], the
intracellular accumulation and organelle distribution of molecules in cells
suspended in homogeneous extracellular drug concentration [178], or in
epithelial cells exposed to transcellular drug concentration gradient [179]. Using

combinations of input values, simulations can be performed to mimic the kinetics
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of small molecules distribution in lysosomes, mitochondria and cytosol of millions
of virtual molecules differing in molecular properties [21]. To demonstrate the
potential of this approach, a predictive, multi-scale, cell-based model was
constructed to simulate the distribution properties of pulmonary drugs in different
cell types and anatomical regions of the lung [180].

Translated to the in vivo realm, mechanism base models could be extend to
incorporate some less general mechanisms involved in specific biological
process (e.g. active transport, binding and metabolism) [181-185]. Unsurprisingly,
the validation of more physiologically related models will require detailed
experimental measurements and kinetic analysis of small molecule distribution at
multiple scales, in a manner that exceeds the capabilities of state of the art

experimental approaches by many orders of magnitude.

Conclusion

Thus far, we have presented a comprehensive survey of the past and
present state of the art of subcellular transport knowledge, focused on the
evolution of experimental approaches and methods. Our understanding of small
molecule distribution inside cells has been shaped (and is being reshaped) by
the application and limitations associated of each one of these approaches and
methods, and the invention of new ones (Table 1.2). Analytical measurements
following precise cell fractionation can be considered the most quantitative and
convincing evidence for claims of preferential accumulation of chemical agents in

specific subcellular compartments. However, fractionation studies are low
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throughput and labor intensive. Accordingly, live cell-based imaging with
fluorescence microscopes has become the most common method for
documenting the subcellular distribution of small molecule chemical agents [22].

The application of fluorescence-based techniques in subcellular distribution
studies has had two major consequences on the current state of knowledge in
this field: 1) much of what is presently known about the subcellular localization
properties of small molecules is biased towards fluorescent compounds, with
either intrinsic fluorescence or fluorescent molecular tags; and 2) the majority of
compounds with reported subcellular localizations are either highly specific,
organelle-targeting transport probes or their subcellular distribution has been
analyzed only in the context of a specific organelle. Thus, the development of
methods to quantify the distribution pattern of non-fluorescent, non-targeted
molecules at the whole cell level will be necessary to expand our current
understanding of the subcellular distribution properties of small molecules.

For this reason, in addition to whole cell experimental analysis methods,
physiologically-based modeling efforts aimed at predicting cellular
pharmacokinetics are contributing positively towards formulating a hypothesis-
driven framework for experimental, quantitative analysis of cellular biodistribution
phenomena. Although still at its inception phase, whole-cell, mechanism-based
computational modeling is a promising tool in terms of providing quantitative
hypotheses for guiding the design of experiments aimed at furthering
understanding of subcellular distribution and transport phenomena, without

focusing on a particular location.
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In the future, combinations of experimental methods will be used to study
cells loaded with concentrated solutions of small molecules, which should
facilitate analyses and provide new insights into the interaction of cells with
exogenous chemical agents. For example, by combining computational modeling,
Raman confocal microscopy, fluorescence microscopy, electron microscopy and
chemical analysis [138], we found that incubating cells with concentrated
chloroquine solutions (such as those found in the urine of patients undergoing
chloroquine therapy) drives the formation of intralysosomal drug-membrane
complexes that bind to other weakly basic molecules (Figure 1.1) [138]. With
clofazimine, combining biochemical, microscopy and molecular imaging
techniques, revealed that continuous exposure of cells to supersaturated drug
solutions resulted in the synthesis of intracellular, autophagosome-like drug
inclusions, new organelle-like cytoplasmic structures formed by condensed drug-
membrane aggregates derived from mitochondria and possibly other organelles
[186]. While such drug-membrane complexes may form and accumulate inside
cells, such complexes may also form at the plasma membrane and can be shed
by cells into the extracellular medium [187].

To conclude, continued investigation of subcellular transport phenomena will
lead to fundamental insights into the chemistry of life, and the ability to predict
and optimize the subcellular transport and biodistribution properties of small
molecules at the cellular level is seen as a stepping stone towards predicting and
optimizing systemic pharmacokinetics and pharmacodynamics. Although an

accurate, quantitative assessment of the microscopic distribution of small
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molecules inside cells remains a challenge, we envision that progress in this field
with the development of an increasingly sophisticated combination of methods
and analytical techniques will serve as a stepping stone towards developing new

drug delivery strategies and therapeutic modalities.

Specific aims

As aforementioned, knowledge about the relationships between the
molecular properties and subcellular distribution of exogenous chemical agents
leads to greater understanding of their biological effects and serves as a basis for
the rational design of “supertargeted” chemical agents to specific sites of action
within cells [188]. While there have been many efforts in identifying specific
molecular properties and physiological conditions that are associated with
predictable subcellular distribution patterns and bioavailability [189-192], such
efforts have been limited to a relatively small group of chemical agents. A
comprehensive cheminformatic analysis of the physicochemical and subcellular
distribution properties of a diverse set of small molecules would be valuable and
may lead to more general insights that are important to prioritize future research
efforts in this area.

Previously in our lab, a mechanism-based computational model of cell
pharmacokinetics was developed to guide experimental design and analysis of
the subcellular distribution and transport properties of small molecules across cell
monolayer [193]. This model has seen successful application in predicting the

transcellular permeability of small molecules across cell monolayer [194]. Using
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the weakly dibasic drug chloroquine as a test compound, the model was capable
of capturing the transcellular transport kinetics for the first four hours of drug
treatment [194]. We envision that such physiologically based models would also
be a useful tool in guiding experimental design for intracellular accumulation and
intercellular transport studies.

The aim of this project is to assess the status of current knowledge of the
subcellular pharmacokinetics of small molecules, and to develop a fast and cost
effective computational tool to facilitate the experimental design and analysis of
small molecules’ subcellular distribution behavior, especially the intracellular
distribution and intercellular transport. Four specific aims of this project are as
follows:

1. To explore the extent to which current knowledge about the
organelle-targeting features of small molecules may be applicable towards
controlling the accumulation and distribution of exogenous chemical
agents inside cells, and to evaluate the feasibility of developing a
statistically based empirical model in predicting subcellular accumulation
sites. In this study, molecules with known subcellular localization properties as
reported in the scientific literature will be compiled into a single data set and
compared to reference data sets from the DrugBank database or the PubChem
database to identify potential physicochemical properties that are associated with
subcellular targeting phenotype. Specific trends in the distribution of molecular

properties as associated with reported subcellular localization sites will be
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discussed in relation to the development of empirical structure-localization
relationship models for predicting steady state subcellular distribution profile.

2. To evaluate the performance of a cell-based, physiologically relevant
mathematic model in predicting subcellular distribution pattern by
cheminformatic analysis of virtual libraries of small drug-like molecules. In
this part of the study, mathematic models of single cells will be used to simulate
the steady state intracellular distribution pattern of ninety-nine lysosomotropic
small molecules in a leukocyte in homogeneous extracellular drug concentration
or an epithelial cell facing an apical-to-basolateral drug concentration gradient.
The simulated subcellular accumulation sites will be compared to literature
reports and the relationship between the physicochemical properties and the
associated cellular distribution profiles will be studied.

3. To demonstrate the flexibility and application of mechanism based
models in hypothesis testing using chloroquine as a model compound.
Chloroquine is a weak base drug with extensively intracellular accumulation
which could not be explained by the traditional pH-portioning theory and ion
trapping mechanisms. In this study, we proposed an alternative hypothesis to
explain  chloroquine accumulation: that drug-induced phospholipidosis
corresponds to an inducible, weak base disposition system. We will perform
detailed quantitative analysis of chloroquine cellular pharmacokinetics in
epithelial cells and modify our cell-bases simulator to establish the impact of

phospholipidosis on the cellular pharmacokinetics of chloroquine.
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4. To apply the mechanism-based cell simulator to analyze the inter-
cellular transport of small molecules within cell monolayers. In this study, a
novel design featuring impermeable membrane support with geometric pore
arrays will be proposed. The time course of inter-cellular transport of small
molecules will be analyzed with a cell-based mathematic model. Fluorescence
microscopy will be used to capture the kinetics of transport of different chemical

compounds and to compare with simulation results.
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Tables

Table 1.1. Features of major subcellular compartments

that affect the intracellular distribution pattern of small

chemicals.
Major . . . . .
Major biological Morphological . . General mechanisms of
subcellular : Physiological features .
function features accumulation
compartments

Lysosomes &
endosomes

Degradation of
excessive cellular
proteins, lipids and
organelles

Membrane-bound,
vesicles

Acidic luminal environment
(pH<6)

Contain unique, lysosomal
protease and hydrolyses.

Active transport; ion trapping;
interaction with organelle resident
proteins; receptor endocytosis;
fluid phase pinocytosis;
intracellular membrane trafficking.

Mitochondria

Energy conversion and
storage of calcium ions

Membrane-bound,
with internal
membrane structure

Negative membrane potential.
Weakly basic luminal pH (~8).
Two membranes.

Contain DNA.

Active transport; trapping by
chem.-electrical potential,
interaction with mtDNA and
organelle resident proteins

Storage of genetic

Membrane-bound with

Composed of phosphate-rich

Active transport; partitioning to
nuclear envelope; interaction with

Nucleus materials large protein pores DNA, R.NA’ and a large variety DNA, RNA (nucleoli) and
of proteins . .
organelle resident proteins
Plasma Separation of the Membrane protein Fluid mosaic, lipid bilayer with Lipophilic pgr'glthmng, ab_sorptl_on
cytosol form the rich phospholipid . o to phospholipids; interaction with
membrane ; : ) selective permeability. .
outside environment bilayer membrane membrane proteins
Facilitation of protein Interconnected Intracellular membrane trafficking;
Endoplasm . . . . .
reticulum folding and transport of network of membrane interaction with phospholipids or

synthesized proteins

tubules.

organelle resident proteins

Golgi apparatus

Process and package
of macromolecules

Stacks of semicircular
or planar membrane-
bound compartments

Intracellular membrane trafficking;
interaction with phospholipids or
organelle resident proteins

Cytosol

Intracellular solution-
like matrix

Interaction with cytosolic
components such as the
cytoskeleton




It

Table 1.2. A summary of experimental methodologies.

Methods Experiment Instruments Pros. & Cons.

al systems
Pharmacological LM; FM; TEM, , - : , o

Dead or analytical instruments | Does not provide sufficient evidence to ascertain localization
effect - : S . o

living cells such as HPLC, Only provides indirect evidence for effect on a specific organelle.

LCMS, and GE

Analytical measurements

L Isolated FM; FS; radiometer, | Provide adequate evidence for localization to a specific organelle.
Uptake/binding . .
. organelles or or analytical Cannot assess the accumulation in all subcellular organelles at one
experiments . :
cell culture instruments time
Distribution Centrifuge, FACS, Separation of cellular organelles is difficult.
, Dead cells CC, CE, and . ) X
studies Not suitable if compound undergoes rapid efflux

analytical instruments

Whole cell based imaging studies

Depict the Sample processing steps may cause redistribution
Immune-/ )
Histochemistry Dead cells  TEM relative . . .
distributio _Detection of small amounts is challenging.
Fluorescence , n pattern  May miss localization information if fluorescence
: Live cells FM . . \ : .
microscopy in all intensity changes with environmental factors
Raman imaging Live cells Raman microscopy cellular Signals are weak and require amplification
Secondary ion organelles
mass Dead cells SIMS device
spectrometry
Computational -
m in silico Computers
predictions

Abreactions: LM - light microscopy; FM - fluorescence microscopy; FS - fluorescence spectrometer; FACS - Fluorescence-activated
cell sorting; CC — column chromtography; CE - capillary electrophoresis TEM - transmission electron microscopy; HPLC - high
performance liquid chromatography; LC/MS - Liquid chromatography-mass spectrometry ; GE - gel electrophoresis.



Figures

Figure 1.1. MDCK cells treated with 50 uM chloroquine concentration for 4
hours prior to staining with Lysotracker Green (yellow, lysosomes),
Mitotracker Red (blue, mitochondria) and Hoechst (red, nuclei). Cells
exposed to high concentrations of chloroquine undergo profound changes in
endolysosomal membrane organization. Continuous accumulation of chloroquine
leads to the formation of spherical, multilamellar drug-membrane complexes that
visibly bind to Lysotracker Green within the lumen of the expanded lysosomes
[138]. Scale bar: 5 um.
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Chapter I

The Subcellular Distribution of Small Molecules:
A Meta-Analysis

Abstract

To explore the extent to which current knowledge about the organelle-targeting
features of small molecules may be applicable towards controlling the
accumulation and distribution of exogenous chemical agents inside cells, and to
evaluate the feasibility of developing a statistically based empirical model in
predicting subcellular accumulation sites, molecules with known subcellular
localization properties (as reported in the scientific literature) were compiled into
a single data set. This data set was compared to a reference data set of
approved drug molecules derived from the DrugBank database, and to a
reference data set of random organic molecules derived from the PubChem
database. Cheminformatic analysis revealed that molecules with reported
subcellular localizations were comparably diverse. However, the calculated
physicochemical properties of molecules reported to accumulate in different
organelles were markedly overlapping. In relation to the reference sets of Drug
Bank and Pubchem molecules, molecules with reported subcellular localizations

were biased towards larger, more complex chemical structures possessing
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multiple ionizable functional groups and higher lipophilicity. Stratifying molecules
based on molecular weight revealed that many physicochemical properties
trends associated with specific organelles were reversed in smaller vs. larger
molecules. Most likely, these reversed trends are due to the different transport
mechanisms determining the subcellular localization of molecules of different
sizes. Molecular weight can be dramatically altered by tagging molecules with
fluorophores or by incorporating organelle targeting motifs. Generally, current
body of knowledge in compounds with subcellular distribution information is not
suitable for developing predictive empirical models. In order to better explore
structure-localization relationships, subcellular targeting strategies would benefit
from analysis of the biodistribution effects resulting from variations in the size of

the molecules.

Keywords: drug transport; pharmacokinetics; biodistribution; drug targeting;

databases; mathematical modeling; drug delivery; cheminformatics.
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Introduction

To develop small molecule chemical agents that accumulate at specific sites
within cells, one would need to address not only bioavailability and tissue
distribution issues at a systemic level, but also focus on delivery and targeting
strategies at the subcellular level. In this context, knowledge about the
relationships between the physicochemical properties and subcellular distribution
of exogenous chemical agents could lead to greater understanding of their
biological effects and could serve as a basis for the rational design of chemical
agents “supertargeted” to specific sites of action within cells [1]. As such,
supertargeted collections of chemical agents could serve as a starting point for
developing more potent and less toxic drug leads, focusing on molecules that
concentrate at intended sites of action while avoiding unwanted interactions with
unintended targets.

The scientific literature supports the notion that many small molecule
chemical agents tend to accumulate in specific organelles. The localization is
usually supported by evidence including physical interaction with organelle
components, resulting changes in organelle structure and function, or it may be
visualized microscopically when a molecule has a specific optical signature. At a
microscopic level, tissue distribution profiles depend on drug molecules crossing
cellular membranes. During this process, drug molecules may also accumulate in
various subcellular organelles, or bind to components such as lipids, proteins,
DNA, RNA that localize to different intracellular or extracellular compartments.

Specific properties of small molecules (pKj,, logP, molecular size, formal charges,
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hydrogen bond forming capacity, etc.) have been associated with predictable
differences in systemic bioavailability and tissue distribution [2-5]. Indeed, a
comprehensive cheminformatic meta-analysis of the physicochemical and
subcellular distribution properties of small molecules as reported in the scientific
literature could lead to interesting insights and would be important to prioritize
future research efforts in this area.

Here, to help assess the status of current knowledge about the distribution
of small molecules inside cells and its application to develop predictive empirical
models for subcellular drug targeting and delivery, we compiled a data set of
small molecules with reported subcellular localization features. In turn, a meta-
analysis was performed to reveal how chemical structure and physicochemical
properties are associated with the subcellular transport and biodistribution

properties of exogenous chemical agents inside cells.

Methods

Data collection. Manual, text-based searches were undertaken using
PubMed, Web of Sciences, MEDLINE and a commercial catalogue of fluorescent
probes (Molecular Probes Catalog, Invitrogen Inc) using standard MESH terms
(i.e., lysosome, mitochondria, nucleus, cell membrane / plasma membrane /
cytoplasmic membrane, endoplasmic reticulum, Golgi apparatus / Golgi complex,
subcellular, intracellular, accumulation, distribution) to identify small molecules
exhibiting organelle-specific intracellular localization patterns. This initial pool of

references was expanded by searching for articles written by the same authors,
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articles citing or cited by these articles, as well as articles describing studies
perforomed on related compounds as identified by searching chemical substance
names (e.g. styryls, amines, etc.). For molecules that were found in review
articles or catalogues, the chemical name (and synonyms) were used as key
words to search PubMed and Google Scholar for original research articles
describing experimental evidence documenting their subcellular localization.
Database construction. Each molecule was incorporated into a database
of 967 unique compounds with subcellular localization information about their
chemical structure and distribution profile (Table 2.1, Appendix A-H). Claims for a
specific subcellular distribution pattern were established based on the authors’
interpretation of the data. For example: “compound X targets organelle Y”;
‘compound X (strongly / mainly / predominantly / selectively) localized in
organelle Y” [6-10]; “compound X exhibited a organelle Y localization” [8, 11];
“‘compound X mostly concentrating in organelle Y” [12, 13]; “method Z showed
significant enrichment of compound X in organelle Y” [14]; “strong organelle Y
accumulation was observed for compound X” [15]; “compound X (preferentially)
accumulated in organelle Y” [16-18]; “Z percentage of compound X was
associated with organelle Y” [19]; “subcellular distribution of compound X1 was
almost identical with the distribution of compound X2” [20]; “organelle Y
accounted for approximately Z percentage of the total distribution” [21-23]. The
experimental methods used to support the claims were documented (Table 2.2).
Each entry was linked to the main reference source about the compound’s

subcellular localization. Compound chemical structures were sketched in MOE
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(Molecular Operating Environment, Chemical Computing Group Inc., Montreal,
Canada) using the Molecule Builder, then reduced to single connected
components (i.e., without counter-ions) with MOE Wash algorithm, and then
converted to Simplified Molecular Input Line Entry Specification (SMILES) strings.

Localization categories. For integrative analysis, we manually grouped the
chemical agents into one of seven major categories, based on their reported site
of accumulation (Appendix A-H). Functional considerations led us to consider
lysosomes and endosomes as a single endolysosomal compartment because the
molecular components of endosomes and lysosomes generally overlap in
different cell lines, possessing an acidic lumen pH and readily exchanging
contents. Molecules accumulating in the endoplasmic membrane (ER) and Golgi
apparatus were also grouped together since these two organelles share similar
protein markers and exchange content (localization to the Golgi and ER is
generally reported together, because these two organelles are also difficult to
distinguish using fluorescence microscopy).

Database comparisons. For comparison purposes, a random sample of
1000 compounds was downloaded from DrugBank [24, 25] which represents a
collection of drugs that have been approved by the FDA (Appendix I). Similarly, a
random sample of 982 compounds was downloaded from PubChem which
represents an arbitrary sample of small organic compounds (Appendix J). The
two reference datasets did not have overlapping molecules. ChemAxon and
MOE were used to calculate molecular descriptors of the major micro-species at

pH 7.4 for each compound in the subcellular localization dataset, or the
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PubChem and DrugBank reference sets. Z-score was computed to compare the

mean descriptor value of molecules in the database to PubChem or DrugBank
2 2

samples, according to the equation: Z-score = (X; —X;) + Z—l + Z—O where X; and
1 0

Xo are the mean descriptor value of two subgroups (i.e. the subcellular
localization dataset vs PubChem or DrugBank datasets; the lower vs. higher
molecular weight compounds; or, the targeting vs non-targeting compounds); s;°
and s¢? are the sample variances of the corresponding populations; and, n; and
no are the number of molecules in the corresponding populations. A positive or
negative Z-score with an absolute value greater than 3.1 indicates X; is
significantly greater or less then X, (p-value < 0.001). The histograms of
molecular descriptors of the compounds in both datasets were plotted and
overlaid for visual comparison. Statistical analyses were performed with Python

2.5 (www.python.orq).

Discriminant analysis. Linear discriminant analysis (LDA) was used to
elucidate how the seven molecular descriptors that showed greatest association
with individual subcellular localization categories (molecular weight, a_don,
b_rotR, dipole, glob, logP_ow, and formal charge at pH7.4) were related to the
reported localization of compounds at the four major sites (lysosomes,
mitochondria, nuclei and plasma membrane). The LDA was restricted to those
compounds with complete property data and that localized exclusively to one of
these four sites. Five of the seven properties (weight, a_don, b_rotR, dipole, glob)
were non-negative and skewed, so they were logarithmically transformed using

the function logx(x+1). LDA was applied separately to compounds < 500 Daltons
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(n =437) and > 500 Daltons (n = 332). Scatter plots of the points according to the
first two discriminant directions were constructed and the points were labeled
according to each subcellular localization category.

Chemical diversity analysis. The chemical structures were input into MOE
to generate a Simplified Molecular Input Line Entry Specification (SMILES)
strings. Next, the MACCS Structure Keys (Molecular ACCess System, a library of
166 generic chemical substructure features) was used to generate a binary
fingerprint of each molecule, based on which MACCS substructure feature is
present or absent in each molecule (as captured by the SMILES strings). To
calculate the Tanimoto coefficient for each pair of compounds, the total number
of features shared by each pair of molecules and the number of common,

overlapping features present in both molecules are used, according to the

equation: =N1+i2_c, where N1 + N2 represent the total number of unique

features (bits) in the pair of molecules and C represents the number of unique
features (bits) shared in common by the fingerprints of both molecules. Two
molecules were considered as structurally similar if the Tc value was greater than
0.85. Average Tc of each sub-group of the subcellular localization dataset was
calculated as the average of Tc values between all possible pairs of molecules

present in each localization category.

Results
The physicochemical properties of compounds with reported subcellular

localization features were compared with the corresponding properties of
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reference compounds obtained from two public repositories of small molecule
information (PubChem and DrugBank databases [24, 25]; Figure 2.1 and Figure
2.2). Relative to a random PubChem data set (Figure 2.1, line), compounds with
reported localization properties (Figure 2.1, grey) were larger (e.g. higher
molecular weight), possessed a broader charge distribution at physiological pH
7.4, and were more lipophilic (higher logP_ow). Compounds with reported
localization properties also contained more hydrogen bond donors (a_don), more
rotatable bonds (b_rotR, fraction of rotatable bonds) and were flatter (glob, or
globularity, with a value of 1 indicating a perfect sphere and 0 indicating a one- or
two- dimensional object) (Figure 2.1). Values for atom count, bond count, shape,
volume and surface area-related descriptors of all localization categories were
also greater than those of the reference PubChem compounds (histograms not
shown).

Chemical agents with reported subcellular localization were also larger,
more hydrophobic and contained more positive charges at physiological pH as
compared to small molecule drugs currently on the market, represented by the
DrugBank data set (Figure 2.2). When compared with DrugBank compounds [24,
25], compounds with reported subcellular localization possessed a more positive
charge distribution at pH 7.4, higher logP values and higher molecular weight
(Figure 2.2), although hydrogen donor count (a_don), rotatable bond fraction
(b_rotR) and globularity (glob) were similar. Interestingly, while 84.7% and 71.6%
DrugBank compounds conformed to Lipinski’'s Rule of Five or Oprea’s Rule of

Lead-likelihood, only 52.8% and 41.4% of compounds with known subcellular
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localization features conformed to the Rule of 5 [2] and the Rule of Lead-
likelihood [26] (Table 2.3). Most of the violations of drug-likeliness or lead-
likeliness tests were due to higher molecular weight and higher logP_ow of
compounds with reported localization (data not shown). The majority of violations
observed for compounds reported to localize at the plasma membrane, ER/Golgi,
and cytosol.

Many compounds with reported subcellular localization were conjugated to a
specific targeting motif or fluorophore, to enhance organelle-specific
accumulation or to facilitate the detection of the compounds inside cells [9, 18].
Such conjugation is accompanied by an increase in molecular weight, which
could impact the mechanisms of transport and accumulation inside cells.
Therefore, to assess the effect of molecular weight on localization, compounds
with subcellular localization information were stratified into lower and higher
molecular weight groups using a molecular weight of 500 Dalton as a threshold.
Compounds < 500 Daltons are more “drug-like” or “lead-like” based on Lipinski’s
Rule of 5 or Oprea’s Rule of Lead-likeness, and generally lack extraneous
fluorophore tags or delivery vectors. Molecules with lower molecular weight
(Figure 2.3, grey filled line) contained less hydrogen bond donors, smaller dipole
moments, lower fractions of rotatable bonds, and were less lipophilic and less
globular than molecules with higher molecular weight (Figure 2.3, solid line).

Exploring the pH-dependent ionization states of molecules with reported
subcellular localization, the overall formal charge increased from negative to

positive as pH decreased, as expected from the protonation of the ionizing
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centers within each molecule. This trend was apparent in both low (Figure 2.4,
grey filled line) and high (Figure 2.4, solid line) molecular weight compounds.
Nevertheless, in most cases and especially under extreme pH conditions, higher
molecular weight molecules showed a much broader distribution of formal
charges than lower molecular weight compounds, reflecting the prevalence of
multiple ionization centers in higher molecular weight compounds.

Other molecular properties of low and high molecular weight compounds
were different, depending on the reported subcellular localizations (Table 2.4).
Compared to larger compounds >500 Daltons, smaller compounds with reported
endo-lysosomal localization were more positively charged at physiological pH,
were smaller (lower molecular weight) and more spherical (higher glob). The
smaller compounds with reported mitochondrial localization contained lower
dipole moment (dipole). The smaller compounds with reported nuclear
localization contained a lower fraction of rotatable bonds (b_rotR) and were
flatter (lower glob). The smaller compounds with reported plasma membrane
localizations were larger than non-localizing compounds but contained fewer
hydrogen bond donors and were less spherical in shape.

Remarkably, for larger compounds within a given localization class, many
trends observed between physicochemical properties and subcellular
localizations appear reversed, when compared to the trends observed for smaller
compounds (Table 2.4). This was especially striking in the case of molecular
weight: lower molecular weight was associated with lysosomal localization for

compounds <500 Daltons, while larger molecular weight was associated with
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lysosomal localization for compounds >500 Daltons. In addition, higher molecular
weight was associated with mitochondrial, nuclear and plasma membrane
localization for compounds <500 Daltons, while lower molecular weight was
associated with mitochondrial and plasma membrane localization for
compounds >500 Daltons. Similar molecular weight-dependent trend reversals
were observed for other physicochemical properties in every localization
category (Table 2.4).

Linear discriminant analysis was applied to find linear combinations of
features which separate compounds with different reported subcellular
localization sites in the endo-lysosomes, mitochondria, nucleus and plasma
membrane, amongst the lower and higher molecular weight subsets (Figure 2.5).
For compounds <500 Daltons (Figure 2.5, left plot), only a small portion of
molecules with reported endo-lysosomal localization could be distinguished from
the rest by the first and second combination of molecular properties (LDA 1 and
LDA 2). These endo-lysosomal compounds possessed lower molecular weight
and lower lipophilicity (data not shown). However, these compounds were all
derived from a single experimental report focusing on the pharmacological
effects of closely related alkylamines [27]. For compounds >500 Daltons (Figure
2.5, right plot), molecules reported to localize to different subcellular
compartments exhibited highly overlapping physicochemical properties.

Lastly, we confirmed that based on their chemical structure, molecules with
reported subcellular localization features were reasonably diverse, irrespective of

their organelle-targeting properties. The average Tanimoto coefficient (Tc) value
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is 0.350 for molecules with reported localization, which was close to the average
Tc values of random PubChem (0.282) and DrugBank (0.292) datasets. The
group of molecules with reported lysosomal localization had the lowest average
Tc of 0.325 while the group of reported ER/Golgi localization had the highest
average Tc of 0.438. No molecule in the database was similar to more than 24
(2.5%) molecules in the entire dataset for Tc> 0.85. Within each category, there
were variations in terms of the similarity of the molecules to each other (Figure
2.6), with molecules localizing to mitochondria and lysosomes being most diverse,
and molecules localizing to the ER/Golgi and plasma membrane being least
diverse. This trend could reflect an intrinsic tendency for molecules possessing
specific structural features to accumulate in the ER/Golgi and plasma membrane
compartments, although it was also possible that this reported localization may
also be biased by systematic chemical synthesis efforts of molecules

incorporating specific organelle-targeting motifs.

Discussion

Knowing the bioaccumulation and biodistribution patterns of exogenous
chemical agents inside cells could be useful to develop subcellular drug targeting
and delivery approaches for increasing drug efficacy and decreasing toxicity. In
this study, we have evaluated the relationship between the chemical structure of
small molecules and the subcellular distribution patterns, based on published
reports compiled from the scientific literature. In an accompanying review article,

we have reviewed the evolution of the methods that have been used for
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performing subcellular distribution studies. Our major conclusion is that
understanding of small molecule distribution inside cells has been biased by the
experimental strategies that have been used for studying subcellular distribution,
which have largely ignored the effect of molecular weight on the observed
structure-localization relationships.

Today, fluorescence imaging constitutes the most common method used to
establish the subcellular distribution of organelle-targeted small molecules. For
this purpose, molecules are tagged with fluorescent probes and are studied
because of their specific, organelle-targeting properties. Perhaps for this reason,
molecules with known subcellular localization properties appeared to be more
complex, larger, possessed many ionizable centers, and were more lipophilic as
compared with references sets of molecules representing drugs currently on the
market, or random samples of PubChem compounds without subcellular
localization information.

As presented in the accompanying review article, there are many more
reports of molecules that localize to a single organelle, as compared to reports of
molecules that localize to multiple organelles. Perhaps this is because it is easier
to focus analysis on localization to single organelles, but it could also be because
most molecules that have been studied in terms of their localization are analyzed
because of their specific targeting property. To target a single organelle, complex
chemical structures with multiple functional groups may allow for strong and
specific interactions with resident organelle components. Our results indicate

that multiple ionizing centers are associated with larger compounds reported to
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accumulate in specific organelles. While multiple ionization centers may underlie
highly specific, organelle-targeting properties, high lipophilicity would be a
necessary prerequisite for these molecules to penetrate inside cells. Our results
also confirm that higher lipophilicity is a characteristic of compounds that have
been reported to accumulate in specific organelles.

Molecular weight is an important parameter affecting transport properties
and drug-likelihood [2, 26, 28] because of its direct inverse effect on diffusivity
and plasma membrane permeability [29]. Using 500 Daltons as a threshold,
molecular properties associated with specific subcellular compartments were
identified and different trends of molecular properties distribution were observed
for molecules lesser or greater than 500 Daltons. The differences in the observed
trends emphasize the importance of molecular weight as a key property
determining the transport mechanisms and molecular interactions affecting
subcellular distribution.

In retrospect, the effect of molecular weight on the other physicochemical
properties affecting localization may have been expected based on what is
known about the molecular and cellular mechanisms responsible for organelle
targeting and retention. For example, in the case of endolysosomal localization,
the smallest molecules enter the cells and accumulate in lysosomes by passive
diffusion while being retained by pH-dependent ion trapping. However, large,
charged molecules enter the cells and accumulate in endolysosomes by
pinocytosis or endocytosis, while being retained there by virtue of being

intrinsically membrane impermeant. Similarly, flat, rigid, hydrophobic, small
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molecules accumulate in the nucleus by directly traversing the membranes of the
nuclear envelope while being retained there by intercalating between the bases
of DNA. However, larger, more globular, less membrane-permeant molecules
possessing multiple positive charges may preferentially accumulate in the
nucleus by entering through the nuclear pores while being retained there by
forming electrostatic ion complexes with the phosphate backbone of DNA. Only
in the case of the plasma membrane were our results consistent with a single
common mechanism affecting localization: lipophilic partitioning of hydrophobic
molecules possessing lipid-like characteristics.

Based on this meta-analysis, the ability to derive chemical-structure
localization relationships of small molecules could benefit from more focused,
guantitative structure-localization relationship studies performed on molecules
possessing closely-related chemical structures, taking into account how transport
mechanisms are molecular size-dependent. In addition, experimental analysis of
nonspecific subcellular distribution patterns of compounds lacking targeting
motifs should be a priority. High throughput chemical analytical techniques
including chemical imaging modalities that do not rely on a fluorescence signal,
such as Raman confocal microscopy, could improve understanding of the
subcellular transport and distribution properties without the need of fluorescent
tags for detection. Today, physiologically-based models consider logP, pK, and
charge as key input parameters to formulate quantitative pharmacokinetic

hypothesis. Our results argue for the importance of research aimed at elucidating
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the effect of molecular weight (and related molecular size-dependent properties)

in predictive pharmacokinetic models.
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Tables

Table 2.1. Summary of the subcellular localization data set.

Reported No. of No. of
subcellular %

N . molecules references
localization site
Endo-lysosomes 226 23.37 96
Mitochondria 259 26.78 136
Nucleus 123 12.72 67
Plasma membrane 162 16.75 75
ER/Galgi 37 3.83 26
Cytosol 59 6.10 59
Multiple 101 10.44 71
localizations
Total 967 100
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Table 2.2. Summary of experimental methods.

Experimental Methods Count Percentage (%)
zf?s(r:gacologlcal 171 17 68
Chemical analysis llegilr(i?r/ngti N9 67 6.93
Cell fractionation 54 5.58
Microscopic imaging Fluorescence 633 65.46
Histochemistry 9 0.93
Others 6 0.62
Not mentioned 25 2.59
Mixed 2 0.21
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Table 2.3. Drug-likeness based on Lipinski’s Rule of Five and lead-likeness
based on Oprea’s Rules of compounds with reported subcellular
localizations. The number of drug-likely or lead-likely compounds in each
location was calculated with MOE and divided by the total number of molecules
in each location to calculate the percentage pass rate. The reference set of
DrugBank compounds was used for comparison.

Drug-likely Lead-likely
Count Percentage Count Percentage

Endo- 149 65.93 134 59.29
lysosomes

Mitochondria 170 66.15 134 51.74

Nuclei 68 55.28 47 38.52

mz:if)g?]e 40 24.69 31 19.14

ER/Gogli 9 24.32 3 8.11

Cytosol 19 32.20 16 27.12

Multiple 49 48.51 35 34.65

Total 528 52.80 400 41.37

DrugBank 847 84.70 716 71.60
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Table 2.4. Physicochemical property trends of small molecules stratified
into lower (<500 Daltons) and higher (>500 Daltons) molecular weight
categories, and associated with various subcellular localizations. Z-scores
were used to compare differences in molecular properties of localizing vs. non-
localizing molecules. Z-scores with an absolute value greater than 3.1 were
highlighted in bold, indicating a significant trend associated with a specific
localization. Z-scores with absolutes value greater than 3.1 and with a different
sign from the Z-score of molecular weight were underscored. Z-scores for
molecular descriptors that exhibited consistent (same sign) and significant
differences between localizing vs. non-localizing compounds in both lower and
higher MW groups were shaded in grey. Chemicals with reported ER/Golgi and
Cyto localization were excluded from this analysis due to the small humber of
chemicals.
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L9

difference of targeting from non-targeting

Lower MW Number small molecules (Z-scores)
molecules (%) weight a don b_rotR charge dipole glob logP_ow
lys'igg‘r’r;es (ég%) 88  -21 2.2 53 14 53 8.4
Mitochondria (ég.é) 3.6 08 26  -31 37  -02 3.1
Nuclei (52‘.10) 46 47 -39 3.8 09  -47 1.6
m';'riirr‘;ie (36;}7) 6.2 6.9 4.6 2.7 70 88 10.4
righer MW Number e arde moecules Zsoores)
weight a don b_rotR charge dipole glob logP_ow
Iys'irs‘g‘r;es (31*'35) 4.6 3.9 -3.5 2.6 3.4 2.9 0.6
Mitochondria (3%57) 3.8 -0.9 1.2 1.3 45 09 1.6
Nuclei (ig) 0.4 1.9 -4.0 0.4 07  -04 5.7
m':'gf)g"’r‘]e (ég_%) 7.0 -9.6 8.4 -3.9 1.6  -3.2 8.0




Figures

Figure 2.1. Descriptor distributions of molecules with reported subcellular
localization (filled gray area) and a random PubChem sample (solid line). Z-
scores with an asterisk indicate a significant difference between the mean values
of a descriptor in the group of compounds with reported localization and the
reference PubChem dataset (p-value < 0.001). a_don: Hydrogen bond donor
count. b_rotR: The fraction of rotatable bonds. glob: Globularity, a value of 1
indicates a perfect sphere while a value of O indicates a two- or one-dimensional
object. logP_ow: Log of the octanol/water partition coefficient. weight: Molecular
weight (including implicit hydrogens) in atomic mass units.
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Figure 2.2. Descriptor distributions of molecules with reported subcellular
localization (filled gray area) and random DrugBank dataset (solid line). Z-
scores with an asterisk indicate a significant difference between the mean values
of a descriptor in the group of compounds with reported localization and the
reference DrugBank sample (p-value < 0.001). a_don: Hydrogen bond donor
count. b_rotR: The fraction of rotatable bonds. glob: Globularity, with a value of 1
indicating a perfect sphere and a value of O indicating a two- or one-dimensional
object. logP_ow: Log of the octanol/water partition coefficient. weight: Molecular
weight (including implicit hydrogens) in atomic mass units.
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Figure 2.3. Descriptor distributions of lower molecular weight (filled gray
area; <500 Daltons) and higher molecular weight (solid line; > 500 Daltons)
molecules with reported subcellular localization. Z-scores with an asterisk
indicate a significant difference between the mean values of the descriptor in the
lower and higher molecular weight groups (p-value < 0.001). a_don: Hydrogen
bond donor count. b_rotR: The fraction of rotatable bonds. dipole moment: Dipole
moment calculated from the partial charges of the molecule. glob: Globularity,
with value of 1 indicating a perfect sphere and a value of O indicating a two- or
one-dimensional object. logP_ow: Log of the octanol/water partition coefficient.
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Figure 2.4. Calculated, formal charge distributions of lower molecular

weight (filled gray area; <500 Daltons) and higher molecular weight (solid

line; >500 Daltons) compounds with reported subcellular localization, at

three different pH values.
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Figure 2.5. Linear discriminant analysis of low (<500 Daltons) and high
(>500 Daltons) molecular weight compounds with reported subcellular
localizations. The axes of the plot represent linear combinations of seven
molecular properties, identified using linear discriminant analysis to maximize the
separation amongst the localization classes. LDA1 and LDAZ2 corresponded to
the two, dominant linear combinations, with the "between class" variance
accounting for 37% and 11% of the total variance, respectively. Additional
discriminant factors (not shown) explained less than 3% of the total variance. The
units on the two axes are relative and arbitrary.
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Figure 2.6. The major subcellular localization categories are represented by
diverse subsets of molecules. In the plot, the x-axis indicates the percentage
similarity threshold and the y-axis indicates the percentage of population in the
group that falls between the similarity thresholds. With a Tc threshold of 0.85,
above 65% percent of the compounds in each localization category were similar
to no more than 2.5% of the subset, indicating highly diverse compounds
representing each category. The relatively high percentage (21%) of PM
molecules that are similar to 2.5% to 5% other molecules in PM group indicates
that PM molecules are least diverse (Key: Lyso = lysosomes; Mito =
Mitochondria; Nuc = nuclei; PM = plasma membrane; EG = Endoplasmic
reticulum/Golgi body; Cyto = cytosolic; Multi = multiple localizations).
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Chapter Il

Simulation-based Analysis of Organelle-Targeted Molecules:
Lysosomotropic Monobasic Amines

Abstract

To facilitate exploratory cheminformatic analysis of virtual libraries of small drug-
like molecules, mathematical models of single cells were built from equations
capturing the transport of small molecules across membranes. Physicochemical
properties of small molecules were used as input to calculate the kinetics of
intracellular drug distribution. Here, with mathematical equations and biological
parameters adjusted so as to mimic a leukocyte in the blood, simulations were
performed to calculate steady-state accumulation of small molecules in
lysosomes, mitochondria, and cytosol of this target cell, in the presence of a
homogenous extracellular drug concentration. Similarly, with equations and
parameters set to mimic an intestinal epithelial cell, simulations were also
performed to calculate steady state concentrations and transcellular permeability
in this non-target cell, in the presence of an apical-to-basolateral drug
concentration gradient. With a reference set of ninety-nine lysosomotropic small
molecules, simulation results help map out relationships between the chemical
diversity of the molecules, their calculated intracellular distributions and their

associated cellular phenotypes.
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Introduction

Weakly basic molecules possessing one or more amine groups have been
reported to highly accumulate in lysosomes and other membrane-bound acidic
organelles because of the proposed ion trapping mechanism [1-3]. Amines
generally have a pKa value in the physiological pH range. Accordingly, they exist
as a combination of ionized (protonated) and neutral (unprotonated) species.
Because the pH of lysosomes is one or more units lower than the pH of the
cytosol, the thermodynamic equilibrium between neutral and ionized species
shifts towards the protonated, ionized state. Conversely, because the pH of the
cytosol is higher, the thermodynamic equilibrium between neutral and ionized
species shifts towards the neutral, unprotonated state. Since charged molecules
are less membrane-permeant, the protonated species becomes trapped inside
the membrane bound compartments, relative to the neutral species. Within an
acidic lysosome, the concentration of the neutral, membrane-permeant species is
less than its concentration in the more basic cytosol. This leads to a
concentration gradient of the neutral form of the molecule across the lysosomal
membrane, further driving the uptake of the neutral species of the molecule into
the acidic organelle.

In medicinal chemistry, the ability to modify the chemical structure of small
molecules so as to tailor lysosomotropic behavior may be important for
decreasing unwanted side effects, as much as it may be important for increasing
efficacy. For many monobasic amines that target extracellular domains of cell

surface receptors and ion channels, lysosomal accumulation can be considered
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a secondary effect of the physicochemical properties of the molecule [4-8].
Previously, many monobasic amines have been experimentally analyzed in cell-
based assays, in terms of their ability to accumulate in lysosomes [6, 9-12]. In
response to ion trapping, cells exposed to monobasic amines swell and become
replete with large vacuoles [6, 9, 10, 13-15]. With a phase contrast microscope,
swollen lysosomes can be easily discerned and scored. Furthermore, as
monobasic amines accumulate in lysosomes, they can increase the pH of the
organelle through a buffering effect, or by shuttling protons out of the lysosome,
across the lysosomal membranes [16]. Therefore, such molecules “compete”
with each other for lysosomal accumulation, providing another way to assay for
lysosomotropic behavior [16, 17]. A third way to assay lysosomotropic behavior
is by labeling lysosomes of cells with fluorescent probes (e.g. Lysotracker® dyes)
[17]. As lysosomes expand in response to accumulation of lysosomotropic
agents, they accumulate increasing amounts of the Lysotracker® dye and the
cells become brightly labeled. By virtue of these effects on live cells, many
monobasic amines have been positively identified as “lysosomotropic”.
Nevertheless, different studies analyzing lysosomotropic monobasic amines
have also identified molecules that deviate from the norm. Furthermore, there is
a broad range of concentrations at which vacuolation becomes apparent,
spanning several orders of magnitude [10, 18-20]. In addition, there are
monobasic amines that do not exhibit any vacuolation-inducing behavior [6, 9, 10,
13, 14, 21], and do not compete with the lysosomal uptake of other

lysosomotropic probes [6, 16], or that are cytotoxic [21]. Most importantly, some
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lysosomotropic molecules have been reported to accumulate in other organelles,
such as mitochondria [22]. Alprenolol, chlorpromazine, fluoxetine, propranolol,
and diltiazem are just but some of the FDA approved drugs in this category [6, 16,
22, 23], that have been classified as being both lysosomotropic and
mitochondriotropic by different investigators. In addition, certain monobasic
amines may accumulate in lysosomes to a much greater extent than ion trapping
mechanisms would predict [20].

These apparent discrepancies in terms of the lysosomotropic behavior
prompted us to begin exploring the relationship between the phenotypic effects of
monobasic amines, and their subcellular distribution in lysosomes vs. other
organelles. We decided to use a cell-based molecular transport simulator [24, 25]
to begin exploring the different possible behaviors of monobasic amines inside
cells based on the ion trapping mechanism, paying special attention to their
accumulation in lysosomes, cytosol and mitochondria. In this manner, the
simulations are not meant to “predict” the actual concentration and distribution of
the molecules inside the cells, but rather to assess the possible variations in
intracellular transport behaviors, based solely on the biophysical principles
underlying the ion trapping mechanism. Because the ability to optimize the
subcellular transport of small molecules could have practical applications in drug
development, we also deemed it important to calculate the distribution of
molecules inside non-target cells mediating drug transport in the presence of a
transcellular concentration gradient. In fact, although direct experimental

measurement of subcellular concentration in the presence of a transcellular
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concentration gradient would be difficult, this may be the condition that is most

relevant for drug uptake and transport throughout the different tissues of the body.

Methods

Modeling the cellular pharmacokinetics of target cells in suspension:
The T-Model. For subcellular compartments delimited by membranes, passive
transport of small molecules in and out of these compartments is determined by
the interaction of the molecules with the membrane, the concentration gradient of
molecules across the membrane, the local microenvironment on either side of
the membrane, and the transmembrane electrical potential [24, 25]. Drug-
membrane interactions are largely dependent on the physicochemical properties
of small molecules (such as pK, and lipophilicity) and the environmental
condition (such as local pH values and membrane potentials). Based on the
biophysics of membrane transport, mass transfer of drug molecules between
different organelles in a cell surrounded by a homogeneous extracellular drug
concentration has been modeled mathematically [25] (Figure 3.1 A). Accordingly,
three coupled ordinary differential equations describe the concentration change

with time in each subcellular / cellular compartment:

ace _ Ac _Am _A

dt - Ve ><]o,c Ve ><]c,m Ve ><]c,l (1)
dCm A_m

B =TEX fem 2)
i _ A

dt v, ><]c,l (3)

where C indicates the concentration, J indicates the fluxes, A and V indicate

membrane surface and volume respectively. The subscripts o,c,l, and m indicate
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extracellular compartment, cytosol, lysosomes, and mitochondria respectively.

The directions of fluxes are the orders of the subscripts, e.g. Jen indicates the
flux from cytosol to mitochondria. Calculations for fluxes between each pair of
compartments were similar as described before [25]. The ordinary differential
equations were numerically solved (Appendix K) [24].

An important feature of this model is that at steady state, the drug
concentration in the cytosol is only dependent on the drug concentration outside
the cell, the plasma membrane permeability properties, and the ionic conditions
of the cytosol and the extracellular medium. Similarly, the drug concentration
inside any given organelle is only dependent on the drug concentration in the
cytosol, the permeability properties of the membrane delimiting the organelle, the
ionic conditions of the cytosol, and the inner lumen of the organelle.
Consequently, one can use the same equations to calculate steady state
concentration or mass of drugs in lysosomes or mitochondria (and other
organelles) simply by adjusting the pH of the organelle, the transmembrane
electrical potential, and the organelle volume, surface area, and lipid fraction.
For mitochondria, the inner lumen pH was set at 8 [25] and the membrane
potential was set at -150 mV [26]. Mitochondria were considered as spheres with
1 um radius. For lysosomes, the inner lumen pH was set at 5 [1, 27-29] and the
membrane potential was set at +10 mV [30]. Leukocytes were modeled as
spherical objects of 10 um diameter. Plasma membrane potential was set at -60
mV [31] . Extracellular pH was set at 7.4 (blood). Cytosolic pH was set at 7.0

[32]. Since we are more interested in the drug aqueous concentration in cytosol
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the lipid fraction equal to O was used in calculation. Other models parameters
were adapted from the literature [25]. Hereatfter, this cellular pharmacokinetic
model applicable to free floating cells in suspension (e.g. leukocytes in the
circulation) will be dubbed Trapp’s Model or ‘“T-Model'.

Modeling cellular pharmacokinetics of non-target, polarized epithelial
cells: The R-Model. For modeling drug transport across polarized epithelial cells
[24], the cell surface area is divided into apical and basolateral membrane
domains (Figure 3.1 B). Similarly, the extracellular space is divided into apical
and basolateral extracellular compartments. Accordingly, drug uptake into the
cell is represented by mass transfer of drug molecules from the apical
extracellular medium into the cytosol, across the apical membrane. Drug efflux
from the cells is represented by mass transfer from the cytosol to the basolateral
medium, across the basolateral membrane. Because the apical membrane is
normally covered with microvilli, the apical membrane surface area (A,) can be
adjusted independently from the basolateral membrane (Ap). Similarly, the
extracellular pH of the apical (pHa) and basolateral compartments (pHy), and
transmembrane electrical potentials across apical and basolateral membranes
(Ea and Ep, ) can be independently adjusted, so as to mimic the local
microenvironment of the epithelial cells.

A cellular pharmacokinetic model for intracellular concentration and passive
transcellular permeability calculation was developed as described previously [24,
33]. Mass transport across the boundary of each compartment can be described

by equations 4 to 7:

81



dCc _Aay  _Am Ay
dr Ve ><]a,c V. ><]c,m Ve X]c,l Ve ><]c,b (4)

dCm  Am

o 7, em (5)
ac; _ ﬂ
E - v, ><]c,l (6)
dc, A
d_tb = V_Z X Jep (7)

The subscripts a and b indicate ‘apical’ and ‘basolateral’ respectively. Other
symbols and subscripts mean the same as in the T-model. As in the T-model,
the inner lumen pH of mitochondria was set at 8 [25] and the mitochondrial
membrane potential was set at -150 mV [26]. For lysosomes, the inner lumen pH
was set at 5 [1, 27-29] and the membrane potential was set at +10 mV [30].
Epithelial cells were modeled as cuboidal objects of 10 um length. Again since
we are more interested in the drug aqueous concentration in cytosol the lipid
fraction was set to 0. All other model parameters used in calculation were
obtained from the literature [24], and can be found in Appendix K. To maintain
sink condition in the basolateral compartment, we set the volume of the
basolateral compartment (Vp) equal to the human blood volume (4.7 L).

From simulating cytosol to basolateral flux of molecules in an intestinal
epithelial cell, the membrane permeability of the intestinal epithelial cell

monolayer can be calculated with the following equation [24]:

dmy
CaXAgagXdt

Pesr = (8)

where Py is the effective permeability, C, is the initial concentration in the apical

compartment and is considered to be constant, dmy/dt is the change in drug

mass in the basolateral compartment per unit time, and Aaa is the apparent cross
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sectional area of the cell, which would approximately correspond to the total area
of the surface over which drug transport is occurring divided by the number of
cells that are effectively transporting drug. Henceforth, this cellular
pharmacokinetic model that applies in non-target epithelial cells will be dubbed
Rosania’s Model or ‘R-Model'.

Simulating organelle-targeting and transcellular permeability with R-
and T-models. To simulate the intracellular distribution of monovalent weakly
basic molecules possessing amine functionality, all different combinations of
octanol : water partition coefficients of the neutral form of the molecule (logPy);
octanol : water partition coefficients of the ionized form of the molecule (logPy);
and pK, were used as input. LogP, and logP4 spanned a range from -5 to +5,
with logP4 constrained to a value less than or equal to logP,. pK, spanned a
range from 0 to 14. pK,, logP,, and logP4 were varied in 0.2 unit increments [24].
The molecular charge (z) was set equal to 1, which means the simulated whole
physicochemical space is specific for monovalent amine-containing molecules.
With R- and T-Model, drug concentrations in different compartments were
calculated over time, until concentrations reached steady state (normally, at 10°
seconds after beginning of the simulation). For R-Model simulations, initial apical
drug concentration was set at 1 mM, and basolateral drug concentration was set
at 0 mM. For T-model simulations, extracellular drug concentration was set at 1
mM, and kept constant. Accordingly, for each combination of pK,, logP,, and
logPy4 used as input, there are seven calculated results: C¢yoR, CitoR, CiysoR (the

steady-state cytosolic, mitochondrial and lysosomal concentration calculated with
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the R-model); P¢ (the steady-state effective permeability calculated with the R-
Model); and CeyioT, CmitoT, and CysoT (the steady-state cytosolic, mitochondrial
and lysosomal concentrations calculated with the T-Model) .

A reference set of monobasic amines with associated lysosomotropic
behaviors. Focusing on lysosomal targeting, ninety-nine monobasic amines
(Table 1) were found by searching PubMed abstracts and titles for articles
containing the word “lysosome”, “lysosomal”, or “lysosomotropic”; from other
articles referenced by these articles; and from current review articles describing
the lysosomal accumulation of weakly basic molecules [1]. There are more
lysosomotropic amine-conatining molecules besides molecules included in our
table (for example, zwitterions or dibasic amines). However since R- and T-
Models have been validated mostlywith molecules possessing one ionizable
functional grouop, lysosomotropic amines with more than one ionizable
functionality were not included. To calculate the pK, (at 310.15K), logP, and
logPy4 for each molecule, we used ChemAxon (http://www.chemaxon.com). A
liposomal approximation [24, 34] was applied for logP, and logP4 based on the
values obtained from ChemAxon. Intracellular concentrations were calculated for
those ninety-nine molecules at steady state with the T-model and R-model.
Transcellular permeability was calculated for the ninety-nine molecules at steady
state with the R-model.

Interactive visualization of simulation results. Visualization of simulation
results was performed with the Miner3D software package (Dimension 5, Ltd.,

Slovakia, EU). Simulation results were graphed as 3D scatter plots, with logP,,
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logP4 and pK, plotted on the three coordinate axes, and the calculated steady
state concentration or permeability determining the color and intensity of the
points. For linking simulation results with the reference set of lysosomotropic
molecules, we used the pK,, logP, and logP4 values obtained after liposomal
approximations [24].

To plot different chemical spaces we set a threshold concentration value to
define accumulation in a specific subcellular compartment. For intracellular
concentration, the threshold lysosomal accumulation for lysosomotropic
molecules was Cys,T 2 2 mM ( i.e. twO-fold greater than extracellular
concentration). The thresholds for selective lysosomal accumulation were CiysoT
2 2 mM; CysoT /Crmio] 2 2 ; and CysoT /Cepol 2 2. The threshold for
mitochondrial accumulation was CniI =2 2 mM. The thresholds for selective
mitochondrial accumulation were CpilT 2 2 mMM; ChitoT /CiysoT 22; and Cito T
[CeyoT 22. The threshold for cytosolic accumulation was Ceyi ol 2 2 mM. The
thresholds for selective cytosolic accumulation were CeyioT 2 2 MM; Ceyio T /Crito T
2 2; and CeyioT /Ciito T 2 2. The reason for using the 2-fold concentration value as
a threshold is because it gave the highest percentage of correct classification
and low false positive prediction for the reference set of lysosomotropic
molecules (as detailed in the Results section).

As recommended by the FDA, the permeability value of metoprolol was
used as a threshold to distinguish high vs. low permeability molecules [24].
Previously we calculated permeability for metoprolol , using the pKa and logP,

obtained from experimental measurements , to be equal to 35 x10° cm/sec [24].
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In the present study, we used this value as a threshold to distinguish high vs. low
permeability molecules. In addition, we arbitrarily set a value of 1x10° cm/sec as
a cut-off number to distinguish low from negligible permeability molecules.
Accordingly, three permeability classes were defined as: negligible (Pes < 1x10°

cm/sec); low (1 € Pei< 35 x10° cm/sec); and high (Pest= 35 x10® cm/sec).

Results

Defining a lysosomal accumulation threshold for lysosomotropic
molecules. We began by exploring the physicochemical property space
occupied by monobasic amines, in relation to the reference set of molecules
obtained from published research articles (Table 3.1). Three different lysosomal
concentration values (2 mM, 4 mM and 8 mM) were tested in terms of their ability
to discriminate lysosomotropic vs. non-lysosomotropic compounds (Figure 3.2).
For compounds with =2 2 mM accumulation in lysosomes (Figure 3.2 A-D), eight
of the reference compounds were below the accumulation threshold (Figure 3.2
A and B), while 91 were above the threshold (Figure 3.2 C and D). For
compounds with 2 4 mM accumulation in lysosomes (Figure 3.2 E-H), twelve of
the reference compounds were below the accumulation threshold (Figure 3.2 E,
F), while 87 were above the threshold (Figure 3.2 G, H). For compounds with a =
8 mM accumulation in lysosomes (Figure 3.2 I-L), 56 lie below the accumulation
threshold (Figure 3.2 1, J) while 43 are above (Figure 3.2 K, L).

We established that a lysosomal accumulation threshold of 2 mM is best

suited to distinguishing lysosomotropic from non-lysosomotropic molecules, since
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it gave the highest correct classification and lowest false positive error in terms of
matching simulation results with the experimentally-observed, lysosomotropic
behaviors. Accordingly, for a lysosomal accumulation threshold of 2mM, of the
eight molecules that were below the accumulation threshold, five (62.5%) have
been positively identified as non-lysosomotropic. Conversely, of the 91 above
the threshold, 8 (8.8%) non-lysosomotropic molecules have been false positively
classified as lysosomotropic. For a lysosomal accumulation threshold of 4 mM,
of the twelve below the threshold, five (41.7%) have been identified as non-
lysosomotropic. Conversely, of the 87 above threshold, 8 (9.2%) non-
lysosomotropic molecules have been false positively classified as lysosomotropic.
For a lysosomal accumulation threshold of 8 mM, of the 56 below the threshold,
9 have been positively identified as non-lysosomotropic (16.1%). Conversely, of
the 43 above the threshold, 4 (9.3%) non-lysosomotropic molecules have been
false positively classified as lysosomotropic.

The reference set appears highly clustered in relation to the available
lysosomotropic, physicochemical property space. Exploring the relationship
between the physicochemical properties of the reference set of molecules
obtained from the literature, with that of the theoretical physicochemical property
space occupied by molecules that accumulate in lysosomes at the different
threshold values, we observed that most of the reference molecules tend to be
clustered in very specific region of “lysosomotropic space”. In fact,
physicochemical property space occupied by molecules that accumulate in

lysosomes at =2 2 mM (Figure 3.2 B) appears largely similar to the space of
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molecules that accumulate at 2 4 mM (Figure 3.2 F) and at 2 8 mM (Figure 3.2 J).
It was surprising that most lysosomotropic molecules in the reference set were
calculated to have a lysosomal accumulation between 2 and 8-fold over the
extracellular medium, although the largest portion of the calculated
physicochemical property space that can be occupied by monobasic amines
corresponds to > 8-fold lysosomal accumulation.

Using simulation results to define the expected transport classes for
monovalent weak bases. Using a 2-fold or greater concentration of drug over
the extracellular medium to distinguish high vs. low lysosomal, mitochondrial and
cytosolic concentration, and by incorporating high vs. low permeability
classification obtained with the R-model, a total of 16 classes of molecules can
be defined a priori (Table 3.1). By mapping the reference set of molecules to
these 16 different classes, we find that some classes of molecules are well-
represented by a number of molecules, while other classes of molecules are not
represented at all (Table 3.1). However, according the simulation results, several
of these a priori classifications are deemed to be “non-existent” by virtue of our
being unable to find a combination of physicochemical properties consistent with
the corresponding class of molecules in simulations.

Simulation results point to general trends in lysosomotropic behaviors.
For the reference set of molecules, we observed that the calculated intracellular
accumulation in non-target cells (R-Model) is much lower than the corresponding
accumulation in target cells (T-model) (Table 3.1). We also observed lysosomal

accumulation occurring for a broad range of transcellular permeability values
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(Table 3.1). Unexpectedly, for most lysosomotropic molecules, we also observed
mitochondrial concentration tending to be much greater than lysosomal or
cytosolic concentration, suggesting that lysosomotropic behavior is not
exclusively related to selective accumulation in lysosomes. Lastly, we observed
that none of the lysosomotropic molecules in the reference set are able to
accumulate in cytosol to a greater extent than they accumulate in mitochondria or
in lysosomes (Table 3.1). In fact, plotting the physicochemical property space of
such molecules yielded an empty space (data not shown), indicating that the lack
of such type of molecules in the reference set is not because of sampling biases,
but rather it is expected based on the calculated cellular pharmacokinetic
properties of monovalent weak bases.

Calculating the physicochemical space occupied by selectively
lysosomotropic molecules. Selectively lysosomotropic molecules were defined
as those that accumulate in lysosomes to a 2-fold (or greater) level over the
extracellular medium, cytosol, and mitochondria. Out of the 91 reference
lysosomotropic molecules (Figure 3.3 A, out of circle), only seventeen (Figure
3.3B, D green circle) appear to be selective in terms of lysosomal accumulation.
These 17 molecules (Figure 3.3 B) appear clustered at the middle pKj, value of
the reference set of molecules comparing with non-lysosomotropic molecules
(Figure 3.3 A, in green circle) and non-selectively lysosomotropic molecules.
Plotting the theoretical physicochemical property space occupied by selectively
lysosomotropic molecules related to the reference molecules reveals that the

reference molecules that accumulate in lysosomes are highly clustered (Figure
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3.3 C) in the middle pK, and high logPg4 values. This can also be observed in the
corresponding plot of non-selectively lysosomotropic and non-lysosomotropic
physicochemical property space (Figure 3.3 D).

Analyzing the effect of transcellular permeability on selective
lysosomal accumulation. Next, we analyzed the relationship between selective
lysosomal accumulation in target cells, and transcellular permeability in non-
target cells, to determine if the ability to develop selective lysosomotropic agents
may be constrained by desirably high transcellular permeability characteristics
important for intestinal drug absorption and systemic tissue penetration (Figure
3.4). As a reference, the permeability of metoprolol (Pet = 35x10° cm/sec) was
used to distinguish high permeability from low permeability drugs. Accordingly,
three permeability categories were defined: Negligible Permeability (Pest< 1x10°
cm/sec; Figure 3.4 A and B); Low Permeability (1 < Pe < 35%10° cm/sec; Figure
3.4 C and D); and High Permeability (Pet 235%x10° cm/sec, Figure 3.4 E and F).

With increasing permeability, the simulation results indicate that
physicochemical space occupied by selective lysosomotropic molecules shifts
towards lower pK, values and higher logP4 values. The position of selective
lysosomotropic chemical space in relation to the reference set of non-selective
lysosomotropic or non- lysosomotropic molecules can be clearly seen, for
molecules with Pe < 1x10° cm/sec (Figure 3.4 A); 1 < Pey < 35x10° cm/sec
(Figure 3.4 B); and Pet = 35x10° cm/sec (Figure 3.4 C). Accordingly, there is
only one selectively-lysosomotropic reference molecule with Pey < 1x10° cm/sec

(Figure 3.4 B; green arrow); five with 1< Peff<35x10° cm/sec (Figure 3.4 D;
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green arrow); and eleven with Pe = 35x10° cm/sec (Figure 3.4 F; green arrow).
Thus, high permeability and selective lysosomal accumulation are not mutually
exclusive. Nevertheless, we observed that the selective lysosomotropic reference
molecules with neglibile low and high permeability are tightly clustered in a small
region of chemical space, at mid pK, and high logP4 values.

Demarcating the physicochemical property space of extracellular
targeted molecules. Extracellular-targeted molecules can be defined as those
whose intracellular accumulation at steady state is less than the extracellular
concentration [24]. For drug development, such a class of molecules is important
as many drug targets are extracellular. Accordingly, we analyzed simulation
results to determine if there were molecules with low intracellular accumulation
and high permeability, which would be desirable for the pharmaceutical design of
orally absorbed drugs (Figure 3.5). By maximizing permeability and minimizing
intracellular accumulation, (using Pes = 35x10° cmi/sec, Ceyto < ImM, Chpiito < ImM,
and Cyso < ImM as thresholds in both in the R and T models), we find five
molecules falling into this class (Figure 3.5 A-C; green circle): pyrimidine,
benzocaine, B-naphthylamine, 8-aminoquinoline, and the anti-epileptic drug
candidate AF-CX1325XX. These are monobasic amines with pK; < 4.5.
Molecules with pK, > 4.5 (the physicochemical property space shown in Figure
3.5 C) exhibit intracellular accumulation in lysosomes, cytosol or mitochondria to
levels above those found in the extracellular medium. Figure 3.5 B shows the
physicochemical space of molecules with high permeability and low intracellular

accumulation. Figure 3.5C shows the physicochemical space of molecules with
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high intracellular accumulation regardless of permeability. Again we can see that
molecules with low intracellular accumulation have a pK,; < 4.5 and with high
intracellular accumulation have a pK, > 4.5.

Many reported lysosomotropic molecules are calculated to accumulate
in mitochondria. For the majority of the reportedly lysosomotropic monobasic
amines in the reference set, our calculations predict that they should accumulate
in mitochondria more than they accumulate in lysosomes. In total, 56 of the 91
lysosomotropic molecules in the reference set accumulate in mitochondria at 2-
fold or greater levels than they accumulate in lysosomes, cytosol, or the
extracellular medium (Figure 3.6 A; Table 3.1, selectively mitochondrotropic
compounds underlined). These molecules have a pK, of 8.2 or greater, a logP,, of
1.5 or greater, and span a wide range of transcellular permeability values — from
impermeant to very highly permeant. In addition, eighteen lysosomotropic
molecules also exhibit mitochondrial and high cytosolic accumulation, at
concentrations comparable to the concentrations at which they accumulate in
lysosomes (Figure 3.6 B; Table 3.1). Again, these molecules span a broad range
of transcellular permeability values, from impermeant to highly permeant.
Plotting the theoretical physicochemical property space occupied by
lysosomotropic molecules with selective mitochondrial accumulation reveals that
the molecules in the reference set are clustered in this realm of physicochemical
property space (Figure 3.6 C). Similarly, plotting the physicochemical property

space occupied by lysosomotropic molecules that also accumulate in cytosol and
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mitochondria reveals that the molecules are clustered in this realm of chemical
space.

Calculated effect of pH in apical compartment on permeability and
biodistribution. The accumulation of monobasic amines in lysosomes is largely
dependent on the difference in pH of between lysosome and extracellular
medium (data not shown). While the pH of the medium bathing the target cells is
expected to be rather constant, the pH surrounding an intestinal epithelial cell is
expected to vary along the intestinal tract [35]. To test if this variation would lead
to major differences in the observed trends, we decided to test the extent to
which the calculated chemical space occupied by selectively lysosomotropic
molecules was affected by variation in the apical pH of non-target cells (Figure
3.7). We note that for selectively lysosomotropic molecules with negligible
(Figure 3.7 A), low (Figure 3.7 B), and high (Figure 3.7 C) permeability, the
theoretical physicochemical property space occupied by selectively
lysosomotropic molecules is similar, and the reference molecules that fall into
that region of chemical space tend to be the same. Similarly, other regions of
physicochemical property space occupied with molecules of different
permeability tend to be similar, with variations in the apical pH of the intestinal

epithelial cell in a pH range of 4.5 to 6.8 (data not shown).

Discussion
Modeling the cellular pharmacokinetics of monobasic amines. Over the

past few years, mathematical models of cellular pharmacokinetics have been
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developed, based on coupled sets of differential equations capturing the
transmembrane diffusion of small molecules. Previously, these models have
been used to simulate the intracellular distribution of lipophilic cations in tumor
cells [25], and the distribution and passage of small molecules across intestinal
epithelial cells [24]. For a monovalent weakly acidic or weakly basic small
molecule drug, three input physical-chemical properties are used to simulate
cellular drug transport and distribution: the logarithms of the lipid/water partition
coefficient of the neutral form of the molecule (logP,) and ionized form (logPy),
and the negative logarithm of the dissociation constant of the ionizable group
(pKa). For monovalent weak bases, the transcellular permeability values
calculated with this approach were comparable with measured human intestinal
permeability and Caco-2 permeability, yielding good predictions [24]. Similarly,
the corresponding mathematical models were able to predict mitochondrial
accumulation of lipophilic cationic substances in tumor cells [22, 25].

For analyzing the lysosomotropic behavior of monovalent weak bases
possessing an amine functionality, we adapted these two mathematical models
to simulate the cellular pharmacokinetic behavior of target cells exposed to a
homogeneous extracellular drug concentration, and non-target cells mediating
drug absorption in the presence of an apical-to-basolateral concentration
gradient. The results we obtained establish a baseline, expected concentration of
small drug-like molecules in mitochondria, lysosomes and cytosol of target cells,
as well as permeability in non-target cells. With a reference set of small

molecules, the simulations permit exploration of the relationship between
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physicochemical properties of the molecules, their calculated intracellular
distributions and transport behavior, and the observed cellular phenotypes.

Simulation-based analysis and classification of lysosomotropic
behavior. By analyzing the intracellular distribution and transcellular transport
characteristics of a reference set of molecules, together with more general
physicochemical space plots covering all possible combinations of pK,, logP, and
logPy, sixteen a priori classes of lysosomotropic behavior for monobasic amines
were defined (Table 3.1). However, we noted that several of these classes are
deemed to be non-existent by the simulations —meaning that there is no
combination of pK,, logP,, and logP4 that will yield a molecule in such a class. For
other classes, it was not possible to find a molecule in the reference set of
lysosomotropic molecules whose calculated properties would lie within the
physicochemical property space defining the hypothetical class of molecules.
This is certainly the case for positively-identified, non-lysosomotropic molecules.
These results argue for expanding the reference set of monovalent, weakly basic
molecules, so as to represent all possible classes of intracellular transport
behaviors.

An equally important observation from the simulation resides in the tight
clustering of the reference molecules in constrained regions of physicochemical
property space, in relation to the simulated physicochemical property space that
is actually available for molecules in the different lysosomotropic and
permeability categories. Thus, the diversity of lysosomotropic behaviors

represented by the reference set of molecules is rather limited. Indeed, the
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simulations indicate that expanding the reference set of molecules to unexplored
regions of physicochemical property space could be used to find molecules that
better represent the different types of cellular pharmacokinetic behaviors. For
example, in the case of low or high permeability molecules that are selectively
lysosomotropic, most of the molecules in the reference set are clustered at the
high levels of pKa and high logP, whereas the simulations indicate that it should
be possible to find molecules with lower pKa and lower logPs. The reason for
the limited chemical diversity of reported lysosomotropic molecules is related to
the choice of molecules that have been tested experimentally and reported in the
literature: the emphasis has not been on the probing the chemical diversity of
lysosomotropic character, but rather, in analyzing the lysosomotropic character in
a related series of compounds (for example, studies looking at mono, bi, and tri-
substituted amines, functionalized with various aliphatic groups [9]). In other
cases, the emphasis has been on studying the lysosomotropic character of a
specific type of compound developed against a specific drug target [6] (for
example, beta-adrenergic receptor antagonists such as propranolol, atenolol,
practolol, etc), rather than on the full chemical space occupied by lysosomotropic,
monvalent weakly basic amines.

Further experimental validation and testing of expected transport
behaviors. Using lysosomal swelling, cell vacuolation and intralysosomal pH
measurements as phenotypic read outs, it may be possible to test the model's
guantitative prediction about the varying extent of lysosomal accumulation of

monovalent weak bases as a function of the molecule’s chemical structure or
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physicochemical properties. For example, our model makes quantitative
predictions about the lysosomal concentration of molecules of varying chemical
structure. Previous studies looking at the lysosomotropic behavior of various
molecules have reported differences in vacuolation induction for different probes,
at extracellular drug concentrations ranging from high millimolar to micromolar
range [10, 13, 16]. Also, for some molecules vacuolation occurs after less than
an hour incubation, while for other probes vacuolation occurs after twenty-four
hour incubation, or longer [6, 9, 10, 13, 14, 16]. Combinatorial libraries of
fluorescent molecules are available today [36, 37], offering yet another way to
test predictions about the intracellular accumulation and distribution of probes.
Furthermore, with organelle-selective markers and kinetic microscopic imaging
instruments, the rate and extent of swelling of lysosomes and other organelles
could be monitored dynamically after exposure of cells to monovalent weakly
basic molecules [37]. For such studies, cheminformatic analysis tools are being
developed to relate the intracellular distribution of small molecules as apparent in
image data, with chemical structure and physicochemical features of the
molecules, and the predicted subcellular distribution [38, 39]. Lastly, more
guantitative assessments of model predictions can be made by directly
monitoring the total intracellular drug mass [40, 41], as well as drug mass
associated with the lysosomal compartment [20, 42, 43]. Recently, methods are
being developed to rapidly isolate the lysosomes and measure intralysosomal

drug concentrations [43].
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To test model predictions about the lysosomotropic behavior of small
molecules in the presence of an apical-to-basolateral concentration gradient,
various in vitro cell culture models have been developed to assess drug intestinal
permeability and oral absorption [44]. These are Caco-2, MDCK, LLC-PK1,
2/4/A1, TC-7, HT-29, and IEC-18 cell models [44]. Among those models Caco-2
(human colon adenocarcinoma) cell monolayer is the most well-established cell
model and has been widely accepted by pharmaceutical companies and
academic research groups interested in studying drug permeability
characteristics [44]. In addition to Caco-2 cells, MDCK (Madin-Darby canine
kidney) is a dog renal epithelia cell line and is another widely used cell line in
studying cell permeability characteristics [45].

Towards a computer-aided design of organelle-targeted molecules:
implications for drug discovery and development. The ability to rationally
tailor the transcellular permeability and subcellular distribution of monobasic
amines can have important applications in medicinal chemistry efforts aimed at
enhancing the efficacy of small molecules against specific targets, decreasing
non-specific unwanted interactions with non-intended targets that lead to side
effects and toxicity, as well as enhancing transcellular permeability for
maximizing tissue penetration and oral bioavailability. For many FDA approved
drugs, lysosomal accumulation of the molecules would appear to be a non-
specific effect of the molecule’s chemical structure. For example, in the case of
the beta-adrenergic receptor antagonists like propranolol, the drug’s target is a

cell surface receptor located at the plasma membrane. Thus, lysosomal (and
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any other intracellular) accumulation observed for this molecule is most likely an
unintended consequence of its chemical structure [2, 6, 15, 16, 43, 46]. In
general, due to the abundance of lysosomotropic drugs [6, 9, 10, 16], lysosomal
accumulation seems to be tolerated, although it may not be a desirable property.

Nevertheless, there are certain classes of therapeutic agents were
lysosomal accumulation may be highly desirable. For example, Toll-like receptor
molecules are transmembrane proteins in the lysosomes of leukocytes (dendritic
cells and macrophages). These receptors can be activated by endocytosed
proteins, DNA and carbohydrates, and they generate inflammatory responses as
part of the innate immune system [47, 48]. Small molecule agents that either
block or activate Toll-like receptors are being sought to inhibit inflammatory
reactions (associated with autoimmune diseases) or promote resistance against
viral infections, respectively [49, 50]. A different class of molecules where
lysosomal accumulation would be highly desirable involves agents that affect
lysosomal enzymes involved in tissue remodeling [51]. Tissue remodeling is the
basis of diseases like osteoporosis, which involves the loss of bone mass due to
an imbalance in the rate of bone deposition and bone resorption.

From the simulations, mitochondria also appear as an important site of
accumulation of monobasic amines — even for many molecules that have been
previously classified as being “lysosomotropic”. Our simulation results indicate
that monovalent weak bases can selectively accumulate in mitochondria at very
high levels —in fact, at much higher levels than they appear to be able to

accumulate in lysosomes. From a drug toxicity standpoint, unintended
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accumulation of small molecules in mitochondria can interfere with mitochondrial
function, leading to cellular apoptosis [52-54]. Conversely, intentional targeting of
small molecule therapeutic agents to mitochondria can be a desirable feature for
certain classes of drugs: mitochondria dysfunction can cause a variety of
diseases, so there is great interest in developing mitochondriotropic drugs [22,
55-57].

Nevertheless, perhaps the most important classes of subcellularly-targeted
molecules are those that are aimed at extracellular domains of cell surface
receptors [24]. Many ‘blockbuster’ drugs in the market today target cell surface
receptors, ion channels, and other extracellular enzymes, making extracellular
space one of the most valuable sites-of-action for drug development [58].
Extracellular-acting therapeutic agents include anticoagulants that interfere with
clotting factors in the blood, agents that interfere with pro-hormone processing
enzymes, ion channel blockers for treating heart conditions, GPCR antagonists
for hypertension, inflammation and a variety of other different conditions, and
many CNS-active agents that act on neurotransmitter receptors, transport and
processing pathways. In order to target extracellular domains of blood proteins,
cell surface receptors and ion channels, it is desirable that a molecule would
have high transcellular permeability to facilitate absorption and tissue penetration.
In addition, it would be desirable that the molecule would also have low
intracellular accumulation so as to maximize extracellular concentration. The
simulation results indicate that indeed, finding monovalent weak bases with high

permeability and low intracellular accumulation in both target and non-target cells
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is possible, with several molecules in the reference set residing in this realm of
physicochemical property space.

To conclude, cell based molecular transport simulators constitute a
promising cheminformatic analysis tool for analyzing the subcellular transport
properties of small molecule drugs. The ability to combine results from different
models, visualize simulations representing hundreds of thousands of different
combinations of physicochemical properties, and relate these simulation results
to the chemical structure and phenotypic effects of specific drugs and small drug-
like molecules adds a new dimension to the existing mathematical models. As
related to the specific class of lysosomotropic monobasic amines analyzed in this
study, interactive visualization of simulation results point to a richness in
subcellular transport and distribution behavior that is otherwise difficult to
appreciate. We anticipate that the complexity of subcellular transport behaviors
will ultimately be exploited in future generations of small molecule drug
candidates “supertargeted” to their sites of action [59], be it in the extracellular
space, the cytosol, mitochondria, lysosomes and potentially other intracellular

organelles.
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Tables

Table 3.1. The reference set of ninety-nine lysosomotropic monobasic
amines. Based on simulation results, compounds were classified by permeability
(Per calculated with the R-model) and subcellular concentrations (calculated with
the T-model) as follows: Low permeability: Per < 35x10° cmi/sec; High
permeability: Peg= 35%x10°® cm/sec; Lyso: CiysoT > 2 MM; Mito: CpioT > 2 mM;
Cyto: CeyioT 2 2mM; Non-lyso: CyseT < 2 mM; Non-mito: CuiT < 2 mM; Non-
cyto: Ceol < 2mM. Compounds appear in gray background if they were
reported as non-lysosomotropic in pubished research articles; in italics if they are
calculated as selective lysosomotropic (CysoT 2 2mM; CiysoT/ChiteT 2 2mM;
CysoT/CeyicT 2 2mM), underlined if they are calculated as selectively
mitochondriotropic (CmiteT 2 2mMmM, CpitoT/CiysoT 2 2 MM, Cpito T/Cyto T 2 2 mM).
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Category 1: Low Permeability, Non-lyso, Mito, Non-cyto

Chemical space exists.

Category 2: Low Permeability, Non-lyso, Non-mito, Non-cyto

Chemical space exists.

Category 3: Low Permeability, Non-lyso, Non-mito, Cyto

Chemical space does not exist.

Category 4: Low Permeability, Non-lyso, Mito, Cyto

Chemical space exists.

Category 5: Low Permeability, Lyso, Mito, Non-cyto

Chemical space exists.

Category 6: Low Permeability, Lyso, Non-mito, Non-cyto

Chemical space exists.

Name pKa logP, logPy CiioR  ChitoR  ChsoR  Pest Ceyto T Chito T CisoT  Ref.
Lidocaine 7.2 271 116 0.15 0.06 1.74 26.67 1.87 0.81 22.26 [10]
Category 7: Low Permeability, Lyso, Non-mito, Cyto Chemical space exists.

Name pKa lOQPn lOQ Pd CcvtoR CmitoR ClvsoR Peff CcvtoT CmitoT CIvsoT
17-DMAG 731 246 087 0.15 0.06 1.69 13.01 2.05 0.81 22.73 [60]
B-dimethylaminoethylchloride 763 248 0.9 0.23 0.08 15 11.76 2.64 0.91 1752 [21]
Diethylaminoethyl chloride 816 271 116 0.53 0.24 1.36 19.93 3.83 1.72 9.87 [21]
Triethanolamine 8.14 152 -0.18 0.4 0.14 1.39 0.91 3.57 1.25 12.35 [21]
Category 8: Low Permeability, Lyso, Mito, Cyto Chemical space exists.

Name pKa |Og Pn |Og Pd C:cytoR CmitoR ClysoR Peff CcytoT CmitoT ClysoT
17-DMAP 8.3 247 0.89 0.62 0.31 1.35 10.79 417 2.08 9.07 [60]
2-amino-1-butanol 9.49 2.04 0.55 1.67 9.57 1.29 5.84 10.16 58.1 7.82 [21]
2-amino-2-methyl-1,3-propanediol 9.14 156 0 1.44 3.32 13 1.58 8.01 18.52 7.22 [21]
2-amino-2-methyl-1-propanol 968 192 041 1.73 14.32 1.29 4.27 10.85 89.76 8.06 [21]
2-aminoethanol(ethanolamine) 9.22 175 022 151 4.42 1.29 2.66 8.62 25.18 7.36 [21]
2-diethylaminoethanol 9.22 223 0.62 1.46 3.58 1.29 6.62 8.19 20.09 7.27 [21]
2-dimethylamino-2-methyl-1-

propanol 925 217 055 147 3.76 1.29 5.65 8.31 21.23 7.3 [21]
2-dimethylaminoethanol 871 201 037 0.96 0.81 1.32 3.42 5.44 4.56 7.46 [21]
2-methylaminoethanol 946 189 032 1.63 7.29 1.29 3.41 9.67 43.34 7.66 [21]
3-amino-1-propanol 949 177 024 1.66 8.67 1.29 2.85 9.99 52.26 7.76 [21]




011

3-aminopropanal

3-dimethylamino-1-propanol

4-amino-1-butanol

Ammonia
Atenolol

Atropine
Benzylamine
Butylamine

Diethylamine
Dimethylamine
Ethylamine

Guanidine

Hexylamine
Isobutylamine
Isopropanolamine
Isopropylamine
Methylamine

Metoclopramide
Morpholine

N-acetylprocainamide

NAMA

N,N-Dimethyl-3-chloropropylamine
N,N-dimethyl-benzylamine

Pentylamine
Practolol
Propylamine
s-butylamine
t-butylamine
Triethylamine

914 177 024 146 3.6 1.29 276 817 20.17  7.25
883 203 039 1.08 1.13 131 366 5098 6.25 7.23
955 1.92 041 1.69 1052 129 424 1034 6443 7.88
855 1.81 041 1.05 1.08 131 3.8 5.67 5.82 7.08
9.32 229 076 157 57 1.29 932 915 33.13 7.5
9.02 267 123 144  3.36 1.3 26.87 7.98 18.66  7.18
9.17 258 124 1.6 6.38 1.29 2825 9.32 37.22  7.52
9.84 239 095 178 2435 1.28 1495 11.54 157.56 8.31
10.2 236 0.84 182 45 1.28  11.68 12.09 298.98 8.53
10.15 2.13 059 1.81 387 1.28  6.56  11.98 255.81 8.48
9.86 211 0.62 1.78 2273 1.28 6.99  11.46 146.61 8.28
3164.9
12.09 1.82 0.39 186  461.27 128 417 1278 7 8.8
9.84 266 124 179 2548 1.28  29.17 11.59  165.24 8.33
987 24 095 179 2547 128  14.96 1159  165.19 8.33
9.26 1.89 0.38 155  5.16 1.29  3.87 8.94 20.72  7.44
10.06 2.25 0.78 1.81  37.09 1.28  10.16 11.95 244.64 8.47
9.72 2 05 174  16.1 1.29 527  11.02 101.71 8.12
873 256 099 1.05 1.06 1.31 1448 581 5.82 7.22
821 202 125 136  2.95 1.3 27.55 6.62 14.36  6.31
873 251 093 104 102 131 1259 5.76 5.66 7.25
872 238 079 102 097 131  9.09 568 5.36 7.29
838 25 092 069 0.38 134 1166 4.41 2.45 8.54
867 284 13 102 098 131 2942 565 5.4 7.25
9.84 253 109 178 2435 1.28  20.64 11.54 157.56 8.31
9.32 247 097 159  6.15 1.29 1516 9.3 35.98 7.54
985 227 08 178 2326 128 1058 11.49  150.19 8.29
10.07 2.4 095 1.81 3959 1.28 1503 12 261.77 8.49
10.27 2.27 081 1.83  59.14 1.28  10.92 12.26  395.97 8.59
9.84 259 1.02 1.76 18.05 129  17.49 11.18 114.96 8.18

[61]
[21]
[21]
[21]
(6]
[10],
[16]
[10]
[21]
[10],
[21]
[21]
[21]
(10],
[21]
[21]
[21]
[21]
[21]
[21]
(14],
[13]
(10]
[10].[
13]
(14]
[21]
(10]
[21]
[6]
[21]
[21]
[21]
[21]



IT1

Trimethylamine 9.23 225 0.64 147 3.67 1.29 6.94 8.25 20.66 7.28 [10]
[10],
Tris(hydroxymethyl)methylamine 8.64 1.2 -0.4 0.93 0.75 1.32 0.58 5.29 4.25 7.51 [21]
Category 9: High Permeability, Non-lyso, Mito, Cyto Chemical space does not exist.
Category 10: High Permeability, Non-lyso, Non-mito, Cyto Chemical space does not exist.
Category 11: High Permeability, Non-lyso, Mito, Non-cyto Chemical space exists.
Category 12: High Permeability, Non-lyso, Non-mito, Non-cyto Chemical space exists.
Name pKa |09 Pn |09 Pd CcvtoR CmitoR ClvsoR Peff CcvtoT CmitoT CIvsoT
3-aminoquinoline 463 265 200 0.73 0.73 1.12 398.87 0.82 0.82 1.25 [1]
8-aminoquinoline 407 265 200 0.78 0.78 0.90 425.43 0.81 0.81 0.94 [1]
AF-CX1325XX 195 218 0.7 0.8 0.8 0.8 148 0.81 0.81 0.81 [62]
Aniline 4.5 262 1.2 0.73 0.73 1.1 372.35 0.82 0.81 1.22 [10]
Benzocaine 2.7 278 141 0.8 0.8 0.8 588.46 0.81 0.81 0.82 [13]
B-naphthylamine 412 295 157 0.77 0.77 0.93 838.56 0.81 0.81 0.98 [10]
Pyrimidine 155 217 1.4 0.8 0.8 0.8 144.65 0.81 0.81 0.81 [10]
Pyridine 495 244 188 0.69 0.69 1.3 229.69 0.82 0.82 1.56 [10]
Category 13: High Permeability, Lyso, Non-mito, Non-cyto Chemical space exists.
Name pKa |Og P |Og Pqg CcytoR CmitoR CIvsoR Pest CcvtoT CmitoT CI\/SOT
17-AEP 659 256 099 0.14 0.09 2.43 37.31 1.17 0.80 20.89 [60]
1-aminoisoquinoline 6.88 274 194 0.36 0.30 1.45 123.44 1.53 1.28 6.16 [1]
1-dodecylimidazole 656 365 3.3 0.64 0.81 1.36 2615.12 1.27 1.61 2.7 [21]
Eserine 6.46 3.03 1.51 0.15 0.11 2.51 137.8 1.09 0.81 17.74 [10]
Harmine 595 281 206 0.38 0.36 1.82 265.16 0.91 0.88 4.40 [1]
Imidazole 6.73 2.12 1.59 0.51 0.56 1.39 52.47 1.41 1.53 3.81 [21]
Papaverine 6.07 3.1 239 0.37 0.35 1.72 489.43 0.94 0.91 4.42 [1]
Pilocarpine 6.39 238 189 048 0.51 1.44 109.54 1.1 1.18 3.32 [10]
s-Collidine 706 271 171 0.3 0.2 1.47 74.19 1.76 1.18 8.61 [21]

Category 14: High Permeability, Lyso, Non-mito, Cyto

Chemical space exists.



48!

Name pKa |Og Pn |Og Py CcytoR CnitoR ClvsoR Pest CcvtoT Chito T CIVSOT
Cyproheptadine 777 367 223 0.35 0.14 1.41 235.81 3.02 1.22 12.12  [63]
Diltiazem 789 3.08 157 0.37 0.14 1.4 51.38 3.23 1.25 12.07 [16]
N-dodecylmorpholine 7.5 358 214 0.24 0.1 1.49 203.16 2.44 0.98 15.24 [21]
Category 15: High Permeability, Lyso, Mito, Non-cyto Chemical space exists.
Category 16: High Permeability, Lyso, Mito, Cyto Chemical space exists.
Name pKa logP, logPy CcioR  ChitoR CiysoR Pt CevtoT  ChitoT ClysoT
4-aminopyridine 8.63 2.18 1.59 1.71 11.8 1.29 64.2 9.96 68.73 7.5 [10]
4-aminoquinaldine 8.5 2.7 1.82 149 4.21 1.29 104.97 7.87 2231 6.85 [10]
4-aminoquinoline 798 265 200 1.29 2.56 1.30 152.07 5.73 11.40 5.79 [1]
4-Dimethylaminopyridine 8.47 253 198 1.67 9.26 1.29 156.25 9.28 51.49 7.16 [10]
9-aminoacridine 897 311 24 1.76 18.6 1.28 419.24 10.96 115.66 7.99 [10]
Alprenolol 932 304 171 1.67 9.42 1.29 84.41 10.09 56.88 7.77 [6]
Amantadine 10.33 257 2.04 1.86 288.64 1.28 186.33 12.73 1973.95 8.77 [16]
Amiodarone 8.17 458 338 0.88 0.74 1.32 3439.62 4.69 3.96 7.07 [4]
Amitriptyline 941 37 227 1.67 9.14 1.29 306.28 10.07 55.23 7.78 [64]
Biperiden 8.97 3.25 1.76 1.36 2.57 1.3 89.81 7.43 14.07 7.1 [65]
[66]
Chlorphentermine 1024 3 1.62 1.84 65.54 1.28 70.54 12.32  439.85 8.61 [46]
Chlorpromazine 887 3.7 227 1.33 2.33 1.3 288.89 7.19 12.66 7.05 [16]
Desipramine 9.66 34 201 1.76 18.13 1.29 170.9 11.17 115.25 8.17 [12]
Dibutylamine 10.36 293 148 1.84 72.43 1.28 51.13 12.37 487.37 8.63 [21]
Dihydroalprenolol 9.32 311 169 1.63 7.53 1.29 80.09 9.69 44.73 7.65 [7]
Dizocilpine 8.3 329 189 0.80 0.55 1.33 110.20 4.61 3.18 7.70 [67]
Dodecylamine 984 344 212 1.8 31.89 1.28 221.84 11.8 208.84 8.41 [21]
Ephedrine 9.19 263 194 18 31.41 1.28 146.48 11.65 202.78 8.29 [10]
4],
Fluoxetine 945 358 3.01 1.84 69.46 1.28 1731.76 12.27 463.16 8.55 {2]3]
Imipramine 887 352 207 131 2.21 1.3 181.73 7.09 11.95 7.04 [4]
Iprindole 9.36 354 209 1.64 7.71 1.29 201.32 9.74 45.89 7.67 [66]
Mecamylamine 10.49 293 227 1.86 297.05 1.28 316.44 12.73 2032.53 8.77 [10]




el

Memantine 10.31 2.85 1.46 1.84 73.92 1.28 48.83 12.38 497.49 8.63 [11]
Octylamine 9.84 2.92 1.53 1.79 27.27 1.28 56.92 11.66 177.38 8.35 [21]

4],
Perhexiline 10.2 3.83 3.28 1.86 24479 1.28 3237.19 12.7 1671.65 8.76 {613]
Phentermine 10.25 2.83 1.43 1.83 64.21 1.28 45.54 12.31 430.76 8.61 [66]
Piperidine 10.03 2.37 1.64 1.85 148.62 1.28 74.09 12.6 1009.79 8.71 [10]
Promazine 8.87 353 2.08 1.31 2.21 1.30 185.96 7.09 11.95 7.04 [64]
Propranolol 9.32 3.03 1.59 1.62 7.16 1.29 63.51 9.59 42.38 7.62 [10]
Sertraline 9.5 3.85 2.51 1.73 14.07 1.29 537.84 10.79 87.84 8.02 [64]
Thioridazine 861 4.01 2.61 1.11 1.27 1.31 608.81 5.96 6.80 7.02 [64]
Tributylamine 1044 345 2.1 1.85 102.49 1.28 213.44 1251 694.01 8.68 [10]
Verapamil 9.33 3.7 2.27 1.63 7.53 1.29 304.48 9.69 44,71 7.65 [16]




Figures

Figure 3.1. Diagrams showing the cellular pharmacokinetic phenomena
captured by the two mathematical models used in this study: the T-Model
of a leukocyte-like cell in suspension (A) and the R-Model an epithelial-like
cell (B). Key: ap: apical compartment; bl: basolateral compartment; cyto:
cytosol; mito: mitochondria; lyso: lysosome; R1: flux of the ionized/unionized form
between the cytosol and the apical compartment; R2: flux of the
ionized/unionized form between the cytosol and the basolateral compartment; R3:
flux of the ionized/unionized form between the cytosol and the lysosome; R4: flux
of the ionized/unionized form between the cytosol and the mitochondria; T1: flux
of the ionized/unionized form between the cytosol and the extracellular
compartment; T2: flux of the ionized/unionized form between the cytosol and
lysosome; T3: flux of the ionized/unionized form between the cytosol and the
extracellular compartment.
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Figure 3.2. Visualizing the simulated physicochemical property space
occupied by lysosomotropic monobasic amines. Individual molecules in the
reference set are indicated by vyellow dots. To discriminate between
lysosomotropic vs. non-lysosomotropic molecules, three lysosomal concentration
were explored as thresholds: 2 mM (A-D); 4 mM (E-H); and 8 mM (I-L). Columns
show non-lysosomotropic molecules (A, E, 1); non-lysosomotropic molecules plus
lysosomotropic space (B, F, J); lysosomotropic molecules (C, G, K); and
lysosomotropic molecules plus non-lysosomotropic space (D, H, L).

Non-Lysosomotropic Lysosomotropic Lysosomotropic Non-Lysosomotropic
Compounds Space Compounds Space

ClysoT >4

ClysoT > 8
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Figure 3.3. Visualizing the simulated physicochemical property space
occupied by selectively lysosomotropic monobasic amines. Individual
molecules in the reference set are indicated by yellow dots The four graphs
show: A) non-lysosomotropic molecules (inside blue circle) and non-selective
lysosomotropic molecules (outside blue circle); B) selectively lysosomotropic
molecules (inside green circle); C) physicochemical property space occupied by
selectively lysosomotropic molecules, in relation to non-lysosomotropic
molecules (inside blue circle) and non-selective lysosomotropic molecules
(outside blue circle); D) selectively lysosomotropic molecules (yellow dots in
green circle) in relation to the union of non-selective lysosomotropic and non-
lysosomotropic physicochemical property space.
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Figure 3.4. Visualizing the effect of transcellular permeability on selectively
lysomotropic molecules. Individual molecules in the reference set are indicated
by yellow dots The six graphs show: A) physicochemical property space
occupied by molecules with Per < 1 x 10° cm/s, in relation to non-selectively,
lysosomotropic reference molecules; B) selectively lysosomotropic molecules
with Peit < 1 x 10° cm/s (yellow dots) in relation to the union of physicochemical
property spaces occupied by non-selectively lysosomotropic, non-lysosomotropic,
and selectively lysosomotropic molecules with Per > 1 x 10° cm/s; C)
physicochemical property space occupied by molecules with 1 x 10 cm/s < Pe
< 35 x 10° cm/s, in relation to non-selectively lysosomotropic molecules; D)
selectively lysosomotropic molecules with 1 x 10° cm/s < Pes < 35 x 10°cm/s in
relation to the union of physicochemical property spaces occupied by non-
selectively lysosomotropic, non-lysosomotropic, and selectively lysosomotropic
molecules excluding those with 1 x 10® cm/s < Pet < 35 x 10° cm/s; E)
physicochemical property space occupied by molecules with Pt > 35 x 10 cm/s,
in relation to non-selectively, lysosomotropic molecules; F) selectively
lysosomotropic molecules with Pei > 35 x 10° cm/s in relation to the union of
physicochemical property spaces occupied by non-selectively lysosomotropic,
non-lysosomotropic, and selectively lysosomotropic molecules with Pes < 35 x 10
® cm/s; Green arrow point to the general region of physicochemical property
space where the reference molecules are visibly clustered.
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Figure 3.5. Visualizing the simulated physicochemical property space
occupied by molecules with low intracellular accumulation and high
permeability. Individual molecules in the reference set are indicated by yellow
dots The three graphs show: A) reference molecules with low intracellular
accumulation and high permeability (inside green circle); B) physicochemical
property space occupied by molecules with calculated low intracellular
accumulation and high permeability (green circle same as in A); C) the simulated
physicochemical property space occupied by molecules with high intracellular
accumulation, regardless of permeability (green circle same as in A).
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Figure 3.6. Visualizing the simulated physicochemical property space of
various classes of non-selective, lysosomotropic molecules. Individual
molecules in the reference set are indicated by yellow dots The four graphs
show: A) fifty six selectively mitochondriotropic reference molecules; B)
seventeen lysosomotropic, reference molecules which are not selective in terms
of lysosomal, mitochondrial or cytosolic accumulation; C) the simulated
physicochemical property space occupied by lysosomotropic molecules that are
also selectively mitochondriotropic; D) the simulated physicochemical property
space of non-selective lysosomotropic, non-selective mitochondriotropic
molecules.
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Figure 3.7. Visualizing the effect of extracellular pH on physicochemical
property space occupied by selectively-lysosomotropic molecules.
Simulations were carried out using an apical pH of 4.5 (A-C) and 6.8 (D-F) in the
R-Model. Yellow dots indicate the individual molecules in the reference set.
Each row shows the physicochemical property space occupied by molecules in
different permeability classes, as follows: A and D) Pe < 1 x 10 cm/s; B and E)
1 x 10° cm/s < Pgi < 35 x 10° cm/s, C and F) Peg > 35 x 10 cm/s.

Apical pH =4.5 Apical pH = 6.8

Peff< 1

1<P<35

35 <P
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Chapter IV

The Intracellular Accumulation of Chloroquine:
Simulation-Based Analysis of the Phospholipidosis Effect

Abstract

In vivo, the weakly basic, lipophilic drug chloroquine (CQ) accumulates in the
kidney to concentrations more than thousand-fold greater than in plasma. To
study the cellular pharmacokinetics of chloroquine in cells derived from the distal
tubule, Madin-Darby Canine Kidney (MDCK) cells were incubated with CQ under
various conditions. CQ progressively accumulated without exhibiting steady state
behavior. Experiments failed to yield evidence that known active transport
mechanisms mediated CQ uptake at the plasma membrane. CQ induced a
phospholipidosis-like phenotype, characterized by the appearance of numerous
multivesicular and multilamellar bodies (MLB/MVBs) within the lumen of
expanded cytoplasmic vesicles. Other induced phenotypic changes including
changes in the volume and pH of acidic organelles were measured, and the
integrated effects of all these changes were computationally modeled with a cell
based pharmacokinetics simulator, to establish their impact on intracellular CQ
mass accumulation. Based on CQ’s passive transport behavior, the measured
phenotypic changes fully accounted for the continuous, non-steady state CQ

accumulation kinetics. Consistent with the simulation results, Raman confocal
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microscopy of live cells confirmed that CQ became highly concentrated within
induced, expanded cytoplasmic vesicles that contained multiple MLB/MVBSs.
Progressive CQ accumulation was increased by sucrose, a compound that
stimulated the phospholipidosis-like phenotype, and was decreased by
bafilomycin Al, a compound that inhibited this phenotype. Accordingly,
phospholipidosis-associated changes in organelle structure and intracellular
membrane content can exert a major influence on the local bioaccumulation and

biodistribution of drugs.

Keywords: epithelial cells; biodistribution; mathematical models; organelle

targeting; phospholipidosis; pharmacokinetics.
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Introduction

Xenobiotics can accumulate and reach very high concentrations in specific
sites of the body due to active transport across cellular membranes, binding and
partitioning into cellular components, or sequestration within organelles driven by
pH gradients and trans-membrane electrical potentials present across
phospholipid bilayers. For example, more than thirty years ago, DeDuve
discovered that weakly basic molecules would accumulate within lysosomes by
an ion trapping mechanism [1]. lon trapping arises when a phospholipid bilayer
separates two compartments of different pH levels. Under these conditions, basic
membrane permeant lipophilic molecules become protonated and charged
preferentially in the acidic compartment. Because of the lowered membrane
permeability of the charged form of the molecule, the molecule becomes
concentrated in the acidic compartment. Since then, many weakly basic,
lipophilic small molecules have been reported to be sequestered within
lysosomes or other acidic, membrane-bound intracellular compartments, through
passive ion trapping [2-4].

However, detailed mass measurements have revealed that DeDuve’s
classical ion trapping mechanism often underestimates the extent of
sequestration of many weakly basic compounds within acidic endolysosomal
organelles [5, 6]. In fact, intracellular accumulation of weak bases may also be
explained by active transport mechanisms or by the many concomitant changes
in endolysosomal organelle structure and function, including alterations in pH and

changes in membrane traffic leading to the formation of endolysosomal
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organelles with unique membrane characteristics [7, 8]. In some cell types,
exposure to lipophilic weak bases induces a peculiar phenotype,
‘phospholipidosis” [9], characterized by the formation of numerous,
phospholipids- and cholesterol-rich multivesicular and multilamellar bodies
(MLB/MVBSs). Physiologically, MLB/MVBs are late endosomal compartments that
normally form as a result of the activation of the ubiquitin-dependent membrane
protein sorting and degradation pathway [10-12].

Previously, we developed a computational model of cell pharmacokinetics to
predict the intracellular accumulation and transcellular transport properties of
small molecules across cell monolayer [6, 13]. Using the weakly dibasic, high
solubility drug chloroquine (CQ, pKa; = 9.96 and pKa, = 7.47) as a test
compound, the model was capable of capturing the transcellular transport
kinetics for the first four hours of drug treatment but underestimated the
intracellular accumulation beyond the first five minutes of incubation [6].
Experimentally, the initial rate of transport of CQ across cell monolayer was
directly proportional to initial concentrations in donor compartment. Also transport
of CQ across MDCK monolayer in the presence of a transcellular concentration
gradient was similar in both apical-to-basolateral and basolateral-to-apical
directions. No saturation or nonlinear kinetics were observed at CQ
concentrations < 500 uM, as expected from a passive transport mechanism [6].

Here, we present an alternative hypothesis to explain CQ accumulation: that
drug-induced phospholipidosis corresponds to an inducible, weak base

disposition system — a mechanism promoting CQ sequestration within cells. We

125



performed a detailed quantitative analysis of CQ pharmacokinetics in Madin-
Darby Canine Kidney (MDCK) cells, a cell line that stably expresses the
differentiated properties of distal tubular epithelial cells [14], extensively
accumulates CQ and exhibits a marked phospholipidosis-like response [15]
corresponding to the phospholipidosis phenotype reported in the kidney cells of
CQ-treated patients [16]. The potential involvement of active transporters and
plasma membrane mediated uptake mechanisms was evaluated in the presence
of extracellular pH changes, sodium-free medium, and organic cation transporter
inhibitors.

Although CQ concentration in plasma ranges between 10 to 250 nM [17, 18],
cells lining the distal tubules are exposed to 10 to 300 uM CQ corresponding to
the concentrations measured in the urine of human subjects [17]. Therefore
clinically relevant urine concentrations (0-200 uM) of CQ were used to mimic the
physiological conditions of the distal tubule, and used as input parameters in the
cellular PK model of CQ’s transport behavior. Simulation results were compared
to experimental measurements of intracellular CQ mass in dose-response and
time-course experiments, under condition that enhances phospholipidosis effect
(co-treatment with sucrose [19, 20]) or inhibits vacuolation (co-treatment with

bafilomycin Al [21]).

Materials and Methods
Cell Culture. Madin-Darby canine kidney (MDCK) cells were purchased

from ATCC (CCL-34™) and grown in Dulbecco’s modified Eagle’s medium

126



(DMEM, Gibco® 11995) containing 10% FBS (Gibco® 10082), 1X non-essential
amino acids (Gibco® 11140) and 1% penicillin/streptomycin (Gibco® 15140), at
37°C in a humidified atmosphere with 5% CO,. MDCK cells were seeded at a
density between 1x10°-2x10° cells per square centimeter and were grown until
cell monolayer was formed as suggested by visual inspection.

Drugs and chemicals. Chloroquine diphosphate (CQ), cimetidine (Cim),
guanidine (Gua) and tetraethylammonium (TEA) were obtained from Sigma-
Aldrich (Catalog numbers C6628, C4522, G4505 and T2265) and dissolved in
Dulbecco’s Phosphate-Buffer Saline (DPBS, Gibco® 14190) at a concentration of

100mM for storage at 4 C. Bafilomycin Al (Baf), hemicholinium-3 (HC3) and

hydrocortisone (Sigma® B1793, H108 and H0888) were dissolved in DMSO
(Sigma® D8418) to a final concentration of 5 uM (Baf) or 50 mM (HC3 and HCor)
for storage at -20 °C. 3-methyladenine (3MA, Sigma® M9281) was dissolved in
warm DMEM at a concentration of 10 mg/ml immediately before use. FITC-
dextran (FD, Sigma® FD150S) was dissolved in DPBS at a concentration of 10
mg/ml for storage at 4 ‘C. Fluorescent dyes including BCECF-AM, LysoTracker®
Green (LTG) and Hoechst 33342 (Molecular Probes® B1150, L7526 and H3570)
were stored according to the manufacturer’s instructions.

Measurement of LTG fluorescence intensity, distribution and LTG-
labeled organelle volumes. MDCK cells were grown on optical bottom plate or
chamber glass, subject to various CQ treatment, stained with 0.5 uM LTG for 30
min, and subject to microscopic analysis in situ. A Nikon TE2000S

epifluorescence microscope with standard mercury bulb illumination, coupled to a
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CCD camera (Roper Scientific, Tucson, AZ), with a 20X objective ((Nikon Plan
Fluor ELWD 20x) or a 100X oil immersion objective (Nikon CFI Plan Fluor 100xH
oil), and a triple-pass DAPI/FITC/TRITC filter set (Chroma Technology Corp.
86013v2) was used to image the LTG-labeled cells. The 12-bit grayscale images
were acquired with the FITC channel, and background subtracted. The LTG-
labeled expanded vesicles (or the MLB/MVBs contained within) were manually
outlined with Circular Region tool in MetaMorph® software (Molecular Devices
Corporation, Sunnyvale, CA). The volume and surface area of individual vesicles
was calculated assuming a spherical shape. Fluorescence volume density was
calculated as Integrated Intensity divided by vesicle volume. The total vesicular
volume/surface area per cell under each treatment at each time point (0, 1, 2 or 4
hours) was determined using 10 cells. Contrast and brightness was adjusted to
the same level for all figures.

Raman confocal microscopy of CQ distribution. MDCK cells were
seeded on cover glass until confluent. CQ-treated cells were exposed 10 uM CQ
for 12 hours, followed by 100 uM CQ for 2 hours, and briefly washed in DPBS
buffer prior to mounting on microscope slides.. The induced Raman spectrum of
solid CQ salt, 100 mM CQ solution in DPBS, and the vesicular/cytosolic regions
of the cells under various treatment conditions was acquired with a Renishaw
inVia confocal Raman microscope coupled with a Nikon CFI Plan Fluor 100xH oil
immersion objective and a CCD detector. The excitation wavelength was 514 nm.
The exposure time was 30 sec for each measurement, with spectral resolution

set to 1.5 cm™, scanning from 400 cm™ to 3200 cm™. All spectra were
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smoothened, baseline subtracted and normalized to the highest peak with
ACD/UV-IR Processor (ACD/Labs, Toronto, Canada). To determine the effect of
pH on CQ’s Raman spectra, spectra of 100 mM CQ solution in pH 7, 6 and 5
buffers were also acquired.

Measurement of lysosomal, cytosolic and extracellular pH. pH
measurements were performed using published methods [22]. To measure
lysosomal pH, MDCK cells were incubated with 0.2 mg/ml FD in DMEM for 24
hours in dark prior to drug treatments. FD-loaded cells were washed twice with
warm DPBS buffer, incubated in CQ-DMEM with or without Suc or Baf for 1, 2, 3
or 4 hours. To measure cytosolic pH, BCECF-AM was added to a final
concentration of 2 ug/ml during the last 30 min of drug treatment, in the dark. At
the end of treatments, cells on plate were washed twice with cold buffer prior to
ratiometric analysis of the pH-sensitive FD or BCECF-AM fluorescence signal.
Fluorescence data was acquired with a BioTek Synergy™ 2 Microplate Reader
using Ex.485/20-Em.528/20 filter set and EXx.450/50-Em.528/20 filter set.
Background fluorescence was acquired with dye-free untreated cells. Standard
curves were obtained by first preloading untreated cells with 0.2 mg/ml FD for 24
hrs or 2 ug/ml BCECF-AM for 30 min, then equilibrating with 10 pg/ml nigericin in
different pH buffer, and finally scanning with the same filter sets as mentioned

F485, — F485,,
F450, - F450,,

above. The fluorescence ratio (FR) was calculated as: FR =

where F485; and F450; standard for integrated fluorescent intensity from the i
well of cells under Ex.485 nm and Ex.450 nm, respectively, and the subscript bg

indicates background fluorescence. FR values were plotted against known pH
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values to create a standard curve, or compared with the standard curve to
calculate pH. Extracellular pH was measured with a Corning pH meter 430 at
designated time points. The average vesicular pH, cytosolic pH and extracellular
pH were reported as the mean = S.D. over a 4-hour incubation period with each
time point measured from 3 independent experiments.

Measurement of cell volume. Cells were detached from the tissue culture
plates after drug treatment by incubating them with 0.25% trypisin-EDTA (Gibco®
25200) for 15 min. The rounded, detached cells were imaged with Nikon
TE2000S inverted microscope under brightfield illumination with a 20X objective
(Nikon CFI Plan Fluor 20x). In the images, the perimeters of the cells were
manually outlined with Circular Region Tool in MetaMorph® and cell volume was
calculated from the radius of the outlined perimeter, assuming spherical shape.
For each treatment, 10 bright field images (more than 100 cells) were collected
after 1, 2, 3 or 4 hours. The average cell volume was reported as the mean + S.D.
over 4 hour treatment.

Measurement of the cellular partition coefficient of CQ. MDCK cells
were grown on tissue culture dishes, treated with 50 uM CQ for 4 hours to induce
vacuolar expansion and MLB/MVBs. After this induction period, the cells were
permeabilized with 0.1% saponin in DPBS buffer for 30 min to extract soluble
cellular components while leaving lipids, DNA, and associated, insoluble
cytoskeletal components. Permeabilized cells were then incubated with 100 uM
CQ for 1 hour, washed twice and centrifuged. Cellular lipids and associated

molecules were extracted from the pellet with 1% Triton X-100 in DPBS for 1
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hour. Nuclei and other insoluble debris were spun down, and the amount of
extracted CQ in the supernatants was determined by measuring absorbance at
343 nm using Microplate Reader. Based on electron micrographs, we estimated
a Triton-extractable, 5% lipid volume fraction in the cell. CQ concentration
partitioned into the cellular lipid structures was calculated as bound CQ amount
divided by the estimated lipid volume for the cells. The lipid partition coefficient
was calculated as the logarithm of the lipid:buffer CQ concentration ratio.
Probing the mechanism of CQ uptake with transport inhibitors. To
study the effect of active cation transporters on CQ uptake, MDCK cells on 24-
well tissue culture plates (Costar® 3526 or Nunc™ 165305) were incubated with
50 uM CQ in 0.5 mL bicarbonate-free transport buffer (sodium chloride 140 mM,
potassium chloride 5.4 mM, calcium chloride 1.8 mM, magnesium chloride 0.8
mM, d-glucose 25 mM, HEPES 10 mM, pH 5.5, 6.5, 7.4 and 8.5) or sodium-free,
choline-based transport buffer (substitute sodium chloride with choline chloride in
the above transport buffer), at 37 ‘C. To study the effect of autophagy, energy
supply, vacuolar-ATPase, organic cation transporters (OCTs) and pre-expanded
lysosomal volume on CQ uptake, MDCK cells were incubated in 0.5 mL DMEM
containing 50 uM CQ in the presence or the absence of 10 mg/ml 3MA
(autophagy inhibitor); 5 uM FCCP (mitochondrial uncoupling agent that disrupts
ATP synthesis and cellular metabolism); 10 nM Baf (vacuolar H+/ATPase
inhibitor that disrupts endolysosomal pH gradients); 500 uM Cim (OCT inhibitor);
500 uM Gua (OCT inhibitor); 500 uM HC3 (OCT inhibitor); 500 uM TEA (OCT

substrate/inhibitor); 20 uM HCor (a hormone that stimulates OCT expression); or,
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0.1 M Suc (a treatment that enhances the phospholipidosis phenotype without
competing with CQ uptake). Cells co-treated with CQ and sucrose (Suc) or
hydrocortisone (HCor) were pre-incubated with 0.1 M sucrose or 20 uM
hydrocortisone in DMEM for 24 hours or 48 hours, respectively, before the
experiments. CQ uptake was measured 0.5, 5, 15, 30, 60, 120, 180 or 240 min
after beginning of incubation with CQ, with or without Suc or Baf. CQ uptake was
measured 30 min and 240 min after the beginning of incubation. For CQ uptake
measurements, three of the four replicates under the same treatment were briefly
washed with cold buffer and lyzed in 1% Triton X-100 for 1 hour. The lysates
were centrifuged at 15,000 rpm for 10 minutes and the supernatant was collected
for CQ measurement by reading absorbance at 343 nm using Microplate Reader.
Intracellular CQ mass was normalized by the number of cells per well as
evaluated by counting cells in the fourth replicate well. Background signal from 0
uM CQ treatment was subtracted and CQ mass was calculated with the aid of a
standard curve. The results were expressed as mean + S.E.M from 3
independent experiments for each time point.

Measurement of MLB/MVB morphology. For transmission electron
microscopy, MDCK cells were grown on tissue culture dish (BD Falcon™
353003), incubated with 50 M CQ for 4 hours, washed twice with serum-free
DMEM, fixed with 2.5% glutaraldehyde in 0.1 M Sorensen’s buffer at pH 7.4 at

37 °C, and washed with 0.1 M Sorensen’s buffer three times, 5 min each. Cells

were fixed with 1% osmium tetroxide in 0.1 Sorensen’s buffer for 15 min at room

temperature and washed three times with double-distilled water. Cells were
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incubated with 8% uranyl acetate in double-distilled water for 1 hour at room
temperature, dehydrated in a graded ethanol:water series (50, 70, 90 and 100%,

5 min each), infiltrated in Epon resin and polymerized at 60 ‘C overnight. Cells

were sectioned and photographed with a Phillips CM-100 transmission electron
microscope at magnifications from 2,600 to 96,000X. More than 5 cells were
photographed for control and treated cells under each condition. Quantitative
morphological analysis of EM images was performed with MetaMorph® software
(Molecular Devices, Inc.)

Mathematical Modeling of CQ Uptake. A multi-compartment, constant-field,
fixed-parameter mathematical model [23] was adapted to predict the passive,
membrane potential and pH-dependent ion trapping behavior of CQ in MDCK
cells. The original model was modified to incorporate the gradual volume
expansion of the endolysosomal compartment induced by CQ, coupled to
changes in extracellular concentration accompanying pronounced, intracellular
CQ sequestration. Briefly, the total change in CQ mass with time in each

compartment was expressed by equations 1-4:

dM,

dt = —A, ><]e,c (1)
am,
dt = A, ><]e,c_Amx]c,m_Al ><]c,l (2)
dMyy,
T = Ap ><]c,m (3)
aM
—L =A% ], (4)

dt

where, M stands for the total mass, J indicates the flux, A and V indicate the

membrane surface area and volume, respectively, of the specific subcellular
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compartments as indicated by the subscripts e, ¢, m, and |. extracellular
compartment, cytosol, mitochondria and (acidic) lysosomes compartment. A
indicates the cell’s plasma membrane area. The comma between two subscripts
means “to” (e.g. “Jcm” represents the flux from cytosol to mitochondria). With
extracellular volume, cell volume and mitochondria volume constant and
lysosomal volume change, the concentration change in each compartment was

expressed by equations 5-8:

%= éCX]ec (5)
= X e =X Jem = % e ©
__, "
ac jcl_ﬂx_ (8)

dt Vi
For CQ, the total flux is contributed by a neutral form and two ionized forms
with one or two positive charges [6]. The total flux across membrane as

contributed by three species can be calculated with Fick’'s equation and Nernst-
Planck equation:

Joi = Pn(froCo = FniC:) + Parzi= (FaroCo — FariCie"4t) + Paz 2= (Faz,0Co
faziCie™®) (9)

where, subscripts o and i indicate outer- and inner-compartment, n, d1, and
d2 indicate neutral form, ionized form with one charge, and ionized form with two
charges, respectively. P is the permeability across the bilayer membranes and it
was estimated based on the logarithm of CQ’s octanol/water partition coefficient

(logPow) calculated with ChemAxon® MarvinSkecth 514
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(http://www.chemaxon.com) as log Py 41,42 = log Py, — 6.7 [23]. f represents the
ratio of the activities (an, aq1 and agz) and the total concentration. It can be
calculated from lipid fraction and ionic strength in each compartment and the
sorption coefficient for each species as estimated from logPouw [13, 23] or the
measured cellular partition coefficient [6]. In equation 4, N = zEF/(RT), where z =
+1 for Ng: (ionized base with one charge), and z = +2 for Ngz (ionized base with
two charges); E, F, R, and T are membrane potential, Faraday constant,
universal gas constant, and absolute temperature, respectively. The rate of
change in vesicular volume was derived by fitting volume measurement at each
time point with a linear model. When simulating CQ binding to MLB/MVBs, the
measured cellular partition coefficient of CQ was used to estimate f. The ordinary
differential equations were numerically solved with MATLAB® ODE15s solver
using the average value of each parameter to plot a kinetic curve of CQ
intracellular accumulation. Model validation/consistency check was performed by
summing CQ mass in all compartments during the simulation, confirming that
total CQ mass in the system stays constant (mass balance).

Parameter Sensitivity and Error Propagation Analysis. To determine
whether variations in individual parameters would lead to a large variation in
prediction, sensitivity analysis was performed by systemically changing one
parameter at a time and plotting predictions against parameter values. In addition,
Monte Carlo simulations were performed to assess the distribution CQ
accumulation values that would be consistent with uncertainties or experimental

error of the input parameters. Parameter ranges were obtained based on the
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error of experimental measurements or variations in the published literature
reports. MATLAB® ODE15s solver was employed to run 10,000 simulations
during which simulation parameters were randomly sampled from uniform
distributions within the range of parameter values (Table 4.2 and Appendix L).

Histograms of simulation results were plotted with R program (http://www.r-

project.orq).

Results

CQ-treated MDCK cells undergo marked changes in organelle structure
and membrane organization. Electron microscopy was performed to study the
effects of CQ on the membrane and organelle structure of MDCK cells during the
course of a 4 hour incubation period. Most strikingly, CQ induced the formation of
numerous MLB/MVBs within the lumen of expanded cytoplasmic vesicles (Figure
4.1). The expanded vesicles were approximately 1.50 = 0.34 um (n = 20) in
diameter. Within these expanded vesicles there were often many MLBs of 0.42 +
0.025 um (n = 10) in diameter and MVBs of 0.39 £ 0.03 um (n = 10) in diameter.
For MLBs, the spacing between membrane layers ranged from 24.0 to 29.2 nm
(25.7 £ 2.2 nm) and the apparent thickness of each layer varied from 22.5 to 24.0
nm (23.2 + 0.7 nm). For MVBs, the internal vesicles varied in size between 50 to
100 nm in diameter. It was generally the case that in the presence of CQ, each
expanded vesicle contained several MLB/MVBs. Without CQ treatment, control

cells completely lacked these features (data not shown).
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Induced MLB/MVBs sequester weakly basic lipophilic molecules. LTG
is a weakly basic fluorescent probe that labels acidic organelles within cells by
the ion trapping mechanism. Fluorescence micrographs of CQ-treated cells
incubated with LTG showed LTG fluorescence accumulation in enlarged vesicles
ranging 1-2 um in diameter. Most remarkably, at high magnification, LTG
distribution within each one of the expanded vesicles was clearly associated with
intralumenal MLB/MVBs (Figure 4.2A). In many of these vesicles, LTG was
clearly localized to multiple internal vesicles of about 0.34 + 0.06 um (n=20) in
diameter, consistent with the numbers and diameters of the MLB/MVBs
previously observed by electron microscopy. Based on quantitative image
analysis, we calculated accumulation of LTG fluorescence bound to the
MLB/MVBs was at least 4.7 £ 0.5 (n=20) —fold greater than its accumulation in
the lumen of the expanded vesicle. LTG-labeled MLB/MVBs appeared to move
by Brownian motion, within the confines of the outer membrane bounding the
expanded vesicles (Figure 4.2A, a-f). Increasing CQ concentrations did not inhibit
LTG fluorescence accumulation. Instead, the accumulation of LTG fluorescence
in the vacuoles was directly dependent on the concentration of CQ used for
treatment showing no evidence of competition or saturation (Figure 4.2B).

CQ accumulates within induced, expanded vesicles. The MLB/MVB
containing, LTG-labeled vesicles induced by CQ corresponded to large, clear
vacuoles apparent by brightfield transmitted light microscopy (Figure 4.3A).
Confocal Raman microscopic imaging was performed in CQ-treated (Figure 4.3B,

a) and -untreated (Figure 4.3B, b) cells. The signature Raman signal of CQ
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(Figure 4.3B, spectrum 1, arrows, 1370 and 1560 cm™) was present in the
vacuoles observed by brightfield transmitted light microscopy (Figure 4.3B,
spectrum 2), yet CQ signal was mostly undetectable in the vesicle-free regions of
the same cells (Figure 4.3B, spectrum 3). In control experiments, the signal
intensity of the Raman vibrational peaks of CQ at 1370 and 1560 cm™ were
constant between pH 7 and 5 (data not shown), so differences in the pH of
intracellular compartments cannot explain the observed, spectral differences in
Raman signal. Furthermore, CQ signal was completely absent from untreated
cells (Figure 4.3B, 4 and 5). Given their small volume, the presence of Raman
signal within the vacuoles of CQ-treated cells confirmed that CQ is highly
concentrated within these vesicles.

CQ uptake is coupled to induction of phospholipidosis-like phenotype
and cannot be inhibited by OCT inhibitors. Consistent with the neutral,
membrane-permeant form of CQ being mostly responsible for its passive cellular
uptake, CQ uptake within the first 30 minutes was significantly reduced in by
lowering extracellular pH (Figure 4.4A) but not significantly affected by the
presence of OCT inhibitors and a stimulator (Cim, Gua, HC3, TEA or HCor) nor
by the substitution of sodium with chloride in the transport buffer (Figure 4.4B).

Incubation at 4 ‘C reduced CQ uptake in the first 30 min, consistent with inhibited

passive diffusion at low temperature, while pre-incubation with 0.1 M sucrose-
DMEM, a treatment that induced lysosomal volume expansion, stimulated CQ
uptake by 32% during this time (Figure 4.4B). Bafilomycin Al, a vesicular-

ATPase inhibitor which hampers the acidification of lysosomes, reduced CQ
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uptake by 21% within the first 30 min of CQ incubation, while the autophagy
inhibitor 3MA did not (Figure 4.4B). After 4h treatment, a close correlation
between CQ uptake (Figure 4.4C) and lysosomal volume expansion (Figure 4.4D)
was observed: in cells treated with Baf and FCCP, CQ-induced vesicular
expansion was significantly suppressed, and so was the cellular uptake; in cells
treated with transporter inhibitors, sucrose or 3MA, no significant reduction in
vesicular expansion nor cellular uptake were observed, as compared with CQ
treatment alone. In the presence of Suc, 3MA, or other OCT inhibitors we also
observed LTG fluorescence accumulated in association with the MLB/MVBs
present within the induced, expanded vacuoles, as was observed in cells treated
with CQ alone.

CQ affected organelle volume and pH. LTG-positive (acidic) organelle
volume and pH, as well as cell volume and cytosolic pH, were measured at
various time points, during a 4 hour CQ incubation period (Table 4.1).
Experiments were also performed in the presence of 0.1 M Suc, a treatment that
perturbs endolysosomal membrane traffic and promotes a phospholipidosis-like
phenotype [20]. CQ uptake measurements were also performed in the presence
of 10 nM Baf, a treatment that inhibits the phospholipidosis effect. CQ-induced
vacuolation was greater in the presence of sucrose compared to cells treated
with CQ alone, and was inhibited by Baf (Table 4.1). Total cell volume
significantly expanded in Suc but not in CQ or CQ/Baf. (Table 4.1). CQ (with or
without Suc or Baf) increased vesicular pH during 4-hour incubation period, but

cytosolic pH was not significantly perturbed (Table 4.1). The extent of CQ
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induced vesicular pH increase was highest in the presence of Suc, intermediate
with Baf and least with CQ alone. At 200 uM CQ, CQ toxicity became apparent,
with several of the observed trends becoming reversed (Table 4.1). Consistent
with the large buffering capacity of the extracellular medium, measurements
confirmed that CQ treatments with or without Suc or Baf did not alter the
extracellular pH (Table 4.1).

Organelle volume and pH also affect CQ uptake. The effects of Suc and
Baf on the pharmacokinetics of CQ were measured in dose-response and time-
course experiments. Upon prolonged incubation, CQ exhibited a time-dependent,
gradual accumulation over the 4h incubation period (Figure 4.5). Suc treatment
prior to CQ incubation led to the most pronounced intracellular accumulation of
CQ (Figure 4.5A). Baf inhibited the gradual accumulation of CQ, with cells
showing a rapid uptake during the first five minutes, followed by a low, steady
state level during the next four hours (Figure 4.5A). At 50 and 100 uM CQ, CQ
accumulation over the 4h period appears almost linear in Suc-treated cells as
well as in cells that were incubated with CQ alone (Figure 4.5A).

Simulations of CQ cellular pharmacokinetics. Computational simulations
of CQ uptake with a mathematical model that incorporates volume expansion of
acidic organelles, protonated CQ binding to MLB/MVBs, and using the measured
parameter values as input yielded CQ dose-response and time-course traces
that were consistent with the experimentally measured values (Figure 4.5A) and
well within the simulated margins of error based on physiologically-relevant

ranges of input parameters (Figure 4.5B). The effects of Suc and Baf on CQ
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uptake paralleled the experimental measurements (Figure 4.5A) for 25, 50 and
100 uM CQ treatments. Simulation results for 200 uM treatments tended to over-
predict CQ uptake (Figure 4.5A), which we ascribe to the toxic effects that were
apparent at this higher dose. Overall, the accuracy of predicted cellular uptake
was good for a wide range of different CQ concentrations, in the presence or
absence of Suc or Baf at 8 time points, with 70% of the predicted values within a
factor of 2 or 86% within a factor of 3 of the measured cellular uptake values
(Figure 4.6). Except for 200 uM treatments during which cellular uptake were
possibly reduced by toxic effect, most other discrepancies were observed
between predictions and measurements for the first time points when the amount
of cellular CQ uptake was close to the detection limit of the instrument.

For comparison, the simulated intracellular CQ mass at the end of a 4-hour
incubation period was calculated under three different conditions (1) in the
presence of ion trapping but without expanding organelle volumes nor binding of
protonated CQ species to MLB/MVBs (Figure 4.5B, green); (2) in the presence of
ion trapping within expanding acidic organelles but without binding of protonated
CQ species to MLB/MVBs (Figure 4.5B, blue); and (3) in the presence of ion
trapping in expanding acidic organelles, with binding of protonated CQ species to
MLB/MVBs (Figure 4.5B, black). Parameter sensitivity analysis [24] showed that
molecular properties including pKs and logP for the neutral forms or ionized forms,
pH and volume in the extracellular compartment, volume in the cytosol, pH,
volume, membrane potential, ionic strength and lipid fraction in the lysosomes

were important factors (caused a >20% change with parameters randomly
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sampled from physiologically-relevant ranges) for CQ uptake. Consequently,
Monte Carlo simulations were performed to calculate a distribution of predicted
CQ accumulation values based on a range of these input parameters, in cells
incubated with CQ alone, or in combination with Suc or Baf.

The impact of CQ induced phenotypic effects on the predicted cellular
accumulation of CQ was consistent with most of the intracellular CQ
accumulation occurring within the expanding acidic (LTG-positive) vesicles.
Based on the simulations, the volume increase of acidic organelles led to a > 5
fold increase in the predicted intracellular mass (Figure 4.5B, green vs. blue),
while adding an MLB/MVB binding component led to an additional 2-fold increase
in intracellular CQ mass (Figure 4.5B, blue vs. black). Simulation results
incorporating vesicular expansion and CQ binding to MLB/MVBs corresponded to
the range of measured values (Figure 4.5B, black vs. red lines).

The greatest discrepancy between simulation results and experimental
measurements was observed in Baf-treated cells. This discrepancy can be
ascribed to measurement errors: In Baf, LTG uptake is much reduced and the
diameter of acidic vesicles was close to the optical resolution limit of the
microscope, so the organelle volume measurements were less precise as
compared to the other conditions. Also, the accuracy and precision of CQ mass
measurement in the presence of Baf was considerably lower than in the other

experimental conditions, because the CQ signal in Baf was almost undetectable.
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Discussion

In this study, we used MDCK cells exposed to 0 to 200 uM CQ as a
physiologically-relevant in vitro experimental model to analyze CQ
pharmacokinetics in cells of the distal renal tubule. We present quantitative
evidence that the phospholipidosis-like phenotypic effect induced by CQ may be
responsible for the observed, non-steady state intracellular accumulation of CQ.
In the process, we elaborated a computational in silico model for simulating how
phospholipidosis affects the cellular pharmacokinetics of small molecule drugs.
As a physiologically-relevant transport probe, CQ is a weak base drug for
treatments of malaria, arthritis, viral infection and cancer [25, 26]. Despite of its
high solubility, CQ has slow clearance, accumulates in kidney (and other
organs) >1000-fold relative to plasma concentrations, and has highly variable
pharmacokinetics with the elimination half-life ranging from 20-60 days [27].
Significant variability in CQ pharmacokinetics have been ascribed to differences
in protein binding, but functional differences in renal filtration could also be
involved as the drug is mostly cleared by the kidney [28].

Previous studies have established that CQ reached high concentrations
inside cells with particularly high levels in the lysosomes [29], presumably by the
action of a carrier-mediated active transport mechanism. However, while CQ may
be a substrate of multiple drug resistance 1 protein [30] and organic cation
transporter-like 2 protein [31], both of these are involved in the excretion of drugs
from cytosol to the extracellular medium. No active transporter mechanisms

have been found to play a role in CQ cellular uptake. The organic cation
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transporter 2 (OCT2) plays important roles in the uptake of cationic compounds
in the kidney, but chloroquine does not appear to interact with OCT2 [32]. In fact,
unlike other organic cations which are substrates of an active transporter (i.e.,
plasma membrane monoamine transporter or PMAT) [33], the cellular uptake of
CQ did not depend on sodium concentration in the extracellular medium (Figure
4B and 4C). Also, while low pH in the extracellular medium has been found to
stimulate the uptake of PMAT substrates, we found it significantly inhibited CQ
uptake. Lastly, PMAT and OCTs are not extensively expressed in normal, distal
tubular cells [34, 35]. Therefore, all available evidence supports the role of
passive diffusion in CQ crossing biological membranes of MDCK cells (Figure
4A). We found that many pharmacological OCTs inhibitors did not affect cellular
uptake of CQ (Figure 4A, 4B and 4C), while all treatments that directly affected
the cellular vacuolation response did affect CQ uptake.

Microscopically, the appearance of MLB/MVBs in MDCK cells treated with
CQ corresponds to the morphology of kidney cells of CQ-treated patients, as well
as that of other cells following exposure to weakly basic, lipophilic drugs [16, 36,
37]. The sizes of the expanded vesicles and the internal vesicles as measured by
fluorescence microscopy and TEM were comparable (Figure 1 and 2). The
discrepancy between the absolute values of these two measurements can be
ascribed to differences in sample preparation as well as the resolution of these
two instruments. In fluorescence microscopy the samples are fresh and
immersed in living cell environment, while in EM the samples are dehydrated.

Secondly, for TEM sample preparation, cells are sliced with a ultramicrotome so
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the diameter of the vesicles in TEM micrographs might not be the actual
equatorial diameter. As a result, the measured size of the expanded vesicles in
TEM images seemed smaller than measurements from fluorescent images.
When comparing the measured sized of internal vesicles in MLB/MVB, the
discrepancy in measured sizes was not significant considering the relatively low
resolution of the fluorescence microscopy (1 pixel = 0.047 um in this study).

Meanwhile a close relation between CQ-induced volume expansion of LTG-
positive vesicles and CQ uptake was observed (Figure 4B and 4C). Accordingly,
we sought to measure the cellular pharmacokinetics of CQ in dose-response and
time-course experiments. In turn, these measurements were compared to
simulation results obtained by modeling intracellular CQ mass accumulation
under three different scenarios: (1) in the absence of CQ-induced phenotypic
effects; (2) in the presence of expanding acidic organelles; and (3) in the
presence of expanding acidic organelles coupled to binding to intralumenal
MLB/MVBs. We found that the latter condition yielded results that were largely
consistent with the measured absolute CQ levels as well as the relative changes
of intracellular CQ mass under several different conditions.

Supporting a role for MLB/MVBs in the sequestration of CQ, LTG (a weakly
basic fluorescent probe that accumulates in acidic organelles due to ion trapping)
was visibly concentrated within MLB/MVBs in the lumen of expanded cytoplasmic
vesicles induced by CQ. The inability of 3MA to inhibit the phenotypic effects
induced by CQ suggests that the phospholipidosis effects of CQ are not due to

an induced, autophagocytic mechanism. Experiments and simulations of CQ

145



uptake in combination with Suc provided evidence that stimulating the
phospholipidosis-like phenotype facilitates CQ accumulation. Experiments and
simulations of CQ uptake in combination with Baf provided evidence that
inhibiting the phospholipidosis-like phenotype decreases CQ accumulation.
Lastly, Raman confocal microscopy confirms that intracellular CQ accumulates
within the expanded, CQ-induced cytoplasmic vesicles with intralumenal
MLB/MVBs, as predicted by the model. Phospholipids such as
phosphatidylcholine have very high affinity for protonated CQ [38], consistent
with most of the protonated CQ within the expanded vesicles being bound to the
membranes of intralumenal MLB/MVBs.

It is also noteworthy that intracellular transformation into a less membrane
permeant CQ metabolite cannot account for the continuous chloroquine
accumulation in MDCK cells. With MDCK cell monolayers on porous membrane
supports, we have previously demonstrated that intracellular CQ in MDCK cells is
mostly present in intact form. While passive diffusion coupled to ion trapping and
phospholipid binding can explain the observed transport behaviors, we also
searched for evidence that CQ accumulated by an active transport mechanism.
However, the effects of bafilomycin and sucrose, the lack of effect of active
transport inhibitors, and the good correlation between vacuolar expansion and
the level of CQ, the insensitivity to extracellular sodium, the pH sensitivity of CQ
uptake, and the linear concentration dependence of CQ uptake all made it very

difficult to relate CQ’s behavior to candidate active transport mechanisms.
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To conclude, our results indicate that the phospholipidosis effects of CQ
may underlie an inducible, highly effective, intracellular weak base sequestration
system. To our knowledge, this is the first study to evaluate the potential effects
of phospholipidosis on the cellular pharmacokinetic behavior of a weakly basic
molecule. Our simulations and experimental results converge to provide
evidence those changes in organelle structure and membrane organization
induced by CQ can profoundly alter the intracellular bioaccumulation and
distribution of CQ according to its passive transport properties, leading to the
non-steady state accumulation behavior. Considering that these morphological
changes have been reported in other weak base drugs that accumulate
intracellularly such as procainamide and amiodarone [21], our results indicate
that phenotypic changes associated phospholipidosis warrant consideration as
candidate, mechanistic determinants of the local (and systemic) distribution and
disposition of weakly basic lipophilic molecules in the tissues and organs of the
body, especially in cells exposed to high local concentrations of the drug.
Passive transport models have been successfully used for developing predictive
physiologically-based pharmacokinetic models of bioaccumulation and
biodistribution of neutral or ionized organic compounds in tissues and organs [39-
41]. For weakly basic molecules, incorporating the cellular pharmacokinetic
effects of phospholipidosis may considerably improve physiologically-based

pharmacokinetic and biodistribution predictions.
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Tables

Table 4.1. Cellular parameters obtained during 4-hour incubation with different concentrations of CQ. pH measurements
and cell volume correspond to the average over the 4-hour incubation period; data was presented as mean + S.D., n = 4,
Vesicle volume corresponds to the volume at the end of the fourth hour treatment; data was presented as mean + S.D., n
= 10. Values in bold indicate a statistically significant difference from the untreated cells using Tukey’s test (p < 0.05).

49!

) vesicle
i vesicle i
vesicular surface cytosolic cell volume extracellula
volume 3 3
pH / cell (um?) area pH (10°um?) r pH
H / cell (um?)
Untreated  5.03+0.15 2148 210+74  7.4+0.2  1.6440.41 7.4520.04
Suc 5.01:023 602+145 2130+349 7.3740.02 3.00+0.14 7.48+0.03
2505'\/' |  5.36+0.28 304+76  1159+47 7.36:0.04 1.66%0.12 7.48+0.03
Baf 5.55+0.17  18%5 189455  7.38+0.03 1.74+0.14 7.47+0.03
Suc 6.08#0.20 843+176 2795+491 7.36+0.01 3.05:0.28 7.47+0.03
5%5'\" /  5.5140.34 587+126 2207+1050 7.36+0.01 1.84%0.05 7.47+0.03
Baf 5.69+0.37  19+4 204424  7.35:¢0.02 1.7020.15 7.47+0.03
Suc 6.45:0.21 11214343 2995:385 7.37+0.02 2.95:0.33 7.50+0.02
10&5”\" /  5.81+021 294+53 12194234 7.35:0.04 1.83%0.12 7.50%0.02
Baf 5.88+0.14 1743 178428  7.34+0.03 1.77+0.14 7.50+0.02
Suc 6.73t0.28 565+140 1468351 7.3740.02 3.27+0.37 7.50%0.02
20&5"\" |  508t0.45 204+47  785+193 7.30+0.02 1.62+0.17 7.50+0.02
Baf 6.26:0.45  17+4 18632  7.17+0.04 1.78+0.09 7.50+0.02
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Table 4.2. Parameter ranges for Monte Carlo simulations. pH, E, A, V, L and Is indicate pH, membrane potential
relative to the cytosol, surface area, volume, lipid fraction and ionic strength in each compartment, while the subscripts a,
¢, I, and m indicate the apical/extracellular, cytosolic, lysosomal and mitochondrial compartment. pH_a, pH_I, V_I, V_c,
A_|, rate of change in surface area or volume and cellular partition coefficient (I0gPn 41,02 cen) Were measurement as
described in the manuscript. pKai, pKaz, 10gP,, logPg41 and logPg, were calculated by ChemAxon® based on weighted
method prediction with 0.5 log units variant. Temperature (T) is set to 310.15 K during uptake experiment. lonic strength
and membrane potential values were based on literature report [13, 23, 42].

CQ CQ/Suc. CQ/Baf.
25 50 100 200 25 50 100 200 25 50 100 200
oH c 2 al 729 734 728 727 | 734 734 734 732 | 733 732 729 710
— b| 743 738 742 733 | 740 738 740 738 | 743 738 739 7.4
" a| 488 522 545 520 | 551 6.03 6.09 625 | 526 505 564 548
— b| 584 580 617 676 | 631 673 681 721 | 584 633 612 7.04
Ve (umd)? a| 1452 1752 1616 1314 | 2761 2572 2391 2630 | 1491 1437 1512 1608
— b | 1874 1922 2042 1916 | 3250 3535 3516 3904 | 1989 1961 2022 1945
V_I_initial 2 al 88 88 88 88 | 549 549 549 549 | 88 88 88 88
(um®) b| 324 324 324 324 [128.0 1280 128.0 1280 | 32.4 324 324 324
A |initial 2¢ | 2| 1115 1115 1115 1115][5175 5175 5175 5175|1115 1115 1115 1115
—= b|3350 3350 3350 3350 [899.7 899.7 899.7 899.7 | 335.0 335.0 335.0 335.0
rAate szlzhagrlge A| 2393 466.3 2479 163.0 [ 339.0 5499 6242 2062 | 00 00 00 00
V- ﬁrr:s,h: 3 V| 687 1069 66.0 451 | 1214 2272 2663 1273 00 00 00 0.0
T (K) 310.15
logP, (3.68, 4.18)
logPgy; (0.18, 0.68)
logPa, (-1.16, -0.66)
109Pn.d1.d2 cell (1.70, 1.83)
PKa (9.71,10.21)
PKa (7.22,7.72)

E a(mV)* -10




E | (mV) (5, 15)
E.m(mV) -160

pH_ a (7.4, 7.5)
pH m* 8

cellNo (/well) (50, 70) x 10*
V_a (um®) 0.5x10"*/cellNo
V. m (um®) 16.35

A a (um?)* 100

A m (um?) * 196.35

Lc? 0.05

L | (0.025, 0.075)
L m? 0.05

Is ¢* 0.3

s | (0.2, 0.4)
Is m? 0.3

¥ ! The center points for each range were used to simulate the typical kinetic curves under specific each treatment, as

shown in Figure 3.6.
2 The upper (b) and lower (a) boundaries of uniform distribution were calculated from the following equations based on

measurements: mean :%(a+b), (S1) and variance :é(b—a)z, (S2) where the mean values were reported in the above

table, and the variance was calculated as the squared s.d..

® Rate of changes of vesicular volume and surface area were obtained by fitting measurements at 1-4 hour time points
with a linear model using the initial values as intercepts. The slope of vesicular volume and surface area under CQ
treatments with bafilomycin A1 were essentially O after statistical analysis.

* These parameters do not significantly affect intracellular mass of CQ as suggested by sensitivity studies.



Figures

Figure 4.1. CQ induces a phospholipidosis-like phenotype characterized by
the formation of many MLB/MVBs in MDCK cells. MDCK cells were treated
with 50 uM CQ for 4 hours followed by transmission electron microscopy analysis.
A. (Magnification 7900X), B. and C. (Magnification 34000X), and D.
(Magnification 13600X) illustrate  MDCK cells with enlarged vesicular
compartments, or MLB/MVBs, comprised of intralumenal MLBs (single arrows) or
MVBs (double arrows). The nucleus is noted by N.
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Figure 4.2. CQ-induced non-uniform distribution (A) and dose-dependent
accumulation (B) of LTG within the LTG-positive vesicles in MDCK cells. A.
At the end of 4-hour incubation with 50 uM CQ, LTG fluorescence within
individual vesicles was concentrated within small particles of 0.3 — 0.4 um in
diameter, which underwent Brownian motion within the confines of the enlarged
vesicles. These particles corresponded in shape and size to MLB/MVBs
observed by EM (see Figure 4.1). Image a to f was taken at 4 second intervals to
show the Brownian movement of the bright MLB/MVB patrticles within the lumen
of the expanded vesicles. Scale bar. 2 um. B. After 4-hour incubation with
different amount of CQ, the fluorescence volume intensity per vesicle increased
as CQ treatment. 5 cells (more than 300 vesicles) were measured under the
same treatment.

4E+5 7y = 4805x + 17399
R?=0.9819

per Vesicle

LTG Fluorescence [

0 10 20 30 40 50
CQ Treatment (uM)
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Figure 4.3. CQ accumulates within enlarged MLB/MVB-positive vesicles.
MDCK cells were treated with 10 uM CQ for 12 hours, which primes them for
vacuolar expansion and MLB/MVB formation, followed by 100 uM CQ for 2 hours
prior to imaging. For fluorescence microscopy, cells were incubated with 0.5 uM
LTG for 30 min immediately prior to imaging. A. LTG fluorescence (top) and the
corresponding brightfield image (middle) of a representative CQ-treated cell was
merged (bottom) showing the highly heterogenous LTG fluorescence associated
with MLB/MVBs within the expanded cytoplasmic vesicles. Scale bar: 4 um. B.
Analysis of intracellular CQ distribution by confocal Raman microscopy. (upper)
Brightfield image showing a 100 uM CQ-treated (a) and untreated (b) cells from
which spectra were acquired. Scale bar: 5 um. (lower) Spectrum 1 was acquired
from 100 mM CQ solution in buffer, as reference. Spectrum 2 and 3 were
acquired from the vesicles and cytosol of treated cells, respectively; spectrum 4
and 5 were acquired from the vesicles and cytosol of untreated cells. In these
spectra, CQ-specific Raman vibrational peaks (around wavenumbers 1370 and
1560) were identified based on Spectrum 1. CQ-specific Raman signal was
mostly localized within the expanded vesicles of CQ treated cells.
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Figure 4.4. Temperature- and pH-dependent CQ uptake parallels the
induced phospholipidosis effect, and is insensitive to pharmacological
inhibitors of organic cation transport. (A) Within 30 min CQ uptake (50 uM)
into MDCK cells was significantly reduced by lowering extracellular pH and
lowering the temperature. Uptake experiments were performed in transport buffer.
Control experiments were performed at pH 7.4 and 37 C. (B) Within 30 min of
incubation, CQ uptake (50 uM) and cellular vacuolation were not significantly
perturbed by inhibitors of autophagy or active transport. Pre-incubation with 0.1
M sucrose in DMEM increased CQ uptake within 30 min, while co-treatment with
bafilomycin Al inhibited CQ uptake, but the difference was not significant.
Uptake experiments were performed in choline-based transport buffer (Cho) and
DMEM (all the other conditions). (C) and (D) At the end of 4-hour incubation, CQ
uptake and LTG-positive vesicular expansion was partially inhibited by FCCP,
significantly suppressed by bafilomycin Al but not reduced by OCT
inhibitor/stimulator, the autophagy inhibitor 3MA or the sodium-free extracellular
buffer.. Con.: control, 50 uM CQ only; Cho: 50 uM CQ in choline-based transport
buffer; Cim: 500 uM cimetidine; HC3, 500 uM hemicholinium-3; Gua: 500 uM
guanidine; TEA: 500 uM tetraethylammonium; HCor: 20 uM hydrocortisone;
FCCP: 5 uM FCCP; 3MA: 10 mg/mL 3-methyladenine; Suc: 0.1 M sucrose; Baf:
10 nM bafilomycin Al. Data were presented as mean = S.E.M from 3
experiments. Asterisks indicate significant difference from control using unpaired
Student’s t-test (p < 0.05). The nucleus is indicated by N. Scale bar: 10 um.
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Figure 4.5. Quantitative analysis and mechanism-based, predictive
pharmacokinetic modeling of CQ uptake in MDCK cells. A. Measured uptake
kinetics during 1) 25, 50, 100 and 200 uM CQ treatments, in previously untreated
cells (CQ/); 2) Suc pre-treated cells during co-treatment with CQ and sucrose
(CQ/Suc); and 3) co-treatment with CQ and Baf in previously untreated cells
(CQ/Baf). Data points correspond to mean = S.E.M. (n = 3). B. Histograms of
Monte Carlo simulations of intracellular CQ accumulation in relation to
experimental CQ mass accumulation. A total of 10,000 simulations were
performed with parameters randomly selected from a range (Table 4.2). Red
solid lines correspond to the measured, average CQ mass per cell at the end of a
4-hour incubation with 25, 50, 100 and 200 uM CQ (red dashed lines represent +
S.E.M). Green: simulation results in the absence of phenotypic changes. Blue:
simulation results incorporating volume changes of organelles but without
partitioning to MLB/MVBs. Black: simulation results incorporating volume
changes in acidic organelles, as well as CQ partitioning to MLB/MVBS.
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Figure 4.6. Assessing the performance of the cellular pharmacokinetic
model. The predicted intracellular mass was plotted against the measured
values at 8 time points for 4 levels of CQ treatment with (or without) sucrose or
bafilomycin Al. The solid line represents the unity line and the dashed lines
represent a factor of 2 on both side of the unity. The dotted line represents the
best fit with the equation displayed. (A) All the 96 data points were plotted. The
solid circles represent data from 25, 50 and 100 uM CQ treatments; the open
circles represent data from 200 uM CQ treatments. (B) The fitted line for data
without 200 uM treatments.
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Chapter V

Simulation-Driven Analysis for Assessing the
Lateral Inter-Cellular Transport of Small Molecules
on Micro-Fabricated Pore Arrays

Abstract

Studies on the inter-cellular transport between cells in a monolayer have been
limited to small amounts of hydrophilic fluorescent molecules microinjected into
single cells. Here, we proposed a novel design, utilizing impermeable polyester
membranes perforated by single 3 um diameter pore or geometric pore arrays, to
probe the intracellular and intercellular transport pathways of small hydrophobic
molecules within and between cells in a monolayer. In experimental
demonstrations, Madin-Darby Canine Kidney epithelial cells were inoculated into
inserts holders with patterned, transparent polyester membrane supports. The
small, cell permeant dyes, Hoechst 33342, MitoTracker Red and BCECF-AM
were added into the basolateral compartment of the transwell system. Lateral
transport of the dye within cell monolayer was tracked by fluorescence
microscopy. The time course of probe uptake and the distribution of probe within
individual cells were analyzed with quantitative imaging software. We observed
that single pores feed only into cells in the immediate vicinity and lateral diffusion
between cells was highly constrained and occurred slowly, leading to geometric
labeling patterns controlled by the area and pattern of the pores and the transport
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properties of the cells. A cell-based mathematic model was developed to guide
the analysis of observed standing gradient in between neighboring cells. Despite
of its simplicity, geometrically patterned, micro-fabricated pore arrays provide an
experimental system to quantitatively studying the cellular transport pathways of

various hydrophobic small compounds.

Keywords: transwell system; later diffusion; inter-cellular transport; pore arrays;

simulation; pharmacokinetics.
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Introduction

Lateral transport between neighboring cells is critical to the maintaining of
spatial and functional organizations in different tissue and organs. Depending on
cell types, the lateral transport of xenobiotic and/or endoergic signaling
molecules plays pivotal roles ranging from maintaining the cell homeostasis, to
establishing the electrical propagation, and to conducting regulating the
differential and developmental fates in adjacent cells [1-4]. It can be generated by
many local stimuli including but not limiting to neuronal cell transmission, calcium
waves in myocytes or liver endothelial cell monolayers, coupled cellular
contraction in cardiac muscle and signal transduction during developmental
processes. Improper regulation of lateral intercellular transport has been
associated with a series of disease progressions including cardiac arrythmia,
epileptic seizures, and anticancer drug resistance phenomenon [5-8].

For small molecules there are two major routes for lateral intercellular
transport: the gap-junction mediated lateral transport and the passive diffusion
across plasma membranes. The concept of gap junctions, clusters of connexin
protein channels that connect adjacent cells, was introduced more than fifty
years ago, as the fundamentals of impulse transmission and metabolite
exchange between neighboring cells [9-11]. By coupling immune-histology with
electro-physiological studies or fluorescence-based imaging techniques,
researchers have revealed an urgent need to screening for biological and genetic
factors (e.g. the structure, distribution, and composition of connexin proteins) on

the selectivity and permeability of gap junctions to hydrophilic compounds or

165



charged ions [12]. Nevertheless, traditional fluorescence-based methods, which
initiate with the microinjection and scrape loading of fluorescent dyes into a
single cell within a cell monolayer or cluster, are very time consuming and could
not be escalated for high throughput screening assays in lateral diffusion studies
[13]. Fluorescence recovery after photobleaching (FRAP) assays have also been
developed in monitoring the diffusion of fluorescent dyes, but similar to the
traditional loading methods, FRAP is intrusive to cell viability [14].

For hydrophobic compounds that get transported across cell boundaries
mainly by passive diffusion, even less knowledge has been collected on their
lateral transport properties. One of the reasons is that the loading of hydrophobic
compounds in the source cell requires higher efficiency as these compounds
might escape from the apical membrane to the extracellular environment even
before the monitoring starts. Thus a design that provides constant source to the
center cell would be highly desirable in the lateral transport studies of
hydrophobic compounds.

In this paper we presented a trans-well insert system that could provide a
constant supply of small compounds to the cell in a non-intrusive manner as well
as a mechanism-based computational model that simulate the lateral diffusion
properties of small molecules. By seeding Madin-Darby Canine Kidney (MDCK)
epithelial cells (a cell lines that does not have functional gap junctions at
confluency [15, 16]) on non-permeant polyester membrane supports with
patterned pore arrays and adding hydrophobic fluorescent compounds in the

basolateral side of cell monolayer, the time course dye uptake in the cells sitting
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above the pores and the kinetics of lateral transport between neighboring cells of
could be visualized spontaneously with a fluorescence microscopy. Furthermore,
when a hydrophobic pro-drug of a hydrophilic gap junction substrate was
administered, gap junction mediated dye transfer could also be analyzed for the
guantitatively evaluation of gap junction functions. We demonstrated that this
insert system serves as a platform for comprehensive studies on the lateral
transport phenomenon through both passive diffusing route and gap junction

mediated route.

Materials and Methods.

Design of point-source insert system. We designed an insert system with
fabricated polyester membranes to support cell growth and to provide point
source for compound administration (Figure 5.1). Non-porous, transparent,
polyester membranes were perforated with focused-ion-beam techniques to
create patterned pore arrays. These arrays features 3 um pore size, arranged 20
um apart in a 5-by-5 array, or 40, 80 and 160 um apart in 3-by-3 arrays. The
patterned membranes were glued (Krazy® Glue) to the bottom of hollow
Transwell® holder (Costar 3462 or 3460) to create permeable support for cell
growth.

Cell culture. Madin-Darby canine kidney (MDCK) cells were purchased from
ATCC (CCL-34™) and grown in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco 11995) containing 10% FBS (Gibco 10082), 1X non-essential amino acids

(Gibco 11140) and 1% penicillin/streptomycin (Gibco 15140), at 37°C in a
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humidified atmosphere with 5% CO,. MDCK cells were seeded at a density
between 1x10°-2x10° cells per square centimeter and were grown until cell
monolayer was formed.

Chemicals. Organelle targeting fluorescent dyes, Hoechst 33342 (Hoe)
(Molecular Probes H3570) was stored by manufacturer instruction. Fluorescent
dye BCECF-AM and MitoTracker Red (MTR) (Molecular Probes® B1170 and
M7512) were stored according to the manufacturer’s instructions and was
dissolved in DMSO to final concentrations of 2 mg/ml before use. Trypan Blue
(Sigma T6146) was dissolved in HBSS buffer (Gibco 14025) to a final
concentration of 5 mM and stored in room temperature.

Characterization of the insert system. The integrity of insert system was
tested by adding 5 mM Trypan Blue into the insert wells. The inserts was
considered intact if there will be no sign of Trypan Blue leakage from the edge of
the insert membranes. In this situation, the transport of test chemicals from the
basolateral to the apical compartment only occurred through the pore arrays. To
evaluate the effect of pore arrays on cell growth, MDCK cells were washed and
incubated in transport buffer (HBSS buffer supplemented with 25 mM D-glucose,
pH 7.4) for 30 min, and subjected to transepithelial electrical resistance (TEER)
measurement using Millipore Millicell ERS. Cell monolayers were considered
intact if the background subtracted TEER values were higher than 100 Q-cm?.

Fluorescence imaging and image analysis. Fluorescent dyes were added
into the basolateral compartment of the transwell system at time 0. A Nikon

TE2000S epifluorescence microscope with standard mercury bulb illumination,
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coupled to a CCD camera (Roper Scientific, Tucson, AZ), with a 10X objective
((Nikon Plan Fluor ELWD 10x) or a 20X objective ((Nikon Plan Fluor ELWD 20x).
A triple-pass DAPI/FITC/TRITC filter set (Chroma Technology Corp. 86013v2)
was used to image the dynamic staining pattern in the cells. The 12-bit grayscale
images were acquired and background subtracted. Individual cells or nucleus
were manually outlined with Region tool in MetaMorph software (Molecular
Devices Corporation, Sunnyvale, CA). The average and standard deviation of
cellular or nucleus fluorescence intensity was captured with MetaMorph. The rate
of staining of Hoe in the nucleus was measured as the slope of fluorescence
increase normalized by the slope of increase in the first nucleus (closest to the
pore).

Estimation of intercellular diffusivity of cell permeant hydrophobic
dyes. The distance (L) between the pore and the furthest stained object (the
nucleus or the mitochondria) in between 2 to 3 hours were measured with
MetaMorph. The equivalent lateral diffusion coefficient (D) assuming free
diffusion was calculated according to the equation: D = L?/(4*t), where t is the
time lapse after the addition of the dye into the basolateral compartment. The

theoretical lateral diffusion coefficient assuming free diffusion in solution was

kpXT
e6nmnr

estimated using the Einstein—Stokes equation: D = , Where kg is the

Boltzmann's constant, T is the absolute temperature, n is the viscosity of the
solution, and r is the Radius of the particle could be calculated with MarvinSketch

at www.chemaxon.com.
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Mathematical Modeling of the Intercellular gradient of Hoe. A multi-
compartment, constant-field, fixed-parameter mathematical model [17] was
adapted to predict the passive diffusion of Hoe from the first cell on top of a
single pore to its neighboring cells within MDCK cell monolayer (Figure 5.2).
Briefly, the cell monolayer was modeled as five layers of hexagon cells. Only the
nucleus compartment was included in the model. The total change in Hoe mass

with time in each compartment was expressed by equations 1-5:

% = —Ap X Jp,c1 (1)
dl‘\ifltcx = Ajx—1) X Jix=1),ex — Anx X Jexnx — Aixx X Jexix — Aax X Jexa (2)
S = Ay X e (3)
dfj" = Apex X Jexix = Aixxer1 X Je(er1),ix (4)
= T3 Aex XJexa )

dat

where, M stands for the total mass, J indicates the flux, A and V indicate the
membrane surface area and volume, respectively, of the specific subcellular
compartments as indicated by the subscripts a, b, ¢, n, and i: apical, basolateral
compartment, cytosol, nucleus and intercellular space between two neighboring
layers of cells. x indicates the cell layer number, ranging from 1 to 5 for the
cytosol and nucleus compartment and 1 to 4 for the intercellular space. Aixis the
surface area facing the x™ layer and Aixx+1 Is facing the x+1" layer of cells. A
and Jic1 (when x = 1) are the same as A, and Jpc;. When x = 5, the terms
regarding the 5" intercellular space are removed. The comma between two

subscripts in the flux means “to” (e.g. “Jcm” represents the flux from cytosol to
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mitochondria). With all and surface area terms constant, the concentration

change in each compartment was expressed by equations 6-10:

%:_é_zij,cl (6)
%:% ]l(x 1),cx O ::X]cx,nx Alxxxjcxlx _Aaxx]cxa (7)
%:%chx,nx (8)
% = AV”lcxx X Jexix — — dinrrn X Je@x+1),ix (9)
ddit x= ?éax X Jex,a (20)

For Hoe, the total flux is contributed by a neutral form and three ionized
forms with one to three positive charges. The total flux across membrane as
contributed by three species can be calculated with Fick’s equation and Nernst-
Planck equation [18] :

Joi = Pu(fnoCo = frniCi) + Par v Nd1 1 (fa1,0Co — far,iCieN ) + sz%(fdz,oco
faziCie"®) + Py ezxi\;% (Faz,0Co = faziCie"®) (11)

where, subscripts o and i indicate outer- and inner-compartment, n, d1, and
d2 indicate neutral form, ionized form with one charge, and ionized form with two
charges, respectively. P is the permeability across the bilayer membranes and it
was estimated based on the logarithm of Hoe’s octanol/water partition coefficient
(logPomw) calculated with ChemAxon® MarvinSkecth 514

(http://www.chemaxon.com) as log Py 41,42 = log P,y — 6.7 [17]. f represents the

ratio of the activities (a,, a1 and aqz) and the total concentration. It can be
calculated from lipid fraction and ionic strength in each compartment and the

sorption coefficient for each species as estimated from logPouw [17, 19]. When
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estimating Hoe binding to DNA in the nucleus, sorption coefficient in the nucleus
was estimated by 2*10™"* M of binding sites / Hoe in 5 um? radius sphere-shape
nucleus in the presence of 10 uM Hoe in the extracellular medium [20]. In
equation 4, N = zEF/(RT), where z = +1, +2 and +3 for Ng1, Ng2 and Ngs (ionized
base with one, two and three charges); E, F, R, and T are membrane potential,
Faraday constant, universal gas constant, and absolute temperature,
respectively. The ordinary differential equations were numerically solved with
MATLAB® ODE15s solver to plot a kinetic curve of nucleus concentration of Hoe.
Model validation/consistency check was performed by summing Hoe mass in all
compartments during the simulation, confirming that total Hoe mass in the
system stays constant (mass balance).

The intercellular gradient between neighboring cells was modeled as the
difference in the rate of staining over a 2 hour period. Monte Carlo simulations
were performed to assess the distribution of staining rate in neighboring layers of
cells. MATLAB® ODE15s solver was employed to run 1,000 simulations during
which simulation parameters were randomly sampled from uniform distributions

within the range of parameter values.

Results

The design of membrane support insert system of pattern pore arrays.
The inserts with impermeable polyester membranes (with fabricated pore arrays)
were placed in a 12-well plate (Figure 5.1A). MDCK cells were inoculated in the

insert and let grown to confluence (Figure 5.1B) in 0.5 ml fully supplemented
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DMEM medium. Before transport experiments, cells were washed and incubated
in 0.5 ml dye-free transport buffer for 30 min. After equilibrium, 1.5 ml transport
buffer containing appropriate dyes were added into the basolateral compartment.
Fluorescence microscopy could be applied to capture the staining of MDCK cell
monolayer at designated time points.

The effect of pore arrays on cell growth. The morphology of cell
monolayer exhibited no visual differences between membranes with various pore
array patterns (Figure 5.1B). No cell migration through the pores was observed
for all membrane types. The TEER values of MDCK cell monolayer and the
number of cells per insert well were similar regardless of different membrane
types (Table 5.1). Cell counts on patterned membranes were comparable to
previous reports on commercialized, porous insert with 0.4 um pores and similar
cell supporting membrane area [21]. The TEER value was significantly higher on
the patterned membranes than the porous membrane, indicating the formation of
tighter intercellular junctions in the presence of less scattered pore area [21].

Lateral transport of small hydrophobic dye occurred at limited rate
around the pores. Using Hoechst 33342 as a fluorescent probe, the kinetics of
dye staining within MDCK cell monolayer was tracked with fluorescence
microscopy at room temperature (Figure 5.3). Within 3 hrs, only cells that lied
within close vicinity was stained (Figure 5.3), indicating that the cells formed a
tight seal with the pores such that each pore fed almost exclusively into cells that
were in immediate contact with the pores. A geometric labeling pattern was

observed as controlled by the area and pattern of the pores and the transport
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properties of the cells (Figure 5.4). These results suggested that the pores
served as point sources of sustained dye supply to the adjacent cells. Therefore,
for cells grown on membranes with 3x3, 80 um or 160 um-apart pore arrays,
each pore could be considered as the single point source of dye molecules.

Also consistent with this limited lateral diffusion rate statement, while each
nucleus accumulated more dye with time, Hoe staining was not saturated over 3-
hour period (Figure 5.5). Similar geometric label patterns were also observed for
other small hydrophobic, cell permeant dyes MitoTracker Red (Figure 5.6) and
LysoTracker Green (data not shown).

The application of fabricated insert system to study different lateral
transport behavior of small molecules. Within MDCK cell monolayer stained
with Hoe, a standing gradient was observed in neighboring cells with various
distant to the pore (Figure 5.5 and 5.6). Fluorescence intensity decreases
dramatically as the number of layers to the pore increases (Figure 5.5). The
same staining gradient was observed for other cell permeant dyes including MTR
(Figure 5.6). After 2-hours staining from the basolateral compartment, the
normalized fluorescence intensity in the third layer of cell from the pore was
significantly higher for MTR than Hoe (Figure 5.6D). Not surprisingly, the
measured equivalent lateral diffusivity assuming free diffusion within live cell
monolayer was higher for MTR than for Hoe (5.88 + 1.33 E-14 m?/sec for MTR
and 3.12 + 1.12 E-14 m?/sec for Hoe, n = 6). In a separate study, MDCK cells
were pre-treated with 1% Triton 100 for 10 min before the addition of Hoe in the

basolateral compartment. The number of cells stained within 2 hours was
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significantly larger than under the live cell condition (Figure 5.7). The measured
intercellular lateral diffusivity assuming free diffusion in the membrane extracted
environment was 1.18 + 0.434 E-13 m?/sec.

When stained with BCECF-AM from the basolateral compartment with
BCECF-AM, green fluorescence of the hydrophobic hydrolysis product, BCECF,
was only observed in the first layers of cells that are in direct contact with the
pores (Figure 5.8).

Simulation of the gradient in neighboring cells from single point
source. The rate of change in the average fluorescence intensity against time
was measured and normalized to the closest cell to the pore on a 3-by-3, 160 um
apart pore array (Figure 5.9A). The rate of change in nucleus concentration
against time was also simulated and normalized with MatLab® for 1000 cells
using randomly selected cellular parameters within reasonable range (Figure
5.9B). In both the measurement and the simulation results, a gradient in the rate
of staining (the measured slope of fluorescence increment and the calculated
rate of change of Hoe) was observed in neighboring cell layers. The difference in
the rate of staining in neighboring cells could be described with exponential
decay y = Ae™. The measured exponent was significantly less than that derived
from model simulations (0.966 + 0.313, n = 9 vs. 2.043 + 0.294, n = 957), and the
higher variation in measured exponents reflected a huge heterogeneity in the

intercellular diffusion pathways within the same cell monolayer.

Discussion
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In this study we presented a practical method to trace the real time lateral
transport of various chemical agents with distinguished properties. The insert
system with patterned pore arrays provides the flexibility to study the rapid flux of
molecules to different regions under various experimental conditions. It takes
common materials to build this insert system. Once coupled with appropriate
imaging instrument, this system could be easily adjusted for high content
screening purposes in search for molecules with specific diffusion properties.

The choice of the cell lines in this experiment is the wild type MDCK cells, a
cell line that stably expresses the differentiated properties of distal tubular
epithelial cells [22], forms intact cell monolayer quickly in vitro and not
extensively expresses active transporters [23-25]. Therefore, although Hoe is a
substrate of many multidrug resistance transporters, the transport behavior of
Hoe in wild type MDCK cell should be driven by passive diffusion [26]. It has also
been well established that MDCK does not form functional gap junctions when
reaching confluency [15, 16], thus, it can be used a negative control in selecting
molecules that are restrict gap junction substrate.

With this design, we studied the lateral transport behavior of Hoe, a
hydrophobic cell permeant fluorescent dye. We found that lateral transport of
Hoe occurred at limited rate around the pores. For a spherical particle with a
similar molecular weight as Hoe, the Einstein—Stokes equation predicts the
diffusion coefficient in water and blood to be around 1E-10 m?sec. The
measured lateral intercellular diffusivities in live cells was less than one third of

that in membrane extracted, dead cells, and the later was barely comparable to
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diffusivities measured from FRAP studies for similar molecular weight fluorescent
compounds (<5E-13 m?/sec) [27, 28]. We consider this low, measured diffusion
coefficient of Hoe was due to DNA binding that attenuate chemical potential at
cell boundaries and the crowding effect as present in the cellular environment,
the latter of which is known to slow the diffusion of solutes [29]. When cell
membrane was removed, the crowding effect as introduced by the cytoplasmic
organelles and membrane structures were reduced [29], but the DNA binding
effect still remains to hamper the free diffusion of Hoe. It also comes to our notice
that, the basolateral staining of Hoe in cell monolayer sitting on top of
commercialized membrane support (with more densely and randomly distributed
3 um pores) would reach steady state within 3 hours (data not shown). This
implies that the pattern of point sources has impact on way the dye interacts with
its molecular target.

The application of mathematic modeling has seen general success in
guantitative prediction of intercellular concentration gradient. However, the
model predicted a more homogeneous distribution in the second and third layers
of cells. These discrepancies between the simulation and observation indicates
alternative hypothesis (in addition to the passive diffusion, instantaneous
intracellular mixing and instant binding to DNA) in Hoe staining in the MDCK cells.

One disadvantage of the current design system is the limited resolution in
acquired images. Unlike the optical glass based chip designs [28, 30, 31], the
polyester membrane support is not suitable for high resolution confocal analysis.

In the PARTCELL system as proposed by Takayama et al., subpopulations of the
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cells that grow on cover glasses could be selectively labeled with fluorescent
dyes as delivered by multiple laminar fluid streams [31]. The cells could be
analyzed with high resolution and high precision confocal microscopy to visualize
the 3D distribution of xenobiotic agents. The spatial distribution of xenobiotic
agents will provide valuable information in understanding the intracellular

diffusion and mixing process.

Conclusions.

In this study we presented a simple geometrically patterned pore arrays as a
useful tool for quantitatively studying small molecule transport between epithelial
cells within a monolayer, at a single cell level. Compared with traditional
fluorescence based methods, e.g. microinjection, scalpel loading and FRAP, this
insert system represent a cell-friendlier, faster, more flexible and more
guantitative alternative that is suitable for a more diverse group of chemical
agents. Future efforts in improving current design with micro-fabricated pore
arrays will be focused on elucidating the spatial distribution and intracellular
diffusion process with more desirable membrane materials which are suitable for

cell growth and high resolution imaging techniques.

178



References

1.

10.

11.

12.

13.

L. Ghitescu and M. Bendayan. Transendothelial transport of serum
albumin: a quantitative immunocytochemical study. J Cell Biol. 117:745-
755 (1992).

S. Rohr. Role of gap junctions in the propagation of the cardiac action
potential. Cardiovasc Res. 62:309-322 (2004).

P.R. Brink, K. Cronin, and S.V. Ramanan. Gap junctions in excitable cells.
J Bioenerg Biomembr. 28:351-358 (1996).

G.H. Kalimi and C.W. Lo. Gap junctional communication in the
extraembryonic tissues of the gastrulating mouse embryo. J Cell Biol.
109:3015-3026 (1989).

M. Noguchi, K. Nomata, J. Watanabe, H. Kanetake, and Y. Saito.
Changes in the gap junctional intercellular communication in renal tubular
epithelial cells in vitro treated with renal carcinogens. Cancer Lett. 122:77-
84 (1998).

G. Gakhar, D.H. Hua, and T.A. Nguyen. Combinational treatment of gap
junctional activator and tamoxifen in breast cancer cells. Anticancer Drugs.
21:77-88 (2010).

H. Sato, H. lwata, Y. Takano, R. Yamada, H. Okuzawa, Y. Nagashima, K.
Yamaura, K. Ueno, and T. Yano. Enhanced effect of connexin 43 on
cisplatin-induced cytotoxicity in mesothelioma cells. J Pharmacol Sci.
110:466-475 (2009).

Y. Wang, J.V. Denisova, K.S. Kang, J.D. Fontes, B.T. Zhu, and A.B.
Belousov. Neuronal gap junctions are required for NMDA receptor-
mediated excitotoxicity: implications in ischemic stroke. J Neurophysiol.
104:3551-3556 (2010).

J.L. Madara and K. Dharmsathaphorn. Occluding junction structure-
function relationships in a cultured epithelial monolayer. J Cell Biol.
101:2124-2133 (1985).

W.R. Loewenstein and Y. Kanno. Studies on an Epithelial (Gland) Cell
Junction. |. Modifications of Surface Membrane Permeability. J Cell Biol.
22:565-586 (1964).

J. Wiener, D. Spiro, and W.R. Loewenstein. Studies on an Epithelial
(Gland) Cell Junction. li. Surface Structure. J Cell Biol. 22:587-598 (1964).

G. Kanaporis, P.R. Brink, and V. Valiunas. Gap junction permeability:
selectivity for anionic and cationic probes. Am J Physiol Cell Physiol.
300:C600-609 (2011).

M. Abbaci, M. Barberi-Heyob, W. Blondel, F. Guillemin, and J. Didelon.
Advantages and limitations of commonly used methods to assay the

179



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

molecular permeability of gap junctional intercellular communication.
Biotechniques. 45:33-52, 56-62 (2008).

J.S. Goodwin and A.K. Kenworthy. Photobleaching approaches to
investigate diffusional mobility and trafficking of Ras in living cells.
Methods. 37:154-164 (2005).

G. Morgan, J.D. Pearson, and F.V. Sepulveda. Absence of gap junctional
complexes in two established renal epithelial cell lines (LLC-PK1 and
MDCK). Cell Biol Int Rep. 8:917-922 (1984).

M. Cereijido, E. Robbins, D.D. Sabatini, and E. Stefani. Cell-to-cell
communication in monolayers of epithelioid cells (MDCK) as a function of
the age of the monolayer. J Membr Biol. 81:41-48 (1984).

S. Trapp and R.W. Horobin. A predictive model for the selective
accumulation of chemicals in tumor cells. Eur Biophys J. 34:959-966
(2005).

X. Zhang, N. Zheng, P. Zou, H. Zhu, J.P. Hinestroza, and G.R. Rosania.
Cells on Pores: A Simulation-Driven Analysis of Transcellular Small
Molecule Transport. Mol Pharm. 7:456-467 (2010).

X. Zhang, K. Shedden, and G.R. Rosania. A cell-based molecular
transport simulator for pharmacokinetic prediction and cheminformatic
exploration. Mol Pharm. 3:704-716 (2006).

M.V. Filatov and E.Y. Varfolomeeva. Active dissociation of Hoechst 33342
from DNA in living mammalian cells. Mutat Res. 327:209-215 (1995).

X.Y. Zhang, N. Zheng, P. Zou, H.N. Zhu, J.P. Hinestroza, and G.R.
Rosania. Cells on Pores: A Simulation-Driven Analysis of Transcellular
Small Molecule Transport. Molecular Pharmaceutics. 7:456-467 (2010).

M.J. Rindler, L.M. Chuman, L. Shaffer, and M.H. Saier, Jr. Retention of
differentiated properties in an established dog kidney epithelial cell line
(MDCK). J Cell Biol. 81:635-648 (1979).

L. Xia, M. Zhou, T.F. Kalhorn, H.T. Ho, and J. Wang. Podocyte-specific
expression of organic cation transporter PMAT: implication in puromycin
aminonucleoside nephrotoxicity. Am J Physiol Renal Physiol. 296:F1307-
1313 (2009).

U. Karbach, J. Kricke, F. Meyer-Wentrup, V. Gorboulev, C. Volk, D.
Loffing-Cueni, B. Kaissling, S. Bachmann, and H. Koepsell. Localization of
organic cation transporters OCT1 and OCT2 in rat kidney. Am J Physiol
Renal Physiol. 279:F679-687 (2000).

C.S. Karyekar, N.D. Eddington, T.S. Garimella, P.O. Gubbins, and T.C.
Dowling. Evaluation of P-glycoprotein-mediated renal drug interactions in
an MDR1-MDCK model. Pharmacotherapy. 23:436-442 (2003).

H.B. van den Berg van Saparoea, J. Lubelski, R. van Merkerk, P.S.
Mazurkiewicz, and A.J. Driessen. Proton motive force-dependent Hoechst

180



27.

28.

29.

30.

31.

33342 transport by the ABC transporter LmrA of Lactococcus lactis.
Biochemistry. 44:16931-16938 (2005).

C.W. Cunningham, A. Mukhopadhyay, G.H. Lushington, B.S. Blagg, T.E.
Prisinzano, and J.P. Krise. Uptake, distribution and diffusivity of reactive
fluorophores in cells: implications toward target identification. Mol Pharm.
7:1301-1310 (2010).

S. Chen and L.P. Lee. Non-invasive microfluidic gap junction assay. Integr
Biol (Camb). 2:130-138 (2010).

J.A. Dix and A.S. Verkman. Crowding effects on diffusion in solutions and
cells. Annu Rev Biophys. 37:247-263 (2008).

N. Ye, C. Bathany, and S.Z. Hua. Assay for molecular transport across
gap junction channels in one-dimensional cell arrays. Lab Chip. 11:1096-
1101 (2011).

S. Takayama, E. Ostuni, P. LeDuc, K. Naruse, D.E. Ingber, and G.M.
Whitesides. Selective chemical treatment of cellular microdomains using
multiple laminar streams. Chem Biol. 10:123-130 (2003).

181



Tables

Table 5.1. Properties of MDCK cell monolayers on patterned membranes.

TFTER Cell count
o | (<10° 7 well
Patterned
membrane 458 + 69 49+05
5x5 20 um
Patterned
membrane 379+76 52+04
3 x 3,40 um
Patterned
membrane 388 + 106 52+0.3
3x3,80 um
Patterned
membrane 429 + 45 49+0.2
3 x 3,160 um
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Figures

Figure 5.1. The design of insert system with patterned pore arrays on
membrane support. (A) Insert design and imaging strategy. (B) Light scattering
images of a 5x5, 20 um apart pore array. (C) MDCK cell monolayer above a
membrane support with 3x3, 40 um apart pore array. Scale bar: 40 um.
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Figure 5.2. Diagrams showing the intercellular pharmacokinetic.
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Figure 5.3. Time course and differential uptake of Hoechst 33342 in cell
monolayer on 5x5, 20 um apart pore arrays. Images (A-F) were taken 25, 45,
55, 70, 85 and 115 min after the addition of Hoe in the basolateral compartment.
Red circles indicate pore locations. Scale bar: 40 um.
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Figure 5.4. Fluorescent images of cell monolayer stained between 2.5-3
hours after the addition of Hoechst 33342 in the basolateral compartment.
Cells were grown and imaged on a (A) 5x5, 20 um apart, (B) a 3x3, 40 um apart,
(C) 3x3, 80 um apart and (D) 3x3, 160 um apart pore array membranes. Red
spots indicate the location of pores. Scale bar: 80 um.
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Figure 5.5. Fluorescent images of cell monolayer stained 3 hours after the
addition of Hoechst 33342 in the basolateral compartment (A) and the
kinetics of differential fluorescence intensity incensement in neighboring
cells (B). MDCK cells were grown on a 3x3, 160 um apart pore array
membranes. Cell numbers indicates vicinity to the closet pore. Red spots indicate
the location of pores. Normalized fluorescence intensity was presented in mean *
s.d. of 6 sets of cells. Scale bar: 20 um.
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Figure 5.6. Fluorescent images of cell monolayer stained 2 hours after the
addition of Hoechst 33342 and MitoTracker Red in the basolateral
compartment and the gradient of staining in neighboring cells. MDCK cells
were grown on a 3x3, 160 um apart pore array membranes. Cell numbers
indicates vicinity to the closet pore. (A) The staining of the nucleus with Hoechst
33342; (B) the staining of mitochondria with MitoTracker Red; (C) Overlay image
of cells stained with both dyes. White spots indicate the location of pores.
Normalized fluorescence intensity was presented in mean * s.d. of 6 sets of cells.
Asterisk indicates significant difference using Student’s T-test (p<0.05). Scale bar:
20 pm.
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Figure 5.7. Fluorescent images of live cell monolayer (A) and Triton
extracted cell monolayer (B) between 2.5-3 hours after the addition of
Hoechst 33342 in the basolateral compartment. Cells were grown and imaged
on 3x3, 80 um apart pore array membranes. Red spots indicate the location of
pores. Scale bar: 80 um.
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Figure 5.8. Fluorescent images of cell monolayer stained 2 hours after the
addition of Hoechst 33342 and BCECF-AM in the basolateral compartment.
MDCK cells were grown on a 3x3, 40 um apart pore array membranes. (A) The
staining of the nucleus with Hoechst 33342; (B) the staining of cytosol with
BCECF-AM; (C) Overlay image of cells stained with both dyes. Red spots
indicate the location of pores. Scale bar: 20 um.
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Figure 5.9. Normalized rate of change of Hoechst concentration. (A) The
rate of change in the average fluorescence intensity against time was measured
for individual nucleus on a 3-by-3, 160 um apart pore array. This number was
divided by the maximum rate of all nucleuses and plotted against the distance as
the x™ nucleus to the pore. (B) The rate of change in nucleus concentration
against time was simulated with MatLab® for 1000 cells using randomly selected
cellular parameters within reasonable range. This number was divided by the
medium rate of all nucleuses and those equal or smaller than the medium was
plotted against distance as the x™ nucleus to the pore.
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Chapter VI

Summary

In this project the current knowledge of organelle targeting features of small
molecules were evaluated in terms of its relevance to developing computational
tool for subcellular pharmacokinetics behavior. A mechanism-based
computational model [1] that has been successful in predicting the trans-cellular
permeability of highly permeable molecules [2] was further applied to study 1) the
relationship between the physicochemical properties and the associated cellular
distribution profiles of small molecules; 2) the effect of drug-induced cellular
response on non-steady state, continuous subcellular transport and accumulation;
and 3) the slower-than-expected intercellular lateral diffusion rate of small
hydrophobic cell permeant fluorescent dyes. These studies exemplify the
usefulness of a mechanistic cell-based model to advance subcellular transport
knowledge of passively diffusing molecules, guide experiments aiming at
elucidating subcellular pharmacokinetics, and to serve as a step stone toward
building a physiologically-based pharmacokinetic model to facilitate the analysis
of drug distribution and efficacy in human bodies.

This study also pointed out many opportunities to advance effective
screening for drug candidates with desirable distribution and transport behavior

at a subcellular and systemic level. In the following sections we will be discussing
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several opportunities that the cheminformatic and mechanistic study of drug

distribution / transport could benefit from.

The development of quantitative experimental platform for the real time
tracking and analysis of non-fluorescent molecules in multiple subcellular
compartments

The advantages and limitations of experimental methods used in subcellular
pharmacokinetics studies have been shaping and re-shaping our understanding
of small molecule distribution / transport behavior and generating evidences that
would affect our judgment on emerging approaches in the field. In Chapter I, we
have reviewed the progress of subcellular distribution research in the past half
century. We realized that current knowledge of small molecule subcellular
distribution and intracellular transport is biased towards fluorescent compounds,
with either intrinsic fluorescence or fluorescent molecular tags. Therefore, the
development of experimental platform that are applicable to non-fluorescent,
non-targeted molecules will be very beneficial to expand our -current
understanding of the subcellular distribution properties of small molecules.

In Chapter V we have proposed an insert system with geometrically
patterned pore arrays for quantitative, real time tracking of the intracellular and
intercellular transport of small fluorescent molecules. Similar with the multiple
laminar fluid streams design as proposed by Takayama et al. [3], this system

could be used to track the pharmacological effect of non-fluorescent molecules
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within cell monolayer. We envision this novel insert design would be a useful tool

in testing hypothesis of drug subcellular transport behavior.

Elaboration of hypothesis-driven, mechanistic modeling technique

The success of mechanism-based modeling replied on a thorough
understanding of the biological phenomenon of the interest. When discrepancies
between model estimation and observation are observed, the researcher is
encouraged to search for mechanisms that are left out in the model. For example,
the earliest cell-based transport simulator [1] was build based upon mass
balance, Fick’s law of diffusion, Nernst—Planck equation. The input parameters of
the models, including the physiological properties of the cellular environment
were considered constant throughout drug treatment. While this basic model well
predicted the lysosomotropic phenomenon [4] and the trans-cellular permeability
of highly permeable molecules [2], its performance in analyzing the intracellular
accumulation of chloroquine was compromised [2]. In Chapter IV, because
chloroquine is observed to induce phospholipidosis like response, the modified
model was proposed to incorporate the lysosomal swelling mechanism as
modeled by increasing volume in the acidic compartment, and the binding
mechanism as represented by higher sorption efficient. This updated model well
captured the kinetics of chloroquine inside cells [5]. More mechanisms that are
often encountered during subcellular distribution and transport studies include

the metabolism, active transport and reverse binding to cellular components [6].
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Other factors that may contribute to improved model performances include
the better estimation of molecule diffusivity in the cellular environment. In
Chapter V we have shown that measured intercellular diffusivities of Hoechst
33342, a fluorescent nucleus stain, are different in live and dead cellular
environment, both of which were significantly lower than the theoretical estimate
based on the Einstein-Stoke equation. This discrepancy in the measured and
theoretically predicted diffusivities was observed for similar molecular weight
compounds [7, 8]. The crowding effect has been proposed to account for this
slow diffusion of solutes in the cellular environment, possibly due to the
electrostatic interaction between ionic species and charged cellular components
(e.g. negatively charged DNA and phospholipids, mitochondria with negative
membrane potentials) [9, 10]. A quantitative characterization of the molecular
size effect and the crowding effect in the model should be able to facilitate

model-guided experimental design and analysis.

Promotion of simulation-guided experimental design

The application of mechanism-based computational models function as a
cost-effective ‘in silico laboratory’ in which every aspect of knowledge about
molecules can be applied, sorted and analyzed according to their relevance to
the desired property [11-13]. This strategy cuts down the number of candidates
for detailed studies by focusing on the most promising candidate molecules as
well as the key parameters for experiment control. The cell-based passive

transport model has been successfully used to develop predictive physiologically-
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based pharmacokinetic models for absorption, distribution and clearance in
tissues and organs [14-19]. However, the development and application of these
physiologically-based models have been restricted to a much smaller number of
scientific research groups than it could have been potentially useful. The
adaption of these Matlab® or Perl based models to window-based, programming-
free and more user-friendly software would be highly desirable to promote the

application of simulation-guided experimental design.

Incorporation of synthetic biology concepts into pharmacokinetics studies
In Chapter IV, we found that chloroquine continuously accumulated inside
cells, by forming complexes with multilamellar bodies that appeared de novo
within the lysosomes [5]. Similarly, in our laboratory, we found that chronic
administration of clofazimine, a very lipophilic antibiotic, resulted in the formation
of autophagosome-like drug inclusions (“aldis”), a new organelle that is derived
from mitochondria ([20], under review in Molecular Pharmaceutics). These
synthetic organelles may play an important role in determining the
pharmacokinetics behavior and subcellular delivery pathways. In the future, we
envision that the development of new drug delivery strategies and therapeutic
modalities will greatly benefit from a better understanding the formation of new
organelles in response to drug therapy, deeper insights into the role of
chemically-synthetic organelles as intracellular drug depots, and the capability of

synthesizing new organelles with extraordinary physical and chemical properties.
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The chemical compounds with reported subcellular localization site in the
endo-lysosomes. References information is available in Appendix H. Structure
is presented as the Simplified Molecular Input Line Entry Specification string of

APPENDICES

Appendix A

the major microspecies at pH 7.4, as calculated by ChemAxon.

Name: Ammonia References: 1
Method: Pharmacological Effect Structure: NCC[NH3+]
References: 1
Structure: [NH4+] Name: Eth.anolamine; 2-
aminoethanol

Name: Methylamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: [NH3+]CCO
Structure: C[NH3+]

Name: Imidazole
Name: Dimethylamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1,229
References: 1 Structure: clc[nH]cnl
Structure: C[NH2+]C

Name: Butylamine
Name: Ethylamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: CCCC[NH3+]
Structure: CC[NH3+]

Name: Diethylamine
Name: Isopropylamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: CC[NH2+]CC
Structure: CC(C)[NH3+]

Name: Isobutylamine
Name: Propylamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: CC(C)CINH3+]
Structure: CCCI[NH3+]

Name: S-butylamine
Name: Trimethylamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: CCC(C)[NH3+]
Structure: C[NH+](C)C

Name: T-butylamine
Name: Ethylenediamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
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Structure: CC(C)(C)[NH3+] References: 1

Structure: CC[NH+](CC)CC
Name: 1,2-Diaminopropane
Method: Pharmacological Effect . 3-Dimethylamino-1-

Name: )
References: 1 propylamine
Structure: CC(INH3+])CN Method: Pharmacological Effect

References: 1
Name: 2-Methylaminoethanol Structure: C[NH+](C)CCCI[NH3+]
Method: Pharmacological Effect
References: 1 Name: 3-Dimethylamino-1-propanol
Structure: C[NH2+]CCO Method: Pharmacological Effect

References: 1
Name: Isopropanolamine Structure: C[NH+](C)CCCO
Method: Pharmacological Effect
References: 1 Name: 2-Amino—2—methyl-1,3-
Structure: CC(O)C[NH3+] ' propanediol

Method: Pharmacological Effect
Name: Pentylamine References: 1
Method: Pharmacological Effect Structure: CC([NH3+])(CO)CO
References: 1
Structure: CCCCC[NH3+] Name: b(_ata- _ _

' Dimethylaminoethylchloride

Name: N,N-Dimethylethylenediamine Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: C[NH+](C)CCCI
Structure: CNCCINH2+]C

Name: N,N-Diethylaminoethylamine
Name: 2-amino-1-butanol Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: CC[NH+](CC)CCN
Structure: CCC(I[NH3+]))CO

Name: 2-(diethylamino)ethanol
Name: 2-amino-2-methyl-1-propanol Method: Pharmacological Effect
Method: Pharmacological Effect References: 1
References: 1 Structure: CC[NH+](CC)CCO
Structure: CC(C)(INH3+]CO

) 2-Dimethylamino-2-methyl-1-
- - Name:

Name: 2-Dimethylaminoethanol propanol
Method: Pharmacological Effect Method: Pharmacological Effect
References: 1 References: 1
Structure: C[NH+](C)CCO Structure: C[NH+](C)C(C)(C)CO
Name: 4-amino-1-butanol Name: N,N-Dimethyl-3_—
Method: Pharmacological Effect chloropropylamine
References: 1 Method: Pharmacological Effect
Structure: [NH3+]CCCCO References: 1

Structure: C[NH+](C)Ccccl
Name: Hexylamine
Method: Pharmacological Effect Name: Dibutylamine
References: 1 Method: Pharmacological Effect
Structure; CCCCCCINH3+] References: 1

Structure: CCCC[NH2+]CCCC
Name: Triethylamine
Method: Pharmacological Effect Name: Triethanolamine
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Method: Pharmacological Effect cl13)clcccec2l
References: 1
Structure: OCCINH+](CCO)CCO Name: Perhexiline
Method: Pharmacological Effect
Name: Phentermine References: 2, 6,510
Method: Pharmacological Effect Structure: ClCCcC(ccl)c(cecicecceN
References: 6,512 ' H2+]1)C1CCCCC1
Structure: CC(C)(INH3+])Cclcceecl
Name: Promazine
Name: Chlorphentermine Method: Uptake/Binding
Method: Pharmacological Effect References: 6, 175
References: 6,512 Structure: C[NH+](C)CCCN1c2cceec2Sc
Structure: CC(C)(INH3+])Cclcce(Checl ' 2cceccl?
Name: Fenfluramine Name: Iprindole
Method: Pharmacological Effect Method: Pharmacological Effect
References: 6, 516 References: 6, 512
) CCC(C)([INH3+])Cclcce(ccl) : C[NH+](C)CCCnlc2CCCCCC
Structure: C(F)(F)F Structure: c2c2coceel?
Name: Alprenolol Name: Cyanopindolol
Method: Uptake/Binding Method: Uptake/Binding
References: 3 References: 3
i CC(C)[NH2+]CC(O)COclccce } CC(C)(C)[NH2+]CC(0O)COclc
Structure: clCC=C Structure: cce2[nH]c(ce12)CAN
Name: Propranolol Name: N3246; Neutral red
Method: Uptake/Binding Method: Fluorescence Microscopy
References: 3,4, 6 References: 583
Structure: CC(C)[NH2+]CC(O)COclccce Structure: CN(C)clcce2nce3cc(C)e(N)ce3
2ccececl2 nc2cl
Name: Nortriptyline Name: Noxiptiline
Method: Pharmacological Effect Method: Pharmacological Effect
References: 6, 522 References: 6,512
. C[NH2+]CCC=C1c2ccccc2CC ) C[NH+](C)CCON=C1c2ccccc
Structure: c2ccececl? Structure: 2CCc2cccccl?2
Name: Mianserin Name: Chlorcyclizine
Method: Pharmacological Effect Method: Pharmacological Effect
References: 6, 510 References: 2,6, 718
. C[NH+]1CCN2C(C1)clcceccl ) C[NH+]1CCN(CC1)C(clccccc
Structure: Cclcccec2l Structure: 1)clcec(Clcecl
Name: Amitriptyline Name: Biperiden
Method: Pharmacological Effect Method: Uptake/Binding
References: 6,512 References: 5
) C[NH+](C)CCC=C1c2ccccc? ) OC(CC[NH+]1CCCCC1)(C1C
Structure: CCc2cccccl?2 Structure: C2CC1C=C2)clcccccl
Name: Maprotiline Name: Clomipramine
Method: Pharmacological Effect Method: Fluorescence Microscopy
References: 6, 523 References: 6, 522
Structure: C[NH2+]CCCC12CCC(c3ccee Structure: C[NH+](C)CCCN1c2cccec2C
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Cc2ccc(Cl)ecl2

CSclccec2Sc3cceccc3N(CCC3

Structure: oo oNH+3C)c2c1
Name: Chloroquine
Method: Pharmacological Effect Name: Tamoxifen
References: 673 Method: Pharmacological Effect
Structure: CC[NH+](CC)CCCC(C)Nclcc| | | References: 2, 6, 510
' nH+]c2cc(Cl)cecl2 Structure: CC\C(clccceecl)=C(/clcceecl
' )clccc(OCC[NH+](C)C)ccl
D113; 5-
dimethylaminonaphthalene-1- Name: L7533; LysoTracker® Blue
Name: (N-(5- ' DND-167
aminopentyl))sulfonamide Method: Fluorescence Microscopy
(dansyl cadaverine) References: 655
Method: Fluorescence Microscopy C1C[NH+](CCO1)Cclc2ccece
References: 51 Structure: 2¢(C[NH+]2CCOCC2)c2ccccc
Structure: CN(C)clccec2ce(cececl2)S(=0) 12
' (FO)NCCCCCINH3+]
Name: Mefloguine
Name: Hydroxychloroquine Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 529, 530
References: 45 Structure: OC(C1CCCC[NH2+]1)clcce(nc
Structure: CC[NH+](CCO)CCCC(C)Nclc ' 2c(ccecl2)C(F)(F)F)C(F)(F)F
' c[nH+]c2cc(Cl)cececl2
D1552; N-(3-((2,4-

. L7534; LysoTracker® Green . dinitrophenyl)amino)propyl)-N-
Name: DND-153 Name: (3-aminopropyl)methylamine,
Method: Fluorescence Microscopy dihydrochloride DAMP
References: 663 Method: histo

C[NH+](C)CCNclccce2- References: 598
Structure: c3nc4ccecc4n3C(=0)c3ccecl Structure: C[NH+](CCC[NH3+])CCCNc1l
c23 ' ccc(ccIN(=0)=0)N(=0)=0
Name: Indomethacin Name: D10460; Dapoxyl® (2-
Method: Fluorescence Microscopy ' aminoethyl)sulfonamide
References: 127 Method: Fluorescence Microscopy
Structure: COclcce2n(C(=0)c3cec(Cl)ce | | References: 682
' 3)c(C)c(CC([O-])=0)c2c1 CN(C)clccce(ccl)-clenc(ol)-
Structure: clcce(ccl)S(=0)(=O)NCC[NH
Name: 11 34]
Method: Uptake/Binding
References: 7 Name: L7535; LysoTracker® Green
CC(C)C(C(=0O)[N- ' DND-189
Structure: JC#N)clccee(cl)- Method: Fluorescence Microscopy
clccc(cc1)NICCINH2+]CC1 References: 352
Structure: 0O=C1c2cccc3c(NCCN4CCcoC
Name: L7545; LysoTracker® C4)cce(-c4ncbeccecbnl14)c23

' Yellow/Blue DND-160
Method: Fluorescence Microscopy Name: L7526; LysoTracker® Green
References: 654 ' DND-26

) C[NH+](C)CCNC(=0)COclcc Method: Fluorescence Microscopy
Structure: c(ccl)-clenc(ol)-clcenccl References: 500, 584
C[NH+](C)CCNC(=0O)CCC14
Name: Thioridazine Structure: N+]2C(C=C1)=Cc1lc(C)cc(C)n
Method: Uptake/Binding 1[B-]12(F)F
References: 6, 175, 510
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L7528; LysoTracker® Red

1)C(=0)[N-]C#N

Name: DND-99
Method: Fluorescence Microscopy Name: Verapamil
References: 584 Method: Uptake/Binding
C[NH+](C)CCNC(=0)CCcC1] References: 5
Structure: N+]2C(C=C1)=Cclccc(- COclccc(CC[NH+](C)cccc(
c3ccc[nH]3)n1[B-]12(F)F Structure: C#N)(C(C)C)c2ccc(0C)c(0C)
c2)cclOC
Name: Mepacrine; Quinacrine
Method: Fluorescence Microscopy Name: 10
References: 6,127,510 Method: Uptake/Binding
CC[NH+](CC)CCCC(C)Nclc2 References: 7
Structure: cce(Clyce2[nH+]c2cec(OC)ccl CCCI[NH+]1CCN(CC1)clinc(c
2 Structure: s1)-
' clccc(ccl)C(=0O)NC1(CCCccC
Name: Trifluoperazine 1)C(=0)[N-]C#N
Method: Uptake/Binding
References: 5 Name: F7030; FUN® 1
Structure: CN1CC[NH+](CCCN2c3ccccc | | Method: Fluorescence Microscopy
' 3Sc3ccce(cc23)C(F)(F)F)CC1 References: 606
Structure: C[n+]1c(sc2cccecl2)\C=C1/C
Name: Disobutamide ' =C(CI)N(c2cccec2)c2cceccl?2
Method: Cell Fractionation
References:. 6,513 T3166; N-(3-
CC(C)[NH+](CCC(CC[NH+]1 triethylammoniumpropyl)-4-(6-
Structure: CCCCC1)(C(N)=0)clccceclC Name: (4_' _ _
C(C)C ' (diethylamino)phenyl)hexatrie
nyl)pyridinium dibromide FM®
Name: Tilorone; [2,7-bis-[2- 4-64
' (diethylamino)ethoxy]fluoren-9 | | Method: NA
Method: Fluorescence Microscopy References: Invi
References: 6,517,518 CCN(CC)clcec(cc1)\C=C\C=
CC[NH+](CC)CCOclcce- Structure: C\C=C\clcc[n+](CCC[N+](CC)
Structure: 2¢(c1)C(=0)clcc(OCCINH+]( (CC)CC)ccl
CC)CC)ccc-21
Name: Desethylamiodarone
Name: Diltiazem Method: Cell Fractionation
Method: Uptake/Binding References: 6, 24, 521
References: 5 Structure: CCCCcloc2ccccc2clC(=0)cl
COclcce(ccl)C1Sc2cccec2N( ' cc()c(OCCINH2+]CC)c(l)cl
Structure: CC[NH+](C)C)C(=0)C10C(C)
=0 Name: Amiodarone
Method: Pharmacological Effect
Name: Triparanol References: 2,6, 24, 42, 510
Method: Pharmacological Effect CCCCcloc2cccec2cl1C(=0)cl
References: 6, 520 Structure: cc(l)c(OCCINH+](CC)CC)c(l)c
CC[NH+](CC)CCOclccc(cel) 1
Structure: C(O)(Cclccce(Clyeel)cleec(C)
ccl N3524; 6-((N-(7-nitrobenz-2-
oxa-1,3- diazol-4-
Name: 1 Name: yl)amino)hexanoyl)sphingosyl
Method: Fluorescence Microscopy phosphocholineNBD C6-
References: 7 sphingomyelin
_ CN1CCN(CC1)clnc(csl)- Method: Fluorescence Microscopy
Structure: References: 636

clcce(ccl)C(=0O)NC1(CCCcCC




CCccceececeececeee=c\c( Method: Fluorescence Microscopy
O)C(COP([O- References: 127
Structure: 1)(=O)OCCIN+](C)(C)C)NC(= [O-
O)CCCCCNclcec(c2noncl2) Structure: ]C(=0)clccecclC1l=C2C=C(B
N(=0)=0 ' rC(=0)C(Br)=C20c2c(Br)c([
O-]c(Br)ccl2
Name: Azithromycin
Method: Cell Fractionation Name: Anthracene
References: 162 Method: Fluorescence Microscopy
CCC10cC(=0)Cc(C)c(oczcc( References: 127
C)(0OC)C(O)C(C)O2)C(C)C(O Structure: C1=CC2=CC3=C(C=CC=C3)
Structure: C20C(C)CC(C20)[NH+](C)C) ' C=C2C=C1
C(C)(O)CC(C)C[NH+](C)C(C)
C(O)C1(C)O Name: Vitamin A
Method: Fluorescence Microscopy
Name: Netilmicin References: 127
Method: Pharmacological Effect _ CC(\C=C\C=C(C)\C=C\C1=C(
References: 23 Structure: ~ccec1(C)C)=C/co
CC[NH2+]C1CC([NH3+])C(O
Structure: C20C(C[NH3+])=CCC2[NH3+ | | Name: Uroporphyrin |
DC(O)C1OC1IOCC(CY(O)C(N | | Method: Fluorescence Microscopy
H2+]C)C10 References: 127
[O-]C(=0O)CCclc(CC(JO-
Name: 3-Aminopropanal 1)=0)c2cc3[nH]c(cc4[nH]c(cc5
Method: Fluorescence Microscopy nc(ccln2)c(CC([O-
References: 11 . 1)=0)c5CCC([O-
Structure:  [NH3+]CCC=0 Structure:— 1)_5)¢(ce((o-
])=0)c4CCC([O-
Name: Stilbamidine ])=0O)c(CC([O-
Method: Fluorescence Microscopy ])=0)c3CCC([O-])=0
References: 127
Structure: NC(=[NH2+])clcce(ccl)\C=C\ Name: Amantadine
' clcce(ccl)C(N)=[NH2+] Method: Pharmacological Effect
References: 5, 229
Name: Hydroxystilbamide Structure: [NH3+]C12CC3CC(CC(C3)C1
Method: Fluorescence Microscopy ' )C2
References: 127
NC(=[NH2+])C1=CC(=0O)C(/C Name: Atropine
Structure: =C1)=C/C=C1C=CC(C=C1)= Method: Pharmacological Effect
C(N)N References: 5, 229
C[NH+]1C2CcCcC1CC(C2)0C
Name: Antrycide Structure: =([))C(C]:O)c1cccccl (c2)0c
Method: Fluorescence Microscopy
References: 127 Name: LCL284
Structure: CN1C(C)=CC(=[NH2+])c2cc( Method: Pharmacological Effect
' Nc3cc(C)[n+](C)c(N)n3)ccecl2 References: 13
Structure: CCCCCCCCCCCCCCI[NH2+]
Name: Dexamethasone ' C(C)C(O)clceeccl
Method: Fluorescence Microscopy
References: 127 Name: LCL204
CC1CcC2C3cccc4=CCc(=0)C= Method: Pharmacological Effect
Structure: CC4(C)C3(F)Cc(O)ccz(C)cy( References: 13
0)C(=0)CO CCCCCCCCCCCCCCINH2+]
Structure: C(CO)C(O)clccee(ccl)N(=0)=
Name: Eosin O

204




Name:

Hypericin

Name: MSDH; O-methyl-serine Method: Fluorescence Microscopy
dodecylamine hydrochloride References: 90
Method: Pharmacological Effect Cclec(0)c2C(=0)c3c(0)cc([O
References: 44, 46 Structure: -])c4c5c([O-
Structure: CCCCCCCCCCCCNC(=0)C([ ' ])cc(0)c6C(=0)c7¢(O)cc(C)c8
' NH3+])COC clc2c(c34)c(c78)c56
Name: Serine Dodecylamide; SDA EtNBS; 5-ethylamino-9-
Method: Pharmacological Effect Name: diethyl-
References: 46 ' aminobenzo[a]phenothiaziniu
Structure: CCCCCCCCCCCCNC(=0)C([ m chloride .
' NH3+])CO Method: Fluorescence Microscopy
References: 96
Name: N-dodecylimidazole Structure: CC\N=C1/C=C2Sc3cc(ccc3N
Method: Pharmacological Effect ' =C2c2cccccl2)N(CC)CC
References: 46
Structure: CCccccceecclnicencl Name: Ofloxacin
Method: Fluorescence Microscopy
Name: Dansylamylamine; MDH References: 97
Method: Fluorescence Microscopy CC1COc2c(N3CCN(C)CC3)c(
References: 62 Structure: F)cc3C(=0)C(=CN1c23)C([O-
_ CCCCCNS(=0)(=0)clcccc2c )=0
Structure: cccch)N(C()C )(=0) (
Name: Norfloxacin
Name: D-tubocurarine Method: Fluorescence Microscopy
Method: Cell Fractionation References: 97
References: 73 CCN1C=C(C([O-
COc1cc2CCINH+](C)C3Cc4c | | Structure: 1)=0)C(=0)c2cc(F)c(cc12)N1
Structure: cc(Oc5¢(0)c(OC)cc6CCIN+]( CC[NH2+]CC1
' C)(C)C(Cc7ccc(0)c(Oclcee23)
c7)c56)cc4 Name: Lomefloxacin
Method: Fluorescence Microscopy
Name: PPC; Pyridir_nium Zn (1) References: 97
' phthalocyanine CCN1C=C(C([O-
Method: Fluorescence Microscopy Structure: 1)=0)C(=0)c2cc(F)c(N3CC[N
References: 87 H2+]C(C)C3)c(F)c12
C(clccc2ce3nc(ncdn5[Zn]n6e(
nc7nc(nc5c5cc(Cln+]8cccec8) | | Name: BAYy3118
Structure: cccab)cdcec(Cln+]5ccecech)ce Method: Fluorescence Microscopy
74)c4ccc(C[n+]5ccece5)ccich References: 97
n3)c2cl)[n+]lcccecl [O-
Structure: JC(=0)C1=CN(C2CC2)c2c(Cl)
Name: TSPC; Tetra_sulfonated Zn(ll) ' c(N3CC4CCC[NH2+]C4C3)c(
' phthalocyanine F)cc2C1=0
Method: Fluorescence Microscopy
References: 87 Name: Cyamemazine; CMZ
[O- Method: Fluorescence Microscopy
]S(=0)(=0)clccc2c3nc(ncdns References: 101
[Zn]n6c(nc7nc(nc5c5ec(cccd5s Structure: CC(CN21c2cceeec2Sc2ccece(ccl
Structure: )S([O- ' 2)C#N)C[NH+](C)C
1)(=0)=0)c4ccc(cc74)S([O-
1)(=0)=0)c4ccc(ccdcon3)S([O Name: PCI-0123; Lutetium Texapyrin
-))(=0)=0)c2cl Method: Fluorescence Microscopy

References:
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CCC1=C(CC)/C2=C/C3=N/C( References: 130
=C\N=C4\C=C(OCcoccoccC CCC1(0)C(=0)0CccC2=C1C=
Structure: OC)C(OCCOCCOCCOC)=C\ | | Structure: C1N(Cc3clnclcecccclc3\C=N\
' C\4=N\C=C4/N=C(/C=C\1N2[ OC(C)(C)C)C2=0
Lu])C(CCCO)=C/4C)/C(C)=C3
CCCO DADP-0; 5,15-di[4-(N-
Name: trimethylaminophenyl)-10,20-
Name: NBA diphenylporphyrin
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 112 References: 138
Structure: CCN(CC)clccc2N=C3C(Oc2c C[N+](C)(C)clcee(ccl)-
1)=CC(=N)clccccc3l clc2cec(n2)c(-
Structure: c2ccccc2)c2ecc([nH]2)c(-
Name: NBA-6I c2ccc(cc2)[N+](C)(C)C)c2cece(
Method: Fluorescence Microscopy n2)c(-c2cccecc2)c2cccl[nH]2
References: 112
Structure: CCN(CC)clccc2N=C3c4ccccc | | Name: Tilmicosiq .
' 4C(=N)C()=C30c2cl Method: Cell Fractionation
References: 145
Name: NBS CCC10C(=0)Ccc(Oo)c(Cc)c(o
Method: Fluorescence Microscopy C20C(C)C(O)C(C20)[NH+](C
References: 112 Structure: )C)C(CC[NH+]2CC(C)CC(C)C
Structure: CCN(CC)clccc2N=C3C(Sc2c 2)CC(C)C(=0)\C=C\C(C)=C\C
' 1)=CC(=[NH2+])clcccce3l 1COC10C(C)C(O)Cc(oC)C10
C
Name: NBS-6l
Method: Fluorescence Microscopy Name: Roxithromycin
References: 112 Method: Cell Fractionation
Structure: CCN(CC)clccc2N=C3c4cccce | | References: 160
' 4C(=N)C())=C3Sc2cl CCC1OC(=0)C(C)C(OC2CC(
C)(OC)C(0)C(C)02)C(C)C(O
Name: Sat-NBS Structure: C20C(C)CC(C20)[NH+](C)C)
Method: Fluorescence Microscopy C(C)(O)CC(C)\C(=N\OoCcocCC
References: 112 OC)C(C)C(O)C1(C)O
CCN(CC)clccc2N=C3C(Sc2c i
Structure: 1)=CC(=[NH2+])C1=C3ccccC | | Name: Erythromycin
1 Method: Cell Fractionation
References: 160
Name: Sat-NBS-6l CCC10C(=0)c(Cc)c(ocacc(
Method: Fluorescence Microscopy C)(OC)C(O)C(C)02)C(C)C(O
References: 112 Structure: C20C(C)CC(C20)[NH+](C)C)
, CCN(CC)clccc2N=C3C4=C( C(C)(O)CC(C)C(=0)C(C)C(O)
Structure: oo ayC(=N)C(l)=C3Sc2cl C1(C)0
Name: AlPcS2a Name: Sertraline
Method: Fluorescence Microscopy Method: Uptake/Binding
References: 125 References: 175
O[AI- Structure: C[NH2+]C1CCC(c2cce(Clyc(C
]1(0)n2c3ce4nc(cesnlc(cclne ' )c2)c2cceecl2
Structure: (cc2c2ccecc3d2)c2ccec(cl2)S([ :
0-])(=0)=0)clccee(c51)S([0- | | Name: Perazine
)(=0)=0)clcccecal Method: Uptake/Binding
References: 175
Name: Gimatecan Structure: CN1CC[NH+](CCCN2c3cccce
Method: Fluorescence Microscopy ' 3Sc3ccece23)CCl
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C(0)C(C)05)C5NC(=0)C(NC(

Name: IR-1 =0)C4NC(=0)C(CC(N)=0O)NC
Method: Fluorescence Microscopy 1=0)clccc(O)c(cl)-
References: 193 clc(O)cc(O)cclC(NC5=0)C([
CC1l(C)\C(=C/Cc=Cc2Ccccc(/c O-
=C/C3=[N+](CCCCS([O- ])=0)c30C10OC(CO)C(0)C(O)
1)(=0)=0)c4ccecec4C3(C)C)=C C1OC1CC(C)([NH2+]Cc3cce(
Structure: \20c2ccc(CCC(=0)NCC30C( cc3)-
O)C(INH3+])C(0O)C30)cc2)N( c3ccc(Cl)ce3)C(O)C(C)O1)c(
CCCCs([o- Cl)c2
1)(=0)=0)c2cccccl?2
Name: Tobramycin
Name: IR-2 Method: histo
Method: Fluorescence Microscopy References: 208
References: 193, 506 [NH3+]CC1OC(OC2C([NH3+]
CC1(C)\C(=C/C=C2CccCcc(/C Structure: )JCC(INH3+])C(OC30C(CO)C(
=C/C3=[N+](CCCCS([O- ' O)C(INH3+])C30)C20)C(INH
])(=0)=0)c4cccecc4C3(C)C)=C 3+])CC10
Structure: \20c2cccc(OCCCC[NH2+]CC
30C(0O)C(INH3+])C(0)C30)c Name: Vancomycin
2)N(CCCCs([O- Method: histo
1)(=0)=0)c2cccccl?2 References: 208
C[NH2+]C(CC(C)C)C(=0O)NC
Name: AR-L 115 BS; Sulmazole 1C(0O)c2ccc(Oc3ccdcec(Ochee
Method: Pharmacological Effect ¢(cc5CI)C(O)C5NC(=0)C(NC(
References: 196 =0)C4ANC(=0)C(CC(N)=0O)NC
) COclcc(cccl- ) 1=0)clccc(O)c(cl)-
Structure: clncch(ccc2[nH]1)S(C):O Structure: c1¢(0)cc(O)ccl C(NC5=0)C(]
O-
Name: HX-CH 44 BS ])=0)c30C10C(CO)C(0)C(O)
Method: Pharmacological Effect C1OCLCC(C)([NH3+]))C(O)C(
References: 196 C)O1)c(Cl)c2
COclccc2N=C(N(C)C(=0O)c2c
Structure: 1)clccc(OCC(O)CINH2+]C(C) ABP; N-(3-
(C)C)ccl Name: dimethylaminopropyl)benzylpe
nicillinamide
Name: SX-AB 1316 SE Method: Cell Fractionation
Method: Pharmacological Effect References: 209
References: 196 C[NH+](C)CCCNC(=0)C1N2
[O- Structure: C(SC1(C)C)C(NC(=0O)Cclccc
Structure: ]C(=0)Cclccc2CC(Cc2c1)NS( cc1)C2=0
=0)(=0)clccc(Clyccl i _
Name: Bac_terlppurpurlnlm|de
Name: AF-CX 1325 XX ' Derivative 7
Method: Pharmacological Effect Method: Fluorescence Microscopy
References: 196 References: 212
_ N\C(clcceeel)=C1/C(=0)c2cc CCCCCCNIC(=0)C2=C(C)\C
Structure: cce2S1=0 3=C\C4=N\C(=C/C5[NH2+]C(\
Structure: C=C6/N=C(C(CCC(=0)0ocCccC
Name: Oritavancin )C6C)C(C1=0)=C2N3)C(C)=
Method: Pharmacological Effect C5C(C)OC)C(C)c4cC
References: 201
C[NH2+]C(CC(C)C)C(=O)NC | |-Name: CPT1 _
Structure: 1C(0)c2ccc(Oc3ccdcc(Ocsee | |-Method: Fluorescence Microscopy
References: 215

c(cc5CI)C(OCS5CC(C)(INH3+)])
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CCCOclccc(ccl)-
clc2cce(n2)c(-
c2ccc(OCCCCCCCCCCCIN+]
(C)(C)C)cc2)c2cec([nH]2)c(-

CC(C)C)NC(=0)C1CCCNI1C(
=0O)C(NC(=0O)C(CC(C)C)NC(=
O)C(NC(=0)C(CO)NC(=0)C(
CCSC)NC(=0)0ccoccocce
OCCOCCOCCNC(=0)cocc(
=0)Nclccc(ccl)C1=C2\C=CC
(=N\2)/C(c2cccec2)=C2/C=CC
(=N/2)\C(c2ccccc2)=C2\C=CC
(=N\2)/C(c2cccec2)=C2/C=CC
\1=N/2)C(C)C)C(C)0O)C(C)O)
C(C)C)C(=O)NC(Cclc[nH]cnl
)C(=O)NC(CO)C(=O)NC(CC(
C)C)C([0-)=0

Structure: 5 tcc(OCCCCCCCCCCCINA]
(C)(C)C)cc2)c2cee(n2)c(-
c2ccc(OCCCCCCCCCCCIN+]
(C)(C)C)cc2)c2cecl[nH]2

Name: Benz(a)anthracene

Method: Pharmacological Effect

References: 221

St . clccc2cc3c(cecdccecec34)cc2

ructure: cl

Name: Benzo(a)pyrene

Method: Pharmacological Effect

References: 221

Structure: clccc2c(cl)cclecc3ccecdcece

' 2clc34

Name: 7,9-Dimethylbenz(c)acridine

Method: Pharmacological Effect

References: 221

St . Cclcce2nc3c(cccdeccee3dd)c(

ructure:
C)c2cl

Name: 7’.12-
Dimethylbenz(a)anthracene

Method: Pharmacological Effect

References: 221

S . Cclc2cceec2ce(C)ec2clcecclcce

tructure:
cc2l

Name: 3-Methylcholanthrene

Method: Pharmacological Effect

References: 221

Structure: Cclccc2ec3c(ceccdcececec34)c3

' CCclc23

Name: Porphyrin-MLS

Method: Fluorescence Microscopy

References: 211
CCC(C)C(NC(=0O)C(CCCC|N
H3+])NC(=0)C(C)NC(=0)C(C
CCNC(N)=[NH2+])NC(=0O)C1
CCCNI1C(=0)C(NC(=0)C1CC
CN1C(=0O)C(CC(C)C)NC(=0)

Structure: C(CCCNC(N)=[NH2+])NC(=O

)C(CCCNC(N)=[NH2+])NC(=
0)C(C)NC(=0)C(CO)NC(=0)
CNC(=0)C(NC(=0)C(CC(C)C
)NC(=0)CNC(=0)C(CCCNC(
N)=[NH2+])NC(=0)C(CC(C)C)
NC(=0)C(CC(C)C)NC(=0)C(

Name: Methotrexate Polyglutamate

Method: Cell Fractionation

References: 195
CN(Cclcnc2nc(N)nc(N)c2nl)
clcec(ccl)C(=C)[NH2+]C(CC
C(=O)NC(CCC(=0O)NCc(CCC

Structure: :(())N)C(CE:C([O(-]):)O)C(([O- (
1)=0)C([O-])=0)C([O-
)=0)C([O-])=0

Name: TPC-Ahx-ATWLPPR

Method: Fluorescence Microscopy

References: 220
CC(C)CC(NC(=0O)C(Cclc[nH]
c2cceccl2)NC(=0)C(NC(=0)
C(C)NC(=0O)CCCCCNC(=0)c
1ccce(cel)-cle2eee(n2)c(-
c2ccccc2)c2cec([nH]2)c(-

Structure: c2cccch§chcc§£12)<]:(-) (
c2cccec2)c2ceccl[nH]2)C(C)O)
C(=0O)N1CCCC1C(=0O)N1CC
CC1C(=O)NC(CCCNC(N)=[N
H2+])C([O-))=O

Name: Sparfloxacin

Method: Fluorescence Microscopy

References: 223
CC1CN(CC(C)[NH2+]1)c1c(F)

Structure: ¢(N)c2C(=0)C(=CN(C3CC3)c
2c1F)C([O-])=0
ATMPn; 9,-Acetoxy-2,7,12,17-

Name: tetrakis-(3-methoxyethyl)-
porphycene

Method: Fluorescence Microscopy

References: 255
COCCclcc2nclcecl[nH]c(ccl

Structure: CCOC)clcc(CCOC)e(n1)c(O
C(C)=0)ccl[nH]c2cc1CCOC

Name: Telavancin




Method:

Cell Fractionation

CCclc(C)c2cc3[nH]c(c(C)c3C

References: 286 Structure: C)c3cc(ccdce3nc(ce3[nH]c(ccl
CCCCCCCCCC[NH2+]CC[NH ' n2)c(C)c3CC)C4(C)CC)S([O-
2+]C1(C)CC(OC(C)C10)0C1 ])(=0)=0
C(0O)C(0)C(C0O)OC10c1c20c
3cce(cec3CC(O)C(NC(=0)C( Name: Porphyrin—Retinamide

Structure: CC(C)C)[NH2+]C)C(=O)NC(C ' Derivative 2

' C(N)=0)C(=0O)NC3C(=0)[N- Method: Fluorescence Microscopy
]JCAC(=O)NC(C(O)c5ccc(Oclce | | References: 352
c3c2)c(Cl)c5)C(=0)NC(C([O- CC(\C=C\C1=C(C)CCCC1(C)
1)=0)clcc(O)c(C[NH2+]CP(O) C)=C/C=C/C(C)=C/C(=0O)Nc1l
([O-])=0)c(O)c1-clccccclO cce(cc1)C1=C2\C=CC(=N\2)/

Structure: C(c2cccec2)=C2NC(/C=C\2)=

Name: ZnPcOCH3 C(c2cceec2)\C2=N\C(/C=C2)=

Method: Fluorescence Microscopy C(/C2[NH2+]C\1C=C2)clccce

References: 303 cl
COclccc2ce3nc(nc4n5[Zn]n6e(

i nc7nc(ncsc5cc(OC)cecd5)cac ) Porphyrin-Retinamide

Structure: cc(OC)cc74)caccc(OC)ccdcbn Name: Derivative 3
3)c2cl Method: Fluorescence Microscopy

References: 352

Name;: EB1089 CC(\C=C\C1l=C(C)CCcCCL(C)

Method: Fluorescence Microscopy C)=C\C=C/C(C)=C/C(=0)Nc1

References: 308 cce(ccl)C1=C2\C=CC(=N\2)/
CCC(0O)(CcCo)\c=C\c=C\c(C)C Structure: C(c2ccecc2)=C2NC(/C=C\2)=

Structure: 1CCC2\C(CCccC12C)=C/C=C C(c2cccec2)\C2=N\C(/C=C2)=
1/CC(0O)CC(0)C1=C C(/C2[NH2+]C\1C=C2)clcccc

cl

Name: HexoTMPn

Method: Fluorescence Microscopy Name: Cationic Water-Soluble

References: 323 ) Phthalocyanine Derivative 10
CCCCCCC(=0)0cl1cc2[nH]c( Method: Fluorescence Microscopy

Structure: cc2CCOC)c2cc(CCOC)c(cec3 | | References: 353

' [NH]c(cc3CCOC)c3cc(CCOC) C[n+]1lcccc(Oc2cc3c4cchn6[Z
cln3)n2 n]n7c(cc(n4)c3cc20c2ccen+](

C)c2)c2cc(Oc3ccc[n+](C)e3)c(

Name: PeloTMPn Structure: Oc3ccec[n+](C)c3)cc2c7ce2ne(

Method: Fluorescence Microscopy ' ccb6e3cec(Oc4ecc[n+](C)ed)c(O

References: 323 c4cce[n+](C)cd)ces3)c3ec(Oc
CCCCCCCCC(=0)Oclcc2[nH 4ccc[n+](C)c4)c(Oc4ccc[n+](C

Structure: Je(cc2CCOC)c2cc(CCOC)c(ce )cd)ce23)cl

' ¢3[nH]c(cc3CCOC)c3cc(CCO __

C)cln3)n2 Name: Cationic Water-Soluble
) Phthalocyanine Derivative 11

Name: CpoTMPn Method: Fluorescence Microscopy

Method: Fluorescence Microscopy References: 353

References: 323 COCCOCCOCC[n+]1lccec(Oc
CCCCCC(=0)0cicc2[nH]c(cc 2cc3c4cesn6[Znin7c(cc(nd4)c3

Structure: 2CCOC)c2cc(CCOC)c(cee3[n cc20c2ccc[n+](CCOCCOCC

' H]c(cc3CCOC)c3cc(CCOC)cl 0C)c2)c2cc(Oc3cecc[n+](CCO
n3)n2 Structure: CCOCCOC)c3)c(0c3cee[n+](
CCOCCOCCOC)c3)cc2c7cc2

Name: EBC nc(cc6c3cc(Oc4cecec[n+](CCO

Method: Fluorescence Microscopy CCOCCOC)c4)c(Ocacce[n+](

References:

332

CCOCCOCCOC)c4)cc53)c3c




c(Oc4ccc[n+](CCOCCOCCO
C)c4)c(Oc4ccec[n+](CCOCCO
CCOC)c4)cc23)cl

Cationic Water-Soluble

COCCOCCOCC[n+]1lccec(Oc
2cc3C4\C=C5/N=C(/C=C6\[N
H+]7\C(=C/C8=N/C(=C\C([NH
+]4[Si]7([Si](c4ccceced)(cdccce
c4)C(C)(C)C)[Si](c4ccececed)(c

Name: Phthalocyanine Derivative 12 4cccecd)C(C)(C)C)ec3ec20c2c
Method: Fluorescence Microscopy cc[n+](CCOCCOCCOC)c2)c2
References: 353 Structure: cc(Oc3cec[n+](CCOCCOCCO
CCC[Si](CCC)(CCC)[Si]1(N2 C)c3)c(Oc3ccc[n+](CCOCCOo
C3=CC4=N\C(=C/C5[NH+]1C CCOC)c3)cc82)c2ec(Oc3cecec|
(\C=C1/N=C(C=C2c2cc(Oc6c n+](CCOCCOCCOC)c3)c(Oc3
cc[n+](C)c6)c(Ocbeec[n+](C)e cce[n+](CCOCCOCCOC)c3)c
Structure: 6)cc32)c2cc(Oc3cecc[n+](C)el) c62)c2cc(Oc3cecn+](CCOCC
' c(Oc3cec[n+](C)c3)cc12)clec( OCCOC)c3)c(Oc3ecce[n+](CC
Oc2ccc[n+](C)c2)c(Oc2cecn+ OCCOCCOC)c3)cc52)cl
](C)c2)cc51)clec(Oc2ecc[n+](
C)c2)c(Oc2cccn+](C)c2)ccdl) | | Name: P0r|_ohy_rin Conjugate
[Si](CCC)(cce)cee ' Derivative 10
Method: Fluorescence Microscopy
Name: Cationic Water-Soluble References: 354
' Phthalocyanine Derivative 13 CC(C)C(NC(=O)C(CCCCINH
Method: Fluorescence Microscopy 3+])NC(=0O)C(CCCNC(N)=[N
References: 353 H2+])NC(=O)C(CCCC[NH3+])
CCC(CCO)[Si](C(CC)CC)(C(CC NC(=0)C(CCCC[NH3+])NC(=
)CC)[Si]L([NH+]2C3C=C4N=C O)C(CCCC[NH3+])NC(=0)C1
(C=C5[NH+]1C(=CC1=N\C(= CCCN1C(=0)COCC(=0O)NCC
C/C2c2cc(Ocbece[n+](C)eb)e( | | structure: OCcoccoccoccoccocce
Oc6eec[n+](C)c6)ce32)c2ec(O OCCNC(=0)COclccce(ccl)-
Structure: c3ccc[n+](C)e3)c(Oc3ccen+]( clc2cce(n2)c(-c2ccc(OCC([O-
C)c3)ccl2)clec(Oc2ecce[n+](C )=0O)cc2)c2cec([nH]2)c(-
)c2)c(Oc2cecn+](C)c2)ce51)c c2ccc(OCC([O-
1cc(Oc2ccec[n+](C)c2)c(Oc2ce 1)=0O)cc2)c2ccc(n2)c(-
c[n+](C)c2)cc4l)[Si](C(CC)CC c2ccc(OCC([O-
)(C(CC)CC)C(CC)CC ])=0)cc2)c2ccci[nH]2)C(N)=0
Cationic Water-Soluble . Porphyrin Conjugate
Name: Phthalocyanine Derivative 14 Name: Derivative 11
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 353 References: 354
C[n+]1cccc(Oc2cc3C4\C=C5/ NC(=[NH2+])NCCCC(NC(=0)
N=C(/C=C6\[NH+]7C(=CC8= CNC(=0)COCC(=0O)NCCOC
N\C(=C/C([NH+J4[Si]7([Si](c4c COCCOCCOCCOCCOCCOC
ccced)(cdeececd)C(C)(C)C)[Si CNC(=0)COclccc(ccl)-
](c4cceec4)(c4cceccd)C(C)(C) clc2ccce(n2)c(-c2ccc(OCC([O-
Structure: C)c3cc20c2ccecn+](C)c2)c2ce )=0O)cc2)c2cec([nH]2)c(-
(Oc3cec[n+](C)e3)c(Oc3cec[n c2ccc(OCC([O-
+](C)c3)ce82)c2cc(Oc3eccnt] | | siructure: 1)=0)cc2)c2cce(n2)c(-
(C)c3)c(Oc3cec[n+](C)c3)cc62 ' c2ccc(OCC([O-
)c2cc(Oc3ccc[n+](C)e3)c(Oc3 1)=0)cc2)c2cccl[nH]2)C(=O)N
ccc[n+](C)c3)cc52)cl C(CCCCINH3+])C(=O)NC(CC
CC[NH3+])C(=0)NC(CCCNC(
Name: Cationic Water-Soluble N)=[NH2+])C(=O)NC(CCCNC
' Phthalocyanine Derivative 15 (N)=[NH2+])C(=O)NC(CCCN
Method: Fluorescence Microscopy C(N)=[NH2+])C(=O)NC(CCC(
References: 353 N)=0)C(=O)NC(CCCNC(N)=[
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NH2+])C(=0)NC(CCCNC(N)=
[NH2+])C(=0)NC(CCCNC(N)
=[NH2+])C(=0)N1CCCC1C(=
O)N1CCCC1C(=0)NC(CCC(
N)=0)C(N)=0

Name:

Porphyrin-Peptide Conjugate
3

Method:

Fluorescence Microscopy

References:

378

Structure:

CSCCC(NC(=0)coccocceo
CCOCCOCCOCCNC(=0)CcOo
CC(=0O)Nclccc(ccl)-
clc2cece(n2)c(-
c2ccccc2)c2ecc([nH]2)c(-
c2ccccc2)c2cec(n2)c(-
c2ccccc2)c2cecl[nH]2)C(=0)
NCC(=O)NC(CC(C)C)C(=O)N
CC(=O)NC(CC(C)C)C(=0O)NC
(Cclc[nH]cnl)C(=O)NC(CC(C
)C)C(=O)NC(CC(C)C)C(=O)N
C(C(C)O)C(=0)NC(Ccc(c)e) e
(FO)NC(C)C(=O)NC(C)C(=0)
NC(C)C(=O)NC(CC(C)C)C(=
O)NC(CCC(N)=0)C(=O)NCC(
=0)NC(C)C(=O)NC(Cclc[nH]
c2ccecccl2)C(=0)NC(CO)C(=
O)NC(CCC(N)=0)C(=O)NC(C
)C(=O)N1CCCC1C(=O)N1CC
CC1C(=O)NC(CCCCI[NH3+])
C(=O)NC(CCCCINH3+])C(=0
JNC(CCCCI[NH3+])C(=0O)NC(
CCCNC(N)=[NH2+])C(=O)NC
(CCCCINH3+])C(=0O)NC(C(C)
C)C(=0)NCC([O-])=0

(CCSC)C(=O)NC(CCCCINH3
+])C(=0O)NC(Cclc[nH]c2ccccce
12)C(=0O)NC(CCCC[NH3+])C(
=0O)NC(CCCC[NH3+])C(=O)N
C(C)C(=O)N1CCCCI1C(=O)N
1CCCC1C(=O)NC(CCCCINH
3+])C(=O)NC(CCCC[NH3+])C
(=O)NC(CCCC[NH3+])C(=0)
NC(CCCNC(N)=[NH2+]))C(=0O
JNC(CCCCI[NH3+])C(=O)NC(
C(C)C)C(=0O)NCC([O-]=0

Name:

Porphyrin-Peptide Conjugate
5

Method:

Fluorescence Microscopy

References:

378

Name:

Porphyrin-Peptide Conjugate
4

Method:

Fluorescence Microscopy

References:

378

Structure:

CCC(C)C(NC(=0O)C(CCC(N)=
O)NC(=O)C(CCCNC(N)=[NH2
+])NC(=0)COCCOCCOCCO
CCOCCOCCNC(=0)CcocCC(=
O)Nclccec(ccl)-clc2cec(n2)c(-
c2ccccc2)c2cec([nH]2)ce(-
c2ccccc2)c2cec(n2)c(-
c2ccccc2)c2cecl[nH]2)C(=0)
NC(CCCCI[NH3+])C(=O)NC(C
(C)CC)C(=0O)NC(Cclc[nH]c2c
ccccl2)C(=0O)NC(Cclcccecl)
C(=O)NC(CCC(N)=0)C(=O)N
C(CC(N)=0O)C(=O)NC(CCCN
C(N)=[NH2+])C(=O)NC(CCC
NC(N)=[NH2+])C(=O)N[C@H]

Structure:

CC(C)CC(NC(=0O)C(CCCCIN
H3+])NC(=O)C(CCCC[NH3+])
NC(=O)C(CCCC[NH3+])NC(=
O)C(C)NC(=0)C(CCC(N)=0)
NC(=0O)CNC(=0)C(C)NC(=0)
C(CCCCINH3+])NC(=0)C(CC
CCI[NH3+])NC(=0)C(NC(=0)
C(C)NC(=0O)C(C)NC(=0)C1C
CCN1C(=O)C(CCCNC(N)=[N
H2+])NC(=O)C(CCCC[NH3+])
NC(=0)COCcOocCccoccocc
OCCOCCNC(=0)COCC(=0)
Nclccc(ccl)-clc2ecc(n2)c(-
c2ccccc2)c2cecc([nH]2)c(-
c2ccccec2)c2cecc(n2)c(-
c2cccec2)c2ceccl[nH]2)C(C)O)
C(=0O)NC(CCcC(JO-
])=0)C(=O)NC(CC([O-
])=0)C(=O)N1CCCC1C(=O)N
C(CCCNC(N)=[NH2+])C(=0)
NC(CCCCI[NH3+])C(=O)NC(C
CCC[NH3+])C(=O)NC(CCCN
C(N)=[NH2+])C(=O)NC(CCC
NC(N)=[NH2+])C(=O)NC(CC
C(N)=0)C(=O)NC(CCCNC(N)
=[NH2+])C(=O)NC(CCCNC(N
)=[NH2+])C(=O)NC(CCCNC(
N)=[NH2+])C(=O)N1CCCC1C
(=O)N1CCCC1C(=0O)NC(CCC
(N)=0)C(=O)NCC([O-])=0

Name:

Nonaggregated Water-Soluble
Phthalocyanine Derivative 5a

Method:

Fluorescence Microscopy

References:

380

Structure:

[O-
]C(=0)clcc(Oc2cc3cdnc(nchn
6[Zn]n7c(n4)c4cc(Oc8cc(cc(c
8)C([O-))=0)C([O-

211




1)=0)c(0c8cc(cc(c8)C([O-
)=0)C([O-

Porphyrin-Peptide Conjugate

])=0)cc4c7ncdnc(ncécbec(Oc Name: 15A
7cc(ce(c7)C([0-])=0)C([O- Method: Fluorescence Microscopy
1)=0)c(Oc7cc(cec(c7)C([O- References: 387

D=0)C([O- [NH3+]CCCCC(NC(=0)C(CC
1)=0)cc56)c5cc(Oc6ec(ce(cb) CCI[NH3+])NC(=0)C(CCCC|N
C([O-])=0)C([O- H3+])NC(=S)Ncilcce(cel)-
1)=0)c(Ocbee(cc(c6)C([O- Structure: clc2cee(n2)c(-

1)=0)C([O- ructure- c2cccec2)c2ccec([nH]2)c(-
1)=0)cc45)c3cc20c2cc(cc(c2) c2ccccc2)c2ecc(n2)c(-
C([O-])=0)C([O- c2ccccc2)c2cecd[nH]2)C([O-
)=0)cc(c1)C([0-]))=0 ))=0

Name: f:rphyrin—Peptide Conjugate Name: Eg&phyrin-Peptide Conjugate

Method: Fluorescence Microscopy Method: Fluorescence Microscopy

References: 387 References: 387
Nclccc(ccl)-clc2cec(n2)c(- [NH3+]CCCCC(NC(=0)CCccCC

Structure: c2ccccec2)c2cec([nH]2)ce(- (=0)Nclcee(cel)-

' c2ccccc2)c2cecc(n2)c(- clc2cec(n2)c(-
c2ccccc2)c2eccl[nH]2 Structure: c2ccecc2)c2ceec([nH]2)c(-
c2cccec2)c2cecc(n2)c(-

. Porphyrin-Peptide Conjugate c2ccccc2)c2cecl[nH]2)C([O-
Name: 5A 1)=0
Method: Fluorescence Microscopy
References: 387 Name: Porphyrin-Peptide Conjugate

S=C=Nclccc(ccl)- ' 17A
clc2cee(n2)c(- Method: Fluorescence Microscopy

Structure: c2ccccc2)c2cec([nH]2)c(- References: 387
c2ccccc2)c2cec(n2)c(- [NH3+]CCCCC(NC(=0)C(CC
c2ccccc2)c2cecl[nH]2 CC[NH3+])NC(=0)CCCC(=0)

Nclcce(ccl)-clec2ece(n2)c(-

Name: Porphyrin-Peptide Conjugate Structure: c2ccccc2)c2ccc([nH]2)c(-

' 13A c2ccccc2)c2cec(n2)c(-
Method: Fluorescence Microscopy c2ccccc2)c2cecl[nH]2)C([O-
References: 387 ])=0

[NH3+]CCCCC(NC(=S)Nclcc
c(ccl)-clc2ccc(n2)c(- Name: Porphyrin-Peptide Conjugate
Structure: c2ccccc2)c2cec([nH]2)ce(- ' 18A
' c2ccccc2)c2cecc(n2)c(- Method: Fluorescence Microscopy
c2ccccc2)c2cccl[nH]2)C([O- References: 387
1)=0 [NH3+]CCCCC(NC(=0)C(CC
CCI[NH3+])NC(=0)C(CCCC|N

Name: Porphyrin-Peptide Conjugate H3+])NC(=0)CCCC(=0O)Nclc

' 14A Structure: cc(cel)-cle2cecc(n2)c(-
Method: Fluorescence Microscopy ' c2ccccc2)c2ceec([nH]2)c(-
References: 387 c2ccccc2)c2cec(n2)c(-

[NH3+]CCCCC(NC(=0)C(CC c2ccccc2)c2cecl[nH]2)C([O-
CC[NH3+])NC(=S)Nclcce(ccl D=0
)-clc2cce(n2)c(-

Structure: c2ccccc2)c2cec([nH]2)c(- Name: Porphyrin-Peptide Conjugate
c2ccccc2)c2cecc(n2)c(- ' 19A
c2ccccc2)c2cecl[nH]2)C([O- Method: Fluorescence Microscopy
1)=0 References: 387




[NH3+]CCCCC(NC(=0)C(CC
CC[NH3+])NC(=0)C(CCCCIN

)JC(CCCNC(N)=[NH2+])NC(=
0O)CCCC(=0O)Ncilccc(ccl)-

H3+])NC(=0O)CCCC(=0O)Ncic clc2cce(n2)c(-
Structure: cc(ccl)-clc2ceec(n2)c(- c2ccccc2)c2cec([nH]2)c(-

' c2ccccc2)c2cec3c(- c2ccecc2)c2cec(n2)c(-
c4cccccd)cdcece(nd)c(- c2ccccc2)c2eccl[nH]2)C(N)=
c4cceccd)cdceclnd[Zn]n23)C( 0]

[0-)=0
Name: Porphyrin-Peptide Conjugate
Name: Porphyrin-Peptide Conjugate ' 24A
' 20A Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 387
References: 387 NC(=[NH2+]))NCCCC(NC(=0)
[NH3+]CCCCC(NC(=0)C(CC C(CCCNC(N)=[NH2+])NC(=O
CCI[NH3+])NC(=0)C(CCCC|N )JC(CCCNC(N)=[NH2+])NC(=
H3+])NC(=O)CCCC(=0O)Nclc O)C(CCCC[NH3+])NC(=0O)CC
Structure: cc(ccl)-clc2cec3c(- Structure: CC(=0)Ncilcce(ccl)-

' c4cccecd)cdeeehe(- ' clc2cce(n2)c(-
c6ceeeceb)cbeec7ce(- c2ccccc2)c2cecc([nH]2)c(-
c8ccccee8)c8eccl[n+]8[Sn@@ c2ccccec2)c2cecc(n2)c(-
1(n67)(n23)[n+]45)C([O-])=0 c2cccec2)c2cccl[nH]2)C(N)=

0
Name: Porphyrin-Peptide Conjugate
' 21A Name: Porphyrin-Peptide Conjugate
Method: Fluorescence Microscopy ' 25A
References: 387 Method: Fluorescence Microscopy
NC(=[NH2+])NCCCC(NC(=0) References: 387
C(CCCCINH3+]))NC(=0)C(CC NC(=[NH2+])NCCCC(NC(=0)
CNC(N)=[NH2+])NC(=0)C(C C(CCCCINH3+])NC(=0)C(CC
CCNC(N)=[NH2+])NC(=S)Nc1l CNC(N)=[NH2+])NC(=0)C(C
Structure: cce(cel)-clec2cec(n2)c(- CCNC(N)=[NH2+])NC(=0O)CC
c2ccccc2)c2cec([nH]2)c(- Structure: CC(=0O)Nclccc(ccl)-
c2ccccc2)c2cec(n2)c(- ' clc2cece(n2)c(-
c2ccccc2)c2cccl[nH]2)C(N)= c2ccccc2)c2ccc([nH]2)c(-
O c2cccec2)c2cecc(n2)c(-
c2cccec2)c2cccl[nH]2)C(N)=
Name: gg;phyrin—Peptide Conjugate O]
Method: Fluorescence Microscopy Name: Saponin Derivative 1a
References: 387 Method: Fluorescence Microscopy
NC(=0)C(CCCC[NH3+])NC(= References: 421
O)C(CCCC[NH3+])NC(=0)C( CCl1cCcc2(0c1)ocicesc4ac
CCCCINH3+]))NC(=0)CCccCC( CC5CC(CCC5(C)c4cCC3(C)
Structure: =0)Nclccc(ccl)- C1C2C)0OC10C(CO)Cc(0C20

' clc2cce(n2)c(- Structure: C(C)C(OCCNS(=C)(=C)c3cce
c2ccccc2)c2cec([nH]2)c(- c4c(ccec34)N(C)C)C(0)C20)
c2ccccc2)c2cec(n2)c(- C(O)Cc10c10c((e)c(o)c(o)ce
c2ccccc2)c2cecl[nH]2 10

Name: Porphyrin-Peptide Conjugate Name: Saponin Derivative 1b

' 23A Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 421
References: 387 CCilCccc2(oc1)ocicesc4c
Structure: NC(=[NH2+])NCCCC(NC(=0) Structure: CC5CC(CCC5(C)c4CCC3(C)

C(CCCNC(N)=[NH2+])NC(=O

C1C2C)0C10C(CO)C(0C20




C(C)C(OCCNC(=S)Nc3ccecdc(
c3)C(=0)0C43c4ccc(C)ecaOc

OCCOCCOCCOCCOB1IN2C3
\N=C4/N=C(/N=C5\N1C(N=C

4cc(C)cec34)C(0)C20)C(0)C Structure: 2clccccec3l)cleccechl)clece
10C10C(C)C(0)C(0)C10 cc4l
Name: Saponin Derivative 2 Name: Subphthalocyanine Derivative
Method: Fluorescence Microscopy ' 4
References: 421 Method: Fluorescence Microscopy
CC1CCC2(0C1)0C1CcCc3c4C | | References: 428
CC5CC(CCccC5(C)c4acces(o) COCCOCCOclccc(OB2N3C4
Structure: C1C2C)0OC10C(C)C(OC20C( Structure: \N=C5/N=C(/N=C6\N2C(N=C
' C)C(ONS(=C)(=C)c3ccccdc(c ' 3c2ccecec4?2)c2ceecch2)c2ece
ccc34)N(C)C)C(0)C20)C(0) cc52)ccl
C10C10C(C)C(0)C(O)C10
Name: Subphthalocyanine Derivative
Name: Saponin Derivative 3 ' 5
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 421 References: 428
CC(C)cccece(ecyciceceezcsce COCCOCCOCCOclccc(0B2
CC4CC(CcCcC4(Cc)c3cece12e) Structure: N3C4\N=C5/N=C(/N=C6\N2C(
Structure: OC10cCc(co)c(ocaoc(e)c( ' N=C3c2cccccd2)c2ceccc62)c
' OCCNS(=C)(=C)c3cccecdc(cec 2cceech2)cecl
c34)N(C)C)C(0)C20)C(0)C1
0OC10C(C)C(0O)C(0)C10 . Porphyrin-Bile Acid Conjugate
Name: 1
Name: lejimalide Derivative 8 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 439
References: 423 CC(CCC(=0O)NCCI[N+](C)(C)c
Structure: CCN(CC)clccc2C=C(NC(=0) 1ccce(ccl)-clc2ecc(n2)c(-
' Oc3ccecc3)C(=0)0c2cl c2ccc(cc2)[N+](C)(C)CCNC(=
0O)CCcC(C)cacce3c4c(o)c
Name: Glucosylated Si(IV) C5CC(0)cces(cycacce(o)c
' Phthalocyanine Derivative 3 23C)c2ccc([nH]2)c(-
Method: Fluorescence Microscopy c2ccc(cc2)[N+](C)(C)CCNC(=
References: 427 Structure: O)CCc(C)cz2cee3c4c(o)e
CC1(C)OCC(01)C10C20C(C ' C5CC(0)CCC5(C)caCcC(0)C
)(C)OC2C10CCOCCOCCOC 23C)c2cec(n2)c(-
CO[Si]1(0OCCOCCOCCOCCO c2cce(cc2)[N+](C)(C)CCNC(=
Structure: C2C(OC30C(C)(C)OCc23)C2 0)CCC(C)C2CCC3CAC(0)C
COC(C)(C)02)n2c3ccanc(ces C5CC(O)CCC5(C)c4acC(0)C
nlc(cclnc(cc2c2cccce32)c2ec 23C)c2cccl[nH]2)C1CCC2C3
cccl2)cleecce51)clececcdl C(O)CC4cc(o)cce4(c)cac
Cc(0)Cc12C
Name: Subphthalocyanine Derivative _ _ :
' 2 Name: Porphyrin-Bile Acid Conjugate
Method: Fluorescence Microscopy 2
References: 428 Method: Fluorescence Microscopy
OCCOCCOCCOBIN2C3\N=C | | References: 439
Structure: 4/N=C(/N=C5\N1C(N=C2clcc CC(CCC(=0O)NCCIN+](C)(C)c
ccc31)clcecece51)clececcdl lccee(cl)-clc2ecc(n2)c(-
c2cccc(c2)[N+](C)(C)CCNC(=
_ Subphthalocyanine Derivative | | Structure: O)CCC(C)C2CcCC3c4c(0)C
Name: 3 C5CC(O)CCC5(C)C4CC(0)C
Method: Fluorescence Microscopy 23C)c2cce([nH]2)c(-
References: 428 c2cccc(c2)[N+](C)(C)CCNC(=
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O)CCC(C)cacce3c4c(o)c
C5CC(0)cces(c)yc4ace(o)e
23C)c2ccc(n2)c(-
c2cccc(c2)[N+](C)(C)CCNC(=
O)CCC(C)C2Cccc3c4c(o)C
C5CC(0O)cces(c)ycace(o)c
23C)c2cccl[nH]2)C1CCC2C3
C(O)cc4cc(o)cee4(c)ese
C(0)c12Cc

Name:

Porphyrin-Bile Acid Conjugate
3

Method:

Fluorescence Microscopy

References:

439

Structure:

CC(CCC(=O)NCCCIN+](C)(C)
clccc(cel)-cle2ecc(n2)c(-
c2ccc(cc2)[N+](C)(C)CCCNC(
=0)CCC(C)c2ccece3c4c(o)e
C5CC(0O)CCccC5(C)c4acc(o)c
23C)c2ccc([nH]2)c(-
c2ccc(cc2)[N+](C)(C)CCCNC(
=0)CCC(C)c2ccece3c4c(o)e
C5CC(0O)CCcC5(C)cacc(o)c
23C)c2ccec(n2)c(-
c2ccc(cc2)[N+](C)(C)CCCNC(
=0)CCC(C)Cc2cce3c4c(o)e
C5CC(0O)CCcCh(C)cacc(o)c
23C)c2cccl[nH]2)C1CCC2C3
C(O)cc4cc(o)cee4(c)ese
c(O)ci12c

Name:

Porphyrin-Bile Acid Conjugate
4

Method:

Fluorescence Microscopy

References:

439

Structure:

CC(CCC(=O)NCCCIN+](C)(C)
clcccce(cl)-clc2cec(n2)c(-
c2cccc(c2)[N+](C)(C)CCCNC(
=0)CCC(C)C2cce3c4c(o)c
C5CC(0O)CccCh(C)cacc(o)c
23C)c2cce([nH]2)c(-
c2ccec(c2)[N+](C)(C)CCCNC(
=0)CCC(C)C2cce3c4c(o)e
C5CC(0O)CCccCh(C)cacc(o)c
23C)c2ccc(n2)c(-
c2cccc(c2)[N+](C)(C)CCCNC(
=0)CCC(C)C2Ccce3c4c(o)c
C5CC(0O)CCccC5(C)cacc(o)c
23C)c2cccl[nH]2)C1CCC2C3
C(O)cc4cc(o)cee4(c)ese
c(0)c12C

Name:

Si(1V) Phthalocyanine
analogue 1

Method:

Fluorescence Microscopy

References: 538
Clclcc2c3nc(nc4n5c(nebne(n
c7n(c(n3)c3cc(Cl)c(Clec73)[S

Structure: i]5(C(II)(CI)2:3cc((CI))c((CI))cc63))c[3
cc(Chc(Clce43)c2cclCl

. Oregon-Green-RNase A

Name: -

Conjugate

Method: Fluorescence Microscopy

References: 449
CC(=0)0clcc(C)ece(C)elC(C)
(C)CC(=0O)Nclccec2c(Oc3cec(N

Structure: C(=O)NCCCN4C(=0)C=CC4
=0)ccc3C220C(=0)c3cceec?
3)cl

Name: Rhodamine-Riboflavin

Method: Fluorescence Microscopy

References: 539
CN(C)clccc2c(OC3=CC(C=C

Structure: C3=C2c2ccc(N)cc2C([O-
1)=0)=[N+](C)C)cl

Name: FG-H503

Method: Fluorescence Microscopy

References: 500
CC(C)C1[NH2+]CC2=C3C=C

Structure: C=CC3=C(C[NH2+]C(C(C)C)

' C(=0O)NCCCNC1=0)C1=C2C
=CC=C1

Name: Chlorpromazine

Method: Pharmacological Effect

References: 512

Structure: C[NH+](C)CCCN1Cc2=CC=CC

' =C2SC2=C1C=C(Cl)C=C2

Name: Lidocaine

Method: Pharmacological Effect

References: 229
CNC(=0)0OC1=CC=C2N(C)[C

Structure: @H]3N(C)CC[C@@]3(C)C2=
C1

Name: Eserine

Method: Pharmacological Effect

References: 229

Structure: C[NH+](C)CC1=CC=CC=C1

Name: Procaine

Method: Pharmacological Effect

References: 229

Structure: CCI[NH+](CC)CCOC(=0)C1=

CC=C(N)C=C1
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Name: N,N-dimethyl-benzylamine References: 229
Method: Pharmacological Effect Structure: C1COCCI[NH2+]1
References: 229
Structure: CNC(=0)OC1=CC2=C(C=C1) | | Name: Tetramethylethylenediamine
' N(C)CIN(C)CCC21C Method: Pharmacological Effect
References: 229
Name: 4-Aminopyridine Structure: CN(C)CC[NH+](C)C
Method: Pharmacological Effect
References: 229 Name: Piperazine
Structure: NC1=CC=[NH+]C=C1 Method: Pharmacological Effect
References: 229
Name: 4-Aminoquinaldine Structure: C1C[NH2+]CCN1
Method: Pharmacological Effect
References: 229 Name: Putrescine
Structure: CC1=[NH+]C2=C(C=CC=C2) Method: Pharmacological Effect
' C(N)=C1 References: 229
Structure: [NH3+]CCCCINH3+]
Name: Ephedrine
Method: Pharmacological Effect Name: Piperidine
References: 229 Method: Pharmacological Effect
Structure: C[NH2+]C(C)C(O)C1=CC=CC References: 229
' =C1 Structure: C1CC[NH2+]CC1
Name: 4-Dimethylaminopyridine Name: Desipramine
Method: Pharmacological Effect Method: Uptake/Binding
References: 229 References: 705
Structure; CN(C)C1=CC=[NH+]C=C1 Structure: C[NH2+]CCCN1C2=CC=CC=
' C2CCC2=CC=CC=C12
Name: Atropine
Method: Pharmacological Effect Name: Ciprofloxacin
References: 229 Method: Fluorescence Microscopy
Structure: C[NH+]1C2CCC1CC(C2)OC( References: 97
' =0)C(CO)C1=CC=CC=C1 [O-
_ Structure: JC(=0)C1=CN(C2CC2)C2=C(
Name: Mecamylamine ' C=C(F)C(=C2)N2CC[NH2+]C
Method: Pharmacological Effect C2)C1=0
References: 229
C[NH2+]C1(C)C2CCccCc(Cc2)C1 ) 6'-O-lissamine-rhodamine B-
Structure: C%C ICL(C) (CACL Name: glucosamine
Method: Fluorescence Microscopy
Name: Pilocarpine References: 713
Method: Pharmacological Effect CCN(CC)C1=CC2=C(C=C1)C
References: 229 (C1=CC(=CC(=C1)[S-
Structure: CCC1C(COC1=0)CC1=CN= Structure: ](=0)=0)S(=0)(=0)0CC10C(
' CN1C O)C(INH3+])C(0O)C10)=C1C=
C/C(/C=C102)=[N+](/CC)CC
Name: Nicotine
Method: Pharmacological Effect Name: Suramin
References: 229 Method: Pharmacological Effect
Structure: C[NH+]1CCCC1C1=CN=CC= References: 730
' C1 CC1=C(NC(=0)C2=CC(NC(=
S ) O)NC3=CC=CC(=C3)C(=O)N
- tructure: _ Pyt N
Name: Morpholine C3=C(C)C=CC(=C3)C(=O)NC
Method: Pharmacological Effect 3=C4C(=CC(=CC4=C(C=C3)
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S(0)(=0)=0)S(0)(=0)=0)S(O
)(=0)=0)=CC=C2)C=C(C=C1
)C(=0)NC1=C2C(=CC(=CC2=
C(C=C1)S(0)(=0)=0)S(O)(=
0)=0)S(0)(=0)=0
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Appendix B

The chemical compounds with reported subcellular localization site in the
mitochondrion. References information is available in Appendix H. Structure is
presented as the Simplified Molecular Input Line Entry Specification string of the

major microspecies at pH 7.4, as calculated by ChemAxon.

Name: Valproic acid Structure: CCN1C=C(C([O-
Method: Uptake/Binding ' ])=0)C(=0)c2ccc(C)ncl?2
References: 4,714
Structure: CCCC(CCO)C(O0-])=0 Name: Ellipticine
Method: Pharmacological Effect
Name: Menadione References: 4
Method: Pharmacological Effect Structure: Cclc2cencc2c(C)c2c3ccececed|
References: 4,715 ) nH]c12
Structure: CC1=CC(=0)c2ccccc2C1=0
Name: Meperidine
Name: Aspirin Method: Pharmacological Effect
Method: Pharmacological Effect References: 4
References: 4 Structure: CCOC(=0O)C1(CC[NH+](C)CC
Structure: CC(=0)OclccececclC([0-]))=0 ' 1)clcceccl
Name: Paraquat Name: Amytal
Method: Pharmacological Effect Method: Pharmacological Effect
References: 4 References: 4
. C[n+]1lccc(ccl)- ) CCCL(CCC(C)C)C(=0O)NC(=
Structure: clec[n+](C)cel Structure: O)NC1=0
Name: CCCP DASPEI; (2-(4-
Method: Pharmacological Effect Name: (dimethylamino)styryl)-1-
References: 4,717 methyl pyridinium
Structure: Clclcccc(NN=C(C#N)C#N)cl | | Method: Fluorescence Microscopy
References: 4,75
Name: Clofibric acid Structure: CC[n+]1cceccl\C=C\clccce(cc
Method: Pharmacological Effect 1)N(C)C
References: 4
Structure: CC(C)(Oclcce(Clyce1)C([O- Name: _ FCCP
' )=0 Method: Uptake/Binding
References: 4,716
Name: Nonylphenol Structure: FC(F)(F)Oclccc(NN=C(C#N)
Method: Pharmacological Effect C#N)ccl
References: 4
Structure: CCCCCCCCCclccccclO Name: Trichlorophenoxyacetic acid
Method: Pharmacological Effect
Name: 2-methylharmine References: ?O
Method: Pharmacological Effect . -
References. 4 : SHUCre:  je(=0)cocte(Chee(ClicelC!
Structure: COC1=CC2=NC3=C(C)N(C)C _ i i
. =CC3=C2C=C1 Name: Zidovudine
Method: Uptake/Binding
Name: Nalidixic acid References: 4, 230
Method: Pharmacological Effect Structure: CC1=CN(C2CC(N=[N+]=[N-
References: 4 )C(CO)O2)C(=0)NC1=0
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Name: Diethylstilbestrol Name: Pyronine; Pyronin Y
Method: Pharmacological Effect Method: Fluorescence Microscopy
References: 4 References: 4,185, 708
CC\C(clcce(O)ecl)=C(/CC)cl CN(C)clcecc2C=C3C=CC(C=
Structure: ccc(O()ccl (O)ecl)=C(/CC) Structure: C3C()c)201):[N+](C)C (
Name: Vacor Name: Nimesulide
Method: Pharmacological Effect Method: Pharmacological Effect
References: 4 References: 4
Structure: O=C(NCclcccncl)Nclceee(cel CS([O-
' )N(=0)=0 Structure: ])(=0)=Nclccc(cclOclcecccl
IN(=0)=0
Name: Methyltriphenylphosphonium
Method: Cell Fractionation TBTP
References: 4, 25, 26 Name: (Thiobutyltriphenylphosphoniu
Structure: C[P+](clcceecel)(clccecel)cl m bromide) _
' cccecl Method: Uptake/Binding
References: 4, 37
Name: Imipramine Structure: SCCCC[P+](clcccecl)(cleccce
Method: Cell Fractionation ) cl)clcccecl
References: 264
Structure: C[NH+](C)CCCN1c2cccec2C Name: Amquinate _
' Cc2cccccl2 Method: Pharmacological Effect
References: 4
Name: Rhein Structure: CCCclcc2C(=0)C(=C|N-
Method: Pharmacological Effect ' Jc2ccIN(CC)CC)C(=0)0C
References: 4
Structure: Oclcccc2C(=0)c3cc(ce(0)e3 Name: Safranin O
' C(=0)c12)C([0-])=0 Method: Pharmacological Effect
References: 4
Name: Diazepam Structure: Cclcc2nc3cc(C)c(N)eec3[n+](-
Method: Pharmacological Effect ' c3cccece3)c2cclN
References: 4,6
Structure- CN1C(=0O)CN=C(c2cccec)c2 Name: C_hlorpromazine
' cc(Cl)cecl2 Method: histo
References: 4,5, 6, 8, 58, 510
Name: Ciprofibrate Structure: C[NH+](C)CCCN1c2cceee2Sc
Method: Pharmacological Effect ' 2ccc(Cl)ecl2
References: 4
CC(C)(Oclccc(ccl)cicca(cl . Dichlorodiphenyldichloroethan
Structure: )CI)(C()[(O-])zo (ce1) ( Name: e (DDD)
Method: Pharmacological Effect
Name: Nitroxinil; Nitroxynil References: 4
Method: Pharmacological Effect Structure: CIC(CIC(clcce(Clyeel)clecce
References: 4 ' cl1Cl
Structure: [O-]clc(l)cc(ccIN(=0)=0)C#N
Name: Lonidamine
Name: Diclofenac Method: Pharmacological Effect
Method: Pharmacological Effect References: 4
References: 4 [O-
[O- Structure: ]C(=0)clnn(Cc2ccc(Cl)cc2Cl)
Structure: JC(=0)CclceeccINelc(Clycce c2cccccl?
cl1Cl
Name: MPCU
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Method:

Uptake/Binding

References: 4, 106 Name: Malachite green
Structure: Cclccce(cel)S([O- Method: Uptake/Binding
' 1)(=0)=NC(=0O)Nclccc(Cl)ccl References: 4,41
Structure: CN(C)clcce(ccl)C(clecceccl)
Name: Tebufenpyrad : =C1C=CC(C=C1)=[N+](C)C
Method: Pharmacological Effect
References: 4,527 Name: Pyridaben
Structure: CCc1nn(C)c(C(=0O)NCc2ccc(c Method: Pharmacological Effect
' c2)C(C)(C)C)c1Cl References: 4
Structure: CC(C)(C)NLIN=CC(SCc2ccc(c
Name: UHDBT ' ¢2)C(C)(C)C)=C(Cl)C1=0
Method: Pharmacological Effect
References: 4 Name: Methylbenzoquate
Structure: CCCccccececececece1=Cc([o- Method: Pharmacological Effect
' ])c2ncsc2C(=0)C1=0 References: 4
_ Structure: CCCCcl1cc2C(=0)C(=C[N-
Name: Tetraphenylphosphonium ' Jc2cc1OCclceccecl)C(=0)0C
Method: Pharmacological Effect
References: 4 D288; 4-(4-
) clccc(ccl)[P+](clceecel)(cle ) (dimethylamino)styryl)-N-
Structure: ccccl§c1c2:[ccc]i X Name: methylpyridiniuzn i)(/)c)ilit)je4-Di-1-
ASP
Name: Pentamidine Method: Fluorescence Microscopy
Method: Pharmacological Effect References: 244
References: 4 Structure: CN(C)clcec(ccl)\C=C\clcc[n
Structure: NC(=[NH2+])c1lccc(OCCCCC +](C)ccl
) Oc2ccc(cc2)C(N)=[NH2+])ccl
Name: Menoctone
Name: D632; dihydrorhodamine 123 Method. Pharmacological Effect
Method: Fluorescence Microscopy References: 4
References: 594, 601 [O-

] COC(=0)clccecc1Clc2cec(N Structure: ]JC1=C(CCCCcCcCccceacecece
Structure: ) 20c2¢c(N)cecl2 C2)C(=0)C(=0)c2cccccl2
Name: Phosphate diethylstilbesterol Name: Cinnarizine
Method: Pharmacological Effect Method: Pharmacological Effect
References: 4 References: 4

_ CC\C(clcce(O)ccl)=C(/CC)cl . C1C[NH+](CCN1C\C=C\clccc
Structure: CCC(o(p([o-])(([())-])z)o)c(cl ) Structure: cc1)C(clcececl)cleceecl
Name: Sulofenur Name: Crystal violet
Method: Pharmacological Effect Method: Uptake/Binding
References: 4 References: 4,41

[O- CN(C)clccece(ccl)C(cleec(ecl)
Structure: ]S(=0)(=NC(=0)Nclcce(Cl)cc | | Structure: N(C)C)=C1C=CC(C=C1)=[N+]

1)clccc2CCCe2cl ()¢
Name: Buguinolate Name: Haloperidol
Method: Pharmacological Effect Method: Pharmacological Effect
References: 4 References: 4,6

CCOC(=0)C1=C|N- Structure: OC1(CC[NH+](CCCC(=0)c2c
Structure: Jc2cc(OCC(C)C)c(OCC(C)C)c cc(F)cc2)CCl)cleec(Clccl

c2C1=0

Name: T639; Tetramethylrosamine
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chlorid

C3=C2c2ccc(CCl)cc2)=[N+](C

Method: Fluorescence Microscopy )C)cl
References: 577
Structure: CN(C)cleec2c(OC3=CC(C=C Name: Ranolazine _
' C3=C2c2ccccc2)=[N+](C)C)cl | | Method: Pharmacological Effect
References: 4
Name: M7511; MitoTracker® Orange COclccececclOC[C@H](O)CN
' CM-H2TMRos Structure: 1CCN(CC1)CC(=0O)Nclc(C)cc
Method: Fluorescence Microscopy cclC
References: 306, 578
Structure: CN(C)clccec2C(c3cec(CClce3 | | Name: MKT-077 .
' )c3cce(cc30c2c1)N(C)C Method: Fluorescence Microscopy
References: 4,190
Name: Tioxaprofen Structure: CCN1C(=0O)\C(S\C1=C/clccc
Method: Pharmacological Effect ' ¢[n+]1CC)=C1\Sc2ccccc2N1C
References: 4
CC(Sclnc(- Name: R14060; RedoxSensor™ Red
Structure: c2ccc(Clyeec2)c(ol)- ) CC-1
clcec(Checl)C([0-])=0 Method: Fluorescence Microscopy
References: 306
Name: Rotenone CN(C)clcecc2C(c3cec(cec30c2
Method: Pharmacological Effect Structure: c1)N(C)C)clc(F)c(F)c(F)c(F)c
References: 4 1F
C0Oc1cc20CC30c4c5CC(0ch
Structure: ccc4C(=0)C3c2cclOC)C(C)= Name: Fluphenazine
C Method: Pharmacological Effect
References: 4,58
Name: Hexachlorophene OCCN1CC[NH+](CCCN2c3cc
Method: Pharmacological Effect Structure: ccec3Sc3ccee(cec23)C(F)(F)F)C
References: 4 C1
[O-
Structure: Jelc(Clce(Clhe(Cl)clCcle([O- Name: Rhodamine 6G
])c(Cl)ce(ClhciCl Method: Fluorescence Microscopy
References: 4,76
Name: Perfluorooctanoic acid CCNc1cc20C3=C\C(=N\CC)\
Method: Pharmacological Effect Structure: C(C)=CC3=C(c2cclC)clcccc
References: 4 c1C(=0)OCC
[O-
Structure: ]C(=0)C(F)(F)C(F)(F)C(F)(F) Name: D633,; Dihydrorhpdamine 6G
: C(F)(F)C(F)(F)C(F)(F)C(F)(F) Method: Fluorescence Microscopy
F References: 601, 710
CCNclcc20c3cc(NCC)e(C)ee
Name: Decoquinate Structure: 3C(c2cc1C)clcececclC(=0)0
Method: Pharmacological Effect CC
References: 4
CCCCCcccccCOclcc2C(=0) Name: Cyhalothrine; Cyhalothrin
Structure: C(=CIN- Method: Pharmacological Effect
Jc2cc1OCC)C(=0)0OCC References: 4
CCl(C)C(\C=C(/C)C(F)(F)F)
M7510; MitoTracker® Orange Structure: C1C(=0)OC(C#N)clccee(Oc2
Name: CMTMRos; ccecec2)cl
Tetramethylrosamine
Method: Fluorescence Microscopy N ) P243; 1-pyrenehexadecanoic
ame: .
References: 579 acid
Structure: CN(C)clccec2c(0C3=CC(C=C Method: Fluorescence Microscopy
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References: 672 [N+](C)C
[O-
Structure: ]JC(=0)CCCCcCccceeeecececece L6868; Bis-N-
Cclccc2ccec3ccccdeccle2c3d Name: methylacridinium nitrate;
Lucigenin
Name: Dequalinium Method: Uptake/Binding
Method: Fluorescence Microscopy References: 580
References: 4,27 C[n+]1lc2cccec2ce(-
Cclcc(N)c2cceec2[n+]1CCCC Structure: c2c3ccccc3[n+](C)c3cecec23)
Structure: CCCCCC[n+]1lc(C)ce(N)c2cce c2cccccl2
ccl2
Name: Janus green B
Name: Betulinic acid Method: Cell Fractionation
Method: Pharmacological Effect References: 712
References: 4 CCN(CC)clcece2nc3ccec(cc3[n
CC(=C)c1cceez(cees(e)c( Structure: +](-
Structure: CCcC4cC5(C)ccec(o)c(ec)e)e ' c3cccce3)c2c1)\N=N\clccc(cc
5CCC34C)C12)C([0-])=0 1)N(C)C
Name: Victoria blue Name: Perfluorodecanoic acid
Method: Pharmacological Effect Method: Pharmacological Effect
References: 4 References: 4
CN(C)clccce(cel)C(clecec(cel) [O-
Structure: N(C)C)=C1C=C/C(=N/c2ccccc Structure: ]IC(=0O)C(F)(F)C(F)(F)C(F)(F)
2)c2cccecl?2 ' C(F)(F)C(F)(F)C(F)(F)C(F)(F)
C(R(F)C(R)(RF
Name: Rhodamine B
Method: Fluorescence Microscopy T669; Tetramethylrhodamine,
References: 677,711 Name: ethyl ester, perchlorate;
CCN(CC)clccec2c(0OC3=CC(C TMRE
Structure: =CC3=C2c2ccccc2C([O- Method: Fluorescence Microscopy
1)=0)=[N+](CC)CC)c1 References: 463
CCOC(=0)clccececlCl=C2C=
Name: Myxothiazol Structure: CC(C=C20c2cc(cccl2)N(C)C
Method: Pharmacological Effect )=[N+](C)C
References: 4
COC(\C=C\clcsc(nl)- Name: M7512; MitoTracker® Red
Structure: clcsc(n1)C(C)\C=C\C=C\C(C) ' CMXRos
C)C(C)C(\OC)=C/C(N)=0 Method: Fluorescence Microscopy
References: 50, 582
Name: M7513; MitoTracker® Red ClICclccec(ccl)C1=C2C=C3C
' CM-H2XRos Structure: CC[N+]4=C3C(CCC4)=C20c2
Method: Fluorescence Microscopy c3CCCN4CCCc(ccl12)c34
References: 50
ClICclcce(ce1)Clc2cc3CCCN Name: M22426; MitoTracker® Deep
Structure: 4CCCc(c20c2¢1cc1CCCN5C ' Red 633
CCc2c15)c34 Method: Fluorescence Microscopy
References: 607
T668; Tetramethylrhodamine, C[N+]1=C(/C=C\C=C\C=C2/N
Name: methyl ester, perchlorate; Structure: (Cc3ccee(CCl)ee3)c3ccecc3C2
TMRM (C)C)C(C)(C)c2cceecl2
Method: Fluorescence Microscopy
References: 463 Name: Protoporphyrin IX
Structure: COC(=0)clceecc1C1=C2C=C Method: Uptake/Binding
. C(C=C20c2cc(cecc12)N(C)C)= References: 4,118
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Cclc(CCC([O-
1)=0)c2cc3nc(cc4[nH]c(cc5[n

=C([C@@H](C(=0)0C)[C@
@]31C)C(=0)0C

Structure: e ce1n2)e(C)e5C=C)c(C)ca
C=C)c(C)c3CCC(O-])=0 Name: Ditercalinium
Method: Pharmacological Effect
Name: Xanthomegnin References: 4
Method: Pharmacological Effect COclccc2[nH]c3ccc4cec[n+](C
References: 4 Structure: CN5CCC(CC5)C5CCN(CCb)
COC1=C(C(=0)c2c(0)c3C(= ' CC[n+]5ccc6ecc7[nH]c8cec(O
Structure: 0)OC(C)Cc3cc2C1=0)C1=C( C)cc8c7c6e5)ccdce3c2cl
' OC)C(=0)c2cc3CC(C)OC(=0
)c3c(0)c2C1=0 . M22425; MitoTracker® Red
Name: 580
Name: Bromophenophos Method: Fluorescence Microscopy
Method: Pharmacological Effect References: 576
References: 4 CN1c2cceec2C(C)(C)\C1=C/C
Oclcc(Br)cc(Br)cl- Structure: =C/C=C/c1n(Cc2ccc(CCl)cc2)
Structure: clc(Br)cc(Br)cclOP([O-])([O- ' c2cc(Cl)e(Clce2[n+]1Cclcec(
])=0 CCl)ccl
D378; 3,3- Name: Rhodopinal glucoside; RPA
Name: diheptyloxacarbocyanine Method: Pharmacological Effect
iodide; DIOC7(3) References: 4
Method: Fluorescence Microscopy C\C(C)=C\C=C\C(C)=C\C=C\
References: 582 C(C)=C\C=C\C(CO)=C\C=C\C
CCCCCCCN21\C(Oc2cccecl?) Structure: =C(C)\C=C\C=C(C)\C=C\C=C
Structure: =C\C=C\cloc2ccccc2[n+]1CC (/C)CCCC(C)(C)oCc10Cc(CO)
CCCcCC C(0)Cc(0)Cc10
T3168; 5,5',6,6'-tetrachloro- Name: Rhod-2
1,1,3,3- Method: Pharmacological Effect
Name: tetraethylbenzimidazolylcarbo References: 4
cyanine iodide; JC-1; CN(C)clceec2c(Oc3cc(cce3C2
CBIC2(3) =C2C=CC(C(0OCCOc3cc(C)ce
Method: Fluorescence Microscopy Structure: c3N(CC([O-])=0)CC([O-
References: 52 1)=0)=C2)=[N+](CC([O-
CCN1C(=C\C=C\c2n(CC)c3cc ])=0)CC(]O-])=0)N(C)C)cl
Structure: (Che(Chee3[n+]2CC)N(CC)c2
cc(Che(Clhecl2 Name: Rhodamine 123
Method: Fluorescence Microscopy
Name: M7514; MitoTracker® Green References: 4
' FM COC(=0)clcceecc1C1=C2C=C
Method: Fluorescence Microscopy Structure: C(=[NH2+])C=C20c2cc(N)ccc
References: 154 12
CNI1\C(Oc2cccccl2)=C/C=C/c
Structure: 1n(Cc2ccc(CCl)cec2)c2ec(Clyc( Name: Methylene Blue
Cl)cc2[n+]1Cclccc(CCl)ccl Method: Pharmacological Effect
References: 12
Name: Verteporfin _ CN(C)clceec2ne3cce(ce3[s+c
Method: Pharmacological Effect Structure: 2c1)N(C)C
References: 4
COC(=0)CCclc(C)c2cc3nc(c Name: Nefazodone
Structure: c4[nH]c(cc5nc(ccl[nH]2)c(CC Method: Pharmacological Effect
' C([O- References: 14
1)=0)c5C)c(C=C)c4C)C1=CC Structure: CCC1=NN(CCCN2CCN(CC2)
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c2cccc(Cl)c2)C(=0)N1CCOc1

CC(NC(=0)CCCCCCCCCCC

cccecl Structure: CCCC[n+]1lcccecl)C(O)clcecce
ccl
Name: IBTP; 4-iodobutyl-
' tri(phenyl)phosphanium iodide Name: LCL85
Method: Cell Fractionation Method: Pharmacological Effect
References: 25 References: 13
Structure: ICCCCJ[P+](clcccecl)(clcecc OCC(NC(=0)Ccccececececececce
' cl)clcccecl Structure: CCCCC[n+]1lcceecl)C(0O)clcce
c(ccl)N(=0)=0
Name: IDTP
Method: Cell Fractionation Name: la
References: 26 Method: Fluorescence Microscopy
Structure: ICCCCCCCCCC[P+](clccecc References: 19
' 1)(clcccecl)clcecececl CN1\C(Sc2ccceecl2)=C\clccln
+](CCCCCC(=0O)NC(CC2CcCC
Name: DecylTPP CC2)C(=O)NC(CCC\[NH+]=C(
Method: Cell Fractionation \N)N)C(=O)NC(CC2CCCCC2)
References: 26 Structure: C(=O)NC(CCCC[NH3+])C(=0
Struchure: CCCCCCCCCC[P+](clcceccl JNC(CC2CCCCC2)C(=0O)NC(
' )(clceeeed)clceceecl CCC\[NH+]=C(\N)N)C(=O)NC
(CC2CCCCC2)C(=0)NCc(cce
MitoQ; [10-(4,5-dimethoxy-2- C[NH3+])C(N)=0)c2cccecl2
methyl-3,6-dioxo-1,4-
Name: cyclohexadien-1- Name: 1b
yl)decyl]triphenylphosphonium Method: Fluorescence Microscopy
bromide; Mitoquinone References: 19
Method: Cell Fractionation CN1\C(Sc2ccceecl2)=C\clcecln
References: 25, 26 +](CCCCCC(=0O)NC(Cc2ccce
COC1=C(0OC)C(=0)C(CCCC c2)C(=O)NC(CCC\[NH+]=C(\
Structure: CCCCCCIP+](c2cccec2)(c2ce N)N)C(=O)NC(Cc2ccccec2)C(=
ccc2)c2cccec2)=C(C)C1=0 Structure: O)NC(CCCC[NH3+]))C(=O)NC
(Cc2cceec2)C(=0O)NC(CCC\N
MitoVit E; [2-(3,4-dihydro-6- H+]=C(\N)N)C(=O)NC(Cc2ccc
hydroxy-2,5,7,8-tetramethyl- cc2)C(=0O)NC(CCCC[NH3+])C
Name: 2H-1-benzopyran-2- (N)=0)c2cceccl?
ylethyl]triphenylphosphonium
bromide Name: 2a
Method: Cell Fractionation Method: Fluorescence Microscopy
References: 25, 26 References: 19
Cc1c(C)c20C(C)(CCc2¢(C)cl CN21\C(Sc2ccceecl2)=C\clccln
Structure: 0O)CC[P+](clcceccl)(cleceee +](CCCCCC(=O)NC(CC2CCC
1)clcceccl Structure: CC2)C(=0)NC(CCC\[NH+]=C(
\N)N)C(=O)NC(CC2CCCCC2)
Name: Chlortetracycline C(=0)NC(CCCCI[NH3+])C(N)
Method: Fluorescence Microscopy =0)c2cccccl2
References: 127
CINH+](C)C1C2CC3C(C(=0) | | Name: 2b _
_ C2(0)C(=O)\C(=C(/N)[O- Method: Fluorescence Microscopy
Structure: ])C1=0)=C([O- References: 19, 251
)c1c(O)cee(Clc1C3(C)O CN21\C(Sc2ccceecl2)=C\clcecln
+](CCCCCC(=O)NC(Cc2cccc
Name: LCL120 Structure: €c2)C(=O)NC(CCC\[NH+]=C(
Method: Pharmacological Effect N)N)C(=O)NC(Cc2ccccc2)C(=

References:

13

O)NC(CCCC[NH3+])C(N)=0)




c2cceecl?2 COclc(O)c(C)c(Cceeeecee
Structure: CC[P+](c2cccec2)(c2cceec2)c
Name: 2c 2cccec2)c(0)c10C
Method: Fluorescence Microscopy
References: 19 Name: F16
CN1\C(Sc2ccecc12)=C\clccln Method: Fluorescence Microscopy
+](CCCCCC(=O)NC(Cc2cccc References: 29
. c2)C(=O)NC(CCC\[NH+]=C(\ . C[n+]1lccc(ccl)\C=C\cic[nH]c
Structure:— \\N)C(=0)NC(CC2cccece?) | | Strueture:  oeecect2
C(=O)NC(CCCC[NH3+])C(N)
=0)c2cccecl? Name: Ethyl Violet; EV+
Method: Uptake/Binding
Name: 2d References: 41
Method: Fluorescence Microscopy CCN(CC)clcce(cel)C(cleec(c
References: 19 Structure: c1)N(CC)CC)=C1C=CC(C=C1
CN1\C(Sc2ccceecl2)=C\clccln )=[N+](CC)CC
+](CCCCCC(=O)NC(Cc2cccc
Structure: c2)C(=O)NC(CCC\[NH+]=C( Name: Victoria Blue R; VBR+
: N)N)C(=O)NC(C(c2ccccc2)c2 Method: Uptake/Binding
cceec2)C(=O)NC(CCCCINH3 References: 41
+]))C(N)=0)c2cccccl2 CCN(CC)clcee(C(c2cec(cc?)
Structure: N(C)C)=C2C=CC(C=C2)=[N+]
Name: 2e (C)C)c2ceeecl2
Method: Fluorescence Microscopy
References: 19 Name: Victoria Blue B; VBB+
CN1\C(Sc2cceecl2)=Clclccln Method: Uptake/Binding
+](CCCCCC(=0O)NC(Cc2cccc References: 41
Structure:  C2)C(FOINC(CCCAINH+]=C(\ CN(C)clece(ccl)C(=C1C=CC
N)N)C(=O)NC(Cc2cccc3cecece | | Structure: (C=C1)=[N+](C)C)clccc(Nc2c
23)C(=0)NC(CCCC[NH3+])C( ccce2)c2ccececl2
N)=0)c2cccecl?
. Victoria Pure Blue BO;
Name: 2f Name: VPBBO+
Method: Fluorescence Microscopy Method: Uptake/Binding
References: 19 References: 41
CCCCCCC(NC(=0O)C(CCC\N CCNclcec(C(c2cec(cc2)N(CC
H+]=C(\N)N)NC(=O)C(Cclccc | | Structure: )CC)=C2C=CC(C=C2)=[N+](C
Structure: cc1)NC(=0)CCCCC[n+]1ccc(\ C)CC)c2cccecl?
' C=C2/Sc3cccecc3N2C)c2cceccce
12)C(=0)NC(CCCC[NH3+])C( MitoPeroxidase; 2-[4-(4-
N)=0O Name: triphenylphosphoniobutoxy)ph
ame: .
enyl]-1,2-benzisoselenazol)-
Name: 29 3(2H)-one iodide
Method: Fluorescence Microscopy Method: Uptake/Binding
References: 19 References: 38
COcleccc(CC(NC(=0)C(CCC\ O=C1N([Se]c2cccec12)clece(
NH+]=C(\N)N)NC(=0)C(Cc2c | | Structure: OCCCC[P+](c2cccec2)(c2cce
Structure: cccc2)NC(=0)CCCCCln+]2cc cc2)c2cecec2)ccl
' c(\C=C3/Sc4cccccaN3C)c3ce
ccc23)C(=O)NC(CCCCINH3+] | [ Name: Ebselen
)C([O-])=0)ccl Method: Uptake/Binding
i References: 38
Name: MitoQH2 _ O=C1N([Se]c2cccecl2)clecee
Method: Cell Fractionation Structure: ol
References: 26




HMP 1c; 3,3-[w, w’-
alkanediylbis(oxy)[2-

References:

72

CN(C)clccc2cec3cec(ce3[n+](

Name: (hydroxylimino)methyl]-1- Structure: o~y 5¢1)N(C)C
methylpyridinium
Method: Uptake/Binding NAO; 3,6-Bis(dimethylamino)-
References: 47 Name: 10—_nc_>nylacridinium bromide;
Structure: C[n+]1ccecc(OCCCCOc2cccin ' aCI‘IdI.I’]e orange 10-nonyl
' +](C)c2\C=N\[O-])c1\C=N\[O-] bromide
Method: Fluorescence Microscopy
HMP 1d; 3,3’-[w, w’- References: 72
. alkanediylbis(oxy)[2- . CCCCCCCCC[n+]1c2cc(ccc2
Name: (hydroxylimino)methyl]-1- Structure: o cec(ce12)N(C)CIN(C)C
methylpyridinium
Method: Uptake/Binding Name: Oxytetracycline; Terramycin
References: 47 Method: histo
C[n+]1ccec(OCCCCCOc2ccec| References: 74
Structure: n+](C)c2\C=N\[O-])c1\C=N\[O- C[NH+](C)C1C2C(0O)C3C(C(=
] ) 0)C2(0)C(=0)\C(=C(/N)[O-
Structure: 1)C1=0)=C([O-
HMP 1e; 3,3’ -[w, w’- ])clc(O)cecccl1C3(C)0
Name: alkanediylbis(oxy)[2-
' (hydroxylimino)methyl]-1- Name: Rhodamine 3B; R3B
methylpyridinium Method: Fluorescence Microscopy
Method: Uptake/Binding References: 76
References: 47 CCOC(=0O)clccecclCl=C2C=
C[n+]1cccc(OCCCCCCOc2cc Structure: CC(C=C20c2cc(cccl2)N(CC)
Structure: c[n+](C)c2\C=N\[O- CC)=[N+](CC)CC
1)cI\C=N\[O-]
Name: DIOC2(3)
Name: MPP+; 1-methyl-4- Method: Fluorescence Microscopy
phenylpyridinium References: 76
Method: Uptake/Binding st , CCN1\C(Oc2cceec12)=C\C=C
References: 49 ructure: \cloc2ccceec2[n+]1CC
Structure: clccc(ccl)-cleenecl
APMC
Name: Rhodamine 110; Rh 110 Name: (azopentylmethylindocarbocya
Method: Fluorescence Microscopy nine)
References: 64 Method: Fluorescence Microscopy
Nclccc2c(OC3=CC(=[NH2+]) References: 77
Structure; C=CC3=C2c2ccccc2C([O- CN1c2ccccc2C(C)(C)\C1=C/C
1)=0)cl Structure: =C/C1=[N+](CCCC2(C)N=N2)
c2cccec2Cl(C)C
HAO; 3,6-Bis(dimethylamino)-
Name: 10-hexylacridinium; acridine Name: PhoCy
orange 10-hexyl bromide Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 78
References: 72 CN1c2ccc(CNc3cec(cc3N(=0)
Structure: CCCCCCIn+]1c2cc(cecec2ec2e =O)N=[N+]=[N-
' cc(ccl2)N(C)C)N(C)C Structure: ])cc2C(C)(C)\C1=C\C=C\C17[
N+](C)c2ccc(CNc3cec(cc3N(=
MAO; 3,6-Bis(dimethylamino)- 0)=0)N=[N+]=[N-]cc2C1(C)C
Name: 10-methylacridinium lodide;
' acridine orange 10-methyl mTHPC (meso-
iodide Name: tetrahydroxyphenylchlorin);
Method: Fluorescence Microscopy Foscan; Temoporfin
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Method: Fluorescence Microscopy References: 130
References: 83 CCC1(0)C(=0)0CcC2=C1C=
Oclccece(cl)-c1c2CCce(n2)c(- Structure: C1N(Cc3ccac(CINH+]|(C)C)c(
Structure: c2cccc(O)c2)c2cec([nH]2)c(- 0O)ccc4ncl3)C2=0
' c2cccce(O)c2)c2cec(n2)c(-
c2cccc(0)c2)c2cecl[nH]2 N ) Demethylchlortetracycline;
ame: ;
Demeclocycline
Name: Photofrin Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 127
References: 95 C[NH+](C)C1C2CC3C(0O)c4ac(
CCclc(C)c2cce3nc(ccdnc(ceh| Structure: Cl)cce(O)cacC([O-
Structure: nH]c(cc1[nH]2)c(C)c5C(C)O)c ' ])=C3C(=0)C2(0O)C(=0)\C(=C
' (C)c4CCC([O-])=0O)c(CCC([O- (/N)[O-DC1=0
1)=0)c3C
Name: Porphyrin Derivative 4
Name: Aminolevulinic Acid Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 132
References: 95 CCclc(C)c2nclcecl[nH]c(cc3n
Structure: [NH3+]CC(=0)CCC([O-])=0 c(cc4[nH]c(c(C)c4CC)c2-
Structure: c2cc(OCc4cc(ce(cd)C(F)(F)F)
Name: CPO ' C(F)(F)F)cc(OCc4cc(ce(cd)C(
Method: Fluorescence Microscopy F)(F)F)C(F)(F)F)c2)c(C)c3CC
References: 99 C(=0)0OC)c(CCC(=0)OC)c1C
CC(CCO)CC(O)N(O)CCCC(N
C(C)=0)C(=0)OCC\C=C\C(O) Name: Chlorin 30
Structure: N(O)\C=C\CC1INC(=O)C(NC1 Method: Fluorescence Microscopy
=0)\C=C\CN(O)C(O)CC(C)C References: 132
CO CCclc(C)c2[nH]clceclnc(cc3
nH]c(cc4nc(c2-
Name: Mesochlorin; Mce6 c2cc(OCc5cc(ce(ch5)C(F)(F)F)
Method: Fluorescence Microscopy Structure: C(F)(F)F)cc(OCc5ece(ce(c5)C(
References: 100 F)(F)F)C(F)(F)F)c2)C(C)(O)C
CCc1c(C)c2cc3[nH]c(ccanc(c( 4(0)CC)c(C)c3CCC(=0)OC)c
ccc([o- (CCC(=0)0C)c1C
Structure: 1)=0)c4C)c(CC(=O)NCC[NH3
+])c4[nH]c(cc1n2)c(C)c4C([O- Name: Bacteriochlorin 31
])=0)c(C)c3CC Method: Fluorescence Microscopy
References: 132
Name: EDKC; N,N'-bis(2-ethyl-1,3- CCclc(C)c2[nH]clceclnc(ce3[
' dioxolane)kryptocyanine nH]c(cc4nc(c2-
Method: Fluorescence Microscopy c2cc(OCc5cc(ce(c5)C(F)(F)F)
References: 109 Structure: C(F)(F)F)cc(OCc5hcc(ce(c5)C(
C1COC(CCN2C=C/C(=C/C=C F)(F)F)C(F)(F)F)c2)C(C)(O)C
Structure: /c3cc[n+](CCC40CCO4)cacce 4(0)CC)c(C)c3CCL(=0)0C)C
cc34)c3ccecc23)01 (O)(CCC(=0)OC)C1(C)O
_ MBMG; Methylglyoxal- Name: 6-Aminoquinoline Derivative 2
Name: bis(guanylhydrazone)] Method: Fluorescence Microscopy
Method: Pharmacological Effect References: 137
References: 126 Cclc(N2CCc3ccecc3C2)c(N)e
_ CC(\C=N\N=C(N)N)=N/N=C(N | | Structure: c2C(=0)C(=CN(C3CC3)c12)C
Structure: N ([0-])=0
Name: Topotecan Name: 6-Aminoquinoline Derivative 3
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
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References:

137

CN1C=C(C([O-

0O)c(c(C)ccl2)-
c1c(C)cc2¢(C(C)C)e(O)e(O)ce(

Structure: 1)=0)C(=0)c2cc(N)c(cc12)N1 C=0)c2c10
CCN(CC1)clcceenl
Name: Mahanine
DADP-a; 5,10-di[4-(N- Method: Pharmacological Effect
Name: trimethylaminophenyl)-15,20- References: 192
diphenylporphyrin Structure: C\C(C)=C\CCC1(C)Oc2ccc3c
Method: Fluorescence Microscopy ' 4ccc(O)ccd[nH]c3c2C=C1
References: 138
C[N+](C)(C)clcce(ccl)- Name: Bacteriopurpurinimide
clc2cee(n2)c(- ' Derivative 8
Structure: c2ccc(cc2)[N+](C)(C)C)c2cece( Method: Fluorescence Microscopy
' [NH]2)c(- References: 212
c2cccce2)c2ecc(n2)c(- CCCCCCN1C(=0)C2=C(C)\C
c2ccccc2)c2cecl[nH]2 3=C\C4=N\C(=C/C5[NH2+]C(\
Structure: C=C6/N=C(C(CCC(=0)0ocCccC
Name: 99mTc-sestamibi )C6C)C(C1=0)=C2N3)C(C)=
Method: Cell Fractionation C5C(C)OCCC)Cc(C)c4cC
References: 144
Structure: COC(C)(C)C[N+#C Name: Bacteriopurpurinimide
' Derivative 9
Name: Fura-2 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 212
References: 168 CCCCCCccoc(ec)c1=co)c?|
Cclccc(N(CC([O-])=0O)CC([O- NH2+]C1\C=C1/N=C(/C=C3N
. =0)c(OCCOc2cc3cc(oc3cc2 . C4=C(C(=O)N(Ccccceo)C(=
Structure: Rl(Cé(EO-]):O)CC([O-]():O)- SUUCtUre:  5)c4=C\3C)C3=N/C(=C\2)C(
c2ncc(02)C([0-])=0)cl C)C3CCC(=0)0occe)c(ce)e
1C
Name: Pancratistatin
Method: Pharmacological Effect Name: Bac_terippurpurinimide
References: 169 ' Derivative 10
Structure: OC1C(0)C(0)C2C(NC(=0)c3 Method: Fluorescence Microscopy
' ¢(0)c40C0c4cc23)C10 References: 212
CCcCccceceececcecoc(e)yer=c(
Name: Anthralin C)C2[NH2+]C1\C=C1/N=C(/C
Method: Fluorescence Microscopy Structure: =C3NC4=C(C(=0O)N(CccccC
References: 178 C)C(=0)C4=C\3C)C3=N/C(=C
Structure: Oclcccec2Ce3ccec(0)c3C(=0) \2)C(C)C3CCC(=0)0CCC)C(
: cl12 CC)C1C
Name: Paclitaxel Name: XF 70
Method: Pharmacological Effect Method: Fluorescence Microscopy
References: 188 References: 215
CC(=0)OC1C(=0)C2(C)C(0) C[N+](C)(C)CCCOclcece(cl)-
CC30CC3(0C(C)=0)C2C(OC | | syrycture:  cie2cee(ce3cec([nHI3)e(-
Structure: (=0)c2cccec2)C2(0)CC(OC(= c3cccc(OCCCIN+](C)(C)C)e3)
0)C(O)C(NC(=0)c3cccce3)e3 c3ccc(cedeccl[nH]4)n3)n2
cccec3)C(C)=C1C2(C)C
Name: XF 73
Name: Gossypol Method: Fluorescence Microscopy
Method: Pharmacological Effect References: 215
References: 189 Structure: C[N+](C)(C)CCCOclcce(ccl)-
Structure: CC(C)c1c(0)c(O)c(C=0)c2c( clc2ccc(ce3cee([nH]3)c(-



http://badd.wikispaces.com/Pc4+%28Mitochondria%29

c3ccc(OCCCIN+](C)(C)C)cc3) References: 205
c3ccc(ccdceccl[nH]4)n3)n2 CC[n+]1lc(-
_ _ Structure: c2ccccec2)c2cec(cec2ec2ecc(N)e
Name: Silicon (IV) Phthalocyanine; ' c12)\N=N\Nclcccc(cl)C(N)=[
' SIPc[C3H5(NMe2)20](OMe) NH2+]
Method: Fluorescence Microscopy
References: 217, 427 5(6)Carboxyfluorescein-
CO[Si]1(OC(CN(C)C)CINH+]( Name: Containing Tetragunidinium
Structure: C)C)n2c3ccdnc(ccbnlc(cclne Vector .
' (cc2c2cccec3d2)c2ceccecl2)cle Method: Fluorescence Microscopy
ccecb1)cleccec4l References: 33
CCCC[Sij(0CC1CCN2ccc(C
Name: SS-02; Dmt-D-Arg-Phe-Lys- SCC3CCN4CCC(CSCC5CCN
] NH2; (Dmt!)-DALDA 6CCC(CSCC7CCN8CCC(CS
Method: Fluorescence Microscopy CCNC(=0)c9ccc%10C(=0)0
References: 31, 156 Structure: C%11(c%12ccc(0)cc%120c
Cclcc(O)cc(C)cICC(INH3+]) %12cc(O)ccc%11%12)c%10c
Structure: C(=O)NC(CCCNC(N)=[NH2+] 9)NC8=[NH+]7)NC6=[NH+]5)
' )C(=0O)NC(Cclcceecl)C(=O)N NC4=[NH+]3)NC2=[NH+]1)(c1
C(CCCCINH3+]))C(N)=0 cccccl)cleccecl
SS-19; Dmt-D-Arg-Phe- Name: Pyropheophorbide-a
Name: atnDap-NH2; (Dmt,atnDap*)- ' Derivative 5
DALDA Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 92
References: 31, 156 CCCCCOC(C)C1=C(C)/Cc2=C
Cclcc(O)ec(C)c1CC([NH3+]) /C3=N/C(C(CCC(JO-
C(=O)NC(CCCNC(N)=[NH2+] Structure: ])=0)C3C)=C3CC(=0)C4=C/3
Structure: )C(=0O)NC(Cclccceccl)C(=0O)N NC(/C=C3\N=C(\C=C\1N2)C(
C(C(N)C(=0)clceccccIN)C(N) C)=C\3CC)=C4C
=0
Name: Pyrgphgophorbide—a
Name: SS-31; D-Arg-Dmt-Lys-Phe- Derivative 6
' NH2 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 92
References: 31 CCCCCcCocC(C)c1=C(C)/Cc2=
Cclcc(O)ec(C)clCC(NC(=0) C/C3=N/C(C(CCC(]O-
Structure: C([NH3+])CCCNC(N)=[NH2+] Structure: ])=0)C3C)=C3CC(=0)C4=C/3
: )C(=O)NC(CCCCINH3+])C(= NC(/C=C3\N=C(\C=C\1N2)C(
O)NC(Cclcceccl)C(N)=0 C)=C\3CC)=C4C
MitoDC-81; [4-((11aS)-7- LY 219703; N-(4-
methoxy-1,2,3,11a-tetrahydro- Name: azidophenylsulfonyl)-N'-(4-
Name: 5H-pyrrolo[2,1- chlorophe_nyl)u_rea
' c][1,4]benzodiazepin-5-on-8- Method: Cell Fractionation
oxy)butyl] References: 533
triphenylphosphonium iodide [O-
Method: Fluorescence Microscopy Structure: ]S(=0)(=NC(=0O)Nclccc(Cl)cc
References: 39 1)clcec(ccl)N=[N+]=[N-]
COclcc2C(=0O)N3CCCC3C=
Structure: Nc2cc1OCCCC[P+](clcceecl Name: LCL-30
)(clcccccl)clececcl Method: Pharmacological Effect
References: 206
Name: Isometamidium Structure: CCcCccceececeececececce(=o0
Method: Cell Fractionation ' JNC(CO)C(O)\C=C\CCCCCC
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CCCCCCC clc2cce(n2)c(-
c2cc[n+](CCCCCCCCCC)cc2)
Name: Bacteriochlorin Derivative 16 c2ccc([nH]2)c(-
Method: Fluorescence Microscopy c2cc[n+](CCCCCCCCCC)cc2)
References: 532 c2cce(n2)c(-
CCc1c(C)c2ce3nc(C(CCC(=0 c2cc[n+](CCCCCCCCCC)cc?)
YOC)C3C)c3CC(=0)c4c(C)c(c c2cccl[nH]2
Structure: c5nc(ccl[nH]2)C1(C)C(C(=0)
OC)C(=CC=C51)C(=0)0C)[n Name: Pyridoxal 5'-Phosphate
H]c34 Method: Uptake/Binding
References: 243
Name: Bacteriochlorin Derivative 17 Structure: Cclncc(COP([O-])([O-
Method: Fluorescence Microscopy ' ])=0)c(C=0)c10
References: 532
CCclc(C)c2ce3ne(C(CCC(=0 DASPMI;
YOC)C3C)c(CC(=0)0C)c3[nH] Name: Dimethylaminostyrylmethylpyri
Structure: c(cecanc(ccl[nH]2)C1(C)C(C(= dinium lodine
0)OC)C(=CC=C41)C(=0)0C) Method: Fluorescence Microscopy
c(C)c3C(=0)0C References: 244
Structure: CN(C)clcee(ccl)\C=C\clcecc|
Name: Bacteriochlorin Derivative 18 ' n+]1C
Method: Fluorescence Microscopy
References: 532 Name: Tetramethylethidium Bromide
CCclc(C)c2ce3nc(C(CCC(=0 Method: Uptake/Binding
)JOC)C3C)c(C(=0)OC)c3[nH]c References: 246
Structure: (cc4nc(ccl[nH]2)CL(C)C(C(= CC[n+]1c(-
0)0OC)C(=CC=C41)C(=0)0C) Structure: c2ccccc2)c2cc(N)ecc2e2¢(C)e
c(C)c3C(=0)0C (C)e(ccl2)N(C)C
Name: Bacteriochlorin Derivative 19 Name: Betaine B
Method: Fluorescence Microscopy Method: Uptake/Binding
References: 532 References: 246
CCCCCCN1C(=0O)c2c3nc(cca CCOI[n+]1c(-
[nH]c(cc5nc(cec6[nH]c2¢c(C1=0 Structure: c2cccec2)c2cec(N)ecc2c2ecc(
Structure: )c6C)C1=CC=C(C(C(=0)0C) O)ccl2
C51C)C(=0)0OC)c(CC)c4C)[C
@@H](C)C3CCC(=0)0C PTP1; 2-amino-5H-
Name: pyrido[3',2;5,6]thiopyrano[4,3-
Name: Bacteriochlorin Derivative 20 d]pyrimidine
Method: Fluorescence Microscopy Method: Pharmacological Effect
References: 532 References: 250
CCcl1c(C)c2cc3nc(C(CCC(=0 Structure: Nclncc2CSc3ncccec3-c2nl
)OC)C3C)c3C(=0)N(Cc4cc(cc
Structure: (c4)C(F)(F)F)C(F)(F)F)C(=0)c Name: Cyanine Dye Conjugate 4b
' 4¢(C)c(ccbne(ccl[nH]2)C1(C) Method: Fluorescence Microscopy
C(C(=0)OC)C(=CC=C51)C(= References: 251
0)OC)[nH]c34 Structure: COC(=0)CCCCC[n+]1cce(ccl
FUCIUIE- yc=c1\Sc2ccecc2Nic
POR10; 5,10,15,20-tetrakis(1-
Name: decylpyridinium-4-yl)- Name: Cyanine Dye Conjugate 6b
21H.23H-porphyrin Method: Fluorescence Microscopy
tetrabromide References: 251
Method: Pharmacological Effect _ COC(=0)CCCCC[n+]1cce(cel
References: 231 Structure: v\ c/c=C1\Sc2ceccc2NIC
Structure: CCCcCcCcCcCcCCCIn+]1ccc(ccl)-

230
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Name: Cyanine Dye Conjugate 7b lodobenzylguanidine)
Method: Fluorescence Microscopy Method: Pharmacological Effect
References: 251 References: 262
COC(=0)CccCcCC[n+]1lccc(\C= | | Structure: NC(=[NH2+])NCclcccc(l)cl
Structure: C/C=C2\Sc3ccccec3N2C)c2cce
ccl2 Name: Metoclopramide
Method: Cell Fractionation
Name: Cyanine Dye Conjugate 4c References: 264
Method: Fluorescence Microscopy Structure: CCI[NH+](CC)CCNC(=0O)clcc(
References: 251 ' Cl)c(N)cc10C
CN1\C(Sc2ccceecl2)=C/clcc[n
+](CCCCCC(=0)NC(Cc2cccc Name: HIPDM
Structure: c2)C(=O)NC(CCCNC(N)=[NH Method: Cell Fractionation
2+])C(=0O)NC(Cc2ccccc2)C(= References: 265
O)NC(CCCCI[NH3+])C(N)=0) _ CN(CCC[NH+](C)C)Cclcc(l)c
ccl Structure: ¢(C)e10
Name: Cyanine Dye Conjugate 6¢ Name: Ditercalinium
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 251 References: 266
CN1c2ccece2S\C1=C/C=C\c1 COclcec2[nH]c3ccc4cc[n+](C
cc[n+](CCCCCC(=0O)NC(Cc2c CC[NH+]5CCC(CC5)C5CC[N
Structure: ccce2)C(=0)NC(CCCNC(N)=[ | | Structure: H+](CCC[n+]6ccc7cce8[nH]c9
NH2+])C(=O)NC(Cc2cccec?) ccc(OC)cc9c8c7¢6)CC5)ccac
C(=O)NC(CCCC[NH3+])C(N) 3c2cl
=0)ccl
Name: Genistein
Name: Cyanine Dye Conjugate 7c Method: Pharmacological Effect
Method: Fluorescence Microscopy References: 267
References: 251 _ Oclcce(ccl)C1=COc2cc([O-
CN1\C(Sc2ccccc12)=C/C=C\c | | Structure: 1)cc(0)c2C1=0
lcc[n+](CCCCCC(=0O)NC(Cc2
Structure: cceec2)C(=O)NC(CCCNC(N)= | | Name: Aflatoxin B1
[NH2+])C(=O)NC(Cc2ccecec2) | [ Method: Pharmacological Effect
C(=O)NC(CCCCINH3+])C(N) References: 268
=0)c2cccccl2 st . COc1cc20C30C=CC3c2c20
rucre:  c=0)c3=c(ccc3=0)cl2
Name: DNCTT
Method: Pharmacological Effect Name: Rubratoxin B
References: 252 Method: Pharmacological Effect
Structure: Eg(E)(ch))ci%c(c(Cl)c(cl)N(=O) References: 269
IN(=0) CCCCCCC(0)C1C(0)C2=C(
. CC(CC3=C1C(=0)0C3=0)C(
Name: DDT Structure: )~ CC=CC(=0)01)C(=0)0
Method: Pharmacological Effect C2=0
References: 253
Structure: Clelcee(ccl)C(clece(Cl)eel) Name: FUdRFloxuridine
C(ChH(CNHCl Method: Distr.others
i i References: 260
Name: Fusaric Acid _ OCC10C(CC10)N1C=C(F)C(
Method: Pharmacological Effect Structure: =0)NC1=0
References: 254
Structure: CCCCclccc(ncl)C([O-])=0 Name: Pyrrolo(2,3-h)quinolone
' Compound 10
Name: MIBG (Meta-
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Method:

Fluorescence Microscopy

Cclcc2C3=C(CCc2nlCclccc

References: 275 Structure: ccl)C=C(C(=0O)N3)C(=0)clcc
Cclcc2C3=C(CCc2n1l- cccl
Structure: clccececl)C=C(C(=0O)N3)S(=0
)(=0)clcccecl Name: EPED3
Method: Pharmacological Effect
Name: Pyrrolo(2,3-h)quinolone References: 277
' Compound 11 Structure: C[NH+](C)CCOclccc2[nH]c3c
Method: Fluorescence Microscopy ' (C)cdcenccdce(C)e3c2cl
References: 275
Cclcc2C3=C(CCc2nl- Name: Methylene Blue Derivative
Structure: clccececl)C=C(C(=0O)N3)C(= Method: Fluorescence Microscopy
O)clcceecl References: 283
CCON1c2cc3[s+]c4ccBN(OC
Name: Pyrrolo(2,3-h)quinolone Structure: C)C(C)(C)CC(C)cheednc3cec2
' Compound 12 C(C)CCl(C)C
Method: Fluorescence Microscopy
References: 275 Name: Rhodamine 800
Cclcc2C3=C(CCc2nl- Method: Uptake/Binding
Structure: clcceecl)C=C(C#N)C(=O)[N- References: 293
13 N#CC1=C2C=C3CCC[N+]4=
Structure: C3C(CCC4)=C20c2c3CCCN
N . Pyrrolo(2,3-h)quinolone 4CCCc(ccl2)c34
ame:
Compound 13
Method: Fluorescence Microscopy Fluorinated
References: 275 Name: Tetrapyridylporphyrin
Structure: CCOC(=0)C1=CC2=C(NC1= Analogue 8 .
' 0O)clcc(C)n(c1CC2)-clcecccl Method: Fluorescence Microscopy
References: 302
Name: Pyrrolo(2,3-h)quinolone C[n+]1ccce(clF)-
' Compound 14 clc2cece(n2)c(-
Method: Fluorescence Microscopy St ) c2ccc[n+](C)c2F)c2cec([nH]2)
ructure:
References: 275 c(-
Structure: Cclcc2C3=C(CCc2nlC)C=C( c2ccc[n+](C)c2F)c2cee(n2)c(-
] C(=0)N3)S(=0)(=0O)clcceecl c2ccc[n+](C)c2F)c2cccl[nH]2
Name: Pyrrolo(2,3-h)quinolone Name: MitP _
] Compound 15 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 309
References: 275 CCC(C)C(INH3+]))C(=0O)NC(C
Structure: Cclcc2C3=C(CCc2n1C)C=C( C(N)=0)C(=O)NC(CC(C)C)C(
' C(=0)N3)C(=0O)clcececl =0O)NC(CCCC[NH3+])C(=O)N
C(CCCC[NH3+]))C(=0O)NC(CC
) Pyrrolo(2,3-h)quinolone . (C)C)C(=O)NC(C)C(=O)NC(C
Name: Compound 16 Structure: - cCINH3+])C(=0)NC(CC(C)
Method: Fluorescence Microscopy C)C(=0)NC(C)(C)C(=O)NC(C
References: 275 CCCI[NH3+])C(=0)NC(CCCC[
Cclcc2C3=C(CCc2nlCclcce NH3+])C(=O)NC(C(C)CC)C(=
Structure: cc1)C=C(C(=0)N3)S(=0)(=0) O)NC(CC(C)C)C(N)=0
clccccecl
Name: Z-Gly-RGD-f-mitP
_ Pyrrolo(2,3-h)quinolone Method: Fluorescence Microscopy
Name: Compound 17 References: 309
Method: Fluorescence Microscopy Structure: CCC(C)C(NC(=0)C(Cc1cccce

References:

275

1)NC(=0)C(CC([O-




1)=O)NC(=0O)CNC(=0)C(CCC
NC(N)=[NH2+])NC(=O)CNC(=
0)OCclcccecl)C(=0)NC(CC(
N)=0)C(=O)NC(CC(C)C)C(=
O)NC(CCCC[NH3+])C(=0O)NC
(CCCC[NH3+]))C(=O)NC(CC(
C)C)C(=O)NC(C)C(=O)NC(C
CCCI[NH3+])C(=O)NC(CC(C)
C)C(=O)NC(C)(C)C(=O)NC(C
CCCI[NH3+])C(=0O)NC(CCCC]|
NH3+])C(=O)NC(CC(C)C)C(N
)=0

5-Aminofluorescein

Name: Coenzyme Q9

Method: Cell Fractionation

References: 319
COC1=C(0OC)C(=0)C(Cc\C=C(
/C)CC\C=C(/C)CC\C=C(/C)C

Structure: C\C=C(/C)CC\C=C(/C)CC\C=
C(/C)Cc\C=C(/C)CC\C=C(/C)
CCC=C(C)C)=C(C)C1=0

Name: Conenzyme Q10

Method: Cell Fractionation

References: 319
COC1=C(0C)C(=0)C(Cc\C=C(
/C)CC\C=C(/C)CC\C=C(/C)C

Structure: C\C=C(/C)CC\C=C(/C)CC\C=

' C(/C)CC\C=C(/C)CC\C=C(/C)

CC\C=C(/C)CCC=C(C)C)=C(
C)C1=0

Name: (1"-pyrene butyl)-2-rhodamine
ester

Method: Fluorescence Microscopy

References: 324
Nclcecc2c(OC3=CC(=[NH2+])

Structure: C=CC3=C2c2cccc(c2)C(=0)0

' CCCCc2ccc3cccéccecheec2e

3c45)cl

Name: Pyocyanin

Method: Fluorescence Microscopy

References: 325

Structure: CN1C2=CC=CC(=0)C2=Nc2c
ccecl2

Name: TEMPO

Method: Fluorescence Microscopy

References: 348
CC(=C)clcc(N\C(SCc2ccc(Cl
P+](c3ccccee3)(c3cecece3)c3cce

Structure: ccc3)cc2)=N/C2CC(C)(C)N(O)

C(C)(C)C2)ccclC1=C2C=CC(
=0)C=C20c2cc(O)cccl?2

Name: conjugated 9-Hydroxystearic
Acid

Method: Fluorescence Microscopy

References: 329
CCcccceececec(o)eecececce

Structure: CC(=0O)Nclccc2ce(cl)C(=0)0

' C21c2ccc(0O)cc20c2cc(O)cce

12

Name: CDS1

Method: Fluorescence Microscopy

References: 332
CCclc(CC)c2cc3c(CC)c(CC)c

Structure: 4n3[Cu]n3c(ccln2)c(CC)c(CC

' )e3c(\C=[N+](\C)C)clnc2c(ccc

c42)C1(CC)CC
MTT; 3-(4,5-dimethylthiazol-2-

Name: yl)-2,5-diphenyltetrazolium
bromide

Method: Pharmacological Effect

References: 333

Structure: Cclnc(sclC)-nlnc(n[n+]1-
clccececl)-cleccecl

Name: 2_—methy|—4-.

' dimethylaminoazobenzene
Method: Cell Fractionation
References: 534
Structure: E:C:I\)lg)clccc(\N—N\c2cccch)c
Name: DMSP-Coumarin Derivative 4
Method: Fluorescence Microscopy
References: 351

CCCcceceeceececee\e=c\c(
Structure: OC(=0)C1Cc2ccc(cc20C1=0
)N(CC)CC)C(CO)[NH+](C)C
Name: DMSP-Coumarin Derivative 5
Method: Fluorescence Microscopy
References: 351
CCcCccceececececeee=c\c(
Structure: O)C(COC(=0)C1Cc2ccc(cc2
OC1=0)N(CC)CO)[NH+](C)C
Name: MitoPY1
Method: Fluorescence Microscopy
References: 355
CC1(C)OB(OC1(C)C)clcec2e
. (Oc3cc(ccec3C220C(=0)c3ccce
Structure:

cC23)N2CC[NH+](CCCCI[P+](
c3cccecce3)(c3ccccc3)c3ccecc3




)CC2)cl

2-Quinolinecarboxamide

ccc2c(-
c2ccccc2)c1CNICC[NH+](CC
CCN2C(=0)c3ccecc3C2=0)C

Name: Derivative 6a C1
Method: Uptake/Binding
References: 358 ) 2-Quinolinecarboxamide
Name: A -
CN(Cclcceecl)C(=0)clnc2ce Derivative 6j
Structure: cce2c(- Method: Uptake/Binding
ructure- c2ccccc2)c1CNICCINH2+]CC References: 358
1 CN(Cclcccecl)C(=0)clnc2cce
ccc2c(-
Name: 2-Quinolinecarboxamide Structure: c2ccccc2)c1C[NH+]1CCN(CC
' Derivative 6b C[N+]23CCS[Re--
Method: Uptake/Binding ]22(0)SCCN2C(=0)C3)CC1
References: 358
CN(Cclcceeel)C(=0)clnc2ee | | Name: 2-Quinolinecarboxamide
ccc2c(- ' Derivative 6m
Structure: c2ccecc2)c1CNICCINH+](CC Method: Uptake/Binding
' 1)Cclc(nc2ccccc2cl- References: 358
clcceecl)C(=0O)N(C)Cclcccce CN(Cclccceeel)C(=0)clnc2ce
cl ccc2c(-
Structure: c2ccecc2)c1CNICCN(CCL)C(
Name: 2-Quinolinecarboxamide =0)C[N+]12CCS[Re--
' Derivative 6¢ J11(O)SCCN1C(=0)C2
Method: Uptake/Binding
References: 358 . N-methylated imidazopyridine-
Name: : S
CN(Cclcceecl)C(=0)clnc2ce acetamide Derivative 7
Structure: ccc2c(- Method: Uptake/Binding
FUctUre: c2cceec2)c1CNICCN(CCL)C( | | References: 359
=0)Nclcccecl Structure: CN(C(=C)Cclc(nc2c(Clycc(Cl)
' cnl2)-clccc(Cl)ccl)clececcl
Name: 2—Q_uin<_3|inecarboxamide
' Derivative 6d Name: SSR180575
Method: Uptake/Binding Method: Uptake/Binding
References: 358 References: 362
CN(Cclcccecl)C(=0)clnc2cce CN(C)C(=0)CC1=NN(C(=0)c
Structure: ccc2c(- Structure: 2clclccec(Cl)ecln2C)clccccc
' c2cccecc2)c1C[NH+]1CCN(CC 1
N2C(=0)c3cccec3C2=0)CC1
Name: Alpidem
Name: 2—Q_uin<_3|inecarboxamide Method: Pharmacological Effect
' Derivative 6e References: 535
Method: Uptake/Binding Structure: CCCN(CCC)C(=0)Cclc(nc2c
References: 358 ' cc(Clcnl12)-clcec(Clycecl
CN(Cclcccecl)C(=0)clnc2cce
ccc2c(- Name: DAA1097
Structure: c2ccccc2)c1C[NH+]1CCN(CC Method: Uptake/Binding
CN2C(=0)c3cccecc3C2=0)CC References: 365
1 _ CC(C)Oclccecc1CN(C(C)=0)
Structure: clcce(ClheeclOcleececl
. 2-Quinolinecarboxamide
Name: N
Derivative 6f Name: DAA1106
Method: Uptake/Binding Method: Uptake/Binding
References: 358 References: 365
Structure: CN(Cclcceecl)C(=0)clnc2ce Structure: COclcec(OC)c(CN(C(C)=0)c




2cc(F)ccc20c2ccecc2)cl O)clcceecl
Name: Pyrrolo_benzoxazepine Name: GBLD703
' Derivative 17f Method: Uptake/Binding
Method: Uptake/Binding References: 370
References: 366 CC(C)(C)ciccc(ccl)-
Structure: CCON(OCC)C(=0)0C1=C(O Structure: ¢1nc2C=CC(CI)Nn2c1CNC(=
' c2ccccec2-n2ccccl2)cleccecl O)clccc(F)cecl
. Pyrrolobenzoxazepine . Imidazopyridine-7-nitrofurazan
Name: Derivative 17j Name: Conjugate 10
Method: Uptake/Binding Method: Fluorescence Microscopy
References: 366 References: 373
CCON(OCC)C(=0)0C1=C(O Clclccec(ccl)-
Structure: c2cceec2- Structure: clnc2c(Cl)cc(Cl)ecn2c1CC(=0)
n2ccccl2)clcec(C)ecl ' N(CCCCCCNclccee(c2noncl2
)N(=0)=0)Cclcccccl
Name: Dipyridamole
Method: Uptake/Binding Name: Glugocpnjugated Chlorin
References: 368 ' Derivative 7
CC(=0)OCCN(CCO)clnc(N2 Method: Fluorescence Microscopy
Structure: CCCCC2)c2nc(nc(N3CCCcCC References: 405
3)c2n1)N(CCO)CCO OC[C@H]10[C@@H](Oc2cc
cc(c2)-c2c3CCce([nH]3)c(-
Name: RA-25 c3ccec(O[C@@H]40[C@H](
Method: Uptake/Binding CO)[C@@H](O)[C@@H](O)[
References: 368 C@H]40)c3)c3cec(n3)c(-
CNc1nc(NC)c2nc(NC)nc(NC : c3ccec(O[C@@H]40[C@H](
Stucure: o7 FINCNOIEEMONTE) 1 sctre: oy c@@rH0)c@@HIO)
C@H]40)c3)c3cee([nH]3)c(-
Name: GBLD470 c3ccec(O[C@@H]40[C@H(
Method: Uptake/Binding CO)[C@@H](O)[C@@H](O)[
References: 370 C@H]40)c3)c3ccc2n3)[C@H]
CICINn2c(C=C1)nc(- (O)IC@H](O)[C@@H]10
Structure: clece(cel)- i -
' clcceccl)c2CNC(=0)clecece | | Name: Glucoconjugated Chlorin
1 Derivative 9
Method: Fluorescence Microscopy
Name: GBLD471 References: 405
Method: Uptake/Binding OC[C@H]10[C@@H](Oc2cc
References: 370 ce(c2)-c2c3cec(n3)e(-
. CC(=0O)NCclc(nc2C=CC(CN c3ccec(O[C@@H]A0[C@H(
Structure: n12)-clccc(ccl)-clcceccl CO)[C@@H](O)[C@@H](O)
Structure: C@H]40)c3)c3cec([nH]3)c(-
Name: GBLD696 c3ccec(O[C@@H]40[C@H](
Method: — Uptake/Binding COIC@EHIOIC@@HIO)I
References: 370 C@H]40)c3)c3cec(n3)c(-
CIC1Nn2¢c(C=C1l)nc(\C=C\clc c3ccece3)e3cec2[nHI3)C@H]
Structure: ccccl)c2CNC(=0)clcccecl (OIC@H](O)IC@Q@H]10
Name: GBLD700 Name: . Porphyrazine 1§°
Method- Uptake/Binding Method: Fluorescence Microscopy
References: 370 References: é(?(C)O 1cce(OC(C)C)o2c3
clccc c2c3n
Structure: CC(C)(C)clcce(cel)- Structure: c4nc(nc5[nH]c(ncénc(nc([nH]3

c1nc2C=CC(CI)Nn2c1CNC(=
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)c12)c(SCCOCCOCCO)c6SC
COCCOCCO)c1c(OC(C)C)ee
¢(OC(C)C)c51)c(SCCOCCOC

n2)c(-
c2¢(0C)cc(0C)cc20C)c2ccec(]
nH]2)c(-

C0O)c4SCCOCCOCCOo c2¢(0C)cc(0C)cc20C)c2cccl
n2
Name: FCp6
Method: Fluorescence Microscopy Fluorinated
References: 429 Name: Bacteriopurpurinimide
CCC1=C(C)C2=NC1=CC1=C( Derivative 3
C)C(C([O- Method. Fluorescence Microscopy
Structure: 1)=0)=C(N1)C(C([O- References: 444
' 1)=0)=C1N=C(C=C3NC(=C2) CCC1C(C)C2=C/C3NC(/C=C
C(C=0)=C3C)C(C)=Cc1ccCc(][ A\N=C(C(CCC(=0)0C)c4C)C
O-))=0 4=C5NC(=C\C1=N\2)/C(C)=C
Structure: 5C(=0O)N(Cclcc(cec(c1l)C(F)(F)
Name: Biotinylated Glyfoline F)C(F)(F)F)C4=0)C(C)=C3C(
Method: histo C)INH2+]Cclce(ce(c1)C(F)(F)
References: 431 F)C(F)(F)F
COC1=C(0OC)C(OC)=C(0C)C
2C1N(C)c1c(OC)c(OCCCCN Name: Hexadecanedioic Acid
Structure: C(=0)CCCNC(=0)CCcccCc3s Method. Pharmacological Effect
CC4(C)NC(=0O)NC34C)ccclC References: 455
2=0 [O-
Structure: JC(=0O)CCCcCcccceeecceece
Name: Met_hyl _Pyropheophorbide—a C([O-])=0
Derivative 7
Method: Fluorescence Microscopy Name: PBR Fluorescent Derivative 4
References: 537 Method: Fluorescence Microscopy
CCCCCCOcC(C)C1=C(C)/C2= References: 471
C/C3=N/C(C(CCC(=0)OC)C3 O=C(Cclc([nH]c2cccecl2)-
Structure: C)=C3CC(=0)C4=C/3NC(/C= Structure: clccceccl)NCCCCCCNceleec(
C3\N=C(\C=C\1N2)C(C)=C\3 c2noncl2)N(=0)=0
CC)=C4C
_ Name: Pi-E_xte_nded Squaraines
Name: Met_hyl _Pyropheophorb|de—a ) Derivative 1b
' Derivative 8 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 507
References: 537 COCCOCCOCnlc(ccciCl=C
CCC1=C(C)C2=N\C\1=C/C1= ([O-
C(C)C3=C4N1[In](CI)N1C(=C/ Structure: D\C(C1=0)=C1/C=CC(\C=N\N
Structure: C5=N/C(C(CCC(=0)OC)C5C) (C)C)=[N+]/21COCCOCCOC)\
=C\ACC3=0)\C(C)=C(C(C)OC C=N\N(C)C
COCCOCCOC)/Cc1=C/2
Name: Toluidine blue O
Name: CP Method: Distr.others
Method: Fluorescence Microscopy References: 185
References: 443 Structure: CC1=CC2=C(SC3=C/C(/C=C
COclcc(0OC)c(c(OC)cl)- ' C3=N2)=[N+](/C)C)C=C1N
Structure: c1c2CCc([nH]2)c(-

c2ccc(cc2)[N+](C)(C)C)c2ccece(
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Appendix C

The chemical compounds with reported subcellular localization site in the
nucleus. References information is available in Appendix H. Structure is
presented as the Simplified Molecular Input Line Entry Specification string of the

major microspecies at pH 7.4, as calculated by ChemAxon.

Name: DAPI References: 658
Method: Fluorescence Microscopy CN(C)clccce(ccl)-
References: 4 Structure: clnc2cc(ccc2[nH]l)-
NC(=[NH2+])clccc(ccl)- ' clnc2ccc(cc2[nH]1)N1ICC[NH+
Structure: clcc2ccec(cc2[nH]1)C(N)=[NH2 J(C)CC1
+
! Name: H'1399; trihydrochloride,
Name: Ethidium bromide ' trihnydrate; Hoechst 33342
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 4, 163 References: 630
CC[n+]1c(- CCOclccec(ccl)-
Structure: c2ccecc2)c2ec(N)ccc2e2eee(N) | | syycture: clnc2cc(ccc2[nH]1)-
ccl2 ' cinc2ccc(cc2[nH]1)N1ICC[NH+
J(C)CC1
Name: E1374; Ethidium monoazide _
' bromide; EMA Name: P3581; PO-PRO™ 1 iodide
Method: Fluorescence Microscopy (435/455)
References: 600 Method: Fluorescence Microscopy
CC[n+]1c(- References: 631
Structure: c2ccccc2)c2cc(cecc2c2ecc(N)ce Structure: C[n+]1c(C=C2C=CN(CCC[N+](
12)N=[N+]=[N-] ] C)(C)C)C=C2)oc2ccececl2
Name: L7595; LDS 751 N21485; Hoechst S769121,
Method: Fluorescence Microscopy Name: trinydrochloride, trihydrate;
References: 602 Nuclear yellow
Structure: CC[n+]1c(\C=C\C=C/c2ccc(cc2 Method: Fluorescence Microscopy
" IN(C)C)cee2cee(cec12)N(C)C References: 670
C[NH+]1CCN(CC1)clcce2nc(]
Name: H22845; hydroxystilbamidine, Structure: nH]c2c1)-clccc2[nH]c(nc2cl)-
' methanesulfonate clccc(ccl)S(N)(=0)=0
Method: Fluorescence Microscopy
References: 603 Name: P3585; PO-PRO™-3 iodide
structure:  NC(EINH2+))clecc(ce1)\C=Cle ' _ (539/567)
" lccc(cclO)C(N)=[NH2+] Method: NA
References: Invi
Name: H1398; Pentahydrate (bis- C[n+]1c(\C=C\C=C2C=CN(CC
' benzimide); Hoechst 33258 Structure: C[N+](C)(C)C)C=C2)oc2cccce
Method: Fluorescence Microscopy 12
References: 147 _
C[NH+]1CCN(CC1)cleee2ne([ | | Name: Y3603; YO-PRO®-1 iodide
Structure:  nH]c2c1)-clccc2[nH]c(nc2cl)- (491/509)
clcec(O)ccl Method: Fluorescence Microscopy
References: 71
Name: H21486; Hoechst 34580 Structure: C[n+]1c(oc2cceccl2)\C=C1\C=
Method: Fluorescence Microscopy CN(CCCIN+](C)(C)C)c2cceecl

237
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2 Nclccc2e(cl)ce(-
clccececl)[n+](CCCNCCINH2+]
Name: T3602; TO-PRO®-1 iodide Structure: CCC[n+]1c(-

' (515/531) c3ccccee3)c3cc(N)ccec3c3ccc(N)
Method: Fluorescence Microscopy ccl3)clcc(N)cee21
References: 684

C[n+]1c(sc2ccecec12)\C=CL/C= | | Name: P3580; POPO™ 1 iodide
Structure:  CN(CCC[N+](C)(C)C)c2cccecl ' (434/456)
2 Method: Uptake/Binding
References: 650
Name: Y3607; YO-PRO®-3 iodide C[n+]1c(C=C2C=CN(CCC[N+]|(

' (612/631) Structure: C)(C)CCCIN+](C)(C)CCCN3C
Method: Fluorescence Microscopy ' =CC(C=C3)=Cc3oc4cccccl[n+
References: 608 13C)C=C2)oc2ccceccl?

C[n+]1c(\C=C/C=C2/C=CN(CC
Structure:  C[N+](C)(C)C)c3cccce23)oc2e Name: B3586; BOBO™3 iodide
ccecl2 ) (570/602)
Method: Fluorescence Microscopy
Name: P1304MP; Propidium lodide References: 651
Method: Fluorescence Microscopy C[n+]1c(\C=C\C=C2C=CN(CC
References: 71 C[N+](C)(C)CCCIN+](C)(C)CC
CCIN+](C)(CC)CCC[n+]1c(- Structure: CN3C=CC(C=C3)=C/C=C\c3sc
Structure:  c2cccec2)c2cc(N)cec2c2cce(N) 4cccecd[n+]3C)C=C2)sc2cccce
ccl2 12

] T3605; TO-PRO®-3 iodide Name: A7592; Actinomycin D
Name: (642/661) Method: Distr.others
Method: Fluorescence Microscopy References: 620
References: 71 CC(C)CINC(=0O)C(NC(=0O)c2c

C[n+]1c(\C=C\C=C2/C=CN(CC cc(C)c30C4=C(C)C(=0)C(N)=
Structure:  C[N+](C)(C)C)c3cccecc23)sc2ce C(C(=0)NC5C(C)OC(=0)C(C(
cecl12 structure: | QSIN(OIC(F0)CN(C)C(=0)CE
) CCCN6C(=0)C(NC5=0)C(C)C
AB66; Bis-(6-chloro-2-methoxy- )C4=Nc23)C(C)OC(=0)C(C(C)
Name: 9-acridinyl) spermine; Acridine CIN(C)C(=O)CN(C)C(=0O)C2C
homodimer CCN2C1=0
Method: Fluorescence Microscopy
References: 723 Name: A1310; 7-aminoactinomycin D;
COclccc2[nH+]c3cc(Cl)cee3c( 7-AAD _
Structure: NCCC[NH2+]CCCC[NH2+]CC Method: Uptake/Binding
* CNc3c4cee(Cl)ccd[nH+]c4cce( | | References: 621
OC)cc34)c2cl CC(C)C1NC(=0)C(NC(=0)c2c
c(N)c(C)c30C4=C(C)C(=0)C(
Name: T7596; TO-PRO®-5 iodide N)=C(C(=O)NC5C(C)OC(=0)C

' (745/770) structure:  (C(C)CIN(C)C(=O)CN(C)C(=0)
Method: Uptake/Binding * C6CCCN6C(=0)C(NC5=0)C(
References: 635 C)C)C4=Nc23)C(C)OC(=0)C(

C[n+]1c(\C=C\C=C/C=C2\C=C C(C)CIN(C)C(=0)CN(C)C(=0)
Structure: N(CCC[N+](C)(C)C)c3cceec23) C2CCCN2C1=0
sc2cceccl?2 —
Name: Y3601; YOYO®-1 iodide
N ) E1169; Ethidium homodimer-1,; (491/509) i
ame. EthD-1 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 608
Structure: C[n+]1c(oc2cceccl12)\C=C1\C=

References:

613




CN(CCCIN+](C)(C)CCCI[N+](C

)(C)CCCN2C=C/C(=C\c3oc4cc
cccd[n+]3C)c3ccecc23)c2ccece
12

E3599; Ethidium homodimer-2;

Name: EthD-2

Method: Fluorescence Microscopy

References: 680
C[N+](C)(CCC[n+]1c(-
c2ccccc2)c2cc(N)ccc2c2ccc(N)

Structure: gz:_lZ)CCC[N+](C)(C)CCC[n+]1
c2ccccc2)c2cc(N)ccc2c2ccc(N)
ccl2

Name: T3600; TOTO®-1 iodide
(514/533)

Method: Fluorescence Microscopy

References: 681
C[n+]1lc(sc2ccceccl2)\C=C1\C=
CN(CCCIN+](C)(C)CCCI[N+]|(C

Structure: )(C)CCCN2C=C/C(=C\c3sc4cc
ccc4[n+]3C)c3cceccec23)c2ccecce
12

Name: Y3606; YOYO®-3 iodide

' (612/631)

Method: Uptake/Binding

References: 622
C[n+]1c(\C=C/C=C2/C=CN(CC
C[N+](C)(C)CCCIN+](C)(C)CC

Structure: CN3C=C/C(=C/C=C\c4oc5cccc
c5[n+]4C)c4cccecc34)c3ccecec?2
3)oc2ccceccl?2

Name: T3604; TOTO®-3 iodide

' (642/660)

Method: Fluorescence Microscopy

References: 71
C[n+]1c(\C=C/C=C2/C=CN(CC
C[N+](C)(C)CCCIN+](C)(C)CC

Structure: CN3C=C/C(=C\C=C/c4sc5cccc
c5[n+]4C)c4cccec34)c3cceccc2
3)sc2cceecl?

Name: Adriamycin; Doxorubicin

Method: Fluorgsce_nce Microscopy/Cell
Fractionation

References: 17, 729
COclccec2C(=0)c3c(0)caCC(

Structure: O)(CC(OC5CC(INH3+]))C(0O)C(

C)05)c4c(0)c3C(=0)c12)C(=0
)CO

Name: Acriflavine

Method: Fluorescence Microscopy

References: 127

Structure: i:z[n+]1c2cc(N)cchchccc(N)cc

Name: Hydroethidine

Method: Fluorescence Microscopy

References: 57

Structure: CCC1C(c2cccec2)c2ec(N)cece2

' -c2cncc(N)c12

Name: Tetracycline

Method: histo

References: 58
C[NH+](C)C1C2CC3C(C(=0)C

Structure: 2(0)C(=0)\C(C1=0)=C(\N)[O-
1)=C([O-])c1c(O)ccecclC3(C)O

Name: Chromomycin A3

Method: Fluorescence Microscopy

References: 69
COcC1c(o)cc(ocic)ocicee(
OC(C)C10C(C)=0)0Oclcc2cc3
CC(C(OC)C(=0)C(O)Cc(C)O)C(

Structure: OC4Ccc(ocsCcc(ocecc(c)(o
)C(OC(C)=0)C(C)OB)C(O)C(C
)O5)C(O)C(C)04)C(=0)c3c(0O)
c2¢c(0)c1C

Name: SYBR Green |

Method: Fluorescence Microscopy

References: 71
CCCN(CCCINH+](C)C)C1=C/

Structure: C(=Cl/c2sc3cccec3[n+]2C)c2cc
ccc2N1clcceccl
Cyan 40; 4-((1-
methylbenzothiazolyliliden-

Name: 2)me)t/hyl)-1,2,6- Y
trimethylpyridinium perchlorate

Method: Fluorescence Microscopy

References: 81

. CN1C(C)=CC(C=C1C)=Cclsc

Structure: 2cccec2[n+]1C

Name: AN-152;_ L_ys(6)-LHRH-
doxorubicin

Method: Fluorescence Microscopy

References: 104
COclccec2C(=0)c3c(0)caCC(
0)(CC(OC5CC(NC(=0)Ccccc(

Structure: =O)NCCCCC(NC(=0O)C(Ccbcc

c(O)cc6)NC(=0)C(CO)NC(=0)
C(Ccbe[nH]c7ccececc67)NC(=0)




C(Ccéncc[nH]6)NC(=0)C6CC

C(=O)NB)C(=O)NC(CCc(C)O)C( Name: Mithramycin
=O)NC(CCCNC(N)=[NH2+])C( Method: Fluorescence Microscopy
=O)N6CCCC6C(=0O)NCC(N)= References: 149
0)C(0)C(C)O5)c4c(0)c3C(=0) COC(C1Cc2cc3cc(Oc4cc(oc
c12)C(=0)CO 5CC(0O)C(0)C(C)O5)C(0)C(C)
Structure: 04)c(C)c(0)c3c(0)c2C(=0)C1
Name: E36 ' OC1Cc(oc2cc(oc3cce(e)(o
Method: Fluorescence Microscopy )C(O)C(C)OI)C(O)C(C)02)C(
References: 115 0)C(C)01)C(=0)C(0)C(C)O
Structure: C[n+]1c(\C=C\c2c[nH]c3ccccc2 _
' 3)cecc2cecccl?2 Name: Polyamide 1
Method: Fluorescence Microscopy
Name: E144 References: 159
Method: Fluorescence Microscopy C[NH+](CCCNC(=0)CCNC(=0
References: 115 )clec(NC(=0)c2cc(NC(=0)c3c
Structure: COclcc(OC)c(\C=C\c2ccc3ccce ¢(NC(=0)c4cc(NC(=0O)CCCNC
' cc3[n+]2C)c(0C)cl (=0)c5cc(NC(=0)c6ec(NC(=0)
Structure: c¢7nc(NC(=0)c8nccn8C)cn7C)c
Name: F22 ' n6C)cn5C)cn4C)cn3C)cn2C)c|
Method: Fluorescence Microscopy nH]1)CCCNC(=S)Nclcee(c(cl)
References: 115 C([O-
structure: | C0c1ece2[n+](C)e(\C=Cle3cce ])=0)C1=C2C=CC(=0)C=C20
" (cc3)N(C)C)cec2cl c2cc(O)cecl?
Name: 2'-O-Methyl Name: Polyamide 3
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 128 References: 159
BC10C(COC)C(OP([O- C[NH+](CCCNC(=S)Nclcee(c(
Structure:  ])(=0)OCC20C(B)C(OC)C20P c1)C([O-
(C)([0-])=0)C10C ])=0)C1=C2C=CC(=0)C=C20
c2cc(0O)cccl2)CCCNC(=0)clc
PBD Derivative 11; 7- structure:  SINC(=0)c2cc(NC(=0)c3cc(N
Name: Diethylaminocoumarin C(=0)c4nc(NC(=0)CCCNC(=0
ame- pyrrolobenzodiazepine )e5¢c(NC(=0)c6ec(NC(=0)c7n
derivative 11 c¢(NC(=0)c8nccn8C)cn7C)cn6
Method: Fluorescence Microscopy C)en5C)en4C)en3C)en2Clenl
References: 136 C
CCN(CC)clccc2C=C(C(=O)NC .
Structure:  CCOc3cc4N=CC5CCCN5C(= Name: Polyamide 5
0)c4cc30C)C(=0)0c2cl Method: Fluorescence Microscopy
References: 159
Name: DRAQ5 C[NH+](CCCNC(=S)Nclcee(c(
Method: Fluorescence Microscopy c1)C([o-
References: 147 1)=0)C1=C2C=CC(=0)C=C20
C[NH+](C)CCNC1CCC(O)C2C(: CZCC(O)CCC].Z)CCCNC(:O)C].C
Structure:  0)c3c(NCCINH+](C)C)cec(O)c | | structure:  CINC(=0)c2cc(NC(=0)e3ce(N
30(20)012 C(:O)C4CC(NC(:O)CCCNC(:O
)e5¢c(NC(=0)c6ee(NC(=0)c7n
Morin: 3.5.7.2' 4- c(NC(=0)c8nccn8C)cn7C)cnb
Name: pentahydroxyflavanol C)cn5C)cn4C)en3C)cn2C)enl
Method: Fluorescence Microscopy c
References: (1)4?[ o) 1CI=C(0 Name: Polyamide 6
Structure: clec(O)ee(c1)CL=C([0- Method: Fluorescence Microscopy

])C(=0)c2c(0O)cc(0O)cc201




References: 159 Method: Fluorescence Microscopy
C[NH+](CCCNC(=S)Ncilcce(c( References: 159
c1)C(J]O- C[NH+](CCCNC(=S)Ncilcce(c(
])=0)C1=C2C=CC(=0)C=C20 cl)C([O-
c2cc(0)cccl12)CCCNC(=0)clc ])=0)C1=C2C=CC(=0)C=C20
Structure: ¢(NC(=0)c2cc(NC(=0)c3cc(N c2cc(0)cccl2)CCCNC(=0)clc
' C(=0)c4cc(NC(=0)CCCNC(=0 Structure: c(NC(=0)c2cc(NC(=0)c3nc(N
)e5nc(NC(=0)c6ec(NC(=0)c7c ' C(=0)c4cc(NC(=0O)C(CCNC(=
¢(NC(=0)c8nccn8C)cn7C)cn6 0O)c5cc(NC(=0)cbee(NC(=0)c7
C)cn5C)cn4C)cn3C)cn2C)cnl nc(NC(=0)c8nccn8C)cn7C)cn6
C C)cn5C)NC(C)=0)cn4C)cn3C)
cn2C)cnlC
Name: Polyamide 11
Method: Fluorescence Microscopy Name: Polyamide 22
References: 159 Method: Fluorescence Microscopy
C[NH+](CCCNC(=S)Nclcce(c( References: 159
c1)C(JO- C[NH+](CCCNC(=S)Nclcce(c(
])=0)C1=C2C=CC(=0)C=C20 cl)C([O-
c2cc(0)ceccl12)CCCNC(=0)clc ])=0)C1=C2C=CC(=0)C=C20
. ¢(NC(=0)c2cc(NC(=0)c3cc(N . c2cc(0O)cccl2)CCCNC(=0)clc
Stuctre: o - 9)canc(NC(=0)C(NH3+]))C | | STUCIUre:  NC(=0)c2ce(NC(=0)e3ee(N
CNC(=0)c5cc(NC(=0)c6ec(NC C(=0)CCCNC(=0)c4cc(NC(=0
(=0)c7nc(NC(=0)c8nccn8C)cn )c5¢c(NC(=0)cbncen6C)en5C)
7C)cn6C)cn5C)cn4C)en3C)en2 cn4C)cn3C)cn2C)cnlC
C)cnlC
Name: Olivomycin
Name: Polyamide 12 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 164
References: 159 COC1C(0O)Ccc(oc1c)yocice(
C[NH+](CCCNC(=S)Nclcce(c( OC(C)C10C(C)=0)0clcc(O)c
c1)C([O- 2c(0)c3C(=0)Cc(oc4acc(ocse
])=0)C1=C2C=CC(=0)C=C20 Structure: C(OC6CC(C)(O)C(OC(=0)C(C
c2cc(0)ceccl2)CCCNC(=0)clc )C)C(C)06)C(O)C(C)05)C(0)
Structure: ¢(NC(=0)c2cc(NC(=0)c3cc(N C(C)04)C(Cc3cc2c1)C(OC)C(
' C(=0)c4nc(NC(=0O)[C@H](CC =0)C(0)C(C)O
NC(=0)c5cc(NC(=0)c6ec(NC(
=0)c7nc(NC(=0)c8nccn8C)cn Name: Flunitrazepam
7C)cn6C)cn5C)NC(C)=0)cn4C | | Method: Fluorescence Microscopy
)cn3C)cn2C)cn1C References: 172
: Structure: CN1C(=0O)CN=C(c2ccccc2F)c2
Name: Polyamide 13 : cc(ccc12)N(=0)=0
Method: Fluorescence Microscopy
References: 159 Name: BODIPY-labeled Polyamide 2
C[NH+](CCCNC(=S)Nclcece(c( | | Method: Fluorescence Microscopy
c1)C([O- References: 176
])=0)C1=C2C=CC(=0)C=C20 C[NH+](CCCNC(=0)CCNC(=0
c2cc(0)cecl12)CCCNC(=0)clc )clcc(NC(=0)c2cc(NC(=0)c3c
structure:  SINC(=0)c2cc(NC(=0)c3nc(N c(NC(=0)c4cc(NC(=O)CCCNC
C(=0)cacc(NC(=0)[C@H](CC (=0)c5ce(NC(=0)c6cc(NC(=0)
NC(=0)c5cc(NC(=0)c6eec(NC( Structure:  ¢7nc(NC(=0)c8nccn8C)cn7C)c
=0)c7cc(NC(=0)c8ncen8C)en7 n6C)cn5C)cn4C)cn3C)cn2C)en
C)cn6C)en5C)NC(C)=0)cn4C) 1C)CCCNC(=S)Nclcec(C2c3c
cn3C)cn2C)cnlC cc(0)ce30c3cc(0)cce23)c(cl)
_ c([o)=0
Name: Polyamide 14
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Name: Uracil Mustard
Method: Cell Fractionation Name: Cascade Blue Derivative 3
References: 180 Method: Fluorescence Microscopy
Structure: CICCN(CCCI)C1=CNC(=0O)NC References: 272
' 1=0 [NH3+]CCNC(=0)COclcc(c2C
Structure: C=C3C(C=C(c4ccclc2c34)S([
Name: M-223; 10(2- 0-])=0)S([0-])=0)S([O-])=0
' diethylaminoethyl)-9-acridone
Method: Fluorescence Microscopy Name: Cascade Blue Derivative 4
References: 173 Method: Fluorescence Microscopy
Structure: CC[NH+](CC)CCN1c2ccecec2C References: 272
' (=0)c2ccceecl?2 [NH3+]CCCCCCNC(=0)COc1
Structure: cc(c2CC=C3C(C=C(c4ccclc2c
RB2Z; Dibenzolh,j]dipyrido[3,2- ' 34)S([O-])=0)S([O-])=0)S([O-
Name: a2',3'-c]phenazine)bis(2,2'- 1)=0
' bipyridine)ruthenium(ll)
dication Name: Cascade Blue Derivative 10
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 82 References: 272
Structure: clcce(necl)-clceeenl OCCNC(=0)COclcc(c2CC=C3
Structure: C(C=C(c4ccclc2c34)S([O-
PicoGreen; [2-[N-bis-(3- )=0)S([0-)=0)S([C-])=0
dimethylaminopropyl)-amino]-
Name: 4-[2,3-dihydro-3-methyl- Name: Cascade Blue Derivative 11
' (benzo-1,3-thiazol-2-yl)- Method: Fluorescence Microscopy
methylidene]-1-phenyl- References: 272
quinolinium]+ NNC(=0)COclcc(c2CC=C3C(
Method: Fluorescence Microscopy Structure: C=C(c4ccclc2c34)S([O-
References: 542 1)=0)S([O-])=0)S([O-])=0
C[NH+](C)CCCN(CCC[NH+](C
Structure: )C)C1=C/C(=C/c2sc3ccccc3[n+ | | Name: Cascade Blue Derivative 14
]2C)c2cccec2N1clcecccl Method: Fluorescence Microscopy
References: 272
Name: Mitoxantrone CC(C)(C)OC(=0)N1Ccccci1c(
Method: Fluorescence Microscopy . =O)NCCNC(=0)COclcc(c2CC
References: 235 Structure: =C3C(C=C(c4ccclc2c34)S([O-
OCC[NH2+]CCNclccc(NCCIN 1)=0)S([O-])=0)S([O-])=0
Structure: H2+]CCO)c2C(=0)c3c(O)cec(
0)c3C(=0)c12 Name: Cascade Blue Derivative 15
Method: Fluorescence Microscopy
Name: Pirarubicin References: 272
Method: Fluorescence Microscopy CC(C)(C)OC(=0O)N1cceeac(
References: 236 =0O)NCCCCCCNC(=0)COclcc
COclccecc2C(=0)c3c(0)caCC( Structure: (c2CC=C3C(C=C(c4ccclc2c34
Structure: O)(CC(OC5CC(INH3+])C(OC6 )S([O-])=0)S([O-])=0)S([O-
' CCCCO06)C(C)0O5)c4c(0)c3C( ])=0
=0)c12)C(=0)CO
Name: Cascade Blue Derivative 16
Name: Cascade Blue Derivative 2 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 272
References: 272 [O-
[O- Structure: ]S(=0)C1C=C(c2ccc3c(OCC(=
Structure: ]C(=0)COclcc(c2CC=C3C(C= ' O)NCCCCCCC#N)cc(caCccC=C
' C(c4ccclc2c34)S([O- 1¢c2c34)S([0-1)=0)S([0-])=0

1)=0)S([0-])=0)S([0-])=0
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Name: Cascade Blue Derivative 19 Name: Cisplatin
Method: Fluorescence Microscopy Method: Cell Fractionation
References: 272 References: 316
[O- Structure: CI[Pt++]CI
]S(=0)C1C=C(c2ccc3c(OCC(=
Structure: O)NCCCCCCNC(=0)C=C)cc(c Name: DB75; Furamidine
4CC=C1c2c34)S([0-])=0)S([O- | | Method: Fluorescence Microscopy
D=0 References: 327
_ Structure: N[C+](N)clccc(cel)-cleec(ol)-
Name: Cascade Blue Derivative 20 . clcec(ccl)[C+](N)N
Method: Fluorescence Microscopy
References: 272 Name: DB181
[O- Method: Fluorescence Microscopy
]S(=0)C1C=C(c2ccc3c(OCC(= References: 327
Structure: O)NCCCCCCNC(=0O)c4ccc(cc CC(C)N[C+](N)clcee(cel)-
4)N=[N+]=[N- Structure:  clccc(ol)-
])cc(c4CC=C1c2c34)S([O- clcce(cecl)[C+(N)NC(C)C
)=0)S([0-)=0
_ Name: DB226
Name: BIUdR; Broxuridine; 5-Bromo- Method: Fluorescence Microscopy
2'-deoxyuridine References: 327
Method: Distr.others CCC(CC)N[C+](N)clcec(cel)-
References: 260 Structure:  clccc(ol)-
Structure:  OCCLOC(CCIONIC=C(BNC( clece(cel)[CH(N)NC(CC)CC
* =O)NC1=0
_ Name: DB244
Name: F3TdR; Trifluridine; 5- Method: Fluorescence Microscopy
trifluorothymidine References: 327
Method: Distr.others N[C+](NC1CCCC1)clcce(cel)-
References: 260 Structure:  clccc(ol)-
Structure:  OCCLOC(CCIONIC=C(C(=0 cleec(ccl)[CH(N)NC1CCCCl
YNC1=0)C(F)(F)F
Name: DB249
Name: Daunorubicin Analogue 1 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 327
References: 261 N[C+](NC1CCCCC1)clcce(ccl
COclcccc2C(=0)c3c(0O)cacC( Structure: )-clcec(ol)-
structure:  ©)(CC(OC5CC(INH2+]CC(C)= FUCII®: ¢c1cee(ccn)ic+(N)NC1cceee
0)C(0)C(C)05)c4c(0)c3C(=0) 1
¢12)C(C)=0
Name: DB417
Name: Lycopene Method: Fluorescence Microscopy
Method: Cell Fractionation References: 327
References: 278 CN[C+](N)clcecc(ccl)-
CC(C)=CCC\C(C)=C\C=C\C(C) | | structure:  clccc(ol)-
Structure: :C_:\C:C_:\C(C):S\C:S\C:C(C)\ clcce(ccl)[C+(N)NC
C=C\C=C(C)\C=C\C=C(/C)CC
C=C(C)C Name: DB569
Method: Fluorescence Microscopy
Name: BBR 3422 References: 327
Method: Cell Fractionation NC(=[NH+]clcccecl)clece(cel
References: 312 s _ )-clcce(ol)-
Structure:  CINH2+]CCNelecezn(CCINH3 tructure: clcce(cel)C(N)=[NH+]clcceec

+])nc3-c4cncecc4C(=0)clc23

1
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Name: DB673

Method: Fluorescence Microscopy Name: [3-Carboline Derivative B

References: 327 Method: Fluorescence Microscopy
NC(N)=[NH+]clccc(ccl)- References: 424

Structure: clccc(ol)- Structure: CCCCnlc2ccccc2c2cec(ne(C)e
clcec(ccl)[NH+]=C(N)N ' 12)C(=O)NCC[NH3+]

Name: NT2 Name: [3-Carboline Derivative C

Method: Fluorescence Microscopy Method: Fluorescence Microscopy

References: 332 References: 424
CCCOC(=0)C1=Cc2c3nc(cca| Structure: Cclnc(cc2c3ccecce3n(Cc3ccecce

Structure: nH]c(cc5nc(cc6[nH]c2c(CC)cb ' €3)c12)C(=O)NCC[NH3+]

' CC)c(CC)chCC)c(CC)cace)C(
CC)Cc13ccC Name: [3-Carboline Derivative D
Method: Fluorescence Microscopy

Name: 4-dimethylaminoazobenzene References: 424

Method: Cell Fractionation CCnlc2cceccczc2ec(ne(C)ecl2)

References: 534 Structure: C(=O)NCCCCCCNC(=0)c1cc2

St ) CN(C)clccce(ccl)\N=N\clccecce c3ccecee3n(CC)c2c(C)nl

ructure: 1
Name: [3-Carboline Derivative E

Name: Zinc Benzochlorin Method: Fluorescence Microscopy

Method: Fluorescence Microscopy References: 424

References: 357 Cclnc(cc2c3cccec3n(Ce3ccecce
CCC1=C(CC)C2N3[Zn]N4C(= Structure: c3)c12)C(=0O)NCCNC(=O)clcc
C\C5=N\C(=C/C13)\C(CC)=C5 ' 2c3ccccc3n(Cc3ccecce3)c2¢(C)

Structure: CC)/C(CC)=C(CC)\C4=C1/C= nl
CC=C3C/1=N\C(=C2\C=[N+](\

C)C)C3(CcC)cC Name: Sanguinarine
Method: Fluorescence Microscopy

Name: Porphyrin-Ruthenium References: 437

Method: Fluorescence Microscopy Structure: C[n+]1cc2¢c(00)c(O0)cec2c2¢

References: 372 ' cc3cc(0OCO)c(OCO)cc3cl2
COclcc(cececlO)-cle2ecc(n2)ce(-
c2cc[n+](cc2)[Ru- Name: Chelerythrine
5]234(Cl)[n+]5cccecs- Method: Fluorescence Microscopy

Structure: c5cecec[n+]25)c2cec([nH]2)c(- References: 437
c2ccc(0)c(0C)c2)c2eec(n2)c(- Structure: | cOclece2e(c[n+](C)c3cdcc(OC
c2cee(0)e(OC)e2)c2ecclnH]2. | | > g)c0co)ccacec23)c10C
clcc[n+]3c(cl)-clccec[n+]4l

Name: Sanguirubine

Name: ZnPcBr8 Method: Fluorescence Microscopy

Method: Fluorescence Microscopy References: 437

References: 376 st . COclcc2cec3c4c(OC)cc(00)c(
BrCclcc2c3nca[n+]5c(ncén7c( FUClUre:  55)cacn+](C)c3c2cc10C
nc8[n+]9c(nc(n3[Zn--

Structure: 1579)c2cc1CBr)clcc(CBr)c(CBr Name: Chelirubine
)cc81)clee(CBr)c(CBricc6l)cl | | Method: Fluorescence Microscopy
cc(CBr)c(CBrjcc4l References: 437

i — COc1cc(00)c(00)c2c[n+](C)e

Name: R-Carboline Derivative A Structure:  3c4cc(OCO)c(OCO)cc4cec3cl

Method: Fluorescence Microscopy 2

References: 424

Structure: CCnlc2cccec2c2ec(nc(C)cl2) Name: Macarpine

C(=O)NCC[NH34]

244
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Method:

Fluorescence Microscopy

CN1CC[NH+](CC1)C1CCC2[N

References: 437 Structure: H+]=C(NC2C1)clccc2NC(Nc2
COclcc2¢3c(0OC)cc(00)c(00) cl)clccc(Oc2cceccce2)ccl
Structure: c3c[n+](C)c2c2cc(OCO)c(0CO
)ccl2 Name: Hoechst 33342 (H20)
Method: Fluorescence Microscopy
Name: DB293 References: 475
Method: Fluorescence Microscopy CCOclccec(ccl)C1Nc2cec(cc2
References: 472 Structure: N1)C1=[NH+]C2CCC(CC2N1)[
NC(=[NH2+])clcce(cel)- NH+]1CCN(C)CC1
Structure:  o1cecol)-
' clnc2cce(cc2[nH]1)C(N)=[NH2 Name: pEB
+] Method: Cell Fractionation
References: 477
Name: DB60 CCCcl1c(o)c(cyceeez(c)o
Method: Fluorescence Microscopy Structure: C2CC(OC(=0)Ccc(o)c(c)o)e
References: 472 1=0)C(\C)=C\clcsc(C)nl
C1C[NH+]=C(N1)clccc(ccl)-
Structure: clccc(ol)- Name: pED
clccc(ccl)C1=[NH+]CCN1 Method: Cell Fractionation
References: 477
Name: DB302 CCCcClc(o)c(c)cecec(e)=c/
Method: Fluorescence Microscopy Structure: CC(OC(=0)Ccc(o)c(c)e)ea=
References: 472 0)C(\C)=C\clcsc(C)nl
C1C[NH+]=C(N1)clccc(ccl)-
Structure: clccc(ol)- Name: BNIPSpd
' clnc2ccc(cc2[nH]1)C1=[NH+]C | | Method: Fluorescence Microscopy
CN1 References: 479
O=C1N(CCC[NH2+]CCCC[NH
Name: DB501 Structure: 2+]CCC[NH2+]CCCN2C(=0)c3
Method: Fluorescence Microscopy ' ccccdecec(C2=0)c34)C(=0)c2
References: 472 cccc3cceclc23
Nclccc(ccl)-clecc(ol)-
Structure: clnc2cce(cc2[nH]1)C(N)=[NH2 Name: BNIPSpm
+] Method: Fluorescence Microscopy
References: 479
Name: DB182 O=C1N(CCC[NH2+]CCC[NH2
Method: Fluorescence Microscopy Structure: +]CCCC[NH2+]CCC[NH2+]CC
References: 472 ' CN2C(=0)c3ccccdcccc(C2=0)
C[NH+](C)CCCNC(=[NH2+])c1 c34)C(=0)c2ccce3cccclc23
ccc(ccl)-cleec(ol)-
Structure: clcE:c(czzl)C(z[E\lH)2+])NCCC[N Name: BNIPOSpm
H+](C)C Method: Fluorescence Microscopy
References: 479
Name: DB340 O=C1N(OCCC[NH2+]CCC[NH
Method: Fluorescence Microscopy 2+]CCCC[NH2+]CCC[NH2+]C
References: 472 Structure: CCON2C(=0)c3ccccdcccec(C2
C[NH+](C)CCCNC(=[NH2+])c1 =0)c34)C(=0)c2ccec3cecclc2
Structure: ccc(ccl)-cleec(ol)- 3
' clnc2ccc(cc2[nH]1)C(=[NH2+])
NCCC[NH+](C)C Pyrrolobenzodiazepine-
Name: Poly(N-methylpyrrole)
Name: Hoechst 33377 (H1) Conjugate 50a
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 475 References: 481
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COC(=0O)clcc(NC(=0O)CCCOc

c1)C([O-

Structure: 2cc3N=CC4CCCN4C(=0)c3cc ])=0)C1=C2C=CC(=0)C=C20
20C)cnl1C c2cc(0)cccl2)CCCNC(=0)clc
c(NC(=0)c2cc(NC(=0)c3cc(N
Pyrrolobenzodiazepine- C(=0)c4nc(NC(=O)C([INH3+]))C
Name: Poly(N-methylpyrrole) CNC(=0)c5nc(NC(=0)c6ee(NC
Conjugate 50b (=0)c7nc(NC(=0)c8nccn8C)cn
Method: Fluorescence Microscopy 7C)cn6C)cn5C)cn4C)en3C)en2
References: 481 C)cniC
COC(=0)clcc(NC(=0)c2cc(NC
Structure:  (=0)CCCOc3cc4N=CC5CCCN | | Name: TP-2py
5C(=0)c4cc30C)cn2C)en1C Method: Fluorescence Microscopy
References: 503
Pyrrolobenzodiazepine- C[n+]1lccc(\C=C\c2ccc(cc2)N(c
Name: Poly(N-methylpyrrole) Structure: 2ccccc2)c2ccec(cc2)\C=C\c2cc|
Conjugate 50c n+](C)cc2)ccl
Method: Fluorescence Microscopy
References: 481 Name: TP-3py
COC(=0)c1cc(NC(=0)c2cc(NC Method: Fluorescence Microscopy
Structure: (=0)c3cc(NC(=0)CCCOc4cch References: 503
' N=CC6CCCN6C(=0)c5cc40C) C[n+]1lccc(ccl)\C=C\clccc(ccl
cn3C)cn2C)cnlC Structure: IN(clcce(cc)\C=C\clcc[n+](C)
' ccl)cleec(ccl)\C=C\clcc[n+](
Name: Polyamide-FITC Conjugate 1 C)ccl
Method: Fluorescence Microscopy
References: 486 Name: Daunorubicin
C[NH+](CCCNC(=S)Ncicce(c( Method. Fluorescence Microscopy
c1)C([O- References: 261
])=0)C1=C2C=CC(=0)C=C20 COclccec2C(=0)c3c(0)caCC(
c2cc(0)ceccl2)CCCNC(=0)clc Structure: O)(CC(OC5CC(INH3+])C(O)C(
Structure: ¢(NC(=0)c2cc(NC(=0)c3nc(N ' C)05)c4c(0)c3C(=0)c12)C(C)
' C(=0)c4cc(NC(=0)C([NH3+])C =0
CNC(=0)chnc(NC(=0)c6ec(NC
(=0)c7cc(NC(=0)c8sccc8Clyen Name: Levofloxacin
7C)cn6C)cn5C)cn4C)cn3C)en2 Method: Cell Fractionation
C)cnlC References: 241
C[C@H]1COC2=C3N1C=C(C([
Name: Polyamide-FITC Conjugate 2 _ -
Method: Fluorescence Microscopy Structure: 4 _5)c(=0)C3=CC(F)=C2N1C
References: 486 CN(C)CC1
Structure: C[NH+](CCCNC(=S)Ncilcce(c(
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Appendix D

The chemical compounds with reported subcellular localization site in the
plasma membrane. References information is available in Appendix H.
Structure is presented as the Simplified Molecular Input Line Entry Specification

string of the major microspecies at pH 7.4, as calculated by ChemAxon.
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Name: D202; 1,6-diphenyl-1,3,5-

' hexatrieneDPH D383; 4,4-difluoro-5,7-
Method: Fluorescence Microscopy Name: dimethyl-4-bora-3a,4a- diaza-s-
References: 589, 700, 701 ' indacene-3-pentanoic acid;
Structure: | Sicce(ce1)\C=C\C=C\C=C\clc BODIPY® FL C5

] ccccl Method: Fluorescence Microscopy
References: 668
D3921; 4,4-difluoro-1,3,5,7- Structure: Cclcc(C)n2cl1C=ClC=CC(CC
Name: te;tramet_hyl—4—bora—3a,4a- ' CCC([O-])=0)=[N+]1[B-]2(F)F
' diaza-s-indacene; BODIPY®
505/515 T53; 2-(p-
Method: Fluorescence Microscopy Name: toluidinyl)naphthalene-6-
References: 590 ' sulfonic acid, sodium salt; 2,6-
Structure: CC1=CC(C)=[N+]2C1=Cclc(C) TNS _
' cc(C)nl[B-]12(F)F Method: Fluorescence Microscopy
References: 623

) D3923; 4- ) Cclccc(Nc2ceec3cece(cee3ce2)S([
Name: (dicyanovinyhjulolidine: Dcva | | STUCU® 5]y (=0)=0)ccl
Method: Fluorescence Microscopy
References: 591 D250; 6-dodecanoyl-2-

S ] N#CC(=Cc1cc2CCCN3CCCc(c Name: dimethylaminonaphthalene;

tructure: 1)c23)CHN Laurdan

Method: Fluorescence Microscopy

Name: P36005; Cis-parinaric acid References: 595

Method: Fluorescence Microscopy Structure: CCccccececececeec(=0)ercecec2

References: 592, 702 ' cc(ccc2c1)N(C)C

Structure: CC\C=C\C=C\C=C\C=C/CCcCC : _ _

' CCCC([O-]))=0 Name: P31; 1-pyrenedecanoic acid

Method: NA

Name: AA4T, 1_—ani|_inonaphthalene-8- References: Invi

' sulfonic acid1,8-ANS [O-

Method: Uptake/Binding Structure: ]JC(=0O)CCCCCCCCCclcec2cec
References: 662 c3cccc4ccclc2e34
[O-
Structure:  ]S(=0)(=0)clccec2ccec(Ne3ce N678; 12-(N-(7-nitrobenz-2-
cce3)c12 Name: oxa-1,3- diazol-4-
yl)amino)dodecanoic acid
Name: A50; 2-anilinonaphthalene-6- Method: NA

) sulfonic acid; 2,6-ANS References: Invi

Method: Uptake/Binding [O-
References: 662 Structure: ]JC(=0)CCCCCCCCCCCNCclcc
[O- c(c2noncl12)N(=0)=0
Structure: 1S(=0)(=0)clccc2ec(Nc3ceccece
3)ccc2cl Name: P96;1-pyrenedodecanoic acid




Method:

Fluorescence Microscopy

bora-3a,4a- diaza-s-indacene;

References: 653 BODIPY® 665/676
[O- Method: NA
Structure: ]JC(=0)CCCCCCCCCCCclccc References: Invi
2ccc3cccc4ccclc2c34 F[B-
Structure: ]1(F)n2c(\C=C\C=C\c3ccccc3)c
Name: H22730; 4-hept_adecy|—7— ' cc2C=C2C=CC(/C=C/C=C\c3c
' hydroxycoumarin cccc3)=[N+]12
Method: Fluorescence Microscopy
References: 626 D3835; 4,4-difluoro-5-(2-
. CCCCCCcccecececececececececeel . thienyl)-4-bora-3a,4a- diaza-s-
Structure: =CC(=0)0c2cc(0)cccl? Name: indacene-3-dodecanoic acid,
BODIPY® 558/568 C12
B3824; 5-butyl-4,4-difluoro-4- Method: NA
Name: bora—3a,4§1- diaza-s-indacene— References: Invi
' 3-nonanoic acid; BODIPY® [O-
500/510 C4, C9 Structure: ]JC(=0)CCCCCCCCCCCC1=N
Method: Fluorescence Microscopy ' +]2C(C=C1)=Cclccc(-
References: 627, 721 c3cces3)nl[B-]12(F)F
CCCCclccc2C=C3C=CC(CCC
Structure: CCCCCC([O-])=O)=[N+]3[B- D3821; 4,4-difluoro-5,7-
1(F)(F)n12 Name: dimethyl-4-bora-3a,4a- diaza-s-
' indacene-3-hexadecanoic acid;
D3823; 4,4-difluoro-5-methyl-4- BODIPY® FL C16
Name: bora-3a,4a- diaza-s-indacene- Method: Fluorescence Microscopy
' 3-dodecanoic acid; BODIPY® References: 604
500/510 C1, C12 Cclcc(C)n2clC=ClC=CC(CC
Method: Fluorescence Microscopy Structure: cccceeecececececececec(o-
References: 628 1)=0)=[N+]1[B-]2(F)F
Cclccc2C=C3C=CC(CCcccccC
Structure: CCCCCC([0-])=0)=[N+]3[B- N1148; NBD cholesterol; (22-
1(F)(F)n12 Name: (N-(7-nitrobenz-2-oxa-1,3-
' diazol-4-yl)amino)-23,24-
D3825; 4,4-difluoro-5-octyl-4- bisnor-5- cholen-3beta-ol)
Name: bora-3a,4a-diaza- s-indacene- Method: Fluorescence Microscopy
' 3-pentanoic acid; BODIPY® References: 683
500/510 C8, C5 CC(CNclccee(c2noncl2)N(=0)
Method: Fluorescence Microscopy Structure: =0)C1lCCcczc3ce=c4cc(o)c
References: 627 CC4(C)C3CcccC12C
CCCCCCCCclccc2C=C3C=C
Structure: C(CCCCC([O-])=0)=[N+]3[B- D3861; 4,4-difluoro-5-(4-
1(F)(F)n12 phenyl-1,3-butadienyl) -4-bora-
Name: 3a,4a-diaza-s-indacene-3-
D3862; 4,4-difluoro-5,7- undecanoic acid; BODIPY®
Name: dimethyl-4-bora-3a,4a- diaza-s- 581/591 C11 .
' indacene-3-undecanoic acid; Method: Fluorescence Microscopy
BODIPY® FL C11 References: 605
Method: Cell Fractionation [O-
References: 605 Structure: ]C(=0)CCCCCCCCCCC1=[N+]
Cclcc(C)n2c1C=C1C=CC(CC ' 2C(C=C1)=Cclccc(\C=C\C=C\
Structure: cccceccecececec([o- c3cccce3)nl[B-]2(F)F
)=0)=[N+]1[B-]2(F)F
Name: D109; 5- . .
Name: B3932; (E,E)-3,5-bis-(4-phenyl- dodecanoylaminofluorescein
ame. 1, 3-butadienyl)-4,4-difluoro-4- Method: NA




References: Invi
CCCCCCcCcCCCCC(=0O)Nclccc D383; 1,1'-didodecyl-3,3,3',3'-
Structure: (c(c1)C([O- Name: tetramethylindocarbocyanine
' ])=0)C1=C2C=CC(=0)C=C20 perchlorate; DilC12(3)
c2cc(O)cecl2 Method: Fluorescence Microscopy
References: 611
Name: F3857; Fluorescein octadecyl CCCCCCCCCCCCN1c2ccecce

' ester Structure: 2C(C)(C)\C1=C\C=C\C1=[N+](
Method: Uptake/Binding ' CCCcCcccececeeccce)c2cececcece2C
References: 623 1(C)C

CCcCcccecceececececececececcco
Structure: C(=0)clccecclC1l=C2C=CC(= N3786; 2-(6-(7-nitrobenz-2-
0)C=C20c2cc(0)cccl2 oxa-1,3-diazol-4-yl)
Name: amino)hexanoyl-1-
Name: H110; 5- hexadecanoyl-sn- glycero-3-

' hexadecanoylaminofluorescein phosphocholine; NBD C6-HPC
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 675 References: 724

CCCCCcCccceceecececececce(=0) CCCCCCCCccceceecececee(=0)
Structure: Nclcee(c(cl)C([O- OCC(COP([O-
' ])=0)C1=C2C=CC(=0)C=C20 Structure: 1)(=0)OCCIN+](C)(C)C)OC(=0
c2cc(O)cecl?2 )JCCCCCNclcce(c2noncl2)N(=
0)=0
D291; 4-(4-
Name: (didecylamino)styryl)-N- DA76; 2-(3- _
' methylpyridinium iodide; 4-Di- (diphenylhexatrienyl)propanoyl)
10-ASP Name: -1- hexadecanoyl-sn-glycero-3-
Method: Fluorescence Microscopy phosphocholine; Beta-DPH
References: 676 HPC
CCCCCCCCCCN(ccecececee Method: Fluorescence Microscopy
Structure:  CCC)clcce(ccl)\C=C\clcc[n+]( | | References: 657
C)ccl CCCCCcCccceceececcecec(=0)
OCC(COP([O-
Name: 0246; Octadecyl rhodamine B Structure:  ])(=O)OCC[N+](C)(C)C)OC(=0O

' chloride; R18 )CCclccc(\C=C/C=C/C=C\c2cc
Method: Uptake/Binding ccc2)ccl
References: 678

CCCCCCCCCCCCCCCCCCOo C3927MP; Cholesteryl 4,4-
_ C(=0)clcccceclC1=C2C=CC(C difluoro-5,7-dimethyl-4-bora-
Structure: =C20c2cc(ccc12)N(CC)CC)=[ Name: 3a,4a- diaza-s-indacene-3-
N+](CC)CC dodecanoate; Cholesteryl
BODIPY® FL C12
D3805; 2-(4,4-difluoro-5,7- Method: Fluorescence Microscopy
dimethyl-4-bora-3a, 4a-diaza-s- | | References: 659
Name: indacene-3-pentanoyl)- 1- CC(C)ccee(ec)ciceceacsce
' hexadecanoyl-sn-glycero-3- =C4CC(CcCc4(Cc)c3ceer20)
phosphate, diammonium salt; Structure: OC(=0)Ccccceeceecececececers
Beta-BODIPY® FL C5-HPA N+]2C(C=C1)=Cc1c(C)cc(C)nl
Method: NA [B-12(F)F
References: Invi
CCCCCCCCCCCCCCCC(=0) D3883; 4-Di-16-ASP (4-(4-
OCC(COP([O-])([O- Name: (dihexadecylamino)styryl)- N-
Structure:  ])=0)OC(=0)CCCCC1=[N+]2C methylpyridinium iodide; DiA
(C=C1)=Cc1c(C)cc(C)n1[B- Method: Fluorescence Microscopy
References: 612

12(F)F




CCCCcCCccceceeecceeeeN(e

yl)amino)dodecanoyl-1-

Structure: CCccccecececececececec)elcece hexadecanoyl- sn-glycero-3-
(cc)\C=C\clcc[n+](C)ccl phosphocholine; NBD C12-
HPC
D3803; 2-(4,4-difluoro-5,7- Method: Fluorescence Microscopy
dimethyl-4-bora-3a, 4a-diaza-s- | | References: 725
Name: indacene-3-pentanoyl)- 1- CCCCCCCCCCCCCCCC(=0)
' hexadecanoyl-sn-glycero-3- OCC(COP([O-
phosphocholine; Beta- Structure: 1)(=O)OCCIN+](C)(C)C)OC(=0
BODIPY® FL C5-HPC )CCCCCCCCCCCNclcee(c2n
Method: Fluorescence Microscopy oncl2)N(=0)=0
References: 660
CCCCcCccceececececececece(=0) H3809; 1-hexadecanoyl-2-(1-
OCC(COP([O- Name: pyrenedecanoyl)-sn-glycero-3-
Structure: ])(=O)OCCIN+](C)(C)C)OC(=0 ' phosphoglycerol, ammonium
)JCCCCC1=[N+]2C(C=C1)=Ccl salt; Beta-py-C10-PG
c(C)ec(C)nl[B-12(F)F Method: NA
References: Invi
D11253,3- CCCcCccceeececececececec(=0)
Name: dihexadecyloxacarbocyanine OCC(COP([O-
perchlorate; DIOC16(3) Structure:  ])(=0)OCC(0)CO)OC(=0)CCC
Method: Fluorescence Microscopy CCCCCCclcc2ccc3cecc4ccec(c
References: 639 1)c2c34
CCCCCcCCcCccCcccececeeeN1e
Structure: (Oc2ccceecl2)=C/C=C/cloc2cc D7711; N-(4,4-difluoro-5,7-
' ccc2[n+]1CCCCCCccceeece dimethyl-4- bora-3a,4a-diaza-s-
CcCC Name: indacene-3-
' dodecanoyl)sphingosyl
H361; 1-hexadecanoyl-2-(1- phosphocholine ; BODIPY® FL
Name: pyrenedecanoyl)- sn-glycero-3- C12-sphingomyelin
' phosphocholine; Beta-py-C10- Method: Fluorescence Microscopy
HPC References: 611
Method: Pharmacological Effect CCCcCcccececececececee=c/c(o
References: 666 )C(COP([O-
CCCcCccceeececececececec(=0) Structure: 1)(=O)OCCIN+](C)(C)C)NC(=0
OCC(COP([O- ' )JCCCCCCCCCCCC1=[N+]2C(
Structure: 1)(=O)OCCIN+](C)(C)C)OC(=0 C=C1)=Cc1c(C)cc(C)n1[B-
)JCCCCCCCCCclcc2ccc3cecce 12(F)F
4cce(cl)c2c34
D3898; 3,3"-
D3771; 2-decanoyl-1-(O-(11- Name: dilinoleyloxacarbocyanine
(4,4- difluoro-5,7-dimethyl-4- ' perchlorate; FAST DiO™ solid;
Name: bora-3a,4a- diaza-s-indacene- DiODelta9,12- C18(3), ClO4
3-propionyl) amino)undecyl)- Method: NA
sn-glycero-3-phosphocholine References: Invi
Method: NA CCCCC\C=C\C\C=C\cccccee
References: Invi Structure: CCN1\C(Oc2ccccec12)=C/C=C/
CCCCcCcCcccece(=0)oc(coc ' cloc2cccec2[n+]1CCCCCCCC
CCCCCCCCCCNC(=0)cccel \C=C\C\C=C\CCCCC
Structure: =[N+]2C(C=C1)=Cc1c(C)cc(C)
nl[B-12(F)F)COP([O- D384; 1,1'-dihexadecyl-
1)(=O)OCCIN+](C)(C)C N ) 3,3,3,3-
ame: . .
tetramethylindocarbocyanine
Name: N3787; 2-(12-(7-nitrobenz-2- perchlorate; DiIIC16(3)
' oxa-1,3-diazol-4- Method: Fluorescence Microscopy




References: 615 /CCCCC)clccc(ccl)\C=C\clcc|
CCCCcCcCccceeecceeetN1e2 n+](C)ccl
Structure: ccecec2C(C)(C)\C1=C/C=CIC1=
' [N+](CCCccceeeeeceececece D3815; 2-(4,4-difluoro-5,7-
)c2ccecc2C1(C)C diphenyl-4-bora-3a, 4a-diaza-s-
Name: indacene-3-pentanoyl)- 1-
D275; 3,3"- ' hexadecanoyl-sn-glycero-3-
Name: dioctadecyloxacarbocyanine phosphocholine; Beta-
perchlorate BODIPY® 530/550 C5-HPC
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 641 References: 642
CCCcCccceceececececececceceeN CCcCcCccecceecececececececece(=0)
Structure: 1\C(Oc2cccecl2)=C/C=C/cloc OCC(COP([O-
' 2cccec2[n+]1CCCCCCCCCcCe Structure: ])(=O)OCCIN+](C)(C)C)OC(=0
CCccccce ' )JCCCCC1=[N+]2C(C=C1)=Ccl
c(cc(-c3ccecee3)nl[B-]2(F)F)-
D3793; 2-(4,4-difluoro-5- clcceccl
methyl-4-bora-3a,4a- diaza-s-
Name: indacene-3-dodecanoyl)-1- D3886; 1,1'-dioleyl-3,3,3',3'-
' hexadecanoyl-sn-glycero-3- Name: tetramethylindocarbocyanine
phosphocholine; Beta- methanesulfonate; Delta9-Dil
BODIPY® 500/510 C12-HPC Method: NA
Method: Fluorescence Microscopy References: Invi
References: 642 CCCCcCcccee=c\eececececce
CCCCcCcCccceeceececececec(=0) Structure: CN1c2ccccc2C(C)(C)\C1=C\C
OCC(COP([O- ' =C/C1l=[N+](CCCCCCCC\C=C
Structure: ])(=O)OCCIN+](C)(C)C)OC(=0O \CCCCCCCC)c2ccccc2C1(C)C
)JCCCCCCCCCCCC1=[N+]2C(
C=C1)=Cclccc(C)nl[B-12(F)F D3899; 1,1'-dilinoleyl-3,3,3',3'-
Name: tetramethylindocarbocyanine
D3792; 2-(4,4-difluoro-5,7- ' perchlorate; FAST Dil™ oil;
dimethyl-4-bora-3a, 4a-diaza-s- DilDelta9,12- C18(3), ClO4
N ) indacene-3-dodecanoyl) -1- Method: Fluorescence Microscopy
ame:
hexadecanoyl-sn-glycero-3- References: 611
phosphocholine; Beta- CCCCcC\C=C\C\C=C\cccccc
BODIPY® FL C12-HPC CCN1c2cccecc2C(C)(C)\C1=C\
Method: Fluorescence Microscopy Structure: C=C/C1=[N+](CCCCCcCcCcC\C=
References: 611 C\C\C=C\CCCCC)c2ccccc2C1(
CCCcCccceeececececececec(=0) C)C
OCC(COP([O-
Structure: ])(=O0)OCCIN+](C)(C)C)OC(=0 D282; 1,1'-dioctadecyl-3,3,3',3'-
' JCCCCCCCCCCCC1=[N+]2C( Name: tetramethylindocarbocyanine
C=C1)=Ccl1c(C)cc(C)nl[B- perchlorate; Dil'; DilC18(3)
12(F)F Method: Fluorescence Microscopy
References: 641, 645
D7758; 4-(4- CCCcCcCccceececececececcececeN
(dilinoleylamino)styryl)-N- Structure: 1c2cccec2C(C)(C)\C1=C/C=C/
Name: methylpyridinium 4- " Cl=[N+](Ccccececceccecceccce
' chlorobenzenesulfonate; FAST CCCCC)c2ccecc2C1(C)C
DiIA™ solid; DiDelta9,12-
C18ASP, CBS M12652; Marina Blue® 1,2-
Method: Fluorescence Microscopy Name: dihexadecanoyl-sn-glycero-3-
References: 616 ' phosphoethanolamine; Marina
Structure: CCCCC\C=C\C\Cc=C\ccceecece Blue® DHPE
' CCN(Cccceeecce\e=C\c\C=C | | Method: NA




References: Invi 1c2ccc(cc2C(C)(C)\C1=C/C=C/
CCCCcCcCcceeceeceececec(=0) C1=[N+](CCCcccceeeccecee
OCC(COP([O- CCCCC)c2ccc(cc2CL(C)O)S([

Structure: ])(=O)OCCNC(=0)CC1=C(C)c O-])(=0)=0)S([O0-])(=0)=0
2cc(F)c([O-

])c(F)c20C1=0)OC(=0)CCCC D6562; 1,2-dioleoyl-3-(1-

CCcCcccececececce Name: pyrenedodecanoyl)- rac-
glycerol

N360; N-(7-nitrobenz-2-oxa- Method: NA

1,3-diazol- 4-yl)-1,2- References: Invi

Name: dihexadecanoyl-sn-' glycero-3- CCCCCCCcc\c=Cc\cccececece
phosphoethanolamine, C(=0)OCcC(Coc(=0)cceecce
triethylammonium salt; NBD- Structure: CCCCCclccc2ccec3cccc4ceclc
PE 2c34)0C(=0)ccceececec\e=c/

Method: Fluorescence Microscopy CCCccccce

References: 8, 617
CCCCcccceececececececec(=0) D12731; 1,1'-dioctadecyl-
OCC(COP([O- Name: 3,3,3,3-

Structure: ])(=O)OCCNclcce(c2noncl2)N ' tetramethylindotricarbocyanine
(=0)=0)OC(=0)Cccccecececece iodid; DIR; DilC18(7)

CCcCcCcCC Method: Fluorescence Microscopy
References: 664
D307; 1,1'-dioctadecyl-3,3,3',3'- CCCCCcCccceceecececcceeeN
Name: tetramethylindodicarbocyanine 1c2cccecc2C(C)(C)\C1=C\C=C/
' perchlorate; DiD' oil; DilC18(5) Structure: ~ C=C/C=C\C1=[N+](CCCCCCC
oil CCCCCCCCCCC)c2ecccc2Cl

Method: Fluorescence Microscopy (C)C

References: 685
CCCcCccceceeceeceececececeeN B1550; N-(biotinoyl)-1,2-

Structure: 1c2cceec2C(C)(C)\C1=C\C=C\ dihexadecanoyl-sn-glycero-3-

' C=C\C1=[N+](CCCcCccceecec Name: phosphoethanolamine,
CCCCCCCC)c2ccccc2Cl(C)C triethylammonium salt; Biotin
DHPE
P22652; Pacific Blue™ 1,2- Method: NA
ditetradecanoyl-sn-glycero-3- References: Invi

Name: phosphoethanolamine, CCCcCcccceececececececec(=0)
triethylammonium salt; Pacific OCC(COP([O-

Blue™ DMPE Structure:  ])(=O)OCCNC(=0)CCCCC1SC

Method: NA C2NC(=0O)NC12)0OC(=0)CCC

References: Invi CCCccceececececce
CCCcccceecececececece(=0)oc
C(COP([O- D57; N-(5-

Structure: ])(=O)OCCNC(=0)C1=Cc2cc(F dimethylaminonaphthalene-1-

' )c([O- sulfonyl)-1,2-dihexadecanoyl-
1)c(F)c20C1=0)0C(=0)CCCC Name: sn- glycero-3-
CCCCcCcCcCcCC phosphoethanolamine,
triethylammonium salt; Dansyl
D7776; 1,1'-dioctadecyl- DHPE
3,3,3',3"- Method: NA

Name: tetramethylindocarbocyanine- References: Invi
5,5'- disulfonic acid; DilC18(3)- CCCcCccccecececececececec(=0)
DS OCC(COP([O-

Method: NA Structure: 1)(=O)OCCNS(=0)(=0)clcccc2

References: Invi c(ccccl2)N(C)C)OC(=0)Cccece

Structure: CCCcCccceeeeeceeccecceeN CCccccecececcecce




B7701; 1,2-bis-(4,4-difluoro-
5,7-dimethyl-4- bora-3a,4a-
diaza-s-indacene-3-

(biotinoyl)amino)hexanoyl)-1,2-
dihexadecanoyl-sn-glycero-3-
phosphoethanolamine,
triethylammonium salt; Biotin-X

Name: undecanoyl)-sn-glycero-3- DHPE
phosphocholine; Bis-BODIPY® Method: NA
FL C11-PC References: Invi
Method: Fluorescence Microscopy CCCCCCCCCCCCCCCC(=0)
References: 648 OCC(COP([O-
Cclcc(C)n2clC=C1C=CC(CC Structure: ])(=O)OCCNC(=0)CCCCCNC(
CCCCCCCCC(=0)0oCccC(COoP(I ' =0)CCCCC1SCC2NC(=O)NC
O- 12)OC(=0)CCcccceeecececce
Structure: 1)(=O)OCCIN+](C)(C)C)OC(=0 CCC
JCCCCCCCCCCC3=[N+]4C(C
=C3)=Cc3c(C)cc(C)n3[B- D7777; 1,1'-dioctadecyl-6,6'-
14(F)F)=[N+]1[B-]2(F)F N . di(4-sulfophenyl)- 3,3,3',3'-
ame: ; .
tetramethylindocarbocyanine;
Name: C7000; CellTracker™ CM-Dil SP-DilC18(3)
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 618 References: 649
CCcCcCcceccecececeeceececececeeN CCCcCccceceeceecececececceeN
1c2cceec2C(C)(C)\C1=C\C=C\ 1c2cc(cecc2C(C)(C)\C1=C\C=C\
Structure: C1=[N+](CCCCcCcceceeeece Structure: C1=[N+](CCCcCcCcccceecececee
CCCCC)c2ccc(CNC(=0)c3ccec( ' CCCCCQC)c2cc(ccc2C1(C)0O)-
CClcc3)cc2C1(C)C clcce(ccl)S([0-])(=0)=0)-
clcce(cel)S([O-])(=0)=0
012650; Oregon Green® 488
Name: 1,2-dihexadecanoyl-sn-glycero- F362; N-(fluorescein-5-
' 3- phosphoethanolamine; thiocarbamoyl)- 1,2-
Oregon Green® 488 DHPE Name: dihexadecanoyl-sn-glycero-3-
Method: NA ' phosphoethanolamine,
References: Invi triethylammonium salt;
CCCCCCCCCCCCCCCC(=0) Fluorescein DHPE
OCC(COP([O- Method: NA
])(=O)OCCNC(=0)clccce(c(cl) References: Invi
Structure: C([O- CCCcCccceeececececececece(=0)
])=0)C1=C2C=C(F)C(=0)C=C OCC(COP([O-
20c2cc(0)c(F)ccl2)OC(=0)C 1)(=O)OCCNC(=S)Nclcce(c(cl
CCccccecececececececce Structure: )C([O-
])=0)C1=C2C=CC(=0)C=C20
D7778; 3,3'-dioctadecyl-5,5'- c2cc(O)cccl2)OC(=0)CCccce
. di(4-sulfophenyl) CCCccccececece
Name: ; : .
oxacarbocyanine, sodium salt;
SP-DIOC18(3) T1391; N-(6-
Method: Fluorescence Microscopy tetramethylrhodaminethiocarba
References: 727 moyl)-1,2- dihexadecanoyl-sn-
CCCcCcCccceecececececececceeN Name: glycero-3-
1\C(Oc2ccc(cc12)- phosphoethanolamine,
clcee(cel)S([O- triethylammonium salt; TRITC
Structure: ])(=0)=0)=C/C=C/cloc2ccc(cc DHPE
2[n+]1CCCCCCccceeececece Method: Fluorescence Microscopy
CCC)-clcce(ccl)S([O- References: 679
D(=0)=0 CCcCcccecceeeceececececec(=0)
Structure: OCC(COP([O-
Name: B1616; N-((6- (=O)OCCNC(=S)Nclccc(C([O




]_):O)C(Cl)C1:CZC:C/C(/C:CZ

O-])(=0)=0

Oc2cc(cccl2)N(C)C)=[N+](\C) Name: Rhodac
C)OC(=0)Cccceceececeececcecce | | Method: Fluorescence Microscopy
CC References: 102
CCOC(=C\C=C1\SC(\C=C2\sC
Name: Hostalux SN _ (c3cceee3)=C(N2CC)c2ccecc?)
Method: Fluorescence Microscopy Structure: =[N+](CC)C1=0)\C=C1\Sc2ccc
References: 55 (C)cc2N1CC
Structure: CC(C)COCCS(=0)(=0)clccec(c
' c1)N1CCC(=N1)clccc(Cl)ecl . 3-THPP; tetra(3-
Name: .
hydroxyphenyl)porphine
Name: Uvitex EBF Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 111
References: 55 Oclccec(cl)-clc2cecc(n2)c(-
. clccc2oc(nc2cl)-clesc(cl)- . c2cccc(O)c2)c2cec([nH]2)c(-
Structure: clnc2ccecc20l Structure: c2cccce(O)c2)c2cec(n2)c(-
c2cccc(O)c2)c2cecl[nH]2
Name: Blancophor DCR
Method: Fluorescence Microscopy Name: Cytochalasin D
References: 55 Method: Cell Fractionation
Structure: CS(=0)(=0)clccc(ccl)N1CCC References: 143
' (=N1)clccc(Cl)ecl CC1cC\C=C\C2C(O)C(=C)C(C)
Structure: C3C(Cc4ccceccd)NC(=0)C23C(
Name;: MPPT OC(C)=0)\C=C\C(C)(0)C1=0
Method: Fluorescence Microscopy
References: 55 HBDP-R1; 2,-(N,N-
Cnlc(nc2cceccl2)- Name: dimethylamino)-propylamine-
Structure:  clccc(s1)C1=NN(CC1)clcccce HB
1 Method: Fluorescence Microscopy
References: 186
Name: 3-Cyanoperylene COC1=CC(=0)c2c(NCCC[NH+
Method: Fluorescence Microscopy ](C)C)c(OC)c3CC(C)=C(C(C)=
References: 55 Structure: 0)c4c(OC)c(NCCCINH+])(C)C)
Structure:  \W¥¥Celccc2ce3ccecdccee(eseee c5C(=0)C=C(0OC)cbclc2c3cac
" c¢lc25)c34 56
Name: ZnPcS3C6 Name: CIBC Derivative 2
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 88 References: 227
CCCCC#Cclccc2c3nc4nc(ncs CCC1C(C)c2cc3[nH]c(ccanc(C
né[Zn]n3c(nc3nc(ncbebece(ccs (Ccc([o-
s _ 6)S([O- Structure: 1)=0)C4C)c4C(=0O)N(OC)C(=0
[ructure:  1)(=0)=0)c5ec(ceeds)S(O- )e5¢(C)e(ce1n2)nH]ea5)c(C)e3
)(=0)=0)c2c1)clcce(ccdl)S([ Cc(C)o
O-])(=0)=0 __
CICD Derivative 5; 13,15-N-
Name: ZnPcS3C9 Name: cycloimide Derivatives of
Method: Fluorescence Microscopy Chlorin p10
References: 88 Method: Fluorescence Microscopy
CCCCCCCC#Cclccc2e3ncanc | | References: 86
(nc5n6[Zn]n3c(nc3nc(ncéebece CCclc(C)c2cc3[nH]c(ccanc(C(
Structure:  (cc56)S([O- Structure:  CCC(E0)OC)CAC)c4C(=0O)N(

1)(=0)=0)c5cc(ccec35)S([O-
1)(=0)=0)c2c1)clcecc(ccdl)S([

OC)C(=0)c5c(C)c(ccln2)[nH]c
45)c(C)c3C=C
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Method:

Fluorescence Microscopy

Name: di-4-ANEPPDHQ References: 383
Method: Fluorescence Microscopy CCCCN(CcCCC)clccc2ec(\C=C
References: 291 Structure: \C=C\c3cc[n+](CCC[N+](C)(C)
CCCCN(CcCcCC)clccc2cec(CCce C)c4ccccc34)cec2cel
Structure: 3cc[n+](CC(O)C[N+](C)(C)CC
O)cc3)ccc2cl Name: JPW-4090; Di-2-ANBDQPQ
Method: Fluorescence Microscopy
Name: Evans Blue References: 383
Method: Fluorescence Microscopy CCN(CC)clccec2ec(\C=C\C=C\
References: 294 Structure: c3cc[n+](CCC[N+](C)(C)C)c4c
Cclcc(cccINWN=C1/C=Cc2c(cc cccec34)cec2cl
(c(N)c2C1=0)S([O-
Structure: 1)(=0)=0)S([O-])(=0)=0)- Name: PY-1261; Di-2-BTEPPTEA
' clccc(N\N=C2/C=Cc3c(cc(c(N) Method: Fluorescence Microscopy
c3C2=0)S([O-])(=0)=0)S([O- References: 383
1)(=0)=0)c(C)cl CCN(CC)clccce(sl)-
Structure: clccc(\C=C\c2cc[n+](CCC[N+](
Name: SnNNT2H2 (CI2) CC)(CC)CC)ce2)s1
Method: Fluorescence Microscopy
References: 332 Name: PY-1268; Di-2-TTEPPTEA
CCCOC(=0)C1Cc2c3[n+]4c(cc Method: Fluorescence Microscopy
Structure: 5¢(CC)c(CC)cbee7c(CC)e(CC) References: 383
€8cc9c(CC)c(CC)c2n9[Sn)4(n5 CCN(CC)clccc(sl)-clcee(sl)-
6)[n+]78)C(CC)C13CC Structure:  clcec(\C=C\c2cc[n+](CCCIN+](
CC)(CC)CC)cc2)s1
Name: EBCS
Method: Fluorescence Microscopy Name: PY-1286; Di-3-BTEPPTEA
References: 332 Method: Fluorescence Microscopy
CCclc(C)c2cc3[nH]c(c(C)c3C References: 383
Structure: C)c3ccecdc3nc(ce3[nH]c(ccln CCCN(CCC)clcec(sl)-
2)c(C)c3CC)C4(C)CC Structure:  clcecc(\C=C\c2cc[n+](CCCIN+](
CC)(CC)CC)cc2)s1
Name: SnEBCS
Method: Fluorescence Microscopy Name: PY-1266; Di-4-BTEPPTEA
References: 332 Method: Fluorescence Microscopy
CCclc(C)c2cc3c(CC)e(C)eacc References: 383
structure: | 2C(€C)e(C)ebn5[Sni5(n2elcel] CCCCN(CCCC)clccc(sl)-
n+]5c2c(cc(cc62)S([O- Structure:  clccc(\C=C\c2cc[n+](CCCIN+](
)(=0)=0)C1(C)CC)[n+]34 CC)(CC)CC)cc2)s1
Name: JPW-3028; Di-1-ANEPEQ Name: JPW-3067
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 383 References: 384
structure: | SN(C)elecc2ec(cec2el)\C=Cle CN(C)clcec(\C=C\c2ccc(\C=C\
1cc[n+](CCIN+](C)(C)C)ccl Structure:  C3=[N+](CCC[N+](C)(C)C)c4cc
ccc4C3(C)C)s2)ccl
Name: JPW-3080; Di-1-APEFEQPQ
Method: Fluorescence Microscopy Name: JPW-5034
References: 383 Method: Fluorescence Microscopy
CN(C)clccc(\C=C\c2cce(\C=C\ References: 384
Structure:  c3cc[n+](CCC[N+](C)(C)C)cac CCCCN(CCCC)clccc(\C=C\c2
ccce34)o2)ccl Structure:  ccc(\C=C\C3=[N+](CCC[N+](C)
(C)C)c4dcceeccdC3(C)C)s2)ccl
Name: JPW-600; Di-4-ANBDQPQ

255



http://badd.wikispaces.com/SnEBC

Name: JPW-5020 1)(=0)=0)c2cccccl2
Method: Fluorescence Microscopy
References: 384 Name: RE-136
CCCCCCCCN(ccceececec)e Method: Fluorescence Microscopy
Structure: lcce(\C=C\c2ccc(\C=C\C3=[N+ References: 385
' J(CCCI[N+](C)(C)C)c4cceec4C3 CCCCN(CcCcCC)clccc(ce)\C=
(C)C)s2)ccl Structure: C\C=C\clc2cccee2[n+](CCCS(]
0-])(=0)=0)c2cccecl?2
Name: di-4-ANEPPS
Method: Fluorescence Microscopy Name: RK-57
References: 384 Method: Fluorescence Microscopy
CCCCN(CcCccCC)cilcecc2cec(ccc2 References: 385
Structure: c1)\C=C\clcc[n+](CCCS([O- CCCCOC1CN2CC(Cc3cc(\C=
1)(=0)=0)ccl Structure: C\c4c5cccec5[n+](CCCS([O-
' 1)(=0)=0)c5ccceccd5)cc(Cl)c23
Name: JPW-3012 JOCCCC
Method: Fluorescence Microscopy
References: 385 Name: JPW-5019
CI[N+](C)(C)CCC[n+]1lccc(\C=C | | Method. Fluorescence Microscopy
Structure: \c2cc3CCCN4CCCc(c2)c34)c2 References: 385
cceecl2 CCCCCCCCN(cceececece)e
Structure: lccc(\C=C\c2ccc(\C=C\c3cc[n+
Name: KDH-160 ' J(CCCIN+](C)(C)C)c4cccec3dd)s
Method: Fluorescence Microscopy 2)ccl
References: 385
CCN1CCCc2ccc(\C=C\c3cc[n+ | | Name: JPW-5021
Structure: J(CCcCs([O- Method: Fluorescence Microscopy
1)(=0)=0)c4cccce34)ccl?2 References: 385
CCCCCCCCN(cceececece)e
Name: JPW-3066 Structure: lcec(\C=C\c2ccc(\C=C\c3cc[n+
Method: Fluorescence Microscopy ' J(CCCIN+](C)(C)C)c4cccec34d)
References: 385 02)ccl
CN(C)clccc(\C=C\c2ccc(\C=C\
Structure: c3cc[n+](CCC[N+](C)(C)C)c4ac Name: JPW-5026
ccce34)s2)ccl Method: Fluorescence Microscopy
References: 385
Name: JPW-4012 CCCCCCCcCcceceeN(cececece
Method: Fluorescence Microscopy Structure: CCCcCcCcCC)clcec(\C=C\c2ccec(
References: 385 ' \C=C\c3cc[n+](CCC[N+](C)(C)
CCCCN(CCCC)clcec(\C=C\c2 C)c4ccecc3d)s2)ccl
Structure: ccc(\C=C\c3cc[n+](CCC[N+](C)
(C)C)c4cceeec34)o02)cel Name: JPW-5028
Method: Fluorescence Microscopy
Name: JPW-4023 References: 385
Method: Fluorescence Microscopy CCCcCcCcCcceeceeeN((ceecece
References: 385 Structure: CCcCcCcCcCC)clcec(\C=C\c2cec(
CCN(CC)clcec(\C=C\c2ccc(\C " \C=C\c3cc[n+](CCC[N+](C)(C)
Structure: =C\c3cc[n+](CCC[N+](C)(C)C) C)c4ccccc34)o2)ccl
c4ccecc34)o2)cecl
Name: DB1-195
Name: RE-66 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 385
References: 385 CCCCN(CCcCC)clccc(ccl)\C=
Structure: CCCCN(CCCC)clcee(ccl)\C= Structure: C\clc2cccec2[n+](CCCS([O-

C\clc2cceec2[n+](CCCCS([O-

])(=0)=0)c2cccecl?
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Name: JPW-5031 Name: ANNINE-6plus
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 385 References: 414
CCN(CC)clcccz2ec(\C=C\C=C\ CCCCN(CcCcCC)clccc2c(cec3ce
Structure: C3=[N+](CCCIN+](C)(C)C)c4cc | | Structure: 2ccc2c4cceche[n+](CCCIN+](C)
ccc4C3(C)C)cec2cl (C)C)cechedecec32)cl
Name: DB2-039 Name: RH160
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 385 References: 415
CCCcCcCclc(cecee)Ce2ec(\C= CCCCN(CCCC)clccce(cecl)\C=
Structure: C\c3cc[n+](CCC[N+](C)(C)C)c Structure: C\C=C\clcc[n+](CCCCS([O-
4cceccc34)cc3CCCN1c23 1)(=0)=0)ccl
Name: JPW1114 Name: di-4-ANEPBS
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 411 References: 415
Structure: CCN(CC)clccc2cec(cec2el)\C= CCCCN(CCcCC)clccczcec(ccc2
' C\clcc[n+](CCIN+](C)(C)C)ccl Structure: c1)\C=C\clcc[n+](CCCCS([O-
D(E=0)=0)ccl
Name: RH795
Method: Fluorescence Microscopy Name: BNBIQ
References: 413 Method: Fluorescence Microscopy
CCCCN(CCcCC)clccc(CccCCe References: 415
Structure: 2cc[n+](CC(O)CC(C)(C)CCO)c CCCCN(CCcCC)clccczcec(ccc2
c2)ccl Structure: cl)-clccc2c[n+](CCCCS([O-
1)(=0)=0)ccc2cl
Name: JPW3039
Method: Fluorescence Microscopy Name: ANNINE-5
References: 413 Method: Fluorescence Microscopy
CCN(CC)clccc2cec(cec2cl)\C= References: 415
Structure: C\clcc[n+](CC(O)CC(C)(C)CC CCCCN(CCcCC)clccc2c(ccc3ce
O)ccl Structure: 2ccc2c4cec[n+](CCCCS([O-
1)(=0)=0)cc4ccec32)cl
Name: JPW2081
Method: Fluorescence Microscopy Name: ANNINE-6
References: 413 Method: Fluorescence Microscopy
CCCCN(CcCcCC)clccc2cec(cec2 References: 415
Structure: c1)\C=C\clcc[n+](CC(O)CC(C) CCCCN(CCcCC)clccc2c(ccc3ce
(C)CCO)ccl Structure: 2ccc2c4ccche[n+](CCCCS([O-
1)(=0)=0)ccc5c4cec32)cl
Name: JPW3031
Method: Fluorescence Microscopy Name: Ww375
References: 413 Method: Fluorescence Microscopy
CCCCCCN(cccececeC)elecec2e References: 417
Structure: c(\C=C\c3cc[n+](CC(O)CC(C)( CCNI1C(=S)S\C(=C/C=C\C=C2
C)CCO)cc3)cec2cl Structure: /C=CN(CCCS([O-
1)(=0)=0)c3cccec23)C1=0
Name: JPW5037; di-8-ANEPPS
Method: Fluorescence Microscopy Name: RH155
References: 412,413 Method: Fluorescence Microscopy
CCCCCcCcCeN(ceeececece)e References: 417
Structure: 1lcecc2ec(\C=C\c3cc[n+](CCCS( Structure: CC1=NN(c2ccc(cc2)S([O-

[0-])(=0)=0)cc3)cec2cl

])(=0)=0)C(=0)C\1=C\C=C(\C

257




=C\clc(C)nn(-c2cce(cec2)S([O-
])(=0)=0)c10)clcccecl

1)=0)ccc-23)cl

Name: C6A-FL-C6
Name: WW781 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 448
References: 417 CCCcCcCCclccc-
CCCCN1C(=O)N(CCCC)C(O)=| | Structure: 2c(Cc3cc(Cccecec(o-
Structure: C(\C=C\C=C\C=C2\C(C)=NN( 1)=0)ccc-23)cl
' C2=0)c2ccc(cc2)S([O-
(=0)=0)C1=0 Name: C6ABz PC
Method: Fluorescence Microscopy
Name: C4A-FL References: 448
Method: Fluorescence Microscopy CCCCCCCCCCCCCC(=0)0C
References: 448 C(COP([O-
Structure: [O-]C(=0)CCCclccc- Structure: ])(=O)OCCIN+](C)(C)C)OC(=0
' 2c(Cc3ccecc-23)cl )JCCCCCclccc(ccl)C(=0O)clcc
cccl
Name: C4A-FL-C4
Method: Fluorescence Microscopy Name: C6ABzC6
References: 448 Method: Fluorescence Microscopy
CCcCcCclccc- References: 448
Structure: 2¢(Cc3cc(CCCC([O-])=0O)cce- CCccccecececececececec(=0)oc
23)cl C(COP([O-
Structure: 1)(=0)OCCIN+](C)(C)C)OC(=0
Name: C8A-FL )JCCCCCclccec(ccl)C(=0)clce
Method: Fluorescence Microscopy c(CCCcCcCC)ccl
References: 448
Structure: [O-]C(=0)CCCCCCCclcce- Name: C8ABz PC _
) 2c(Cc3ccecce-23)cl Method: Fluorescence Microscopy
References: 448
Name: C8A-FL-C4 CCcCcccecececececececec(=0)oc
Method: Fluorescence Microscopy C(COP([O-
References: 448 Structure: 1)(=O)OCCIN+](C)(C)C)OC(=0
CCCCclccc- )JCCCCCCCclccc(ccl)C(=0)cl
Structure: 2c(Cc3cc(Ccceeecc(o- cceecl
])=0)ccc-23)cl
Name: C8ABzC4 PC
Name: C6A-FL Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 448
References: 448 CCCcCccceceececececece(=0)oc
Structure:  [O-]C(=0)CCCCCclece- C(COP([O-
" 2c(Cc3ccece-23)cl Structure:  ])(=0)OCC[N+](C)(C)C)OC(=0O
)JCCCCCCCclccc(ccl)C(=0)cl
Name: C6A-FL-C2 ccc(CCCC)ccl
Method: Fluorescence Microscopy
References: 448 Name: 1-Pyrene Butyric Acid; PBA
CCclcce- Method: Fluorescence Microscopy
Structure:  2c(Cc3cc(CCCCCC([O- References: 456
])=0)ccc-23)cl [O-
Structure: ]C(=0)CCCC1=CCC2=C3C4C(
Name: C6A-FL-C4 C=C2)=CC=CC4=CC=C13
Method: Fluorescence Microscopy
References: 448 Name: Lepidine Dye
CCCCclcce- Method: Fluorescence Microscopy
stuere: 50 ce3ee(ccceee([o- References: 462
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CCCCN(CccC)clecc(\C=C\c2 1
Structure: ccc(\C=C\c3cc[n+](CCCCS([O-
])(=0)=0)c4ccecec34)s2)ccl Name: Amethyst Violet
Method: Fluorescence Microscopy
Name: Indolenine Dye References: 463
Method: Fluorescence Microscopy Structure: CCN(CC)clcce2nc3cec(cc3[n+
References: 462 ' ](-c3cceee3)c2c1)N(CC)CC
CCCCN(CcCcCC)clcec(\C=C\c2
Structure: ccc(\C=C\C3=[N+](CCCCS([O- Name: DIOC1(3)
' ])(=0)=0)c4cccccaC3(C)C)s2) Method: Fluorescence Microscopy
ccl References: 463
. Structure: CN1\C(Oc2cccccl2)=C/C=Cl/c
Name: Benzthiazole Dye ' loc2ccccc2[n+]1C
Method: Fluorescence Microscopy
References: 462 Name: RH355
CCCCN(CccC)clecc(\C=C\c2 Method: Fluorescence Microscopy
Structure: ccc(\C=C\c3sc4cccecd[n+]3CC References: 464
CCS([O-])(=0)=0)s2)ccl structure:  CN(G)elecc(ce)\C=C\C=C\c1
' cc[n+](CCC[N+](C)(C)C)ccl
Name: Sulfindolenine Dye
Method: Fluorescence Microscopy Name: RH461
References: 462 Method: Fluorescence Microscopy
CCCCN(CccCC)clcec(\C=C\c2 References: 464
. ccc(\C=C\C3=[N+](CCCCS([O- CCN(CC)clcee(cel)\C=C\C=C\
Stucture: )6 Oycacce(ccCOOS( | | STUetIe o N Q@)
0-])(=0)=0)s2)ccl
Name: RH437
Name: Benzoxazole Dye Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 464
References: 462 CCCN(CCC)clcce(cel)\C=C\C
CCCCN(CCCC)clecc(\C=C\c2 | | structure:  =Clclee[n+](CCCIN+](C)(C)C)
Structure: ccc(\C=C\c3oc4cccccd[n+]3CC ccl
CCS([O-])(=0)=0)s2)ccl
Name: JPW1234
Name: Sulfoindolenme Dye Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 465
References: 462 CCCCN(CCCC)clcce2ce(cec2
CCCCN(CCCC)clecc(\C=C\c2 | | Structure:  c1)\C=C\clcc[n+](CC(C)CO)ce
Structure: (S:(EF(()\-C_C\CS_[NH(CC)C4CC(C 1
)(=0)=0)ccc4C3(C)C)s2)ccl Name: JPW1259
Method: Fluorescence Microscopy
Name: Methoxyquinaldine Dye References: 465
Method: Fluorescence Microscopy CCCCN(CCCC)clccc2ec(\C=C
References: 462 Structure:  \c3cc[n+](CC40C(OC)C(0O)C4
CCCCN(CccCC)clceec(\C=C\c2 O)cc3)cce2cl
Structure: ccc(C=Cc3cccdcc(OC)ceca[n+]
3CCCCS([O-])(=0)=0)s2)ccl Name: JPW1290
Method: Fluorescence Microscopy
Name: Methoxylepidine Dye References: 465
Method: Fluorescence Microscopy _ CCN(CC)clccc2ec(cec2c1)\C=
References: 462 Structure: o\ 1 cc[n+](CC(C)CO)eel
CCCCN(CCCC)clccc(\C=C\c2
Structure: ccc(\C=C\c3cc[n+](CCCCS([O- Name: F8N1S

])(=0)=0)c4ccc(0OC)cc34)s2)ce
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Method: Fluorescence Microscopy References: 495
References: 466 Cclcc(cecclCl=C2C=C(F)C(=
CCCCCCCCN(ccceececec)e Structure: 0)C=C20c2cc(0O)c(F)ccl2)C(=
Structure: lcce(ccl)C1l=C(JO- ' O)NCclcce(COc2nc(N)nc3[nH]
' ])C(=0)c2cc(C[N+](C)(C)CCCS cnc23)ccl
([O-])(=0)=0)ccc201
Name: Pennsylvania Green
Name: PPZ8 ' Fluorophore Derivative 22
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 466 References: 498
CCCCCCCCOclccc20C(=C([ CC(C)ccece(e)ycacceeacscee
O- =C4CC(CCc4(C)c3cee1zo)
Structure: ])C(=0)c2cl)clcecec(ccl)NICC Structure: NH2+]CCCNC(=0)CCNC(=0)
N(CC1)clcc[n+](CCCS([O- ' CCNC(=0O)clcce(c(C)cl)C1=C
1)(=0)=0)ccl 2C=C(F)C(=0)C=C20c2cc(0)c
(F)ccl2
Name: RH237
Method: Fluorescence Microscopy Name: ::Pennsylvania Green
References: 492 ' Fluorophore Derivative 23::::::
CCCCN(CCCC)clcec(cel)\C= Method: Fluorescence Microscopy
Structure: C\C=C\C=C\clcc[n+](CCCCS([ | | References: 498
O-])(=0)=0)ccl CC(C)ccee(ec)ciceezcsce
=C4CC(CCc4(C)c3cee1zo)
. O°%-Benzylguanine- ) NH2+]CCCNC(=0)CCNC(=0)
Name: Pennsylvania Green Structure: CCNC(=0)clcee(c(C)c1)C1=C
Method: Fluorescence Microscopy 2C=CC(=0)C=C20c2cc(O)ccc

12
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Appendix E

The chemical compounds with reported subcellular localization site in the
endoplasmic reticulum and Golgi apparatus. References information is
available in Appendix H. Structure is presented as the Simplified Molecular Input
Line Entry Specification string of the major microspecies at pH 7.4, as calculated

by ChemAxon.
Name: B7450; Brefeldin A D3521; N-(4,4-difluoro-5,7-
Method: Fluorescence Microscopy dimethyl-4- bora-3a,4a-diaza-
References: | 54, 593 Name: s-indacene-3-
Structure: CC1CCC\C=C/C2CC(0)CC2 pentanoyl)sphingosine;
' C(0O)\C=C/C(=0)01 BODIPY® FL C5-ceramide
Method: Fluorescence Microscopy
D272; 3,3"- References: | 131
Name: dipentyloxacarbocyanine Cccceceeceeceeceee=c/c(
iodideDiOC5(3) Structure: 0O)C(CO)NC(=0)CCCCC1=[N
Method: Fluorescence Microscopy ' +]2C(C=C1)=Cclc(C)cc(C)n1[
References: | 28 B-]2(F)F
CCCCCN1\C(Oc2ccceecl2)=C
Structure: \C=C\cloc2cceec2[n+]1CCCC | | Name: B7449; Brefeldin A, BODIPY®
C 558/568 conjugate; rBFA
Method: Fluorescence Microscopy
Name: B7447; Brefeldin A, BODIPY® References: |54
' FL conjugate; gBFA | CC1lCcCcC\C=C\C2Ccc(0o)Ccc2
Method: Fluorescence Microscopy Structure: C(OC(=0)CCC2=|N+]3C(C=C
References: |54 ' 2)=Cc2ccc(-c4cccs4)n2[B-
CC1CCC\C=C\C2CC(0)CC2 13(F)F\C=C\C(=0)01
Structure: C(OC(=0)CCC2=[N+]3C(C=C .
' 2)=Cc2c(C)cc(C)n2[B- D7540; N-((4-(4,4-difluoro-5-
]3(F)F)\C=C\C(=0)0O1 (2-thienyl)-4-bora-3a,4a-
Name: diaza-s-indacene-3-
N1154; 6-((N-(7-nitrobenz-2- yl)phenoxy)acetyl)sphingosine
. oxa-1,3- diazol-4- ; BODIPY® TR ceramide
Name: yl)amino)hexanoyl)sphingosin Method: Fluorescence Microscopy
e; NBD C6-ceramide References: | 719
Method: Fluorescence Microscopy CCccceceececececeee=c/c(
References: | 146 O)C(CO)NC(=0)COclccc(ccl
CCCCCCcCcCcccee\e=C\c( Structure: -
Structure: 0)C(CO)NC(=0)CCCCCNclc clccc2C=C3C=CC(c4ccesd)=
cc(c2nonc12)N(=0)=0 [N+]3[B-](F)(F)n12
E12353; ER-Tracker™ Blue- D3522; N-(4,4-difluoro-5,7-
Name: White DPX dimethyl-4- bora-3a,4a-diaza-
Method: Fluorescence Microscopy Name: s-indacene-3-
References: | 586 pentanoyl)sphingosyl
CN(C)clcec(cel)-clenc(ol)- phosphocholine ; BODIPY®
Structure: clcce(cel)S(=0)(=0)NCCNC( FL CS-sphingomyelin
=0)c1c(F)c(F)c(F)c(F)clF Method: Fluorescence Microscopy
References: | 588




CCccceeececeececeee=c/c( References: | 117
O)C(COP([O- CC1CC(OC(C)=0)C(OC(C)=
Structure: ] (=O0)OCCIN+](C)(C)C)NC(= 0)C(01)C1(C)C(=0)c2cc3cec(
O)CCCCC1=[N+]2C(C=C1)= Structure: C)c(ccdnc(cc5[nH]c(ce5C)ccl
Cclc(C)ec(C)nl[B-J2(F)F n2)C(=0)C4(C)C10C(C)C(CC
10C(C)=0)OC(C)=0)[nH]3
Name: E34251; ER-Tra.ckerT"’I G'reen;
' BODIPY® FL glibenclamide Name: KRN5500
Method: NA Method: Fluorescence Microscopy
References: | Invi References: | 120
COc1c(NC(=0)CCC2=[N+]3C CCCCCCCcCcC\c=C\C=C\C(=
(C=C2)=Cc2c(C)cc(C)n2[B- Structure: O)NCC(=O)NC1C(O)C(O)C(N
Structure: 13(F)F)cc(Cl)ecc1C(=0O)NCCcl ' c2ncnc3nc[nH]c23)0OC1C(0)C
cce(cel)S([O- 0]
])(=0)=NC(=0O)NC1CCCCC1
Name: gBFA Il
D7519; N-(4,4-difluoro-5,7- Method: Fluorescence Microscopy
dimethyl-4- bora-3a,4a-diaza- References: | 54
s-indacene-3- CC1CCC\C=C\C2CC(CC2C(
Name: dodecanoyl)sphingosyl 1- _ 0)\C=C\C(=0)01)0OC(O)CCC
beta-D-galactopyranoside; Structure: | 1 ccc2cC3C(C)CC(CINSIB-
BODIPY® FL C12- 1(F)(F)[NH+]12
galactocerebroside
Method: Fluorescence Microscopy 13-Oxo-methyl
References: | 661 Name: Pyropheophorbide-a
CCCCcCccceececeeee=C\c( Derivative 10
0)C(COC10C(CO)C(0)C(O) Method: Fluorescence Microscopy
Structure: C1O)NC(=0O)Ccccceececececece References: | 218
CC1=[N+]2C(C=C1)=Cc1c(C) CCCCCCCCCCCCOC(C)clc(
cc(C)n1[B-]2(F)F C)c2ce3nc(C(CCC(=0)0C)C3
Structure: C)c3C(=0)C(=0)c4c(C)c(cedbn
Name: E34250; ER-Tracker™ Red; c(cc1[nH]2)C(C)C5CC)[nH]c3
BODIPY® TR glibenclamide 4
Method: Fluorescence Microscopy
References: | 644 13-Oxo-methyl
COcl1c(NC(=0)COc2ccc(cc2) Name: Pyropheophorbide-a
C2=[N+]3C(C=C2)=Cc2ccc(- Derivative 14
Structure: c4cces4)n2[B- Method: Fluorescence Microscopy
13(F)F)cc(CheclC(=0)NCCcl | | References: | 218
cec(cel)S([O- CCCCCCCCCCCCOC(C)C1=
D(=0)=NC(=0)NC1CCCCC1 C(C)C2\C=C3/N=C(C(CCC(=
: Structure: 0)OC)C3C)C3=C4N5[In](C)N
Name: TDEPC; Tetradiethanolamine 2C1\C=C1/N=C(/C=C5/C(C)=
' Zn(ll) phthalocyanine C4C(=0)C3=0)C(CC)C1C
Method: Fluorescence Microscopy
References: |87 Name: CIBC Derivative 1
OCCN(CCO)S(=0)(=0O)ciccc Method: Fluorescence Microscopy
2c3nc(nc4n5[Zn]n6e(nc7nc(nc References: | 227
Structure: 5c5cec(ceca5)S(=0)(=0)N(CC CCC1C(C)c2cc3[nH]c(ccanc(
O)CCO)c4ccec(c74)S(=0)(=0 c(ccc([o-
)N(CCO)CCO)c4cce(ccacbnl) | | Structure: ])=0)C4C)c4C(=0)OC(=0)c5¢
S(=0)(=O)N(CCO)CCO)c2cl (C)c(ce1n2)[nH]c45)c(C)e3C(
C)=0
Name: Tolyporphin
Method: Fluorescence Microscopy Name: CIBC Derivative 5
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Method: Fluorescence Microscopy References: | 337
References: | 227 Cc(C)ccece(e)eecec(e)ece
CCC1C(C)c2cc3[nH]c(ccanc( Structure: CC(C)\C=C\C1=C(C)C(=0)c2
C(ccc([o- ccecec2C1=0
Structure: 1)=0)C4C)c4C(=O)N(OC)C(=
0)c5¢(C)c(ccln2)[nH]c45)c(C Name: Porphyrin Conjugate
)c3C(C)OCC(O)CO ' Derivative 4
Method: Fluorescence Microscopy
Name: CIBC Derivative 10 References: | 354
Method: Fluorescence Microscopy CC(C)C(NC(=0O)C(CCCCINH
References: | 227 3+])NC(=0O)C(CCCNC(N)=[N
CCC1C(C)c2cc3[nH]c(ccanc( H2+])NC(=0)C(CCCC[NH3+])
C(ccc([o- NC(=0O)C(CCCCI[NH3+])NC(=
Structure: ])=0)C4C)c4C(=O)N(NC(=O)c O)C(CCCC[NH3+])NC(=0)C1
5ccenee5)C(=0)c5¢(C)e(ccln?) CCCN1C(=0O)CNC(=0)CcoccC
[nH]c45)c(C)c3C(C)=0 Structure: OCCOCCOCCOCCOCCNC(=
0O)COCC(=0)Nclcec(ccl)-
Name: 2-BA-2-DMHB2-butylamino-2- clc2cce(n2)c(-

' demethoxy-hypocrellin B c2ccccc2)c2cec([nH]2)c(-
Method: Fluorescence Microscopy c2cccec2)c2cec(n2)c(-
References: | 245 c2cccec2)c2cccl[nH]2)C(N)=

CCCCNc1¢(0)c2C(=0)C=C( S
Structure: 0OC)c3c4C(OC)=CC(=0)c5c( : :
' 0)c(0C)c6C(C(C)=0)=C(C)C Name: Porphyrin Conjugate
clc(c23)c6ca5 Derivative 5
Method: Fluorescence Microscopy
Name: Monensin References: | 354
Method: Pharmacological Effect NC(=[NH2+])NCCCC(NC(=0)
References: | 249 C(CCCNC(N)=[NH2+])NC(=0O
CCC1(CCC(01)C1(C)CCC2( JC(CCCNC(N)=[NH2+])NC(=
CC(0O)C(C)C(02)C(C)C(OC)C O)C(CCCNC(N)=[NH2+])NC(
Structure: (C)C([O- =0)C(CCCNC(N)=[NH2+]))NC
))=0)01)C10C(CC1C)C1OC( (=0)C(CCCNC(N)=[NH2+])N
0)(CO)C(C)CcCic C(=0)C(CCCNC(N)=[NH2+])
structure: | NC(FO)C(CCCNC(N)=[NH2+]
Name: Okadaic Acid ' JNC(=O)CNC(=0)COCCOCC
Method: Pharmacological Effect OCCOCCOCCOCCNC(=0)C
References: | 249 OCC(=O)Nclcee(cel)-
CC1CCC2(CCCCO2)0C1C(C clecZeee(n2)c(-
)CC(0)C1OC2CCC3(CCC(03 c2ccccc2)c2ccc([nH]2)c(-
Structure: | )\C=C\C(C)C3CC(C)=CC4(O c2ccceccz)czece(n2)c(-
C(CCC40)CC(C)(O)C([O- C2CCCCCZ)CZCCC1[HH]2)C([O-
1)=0)03)0C2C(0)C1=C =0
T . Porphyrin Conjugate
Name: El;rnpj)ﬁggirenfge Carbohydrate Name: Derivative 6
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: | 263 References: | 354
CCCCCCNIC(=0)c2¢(C)c3ce CN(CCCCC(=0)N1CCCCIC(
Structure: 4nc(cc5[nH]c(ccbne(C(CCC(= ‘_O)NC(CCC(N)‘O_)C(N)‘O)C
" | 0)0C)C6C)c(CL=0)c2[nH]3)c (=0)C(CCONC(N)=[NH2+])N
(C)c5CO)c(C)caCC Structure: C(=0)C(CCCNC(N)=[NH2+])
NC(=0)C(CCCNC(N)=[NH2+]
Name: Vitamin K INC(=0)C(CCC(N)=0)NC(=O

Method:

Cell Fractionation

)C(CCCNC(N)=[NH2+])NC(=
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O)C(CCCNC(N)=[NH2+])NC(
=0)C(CCCCINH3+])NC(=0)C
(CCCCINH3+])NC(=0)C(CCC

c3cc(C)ceec3C(=0)c3c(0C)cc(
0C)c2c13

NC(N)=[NH2+])NC(=O)CNC(= Name: Hypericin Derivatives 4
O)coccoccocecocceoce Method: Fluorescence Microscopy
OCCNC(=0)COCC(=0)Nclcc References: | 418
c(ccl)-clc2cee(n2)c(- Cclccc2C(=0)c3c(O)e(Br)e((
c2ccccc2)c2cec([nH]2)c(- ] O-])c4c3c(-c2cl)cl-
c2ccecc2)c2ecc(n2)c(- Structure: c2cc(C)eecc2C(=0)c2¢(0)c(Br)
c2ccccc2)c2cccl[nH]2 c([O-])c4c12
Name: SNAFR-6 Name: Hypericin Derivatives 5
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: | 388 References: | 418
Structure: Oclcec2ec3c(0C4=CC(=0)C CCCCNclcc(0)c2¢c3¢1C(=0)c
=CC4=C3c3cccee3)cc2cl ) lcce(C)ecl-c3cl-
Structure: | 3¢¢(C)ece3C(=0)c3c(NCCC
Name: ADPMO01 C)ce(0)c2c13
Method: Fluorescence Microscopy
References: | 407 Name: Zinpyr-1
F[B-]1(F)n2c(cc(- Method: Fluorescence Microscopy
Structure: c3ccecc3)c2N=C2C(=CC(c3c References: | 458, 706
' cccc3)=[N+]12)clcceccl)- [O-
clcceecl ]C(=0)clcceecclCl=C2C=C(C
_ _ Structure: [)C(=O)C(CN(Cc3cccen3)Cc3
Name: Hypericin Derivatives 2 ' cceen3)=C20c¢2¢(CN(Cc3ccee
Method: Fluorescence Microscopy n3)Cc3cccen3)c([O-
References: |418 ])c(Cl)ccl2
Cclccc2C(=0)c3c(O)cc([O-
Structure: J)c4c3c(-c2cl)cl- Name: Zinpyr-2
' c2cc(C)cec2C(=0)c2c(O)cce([ Method: Fluorescence Microscopy
O-])c4cl2 References: | 458, 706
Oclcecc2c(OC3=C(CN(Cc4ccc
Name: Hypericin Derivatives 3 cn4)Cc4cccecn4)C(=0)C=CC3
Method: Fluorescence Microscopy Structure: =C2c2ccccc2C([O-
References: |418 ])=0)c1CN(Cclcccenl)Cclcce
. COclcc(0OC)c2c3clC(=0)cic ccnl
Structure:

cc(C)ccl-c3cl-

264
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Appendix F

The chemical compounds with reported subcellular localization site in the
cytosol. References information is available in Appendix H. Structure is
presented as the Simplified Molecular Input Line Entry Specification string of the

major microspecies at pH 7.4, as calculated by ChemAxon.

Name: Gentamicin CCCCCCCCOc3cc4aN=CC5C
Method: Cell Fractionation CCN5C(=0)c4cc30C)C(=0)0
References: 2,23, 161 c2cl
C[NH2+]C(C)C1CCC([NH3+])
Structure: C(O1)OCI1C(INH3+])CC(INH3 PBD Deriv_ative 20; 7-
' +])C(OC20CC(C)(O)C([INH2+ Name: Dlethylamlnoc_ouma_rm
]JC)C20)C10 pyrrolobenzodiazepine
derivative 20
) L7525; LysoTracker® Blue Method: Fluorescence Microscopy
Name: DND-22 References: 136
Method: Fluorescence Microscopy CCN(CC)clccc2C=C(C(=O)N
References: 585 Structure: CCCNC(=0)COc3cc4N=CC5
CN(C)CC[NH2+]Cclc2ccecc2 ' CCCNS5C(=0)c4cc30C)C(=0)
Structure: c(C[NH2+]CCN(C)C)c2cccecl Oc2cl
2
Name: 6-Aminoquinoline Derivative 1
B153; 4,4'-dianilino-1,1'- Method: Fluorescence Microscopy
Name: binaphthyl-5,5'- disulfonic References: 137
' acid, dipotassium salt; Bis- Cclc(N2CCCCC2)c(N)cec2C(=
ANS Structure: 0)C(=CN(C3CC3)c12)C([O-
Method: Uptake/Binding D=0
References: 609
[O- Name: Triflupromazine
1S(=0)(=0)clcccc2e(ccc(Ne3 Method: Fluorescence Microscopy
Structure: cccee3)cl2)- References: 172
clcce(Nc2cececc2)c2c(ceecl?) Structure: C[NH+](C)CCCN1c2cceec2Sc
S([O-])(=0)=0 ' 2cce(ccl12)C(F)(F)F
PBD Derivative 5; 7- Name: PCI-2000
Name: Diethylaminocpuma_rin Method: Fluorescence Microscopy
pyrrolobenzodiazepine References: 219
derivative 5 CCC1=C(CC)C2=CC3=NC(=
Method: Fluorescence Microscopy Cc4[nH]c(c(CC)caCC)-
References: 136 Structure: c4[nH]c(C=C5N=C(C=C1N2)
Structure: CCOC(=0)C1=Cc2ccc(cc20C C(CCCO)=C5C)c(CC)c4CC)C
' 1=0)N(CC)CC (C)=C3ccco
PI_3D Deriv_ative 17; 7 Name: (Dmtt,dnsDap*)-DALDA; Dmt-
Name: Dlethylamlnocpuma.rln ' D-Arg-Phe-dnsDap-NH2
' pyrrolobenzodiazepine Method: Fluorescence Microscopy
derivative 17 References: 156
Method: Fluorescence Microscopy CN(C)clceec2c(ceecl2)S(=0)
References: 136 Structure: (=0)C(N)C(NC(=0)C(Cclccee
Structure: CCN(CC)clccc2C=C(C(=O)N c1)NC(=0)C(CCCNC(N)=[NH
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2+])NC(=O)C([NH3+])Cc1c(C)
cc(0)cclC)C(N)=0

clcc(Cl)c(ClycelCl

Name: 2-Chloroaniline

Name: Aclacinomycin A Method: Cell Fractionation

Method: Fluorescence Microscopy References: 315

References: 282 Structure: NclccceeclCl
CCcC1l(o)cc(oczce(c(ocs
CC(O)c(oc4ccce(=0)c(e)o Name: 4-Chloroaniline

Structure: 4)C(C)O3)C(C)O2)[NH+](C)C) Method: Cell Fractionation
c2¢(0)c3C(=0)c4c(O)cceccaC( References: 315
=0)c3cc2C1C(=0)0C Structure: Nclcce(Cl)ccl

Name: Rose Bengal Acetate Name: Dioxane

Method: Fluorescence Microscopy Method: Cell Fractionation

References: 298 References: 317
[O-]elc(l)cc2e(Oc3e(l)e([O- Structure: C1COCCOo1

Structure: Ne()cec3C220C(=0)c3c(Cl)c(

Chec(Che(Che23)cll Name: ZnPcS3C2
Method: Fluorescence Microscopy
P-H; tri-cationic 5-(4- References: 328

Name: cr_:lrboxyphenyl)-.lp,_15,20- [O-
tris(4-methylpyridinium-4- ]S(=0)(=0)c1ccc2e3ne(ne4ns
ylporphyrin tri-iodide [Zn]n6c(nc7nc(nc5c5ec(cecd’

Method: Fluorescence Microscopy Structure: )S([O-

References: 301 )(=0)=0)c4cce(cc74)S([O-
C[n+]1cce(cel)- 1)(=0)=0)c4cce(ccacn3)CHC
clc2cee(n2)c(C([O- )e2cl

Structure: 1)=0)c2ccc([nH]2)c(-
c2cc[n+](C)ec2)c2eee([nH]2)c( | | Name: ZnPcS3C12
-c2cc[n+](C)cc2)c2cccin2 Method: Fluorescence Microscopy

References: 328

Name: Photolabeled BBR 3422 CCCCCCCCCCCH#Cclccc2e3

Method: Cell Fractionation nc4nc(nc5n6[2n]n3c(nc3nc(nc

References: 312 st ' 6c6cec(cc56)S([O-
C[NH2+]CCNclccc2n(CCNC( ructure: 1)(=0)=0)c5cc(cce35)S([O-

Structure: =0)c3ccc(cc30)N=[N+]=[N- )(=0)=0)c2c1)clcee(ccdl)S(]
J)nc3-c4cncec4C(=0)clc23 0-])(=0)=0

Name: 4-DCB; 4,4'-dichlorobiphenyl Name: ZnPcS3C16

Method. Cell Fractionation Method: Fluorescence Microscopy

References: 312 References: 328

Structure: Clclcec(ccl)-clcec(Cl)ecl CCCCCCCCCCCCCCC#Cc1

ccc2c3nc4nc(nebn6[ZnIn3c(n
. 236-HCB; 2,2',3,3',6,6'- c3nc(ncéebeee(ces56)S([O-

Name: Hexachlorobiphenyl Structure: ])(:O():O)CSCC((CCCSS))S(([[O-

Method: Cell Fractionation 1)(=0)=0)c2c1)clcce(ccal)S([

References: 312 O-)(=0)=0

Structure: Clclccee(Clyc(cl1Cl)-

' clc(Cl)cce(ChclCl Name: Dansyl-TPA
Method: Fluorescence Microscopy

Name: 245-HCB; 2,2',4,4',5,5"- References: 330
hexachlorobiphenyl CC1C(OC(=0)ccececececece

Method: Cell Fractionation Structure: CCNS(=0)(=0)c2cccc3c(cece

References: 312 ' 23)N(C)C)C2(OC(C)=0)C(C3

Structure: Cclcc(Chc(Clecl- C=C(CO)CC4(O)C(C=C(C)C4
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=0)C130)C2(C)C

OCCOCC2)Cc2ccc3ceenc3c2

O)ccc2ceencl?2
Name: Ergocalciferol; Vitamin D2
Method: Cell Fractionation Name: Porphyrazine A4 Derivative 5
References: 343 Method: Fluorescence Microscopy
CC(C)c(C)\c=Cc\c(c)accece References: 410
Structure: 2C1(C)ccceica=c/c=Cci1\cc( COCcoccoccoccescelce(s
0O)CCC1=C CCOCCcOoCccoccol)e2neln
c1[nH]c(nc3nc(nc4[nH]c(n2)c(
Name: Cholecalciferol; Vitamin D3 SCCOCCOCCOCCOC)c4sC
Method: Cell Fractionation Structure: COCCOCCOCCcOoC)c(sceco
References: 343 CCOCcCOCCcOoC)c3sceoce
Cc(C)ccee(e)eiceceeaci(c OCCOCCOC)c(sccoccoc
Structure: )CCC\C2=C/C=C1\CC(O)CC COCCOC)c1SCCOCCOCCO
Ci1=C CCOC
N ) Oxyethylene-rich Zn(ll)- Name: Porphyrazine A4 Derivative 8
ame. Phthalocyanine Derivative 4 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 410
References: 382 COCCOCCcOocCccoccCsceic(s
COCCOCCOCCOclcc(COc2 CCOCCcOoCccoccol)e2neln
ccee3c4ncSne(ncén7[Zn]ndc( €1c(SCCOCCOCCOCCOC)c(
Structure: ncanc(nc7c7ccecc7)cbeccee SCCOCCOCCOCCOC)c3nc4
' 46)c23)c2cceec52)cc(0OCCOC Structure: nc(nc5¢(SCCOCCOCCOCCO
COCCOC)c10CCOCCOCCO C)c(SCCOCCOCCOCCOC)c(
C n2)n5[Zn]n13)c(SCCOCCOC
COCCOC)c4sccoccocco
Name: Oxyethylene-rich Zn(ll)- CCOoC
' Phthalocyanine Derivative 5
Method: Fluorescence Microscopy Name: Porphyrazine A3B Derivative
References: 382 6
COCCOCCOCCOc1cc(COc2 Method: Fluorescence Microscopy
cce3c4ancsnc(neén7[Zn]ndc(n References: 410
Structure: c4nc(nc7c7ccecc67)cbeccecsd COCCOCCOCCOCCSclc(S
: 6)c3c2)c2ccecec52)cc(OCCOC CCOCCOCCOCCOC)e2nclin
COCCOC)c10CCOCCOCCO c1[nH]c(nc3nc(nc4[nH]c(n2)c2
C Structure: c(OC(C)C)cec(OC(C)C)ea2)c(
' SCCOCCOCCOCCOC)c3sC
Name: Oxyethylene-rich Zn(ll)- COCCOCCOCCOC)c(SCCO
' Phthalocyanine Derivative 8 CCoccoccoC)cisccocce
Method: Fluorescence Microscopy OCCOCCOC
References: 382 : _
COCCOCCOCCOc1cc(COc2 Name: Porphyrazine A3B Derivative
ccc(OCc3cc(OCCOoccocco 9 :
C)c(OCCOCCOCCOC)c(OCC Method: Fluorescence Microscopy
Structure: OCCOCCOC)c3)c3cancsne(n | | References: 410
' c6n7[Zn]n4c(nc4nc(nc7c7ccce COCCOCCOCCOCCSclc(S
c67)c6ecececdb)c23)c2eecees CCOCCOCCOCCOC)e2ncln
2)cc(OCCOCCOCCOC)c10C c1c(SCCOCCOCCOCCOC)c(
coccoccoc Structure: SCCOCCOCCOCCOC)c3nc4s
: nc(nc5n([Zn]n13)c(n2)clc(OC
Name: DCHQ Derivative 1 (C)C)ece(OC(C)C)e51)c(SCC
Method: Fluorescence Microscopy OCCOCCOCCOC)caSCCOC
References: 452 COCCOCCOC
Structure: Oclc(CN2CCOCCOCCN(CC
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Porphyrazine A2B2 Derivative

Method:

Fluorescence Microscopy

Name: 7 References: 409

Method: Fluorescence Microscopy OC[C@@H]10[C@@H](OCC

References: 410 OCCOc2ccc(cc2)-
COCcoccoccocccescelce(s c2c3cce(n3)c(-
CCOCCcOoccoccol)e2ncin c3ccccce3)c3cec([nH]3)c(-
c1[nH]c(nc3nc(nc4[nH]c(n2)c2 c3ccc(OCCOCCO[C@@H]40

Structure: c(OC(C)C)cec(OC(C)C)ea2)e( [C@@H](CO)[C@@H](O)[C
SCCOCCOCCOCCOC)c3sC Structure: @H](O)[C@@H]40)cc3)c3ce
COCCOCCOCCOC)c2c(OC( c(n3)c(-

C)C)cec(0C(C)C)c12 c3ccc(OCCOCCO[C@@H]40
[C@@H](CO)[C@@H](O)[C

Name: Porphyrazine A2B2 Derivative @H](O)[C@@H]40)cc3)c3cc

' 10 c2[nH]3)[C@@H](0)[C@@H]

Method: Fluorescence Microscopy (O)[C@@H]10

References: 410
COCcOCccoccoccesclce(s Name: m-1c
CCOCCOCCOCCOC)e2ncln Method: Fluorescence Microscopy
c1n3[Zn]n4c(n2)c2c(OC(C)C) References: 422

Structure: ccc(OC(C)C)c2c4nc2ne(nc3c O[C@@H]1CO[C@@H](Oc2
3¢c(OC(C)C)cee(0C(C)C)c1l3) ccee(c2)-c2c3CCce([nH]3)c(-
c(SCCOCCOCCOCCOCr)c2s c3cccc(O[C@@H]40C[C@@
CCOCCcOoccoccoc H](O)[C@H](O)[C@H]40)c3)c

3cce(n3)c(-

Name: Pentaphyrin Derivative 1; Structure: c3ccec(O[C@@HJ40C[C@@

' isopentaphyrin H](O)[C@H](O)[C@H]40)c3)c

Method: Fluorescence Microscopy 3cce([nH]3)c(-

References: 399 c3ccec(O[C@@HJ40C[C@@
CCC1=C(C)\C2=C\C3=N\C(\C H](O)[C@H](O)[C@H]40)c3)c
=C3)=C(c3ccece3)\c3cec(\C= 3cce2n3)[C@H](O)[C@H]10

Structure: C4[NH2+]C(=C/c5[nH]c(/C=C/
1[NH2+]2)c(CC)c5CC)\C(CC) Name: lejimalide Derivative 7b
=C/4C)[nH]3 Method: Fluorescence Microscopy

References: 423
Name: Pentaphyrin Derivative 2; CCN(CC)clccc2C=C(NC(=0)
' pentaphyrin OCC(NC=0)C(=0O)NC\C(C)=

Method: Fluorescence Microscopy Structure: C\C=C(/C)C30C(=0)\C(C)=C\

References: 399 ) C(C)\C=C\C(C)=C\C(C\C=C\C
CCC1=C(C)C2=N\C\1=C\c1[n (C)=C/CCC(OC)\C=C\C=C\C3
H]c(\C=C3/N=C(C=C4C=CC( C)OC)C(=0)Oc2c1

Structure: =N4)C(c4ccceccd)=CANC(C=C : :
4)=C2)C(C)=C/3CC)c(CC)cIC | | Name: Ruthenium-Porphyrin
C Derivative 2

Method: Fluorescence Microscopy

Name: TPP(p-Deg-OH)3 References: 425

Method: Fluorescence Microscopy CI[Ru](Cl)(N1CC=C(C=C1)c1

References: 409 c2cce(n2)c(C2=CCN(C=C2)[R
OCCOCCOclccc(ccl)- u](Cl)(Cl)c2cce(ce2)-
clc2cec(n2)c(- c2ccccec2)c2cec([nH]2)c(C2=C

Structure: ﬁa(i;():égcCOCCO)CCZ)CZCCC([ Structure: SZI\)I_(C—CZ)[Ru](CI)(CI)chcc(c
c2ccc(OCCOCCO)ce2)c2cec( c2ccecc2)c2ece(n2)c(C2=CC
n2)c(-c2cccec2)c2cecd[nH]2 N(C=C2)[Ru](Cl)(Cl)c2cce(ce2

Name: TPP(p-Deg-O-B-GalOH)3 c2ccccc2)c2eccl[nH]2)clcec(
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ccl)-clcccecl

Mono-Substituted Amphiphilic

Name: Zn(ll) Phthalocyanine
Name: SIM01 Derivative 4
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 426 References: 442
Oclcc(O)ce(cl)- CN(C)CC(C[NH+](C)C)Oc1cc
) cl1c2CCc(cc3ccc([nH]3)c(- ) cc2c3ncdnc(ncsn6[Zn]n3c(nc
Structure: c3cc(0)cc(0O)ce3)c3ccc(cecdcecce Structure: 3nc(nc6ebeecces6)cs5eccee35
1[nH]4)n3)n2 )cl2)clceecc4dl
Name: Glycosylated zn(Il) Mono-Substituted Amphiphilic
' Phthalocyanine Derivative 9 Name: Zn(ll) Phthalocyanine
Method: Fluorescence Microscopy Derivative 5
References: 536 Method: Fluorescence Microscopy
CC1(C)0C20C(COc3ccecach References: 442
nc(N=c6n7[Zn]n8c(=Nc9nc(N CI[N+](C)(C)CC(C[N+](C)(C)C
=c7¢7c(OCC%100C%110C( Structure: )Oclccc2c3ncdnc(ncsn6[Zn]n
C)(C)OC%11C%110C(C)(C) ' 3c(nc3nc(nc6ebeeecee56)c5ec
Structure: OC%10%11)ccec67)c6ececc(O ccc35)c2cl)clceccc4l
' CC70C%100C(C)(C)OC%10
C%100C(C)(C)OC7%10)c96) Mono-Substituted Amphiphilic
c6cecec(OCC70C90C(C)(C)O Name: Zn(ll) Phthalocyanine
C9C90C(C)(C)OC79)c6c8=N Derivative 6
5)c34)C30C(C)(C)OC3C201 Method: Fluorescence Microscopy
References: 442
Name: Glycosylated zn(ll) C[N+](C)(C)CC(CIN+](C)(C)C
Phthalocyanine Derivative 17 Structure: YOclccec2c3nc4nc(ncsn6[Zn]
Method: Fluorescence Microscopy ' n3c(nc3nc(ncbebeeeees56)c5e
References: 536 ccce35)cl2)clececc4l
CC1(C)0C20C(C0Oc3ccececach
nc(N=c6n7[Zn]n8c(=Nc9nc(N Name: NiNc
Structure: =c7c7cccecc67)cbeececcI6)cbe Method: Distr.others
ccce6c8=N5)c34)C30C(C)(C) References: 470
0OC3C201 CCCCOclc2cecec2¢(OCCCC
)c2c3nc4[n+]5¢c(ncén7c(nc8[n
Name: Glycosylated zn(ll) +]9¢(nc(n3[Ni--
Phthalocyanine Derivative 19 Structure: 1579)c12)c1c(OCCCC)c2ccce
Method: Fluorescence Microscopy ' c2¢c(OCCCC)c81)clc(OCCcCC
References: 536 )c2cceec2c(OCCCC)eb1)clc(
CC1(C)0OC20C(COc3cecachn OCCCC)c2cccec2c(0OCCCC)e
¢(N=c6n7[Zn]n8c(=Nc9Inc(N=c 41
Structure: 7c7ccececb7)cbeececc9b)cbece
cc6c8=N5)c4c3)C30C(C)(C) Name: DB607
0C3C201 Method: Fluorescence Microscopy
References: 472
Mono-Substituted Amphiphilic ) COclccc(ccl)-cleec(ol)-
Name: Zn(ll) Phthalocyanine Structure: clccc(ccl)C(N)=[NH2+]
Derivative 3
Method. Fluorescence Microscopy _ 4-Hydroxymethyl-3-
References: 442 Name: aminoacridine Derivative 1
CN(C)CC(C[NH+](C)C)Oclcc Method: Fluorescence Microscopy
. c2c3nc4nc(nc5n6[Znln3c(nc3 References: 478
Structure:
nc(nc6cbecece56)cseccee3s5)e | | Structure: Nclccc2cc3ecece3nc2c1CO
2cl)clcccec4l
Name: 4-Hydroxymethyl-3-




aminoacridine Derivative 2 References: 499
Method: Fluorescence Microscopy COCcCOcCcOocCCnlc-
References: 478 2nc3cc(Cc4cec5n(CCOCCOoC
Structure: CNcilccc2cc3cceeec3nc2¢1CO COC)c(nc5c4)-
c4ccec(nd)C(=0)O[Eu]456(0
Name: 4-Hydroxymethyl-3- C(=0O)c7cccce-

' aminoacridine Derivative 3 2n7)OC(=0)c2cccce(n2)-
Method: Fluorescence Microscopy Structure: c2nc7cc(Cc8eccIn(CCOCCO
References: 478 CCOC)c(nc9c8)-

_ CN(C)clccc2cc3cecec3nc2cl c8cccee(n8)C(=0)04)ccc7n2C
Structure:  ~q COCCOCCOC)ccc13.COCC
OCCOCCnlc(nc2cc(Cc3cecs

_ 05-Benzylguanine-Oregon n(CCOCCOCCOC)c(nc4c3)-
Name: Green c3ccee(n3)C(=0)05)cccl?)-
Method: Fluorescence Microscopy clceec(n1)C(=0)06
References: 495 - -

Nc1nc(OCc2ccc(CNC(=0)c3c | | Name: Pi-Extended Squaraines
cc(c(c3)C([O- Derivative 2a _
Structure: ])=0)C3=C4C=C(F)C(=0)C=C Method: Fluorescence Microscopy
40c4cc(O)c(F)cc3d)cc2)cane] | | References: 507
nH]c2nl COCCOCCOCn1c(\C=C\c2cc
ncc2)ccclC1l=C([O-
Name: Eu2(LC3)3 Structure: D\C(C1=0)=C1/C=CC(\C=C\c
Method: Fluorescence Microscopy 2cencc2)=[N+]/1COCCOCCO

C
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Appendix G

The chemical compounds with multiple reported subcellular localization
sites. Localization 1: endo-lysosomes; 2: mitochondria; 3: nucleus; 4: plasma
membrane; 5: endoplasmic reticulum and Golgi apparatus; and 6: cytosol.
References information is available in Appendix H. Structure is presented as the
Simplified Molecular Input Line Entry Specification string of the major
microspecies at pH 7.4, as calculated by ChemAxon.

Name: A1301; Acridine orange References: 4
Localization: 1,3 Structure: CN1C=CN(CCCN2c3cccee3S
Method: Fluorescence Microscopy ' c3cce(cc23)C(F)(F)F)C=C1
References: Invi.
Structure: CN(C)clccec2ec3cec(ce3[nH+] T204; 1-(4-
ucture: c2c1)N(C)C N ) trimethylammoniumphenyl)-6-
ame: :
phenyl- 1,3,5-hexatriene p-
Name: Fluoxetine toluenesulfonate; TMA-DPH
Localization: 1,2 Localization: 1,4
Method: Pharmacological Effect Method: Fluorescence Microscopy
References: 2,4,6 References: 108
. C[NH2+]CCC(Oclcce(ccl)C( Structure: C[N+](C)(C)clccec(cc)\C=C\C
Structure: F)(F)F)clcccecl ' =C\C=C\clcccccl
N . D23107; dihydroethidium Name: H7593; Hexidium iodide
ame- (hydroethidine) Localization: 3,6
Localization: 2,3 Method: NA
Method: Fluorescence Microscopy References: Invi.
References: 667 CCCCCC[n+]1c(-
Structure: CCN1C(c2ccecc2)c2ec(N)ece Structure: c2ccccc2)c2ec(N)ccc2e2ecce(
ructure- 2-c2ccc(N)ccl2 N)ccl2
Name: N1142; Nile red D273; 3,3'-
Localization: 1,3,4 Name: dihexyloxacarbocyanine
Method: Fluorescence Microscopy iodideDiOC6(3)
References: 122 Localization. 2,5
Structure: CCN(CC)clccc2N=C3C(Oc2c | | Method: NA
] 1)=CC(=0)clccecec3l References: Invi.
CCCCCCN1\C(Oc2cccecl2)=
Name: Quinine Structure: C\C=C\cloc2cccee2[n+]1CCC
Localization: 1,2 CCC
Method: Fluorescence Microscopy/Cell i
ethod: Fractionation Name: R648MP; rhodamine B, hexyl
References: 5, 127; 264 - ester, perchlorate (R6)
s _ COclcce2necc(C(O)C3CC4C | | Localization: 2, 6 _
tructure: C[NH+]3CC4C=C)c2c1 Method: Fluorescence Microscopy
References: 677
Name: Trifluoperazine (TFP) CCCCCCOC(=0O)clccecclCl
Localization: 1,2 Structure: =C2C=CC(C=C20c2cc(cccl2
Method: Pharmacological Effect IN(CC)CC)=[N+](CC)CC
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D13951; N-(4,4-difluoro-5,7-

bromide

dimethyl-4- bora-3a,4a-diaza- Localization: 2,6
Name: s-indacene-3- Method: Fluorescence Microscopy
' pentanoyl)sphingosyl 1-beta- References: 72
D-lactoside; BODIPY® FL C5- CCCCCCCCCCCCCCCCn+]
lactosylceramide Structure: 1c2cc(ccc2cc2cec(cc12)N(C)
Localization: 4,5 C)N(C)C
Method: NA
References: Invi. Name: TPPS4; 5,10,15,20-tetra(4-
CCcceeececececececee=c/c( ' sulfonatophenyl)porphine
0O)C(COc10c(co)c(oczoc Localization: 1,3
Structure: (CO)C(0)C(0)C20)C(0)C10) | | Method: Fluorescence Microscopy
NC(:O)CCCC01CCC2C:C3C( References: 84
C)=CC(C)=[N+]3[B-](F)(F)n12 [0-]S(=0)(=0)clcce(cel)-
clc2ccc(n2)c(-
Name: Proflavine c2ccc(cc2)S([O-
Localization: 1,3 . ])(:O):O)CZCCC([nH]Z)C(-
Method: Fluorescence Microscopy Structure: c2ccce(cc2)S([O-
References: 127 D(=0)=0)c2ccc([nH]2)c(-
Structure: Nclccc2ce3ccc(N)eec3[nH+]c2 c2ccce(cc2)S([O-
' cl ])(=0)=0)c2cccln2
Name: Euchrysine Name: Merocyanine 540
Localization: 1,3 Localization: 1,2, 4
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 127 References: 93
Structure: Cclcc2c(C)ec3ec(C)e(N)ee3[n CCCCN1C(=0O)N(Cceco)C(=
) H+]c2cclN Structure: 0O)C(=C\C=C\C=C2/0c3cccce
3N2CCCS(JO-])(=0)=0)C1=0
Name: Acridine orange R
Localization: 1,3 Name: SnET2
Method: Fluorescence Microscopy Localization: 1,2
References: 127 Method: Fluorescence Microscopy
Structure: CN(C)clccc2ec3cccc(N(C)C)e | | References: 99
) 3nc2cl CCOC(=0)C1=Cc2c3n4c(cch
Structure: nc(cc6c(CC)c(C)ec(cc7nc2e(C)
Name: BBDX ' c7CC)n6[Sn]4(CICl)c(C)c5C
Localization: 2,4 C)C(C)C13cC
Method: Fluorescence Microscopy
References: 55 Name: Curcurmin
CN(C)clcec2c(Oc3cc(cec3C2 | | Localization: 3, 4
Structure: (0)c2cc(C)e(N(C)C)e(C)c2)N( Method: Fluorescence Microscopy
C)C)cl References: 133
Structure: COclcc(cecclO)\C=C\C(=0)C
Name: Promethazine ' C(=0)\C=C\clccc(0)c(0OC)cl
Localization: 2,5, 6
Method: histo Name: Edelfosine
References: 66 Localization: 4,5
. CC(CN1c2ccecc2Sc2ccecccl2 Method: Fluorescence Microscopy
Structure: )INH+](C)C References: 170
Ccccececececcececececceccecce
HDAO; 3,6- Structure: OCC(COP([O-
) Bis(dimethylamino)-10- D(=0)OCCIN+H](C)(C)C)OC
Name: e L
hexadecylacridinium bromide;
acridine orange 10-hexadecyl! Name: Toluidine Blue
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Localization: 4,5
Method: Fluorescence Microscopy Name: HBEA-R1; Ethanolaminated
References: 171 ' HB
Structure: Cclcc2N=C3C=CC(C=C3Sc2 Localization: 1,4 .
' cc1N)=[N+](C)C Method: Fluorescence Microscopy
References: 186
Name: Levorphanol COC1=CC(=0)c2c(NCCO)c(
Localization: 2,3 Structure: 0OC)c3CC(C)=C(C(C)=0)c4ac(
Method: Cell Fractionation ' OC)c(NCCO)c5C(=0)C=C(O
References: 174 C)cbelc2c3c4ch6
Structure: C[NH+]1CCC23CCCccc2Cl1C .
' clcee(O)ee3l Name: HBBA-R2; Butylaminated HB
Localization: 4,5
Name: BODIPY-labeled Polyamide 1 Method: Fluorescence Microscopy
Localization: 1,5 References: 186
Method: Fluorescence Microscopy CCCCNclcc(0C)c2c3c1C(=0
References: 176 Structure: )C(OC)=C1CC(C)=C(C(C)=0)
C[NH+](CCCNC(=0)CCCCC C4=C(OC)C(=0)c5c(NCCCC)
NC(=O)CCC1=[N+]2C(C=C1) cc(0OC)c2c5c4c31
=Cclc(C)cc(C)nlB-
12(F)F)CCCNC(=0O)CCNC(=0 Name: BPD-MA
Structure: )clec(NC(=0)c2cc(NC(=0)c3 Localization: 2,3 .

' cc(NC(=0O)c4cc(NC(=0)CCC Method: Fluorescence Microscopy
NC(=0)c5cc(NC(=0)c6ec(NC( References: 210
=0)c7cc(NC(=0)c8nccn8C)cn CCOC(=0)C1C(=CC=C2c3cc
7C)cn6C)en5C)cn4C)en3C)en 4[nH]c(ccbnc(ce6[nH]c(cc(n3)
2C)cnlC Structure: C12C)c(C=C)c6C)c(C)cs5CCC

([0-)=0)c(CCC([O-
Name: M-129 1)=0)c4C)C(=0)OCC
Localization: 3,6
Method: Fluorescence Microscopy Name: Guanidine Porphyrin
References: 173 Localization: 1,2,5
Structure: CC(CN1c2ccecec2C(=0)c2ccc Method: Fluorescence Microscopy
' ccl12)[NH+](C)C References: 211
NC(N)=Nclccc(ccl)-
Name: Motexafin Gadolinium clc2cece(n2)c(-
Localization: 1,2,5 Structure: c2ccccc2)c2cec([nH]2)c(-
Method: Fluorescence Microscopy c2ccccc2)c2cee(n2)c(-
References: 184 c2ccccec2)c2cecl[nH]2
CCO.CCcC1=C(CC)/C2=C/C3
=N/C(=C\N=C4\C=C(OCCOC Name: Biguanidine Porphyrin
coccoc)c(occocecoceco Localization: 1,2
Structure; C)=C\C\4=N\C=C4/N=C(/C=C Method: Fluorescence Microscopy
\IN2[Gd]([O- References: 211
])OC(C)=0)C(CCCO0)=C/4C)/ N[C+](N)\N=C(/N)Nclccc(ccl)
C(C)=€c3ccceco -clc2cce(n2)c(-
Structure: c2ccccc2)c2cec([nH]2)c(-
Name: HB; Hypocrellin B c2ccccc2)c2cec(n2)c(-
Localization: 1,4 c2ccccc2)c2cecl[nH]2
Method: Fluorescence Microscopy
References: 186 Name: Pc4
COC1=CC(=0)c2c(0)c(0C)c Localization. 2,5
Structure: 3CC(C)=C(C(C)=0)c4c(0C)c( Method: Fluorescence Microscopy

' 0)c5C(=0)C=C(OC)cbeclc2c3 References: 214

c4c56 Structure: NC1=NC(=O)N(C=C1)C10((
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COP([O-
])(=0)OC2C(0)C(COP([O-
])(=0)OC3C(0)C(COP([O-

0)c5¢(C)c(ccln2)[nH]c45)c(C
)c3C(C)OCCOC

1)(=0)OC4C(O)C(COP([O- Name: CIBC Derivative 8
N([O- Localization: 4,5
])=0)OC4AN4C=CC(N)=NC4= Method: Fluorescence Microscopy
O)OC3N3C=CC(N)=NC3=0) References: 227
OC2N2C=CC(N)=NC2=0)C( CCC1C(C)c2cc3[nH]c(ccanc(
0)C10 c(ccc(|o-

Structure: ])=0)C4C)c4C(=O)N(N(C)C)C

Name: Zn-BC-AM (=0)c5¢(C)c(ccln2)[nH]c45)c(

Localization: 2,5 C)c3C(C)=0

Method: Fluorescence Microscopy

References: 216 Name: CIBC Derivative 9
CCclc(CC)c2cc3c(CC)c(CC)e Localization: 4,5

Structure: 4n3[Zn]n3c(cc5ne6e(cc(cc4b)[ | | Method: Fluorescence Microscopy
C+](N)N)C5(CC)CC)c(CC)c(C | | References: 227
C)c3cclin2 CCC1C(C)c2cc3[nH]c(ccdnc(

c(ccc([o-

Name: PPME Structure: )=0)C4C)c4C(=0)N(N)C(=0)

Localization: 1,5,6 ¢5¢(C)c(ccln2)[nH]c45)c(C)c3

Method: Fluorescence Microscopy C(C)=0

References: 222
CCcl1c(C)c2cc3[nH]c(ccanc(C Name: CIBC Derivative 11

Structure: (CCC(=0)0OC)C4C)caCC(=0) Localization: 4,5

' C5C(C)c(ccin2)[nH]c45)c(C)e | | Method: Fluorescence Microscopy
3C=C References: 227
CCC1C(C)c2cc3[nH]c(cednc(

Name: CIBC Derivative 3 c(ccc([o-

Localization: 4,5 Structure: )=0)C4C)c4C(=0O)N(NC(=0)c

Method: Fluorescence Microscopy 5cc[n+](C)cc5)C(=0)c5c(C)e(

References: 227 ccln2)[nH]c45)c(C)c3C(C)=0
CCC1C(C)c2cc3[nH]c(ccanc(
c(ccc(o- CICD Derivative 1; 13,15-N-

Structure: 1)=0)C4C)c4C(=O)N(OC)C(= Name: cycloimide Derivatives of
0)c5¢(C)c(ccln2)[nH]c45)c(C Chlorin p6
)c3C(C)OCCOCCO Localization: 2,5

Method: Fluorescence Microscopy

Name: CIBC Derivative 4 References: 86

Localization: 4,5 CCclc(C)c2cc3[nH]c(cc4nc(C

Method: Fluorescence Microscopy (Ccc([o-

References:. 227 Structure: ])=0)C4C)c4C(=O)N(CCCO)C
CCC1C(C)c2cc3[nH]c(ccanc( (=0)c5¢(C)c(ccln2)[nH]ca5)c(
c(ccc([o- C)c3C=C

Structure: 1)=0)C4C)c4C(=O)N(OC)C(=
0)c5¢(C)c(ccln2)[nH]c45)c(C CICD Derivative 2; 13,15-N-
)c3C(C)OCCOCCOCCO Name: cycloimide Derivatives of

Chlorin p7

Name: CIBC Derivative 6 Localization: 2,5

Localization: 4,5 Method: Fluorescence Microscopy

Method: Fluorescence Microscopy References: 86

References: 227 CCclc(C)c2cc3[nH]c(ccanc(C
CCC1C(C)c2cc3[nH]c(ccanc( Structure: (Ccc([o-

Structure: c(ccc([o- ' ])=0)C4C)c4C(=0O)N(CCO)C(

])=0)C4C)c4C(=0)N(OC)C(=

=0)c5¢(C)c(ccln2)[nH]c45)c(




C)c3C=C

CICD Derivative 3; 13,15-N-

])=0)C3C)c3CC(=0)c4c(C)c(c
c5nc(ccl[nH]2)c(C)c5CC)[nH]
c34

Name: cycloimide Derivatives of
Chlorin p8 Name: MPPa; Pyropheophorbide-a
Localization: 2,5 ' methyl ester
Method: Fluorescence Microscopy Localization: 1,2,3,5
References: 86 Method: Fluorescence Microscopy
CCclc(C)c2cc3[nH]c(cc4nc(C References: 94
(CCcC([o- CCclc(C)c2cc3[nH]c(ccanc(C
Structure: 1)=0)C4C)c4C(=0O)N(OC(C)= Structure: (CCC(=0)0C)C4C)caCC(=0)
0O)C(=0)c5¢(C)c(ccln2)[nH]ca ' c5¢(C)c(ccln2)[nH]c45)c(C)c3
5)c(C)c3C=C C=C
CICD Derivative 4; 13,15-N- CAME (Chlorin e6
Name: cycloimide Derivatives of Name: triacetoxymethyl ester)
Chlorin p9 (Lysosomes)
Localization: 2,5 Localization: 1,2
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 86 References: 98
CCclc(C)c2cc3[nH]c(ccanc(C CCclc(C)c2cc3[nH]c(ccanc(C
(CCC(=0)0C)C4C)cAC(=0O)N (CCC(=0)OCOC(C)=0)C4C)c
Structure: ([O- Structure: (CC(=0)OCOC(C)=0)c4nc(cc
C(=0)c5¢(C)e(ccin2)[nH]c4 1[nH]2)c(C)c4C(=0)OCOC(C)
5)c(C)c3C=C =0)c(C)c3C=C
Name: Pyr(_)phf-:-ophorbide—a Name: Deuteroporphyrin
' Derivative 8 Localization: 4,6
Localization: 1,2 Method: Fluorescence Microscopy
Method: Fluorescence Microscopy References: 125
References: 92 Cclcc2ce3nc(ccd[nH]c(cch[n
CCCCcCcCccoc(C)elc(C)ezc Structure: H]c(cc5C)ccln2)c(C)cd4CCC(]
c3nc(C(CCcC([O- 0-1)=0)c(CCC([O-])=0)c3C
Structure: 1)=0)C3C)c3CC(=0)c4c(C)c(c
c5nc(ccl[nH]2)c(C)c5CC)[nH] Name: Thiamine
c34 Localization: 1,3
Method: Fluorescence Microscopy
Name: Pyropheophorbide-a References: 238
' Derivative 10 _ Cclncc(C[n+]2csc(CCO)c2C)
Localization: 1,2 Structure: c(N)n1
Method: Fluorescence Microscopy
References: 92 Name: F-DDP
CCCcCcCccceeeoc(Cyeic(c) Localization: 1,5
c2cc3nc(C(CCC([O- Method: Fluorescence Microscopy
Structure: 1)=0)C3C)c3CC(=0)c4c(C)c(c References: 240
c5ne(ccl[nH]2)c(C)e5CC)[nH] Oclccc2C(C3C=CC(=0)C=C
c34 Structure: 30c2c1)clcec(cclC([O-
' ])=0)C(=O)NCC1C[NH2+][Pt--
Name: Pyropheophorbide-a J(CI)(CN1
' Derivative 12
Localization: 1,2 Name: Grepafloxacin
Method: Fluorescence Microscopy Localization: 3, 4
References: 92 Method: Fluorescence Microscopy
Structure: CCCCCCCCCCCCOC(C)cle( | | References: 242
' C)c2ce3nc(C(CCC([O- Structure: CC1CN(CC[NH2+]1)clcc2N(
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C=C(C(JO- methylpyridyl)porphyrin
1)=0)C(=0)c2¢c(C)c1lF)C1CC1 Localization: 1,3
Method: Fluorescence Microscopy
Name: Distamycin Analogue 10 References: 299
Localization: 2,6 C[n+]1cce(cel)-
Method: Fluorescence Microscopy clc2cee(n2)c(-
References: 258 Structure: c2cc[n+](C)cc2)c2ccc([nH]2)c(
C[NH+](C)CCCNC(=0O)clcc(N ' -
Structure: C(=C)c2cc(NC(=0)c3cc(NC= c2cc[n+](C)cc2)c2ccc([nH]2)c(
' 0)cn3C)cn2CCNC(=0)0C2c3 -c2cc[n+](C)cc2)c2cecln2
cccec3-c3ccecc23)cnlC
Name: PF-TMRos
Name: Purpurinimide Carbohydrate Localization: 1,2
' Conjugate 3 Method: Fluorescence Microscopy
Localization: 1,5 References: 306
Method: Fluorescence Microscopy CN(C)clcee2c(OC3=CC(C=C
References: 263 Structure: C3=C2c2c(F)c(F)c(F)c(F)c2F)
CCCCCCNI1C(=0)c2c¢(C)c3cc =[N+](C)C)c1
4nc(cc5[nH]c(ccbne(C(CCC(=
Structure: 0)0C)C6C)c(C1=0)c2[nH]3)c PEG-HPPt; diammine{7,12-
' (C)cbC)c(COC10Cc(CO)C(0OC bis[1-(polyethyleneglycol-750-
20C(CO)C(0)C(0)C20)C(0) Name: monomethylether-1-yl)ethyl]-
Cl10)c4cCC ' 3,8,13,17-2,18-
dipropionato}platinum(ltetra
Name: Fluoromycin methylporphyrin-
Localization: 3,6 Localization: 4,5
Method: Fluorescence Microscopy Method: Fluorescence Microscopy
References: 279 References: 313
CC(O)C(NC(=0)CC(O)C(C)N coccoccoccocecoccoc
C(=0)C(NC(=0)c1nc(nc(N)cl coccoccoccocecoccoc
C)C(CC(N)=O)NCC([NH3+])C coccoccoccocecocecoc
(N)=0)C(OC10C(CO)C(O)C( (C)clce(C)c2cc3[nH]c(ccanche
Structure: 0)C10C10C(CO)C(O)C(OC( c6[nH]c(cc1n2)c(C)c6CCC(=0
' N)=0)C10)clc[nH]cn1l)C(=0) Structure: )O[Pt--
NC(OC1OC(C)C(INH3+]))C(0O) J(N)(N)OC(=0)Cc5c4C)c(C)c3
C10)C(0O)clnc(csl)- c(C)occoccocecoceocce
c1nc(cs1)C(=0O)NCCCCNC(= Ooccoccoccocecoceocce
S)[N-]F Ooccoccocecocecoceocce
ocC
Name: TMR-Se
Localization: 3,6 PEG-HP; 7,12-bis[1-
Method: Fluorescence Microscopy (polyethyleneglycol-750-
References: 295 Name: monomethylether-1-yl)ethyl]-
CN(C)clccc2c([Se]C3=CC(C= ' 3,8,13,17-
Structure: CC3=C2c2ccecc2)=[N+](C)C) tetramethylporphyrin-2,18-
cl dipropionic acid
Localization: 4,5
Name: 8-oxoguanine Method: Fluorescence Microscopy
Localization: 2, 3 References: 313
Method: Fluorescence Microscopy Ccoccoccoccocecocceoc
References: 296 COoccoccocecocecoceoc
NC1=NC(= —NC(= = ) coccoccocecocecoccoce
Structure: 2|\C|1 CEO)C2=NCIZOIN=C | structure: (C)clc(C)c2ec3[nH]c(cc4nc(c
c5[nH]c(cc1n2)c(C)c5CCC([O
Name: TMPyP; meso-tetra(4-N- -1)=0)c(CC([O-




1)=0)c4C)c(C)c3C(C)OCccocC

C(c2ccecc2)=C2NC(/C=C\2)=

Ccoccoccocecocecoceoc C(c2cceec2)\C2=N\C(/C=C2)=
CcOoccoccocecocecoceoc C(/C2[NH2+]C\1C=C2)clcccc
COCCOCCOcCcOoC cl
Name: DEHP ) Porphyrin-Retinamide
T Name A
Localization: 2,5 ' Derivative 5
Method: histo Localization: 1,5
References: 322 Method: Fluorescence Microscopy
Structure: CCCCcC(CC)CcOC(=0)clccecc | | References: 352
) 1C(=0)0CCc(CcC)ccee CC(\C=C\C1=C(C)cccci(C)
C)=C/C=C\C(C)=C/C(=0O)NC
Name: C1311 coccoccoccocecocceoc
Localization: 1,3 COCCNC(=0)COCC(=O)Nc1
Method: Fluorescence Microscopy Structure: cce(ccl)C1=C2\C=CC(=N\2)/
References: 326 C(c2cccec2)=C2NC(/C=C\2)=
Structure: CC[NH+](CC)CCNclcce2nen C(c2ccece2)\C2=N\C(/C=C2)=
UCIUTe: 3 c4ccc(0)ccaC(=0)c1c23 C(/C2[NH2+]C\1C=C2)clccee
cl
Name: RP 38422 _ _ _
Localization: 1,3 Name: Porphyrin-Peptide Conjugate
Method: Cell Fractionation — 2
References: 331 Localization: 1,5
COC(=0)CSCC(=0)C1(0)CC Method: Fluorescence Microscopy
Structure: (OC2CC([NH3+])C(0)C(C)02 References: 378
' )c2c(0)c3C(=0)c4c(OC)ccccsd CC(C)C(NC(=O)C(CCCCI[NH
C(=0)c3c(0)c2C1 3+])NC(=O)C(CCCNC(N)=[N
H2+])NC(=O)C(CCCC[NH3+])
Name: RP 21080 NC(=0)C(CCCCINH3+])NC(=
Localization: 1,3 O)C(CCCC[NH3+])NC(=0)C1
Method: Cell Fractionation CCCN1C(=0)C1CCCNIC(=0
References: 331 )C(C)NC(=0O)CcOoCccoccocC
COclcccc2C(=0)c3c(0)caCC 9gCNOfCOCClNC(:O)COCC(
Structure:  (0)(CC(OC5CCCC(INH3+])C glC)ZC‘; Cc(ﬁ%‘é‘(: )-
4 = 12 = .
9)c4c(0)c3C(Z0)c12)C(C)=0 c2ccccc2)c2cecc([nH]2)c(-
. c2cccec2)c2cecc(n2)c(-
Eamg. — SNEBC c2ccccec2)c2cccl[nH]2)C(=0)
ocalization: 1,4 ]
- - Structure: NC(CCC([O-
Method: Pharmacological Effect _ _
References: 332 ))=0)C(=OINC(CC([O-
- =0)C(=O)N1CCCC1C(=O)N
CCclc(C)c2cc3c(CC)e(C)ecan ](%(C():C(NCEN):[NH2+])C((:C3)
Structure:  SLonH2In3c(celn2)e(C)e(CC) NC(CCCC[NH3+])C(=0)NC(C
c3cclnc2c(cc(cca2)S([O- _
—0)=0)CL(CICC CCCI[NH3+])C(=O)NC(CCCN
)(=0)=0)C1(C) C(N)=[NH2+])C(=O)NC(CCC
- - - NC(N)=[NH2+])C(=O)NC(CC
Name: Porphyrln-Retlnamlde C(N)=0)C(=0)NC(CCCNC(N)
_____ Derivative 4 =[NH2+])C(=0)NC(CCCNC(N
Localization: 1,5 . ):[NH2+])C(:O)NC(CCCNC(
Method: Fluorescence Microscopy N)=[NH2+])C(=O)N1CCCC1C
References: 352 (=0)N1CCCC1C(=0)NC(CCC
CC(\C=C\C1=C(C)Ccccci(c) (N)=0)C(=0)NCC([O-])=0
C)=C/C=C/C(C)=C/C(=O)NC
Structure: COcCcoccocecocecoceoc Name: Si(sol)2PC
COCCNC(=0)COCC(=0)Ncl Localization: 4, 6

ccc(ccl)C1=C2\C=CC(=N\2)/
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Method:

Fluorescence Microscopy

c2ccc(NC(=0)COCC(=0O)NCC

References: 379 occocecoccocecoceoce
CC1l(C)OoCcc(co[sij2(ocesc ([O-])=0)cc2)c2cee(n2)c(-
OC(C)(C)O3)N3C4\N=C5/N= c2ccc(NC(=0)COCC(=O)NCC

Structure: C(/N=CB\N2\C(=N/C2=N/C(= OCcoccoccocecoceoce
N\C3c3ccecec43)c3ceccc23)c2 ([O-])=0)cc2)c2cccl[nH]2
ccceeb2)c2cececc52)01

Name: PEG-Fun.ctionaIized meso-

Name: PS6A ' TPP Conjugate 9

Localization: 1,2,5 Localization: 1,2

Method: Fluorescence Microscopy Method: Fluorescence Microscopy

References: 400 References: 393
CCCclcc2cc3[nH]c(ccdnc(cca [O-

Structure: CCC)cc4[nH]c(cc4CCC)ccln2 JC(=0)Coccoccoccocco

' )c(c3CCC)S(=0)(=0)N(C)CC CCOCCNC(=0)COCC(=O)Nc
CCCCIN+](C)(C)C 1ccce(cel)-clc2eee(n2)c(-
c2ccc(NC(=0)COCC(=0O)NCC

Name: PEG-Functionalized meso- occoccocecocecocecoce

' TPP Conjugate 6 Structure: ([O-])=0)cc2)c2cec([nH]2)c(-

Localization: 2,5 c2ccc(NC(=0)COCC(=O)NCC

Method: Fluorescence Microscopy OCCOCCOoCcOccoccocc

References: 393 ([0-])=0O)cc2)c2ece(n2)c(-

[O- c2ccc(NC(=0)COCC(=O)NCC
]C(=0)COCCOCCOCCOCCO occoccocecocecoceoce
CCOCCNC(=0)COCC(=O)Nc ([O-])=0)cc2)c2cecl[nH]2

Structure: lcce(ccl)-clc2eee(n2)c(-
c2ccccc2)c2cee(nH]2)c(- Name: SNAFR-1
c2ccecc2)c2cec(n2)c(- Localization: 2,3, 5
c2cceec2)c2cecl[nH]2 Method: Fluorescence Microscopy

References: 417
) PEG-Functionalized meso- : Oclcecc2c(0OC3=CC=C4C(=0)

Name: TPP Conjugate 7 Structure: C=CC=C4C3=C2c2ccccc2)cl

Localization: 2,5

Method: Fluorescence Microscopy Name: TPYR-PP

References: 393 Localization: 4,6
[O- Method: Fluorescence Microscopy
]JC(=0)Ccoccoccoccocco References: 436
CCOCCNC(=0)COCC(=0O)Nc ccceeceececececececececcocel
lcce(cel)-cle2ecee(n2)c(- cce(ccl)-cle2ece(n2)c(-

Structure: c2ccccc2)c2ecc([nH]2)e(- Structure: c2ccncc2)c2cec([nH]2)c(-
c2ccccc2)c2cec(n2)c(- c2ccncc2)c2cec(n2)c(-
c2ccc(NC(=0)COCC(=0O)NCC c2ccncc2)c2cccl[nH]2
Ooccoccocecocecocecoce
([O-D=0)cc2)c2cccl[nH]2 Name: C16-TTP

Localization: 4,6
Name: PEG-Functionalized meso- Method: Fluorescence Microscopy
' TPP Conjugate 8 References: 436

Localization: 1,2 CCcCccceeceecececececeoer

Method: Fluorescence Microscopy cce(cecl)-cle2cec(n2)c(-

References: 393 Structure: c2ccc(C)ec2)c2cec([nH]2)c(-
[O- c2ccc(C)ec2)c2cec(n2)c(-
]JC(=0)CoOCccoccoccocco c2ccc(C)cc2)c2cccl[nH]2

Structure: CCOCCNC(=0)COCC(=0)Nc
lcce(ccl)-clc2eee(n2)c(- Name: Berberine
c2ccccc2)c2cec([nH]2)c(- Localization: 2,3,6




Method:

Fluorescence Microscopy

aminoacridine Derivative 13

References: 473 Localization: 3,6
COclccc2ec3- Method: Fluorescence Microscopy
Structure: c4cc50C0c5¢cc4CCln+]3cc2c References: 478
10C Structure: CCOC(=0)Nclccec2cc3cec(N)
' ¢(CO)c3nc2cl
Name: CO-1
Localization: 1,3 Name: Polyamide-Bodipy FL
Method: Fluorescence Microscopy ' Conjugate 1
References: 474 Localization: 3,6
CN1C(=0)C=C2c3ccccc3C(= Method: Fluorescence Microscopy
Structure: 0)c3c(NCC[NH+](C)C)ccclc2 References: 480
3 C[NH+](C)CCCNC(=0)CCNC
(=0)clcc(NC(=0)c2cc(NC(=0
Name: CO-3 )c3cc(NC(=0)cdcc(NC(=0)CC
Localization: 1,4 CNC(=0)c5cc(NC(=0)c6bec(N
Method: Fluorescence Microscopy Structure: C(=0)c7cc(NC(=0)c8nccn8C)
References: 474 cn7CCCNC(=0)CCC7=[N+]8
CN1C(=0)C=C2c3ccccc3C(= C(C=C7)=Cc7c(C)cc(C)n7[B-
Structure: 0)c3c(NCCC[NH+](C)C)ccclc 18(F)F)cn6C)cn5C)en4C)en3C
23 )cn2C)enlC
Name: CO-4 N ) Polyamide-Bodipy FL
T ame; |
Localization: 1,5 Conjugate 2
Method: Fluorescence Microscopy Localization: 3, 6
References: 474 Method: Fluorescence Microscopy
CC[NH2+]CCNclccc2N(C)C( References: 480
Structure: =0)C=C3c4ccccc4C(=0)clc2 C[NH+](C)CCCNC(=0)CCNC
3 (=O)clcc(NC(=0)c2cc(NC(=0
)c3cc(NC(=0)c4cc(NC(=0)CC
Name: CO-5 CNC(=0)c5cc(NC(=0)c6ee(N
Localization: 1,6 Structure: C(=0)c7nc(NC(=0)c8nccn8C)
Method: Fluorescence Microscopy cn7C)cn6CCCNC(=0)CCCoh=|
References: 474 N+]7C(C=C6)=Ccbc(C)cc(C)n
CC[NH+](CC)CCNclcce2N(C) 6[B-
Structure: C(=0)C=C3c4cccecc4C(=0)cl 17(F)F)cn5C)en4C)en3C)en2C
c23 )cnlC
Name: CcO-6 Name: Polyamide-Bodipy FL
Localization: 1,3 - Conjugate 3
Method: Fluorescence Microscopy Localization: 3, 6 :
References: 474 Method: Fluorescence Microscopy
CNI1C(=0)C=C2c3ccccc3C(= | |References: 480
Structure: 0)c3c(NCC[NH2+]CCO)ccclc C[NH+](C)CCCNC(=0)CCNC
23 (=0)clcc(NC(=0)c2nc(NC(=0
)JCCNC(=0)c3cc(NC(=0)canc
Name: CO-7 (NC(=0)CCCNC(=0)c5cc(NC
Localization: 1, 3 Structure: (:O)CGnS(NC(:O)CCNC(:O)C
Method: Fluorescence Microscopy 7cc(NC(=0)c8necn8C)en7CC
References: 474 CNC(=0)CCC7=[N+]8C(C=C
= - - 7)=Cc7c(C)cc(C)n7[B-
Structure: CN1C(=0)C=C2c3ccece3C(= ]8(F)F)cn6C)cn5C)cn4C)cn3C
0)c3c(NCC[NH3+])ccclc23 )en2C)en1C
Name: 4-Hydroxymethyl-3-

Name:

Vecuronium




Localization: 2, 3 Name: Chlorin 1
Method: Cell Fractionation Localization: 1,2,5
References: 485 Method: Fluorescence Microscopy
CC(=0)0c1cceacceesc4ace( References: 540
structure: | C(OC(C)=0)C4CCC3C2(C)C OC1C(0)c2ncic(-
' C1[NH+]1CCCCC1)[N+]1(C)C clcccecl)clece([nH]1)c(-
CCcCcC1 Structure: clcccecl)clece(nl)e(-
clcccecl)cleee([nH]1)c2-
Name: Org 6368 clcccecl
Localization: 2, 3
Method: Cell Fractionation Name: Chlorin 3
References: 485 Localization: 1,2
CC(=0)0c1ccacceesc4ace( Method: Fluorescence Microscopy
Structure: CC4CCC3C2(C)CC1[N+]1(C) References: 540
CCCCCI1)[N+]1(C)Ccceec 0OC1C(0O)c2nclc(-
clccec(O)cl)clece([nH]1)c(-
Name: Pancuronium Structure: clccec(O)cl)clece(nl)ce(-
Localization: 1,2 clccec(O)cl)clece([nH]1)c2-
Method: Cell Fractionation clccec(O)cl
References: 485
CC(=0)0c1ccecacceesc4ace( Name: Chlorin 4
Structure: C(OC(C)=0)c4cce3cz(c)c Localization: 1,2 .
' C1[N+]1(C)CCCCC1)[N+]1(C) Method: Fluorescence Microscopy
Ccccccel References: 540
COclccece(cl)-
Name: Ageladine A clc2nc(C(0)C20)c(-
Localization: 1,4 Structure: c2ccec(OC)c2)c2ecce([nH]2)c(-
Method: Fluorescence Microscopy c2ccec(OC)c2)c2cee(n2)ce(-
References: 488 c2ccec(0C)c2)c2cecl[nH]2
Structure: Ncl[nH]c2cc(ncc2[nH+]1)-
' clcc(Br)c(Br)[nH]1 Name: HDAO
Localization: 2,6
Name: Dimethyl-PEPEP Method: Fluorescence Microscopy
Localization: 2,3 References: 72
Method: Fluorescence Microscopy CCCCCCCCCCCCCCCCIN+]
References: 502 Structure: 1=C2C=C(C=CC2=CC2=C1C
Structure: Cnic(ccc1\C=C\clcc[n+](C)cc =C(C=C2)N(C)C)N(C)C

1)\C=C\clcc[n+](C)ccl
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Appendix H

References to the dataset with subcellular localization information.
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Appendix |

Chemical structures of the random dataset from DrugBank representing
molecules with drug properties. Structure is presented as the Simplified
Molecular Input Line Entry Specification string of the major microspecies at pH
7.4, as calculated by ChemAxon.
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383 Oclc2c(Cc3c(C2=0)c(0)ccel3)ccclC S(=0)(=0)(Cclccceccl)CCC(NC(=0)C
C(=0)[O-] 410 | (NC(OCclcceecl)=0)Cclcceccl)CCe

384 | OCclcnc(nciN)C lcccecl

385 | O=C(JO-])CCclcccccl 411 | OCCCCCCO
O=[N+]([O- 412 | SEON=O)(O-

386 |])NC(NCCCC(INH3+])CNCC[NH3+])= J)CCC[NH2+]C1CCCCC1
N S=P([S-

387 | S1c2c(NC(=0)C1CC(=0O)NO)cccc2 413 | ](OCC(OC(=0O)CCcce)coc(=0)cece

3gg | P(OCclenc(C)c(O)c1CINH2+]C1CO C)OCCIN+](C)(C)C
N-]C1=0)(=0)([O-D[O-] 414 | S(CCC(=0)C(=0)[O-])C
P(OCC(OC(=0)CCCCCCCCCCCCC 415 | O=C(CCC(=0)[O-]))C

389 | CC)COC(=0O)Cccceeeececcececececce S(=0)(=0)(\C=C\C(NC(=0O)C(NC(=0)
)(OCC(0)CO)(=0)[O-] 416 | N1CCC(N2CCOCC2)CC1)Cclcececl

390 | [NH2+4]=C(nlncncl)N )CCC)clcccecl

391 Clclcee(Oc2cec(S(=0)(=0)C3(CCcocC 417 |lclcccccl
C3)CC(=0)NO)cc2)ccl 418 | O1C(CO)C(O)CCINIC=CC(=O)NC1

392 | P(OCC(O)C(0)C(0)CO)(=0)([0-])[O-] =0

393 O=C1Nc2c(cccc2)C1lCcleec(N2CCN( Brclcc(ce(Br)cl[O-
CC2)C=0)ccl 419 | ])C(=0)clc2c(oclCC)cc(S(=0)([O-
Brclcc(cc(- ])=Nclccc(S(=0)(=0)N)ccl)cc2

394 | c2[nH]c3cc(cce3n2)C(=[NH2+])N)cl[ 420 | O=C(CCCCCC(=0)[O-hCCC(=0)[O]
0-])C(CC(=0)[0-])C(=0)[O-] 401 | P(OCC(OC(=0)C)cOCCCCCCCCCe

395 S(=0)(=0)(N)clccc(ccl)C(=0O)NCclc CCCCCC)(OCCIN+(C)(C)C)(=0)[0-]
cccclF 492 O=C([O-

396 | O=C([O-]))C1(INH3+])CC1 ])Cclc(c[nH]c1C[NH3+])CCC(=0)[0-]

397 [As+](clcc(O)c(O)cel)(cleeceecl)(cle 423 O=C1N(CC=0)C(=NC1CC1C=CC(=0O
ccccl)cleccecl )C=C1)C[NH3+]

398 O=C1N(CCCCCINC(=0)C(C(CCCO0) 424 S(CC10C(n2c3ncnc(N)c3nc2)C(0)C1
C(=0O)NO)CC(C)C)ccocC 0)C

399 | slcccclCC(=0)NCB(0)O 425 O=C([O-

400 | O1C(CO)C(O)C(O)CINIC=CC(=NC1 )C(INH3+])Cclc2c([nH]cl)ccce2N
=O)N O=C(N)C(NC(=0O)C([NH2+]C(CCclcc

401 | [NH3+]C(CC(C)C)C 426 | cccl)C(=0)[O-

402 | [nH]1c2¢(ncnc2C)ncl ])Cclcceecl)CC(=0)[O]

403 | OC1C=CC=C(C(=0)[O-])C1[NH3+] P(OC10C(CO)C(O)C(OC(C(=O)NC(
P(OCCCCN1C2=C(NC(=0)NC2=0)N C(=O)NC(CCC(=0)[O-])C(=0)[O-

404 | (CC(O)C(0)C(0)CO)C1=0)(=0)([O- 427 | ]))C)C)CINC(=0O)C)(OP(OCCLOC(N2
O] C=CC(=0)NC2=0)C(0)C10)(=0)[O-
S1CC(CCC(NC(=0)CCC(NC(=0)C)C N(=0)[O-]
(=0)[O- P(OC1C(0O)C(OC1nlc2ncnc(N)c2ncl

405 | ])C(=0)NC(C(=O)NC(C(=0)[O- 428 )JCOP(OP(OCC10C(N2C=C(CC(O)C
1)C)C)=C(INH2+]C1C(NC(=0)Cclccc 20)C(=0)N)C(0)C10)(=0)[O-
cc1)C(=0)[0-])C(=0)[O-] N(EO)O-)(=0)([0-][O-]
[Mo- O(C(=0)CCC(=0)[O-
2]1(SC2=C(S1)C1Nc3c(nc(nc30)N)N | | 409 |DCLCCC2(C3C(CCC2C1(C)CY(C)CL(

406 | C10C2COP(OP(OCC10C(N2C=CC( C(C2CC(CCC2(CC1)C)(C(=0)[O-
=NC2=0)N)C(0)C10)(=0)[O- ])C)=CC3=0)C)C

430 | Clclce(CleeclC(=0)N(Cclsc(ccl)-

)(=0)[O-])([OH2+])([OH2+]))O
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cloc2c(cl)ccec2)C(Celeececcl)C(=0)
[O-]

cc(F)ccl

P(OP(OP(OCC10C(N2C=CC(=NC2=

431 | SICC[NH+]=CIN 454 | O)N)C(0)C10)(=0)[0-])(=0)[O-

432 | ©1C(C(O)C(O)CO)C(NC(=0)C)C(O) NEO)([O-DIO]

CC1(0)C(=0)[0-] s1c(ccc1C)C\1CC20C(0)(C(=0)C(=
Oclcec(ccl)C[C@H](NC(=0)[C@@H O)N3C(CCCC3)C(OC(CC(=0)C(\C=C
J(INC(=0)[C@@H](NC(=O)[C@H]1N( 455 | (\C)/C(0O)C(OC)C(=0O)C(CCc(\Cc=C/C=
CCC1)C(=0O)[C@@H](NC(=0)[C@@ C\C=C/1\C)C)C)C)C(CCc1Ccc(OC)C(O
HI(NC(=0)[C@@H](NC(=O)[C@@H] )CC1)C)=0)C(CC2)C
(NC(=0)[C@@H](NC(=0O)CNC(=0)[C O1C2(IN-
@@H](NC(=O)CNC(=O)CNC(=0O)CN 456 |]C(=0O)N(O)C2=0)C(0)C(O)C(0)C1C
C(=0)CNC(=0O)[C@H]1IN(CCC1)C(= o]

433 | O)[C@@H](NC(=0O)[C@H]1N(CCC1) P(OP(OP(OCC10C(N2C=C(C)C(=0)
C(=0)[C@H]([NH3+])Cclcccecl)CCC | | 457 | NC2=0)CC10)(=0)[0-])(=0)[O-
NC(=[NH2+])N)CC(=O)N)CC(=0)[O- N(E0)([O-DIO-]
)Cclcececl)CCC(=0)[0- 458 | P(OCCL1OC(N2C=CC(=NC2=0)N)C(
)CCC(=0)[O- 0)C10)(=0)([O-])[O-]
DIC@H](CC)C)CCC(=0)[0- 0=C([O-

))CCC(=0)[O- ]))CC1(C)C2([NH2+]C(C1CCC(=0)[O-
DC(EOIN[C@@H](CC(C)C)C(=0)[O-] ])=C(C1=N\C(=C/C3=N\C(=C(/C4=NC
S(=0)(=0)([O- 459 | 2C(CC(=0)[O-])C4(CCC(=0)[O-

434 | )NC1C(O)C(OC20C(=CC(0)C20S(= DCO\C)\C(CCC(=0)[O-
0)(=0)[O-])C(=0)[0-])C(OC10)CO ])C3(C)C)\C(CCC(=0)[O-

435 [NH2+]=C(N)clccc(NCc2nc3cce(cee3n C1(CC(=0)[O-)C)C)C
2C)Cn2c3c(nc2C)ccee3)ccl 460 | S(=0)(CCC(INH3+]))C(=0)[O0-])C
436 | P(OCC(N)C(=0)[O-])(OCC)(0CC)=0 461 | S(CC(INH3+]))C(=0)[O-])CC(=0)[0-]
437 Clclcc2[nH]c(nc2cc1C(=[NH2+])N)- 462 | P(OC(C(N)C(=0)[O-])C)(=0)([O-D[O-]

clccec(-c2cceec2)clO P(OC1(OC(C(O)C(O)CO)C(NC(=0)C)

438 | O=C(NC(CCCNC(=0)N)C(=0)[O-])C 463 C(O)C1)C(=0)[O-

[W- ])(OCC1OC(N2C=CC(=NC2=0)N)C(

439 | J([OH2+])(OCC10C(n2c3ncnc(N)c3nc 0)C10)(=0)[O-]
2)C(0)C10)(0)0 464 | S(SCCO)CCO

440 | OC1C(0)Cn2c(ncc2)C10 465 | OCL(N=C(CC(C)C)C(=O)N1CC=0)C(

441 | O=CINC(=Nc2nce(ne12)C(0)C(0)C N)C(0)C
O)N 466 | Oclnc(nc2n(cncl2)C)N

442 Brclc2nc3c(cccc3C(=0O)NCC[NH+](C 467 | OC(Cclccececl)C(=0)[0-]
)C)c(N)c2cecl 468 | P(OCC(0O)C(0)C(=0)C)(=0)([0-])[O-]

443 | 01C2CC(0)C(0)C(0)C12CO O=C(NC(CCCNC(=[NH2+])N)C(=O)[

4as | 0=Clc2c(n(C)c(CCCO)c2CO)C(=0)C | |*%° | ogceczo)o]
=C1N1CC1l 470 | OB(O)clccc(ccl)\C=C\C(=0)[O-]

445 | [NH2+](CC)C O(clccec(-

246 O(c1c2c(nc(nc2N)N)ceel)cleec(OC)c 471 | c2[nH]c3cc(ccec3n2)C(=[NH2+])N)c10
cl JC1CCCC1

447 | SCCOCCOCCOCCOCCcOccocco 472 | OclccecclCC=C

448 | BrCCCCCCCCCCCC(=0)[0-] 473 O=C(Nclnc(ccnl)-

449 | [NH2+]1CC2CCC1(C)C2(C)C c1n2c¢(nclC)C=CC=C2)C
s1c(CCOP(OP(=0)([O-])[O-])(=0)[O- 474 | S(CC)C(=[NH2+])N

450 | Dc([n+](c1C(=0)C)[CH- 475 | OCCCCINH3+]

Jelenc(ncIN)C)C 476 | O=C([O-])cl[nH]cccl
O(C(=O)N)CL/C(=C\C(C)C(O)C(OC) 477 | O=C(Nclccececcl)CCCCCCC(=0)NO

451 | CC(CC2=C(OC)C(=0)C=C(NC(=0)/C P(OCC(O)C(0)C(0)C(O)CO)(=0)([O-
(=C\C=C/C10C)/C)C2=0)C)/C 478 | 101

452 O(C(=0)cccecececee)cecececececcecce P(OC10C(C)C(O)C(0)C10)(=0)([O-
CCCCCC 479 |])NC(CC(C)C)C(=O)NC(Cclc2c([nH]c

453 | S(=0)(=0)(N)clcce(ccl)C(=0)NCclc 1)cccc2)C(=0)[0-]
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[NH3+]CINC(NC2C1CC(CC2)C[NH+]

])C)(C)CACC(=0)N)=C(C1=[N+]2C(=

480 1 1cociccee2)ceiN CC2=[N+]3C(C(CC(=0)N)(C)C2CCC(
481 Clclccee(Cl)clC1=Cc2c(nc(nc2)Nc2c =0)N)=C5C)C(C)(C)C1CCC(=0O)N)C)
c(SC)ccc2)N(C)C1=0 C
482 | O=C(JO-])C(INH3+])CCCC=0 510 | CICC(=0)C
483 | O(CCOCCO)CCOCCO 511 | S1CC2NC(=0)NC2C1CCCC(=0)[0-]
484 | OC(C[NH3+])C 01C(CO)C(0)C(0)C(OC20C(CO)C(
Clclc(cece(OCc2oc(cc2)C(=0)[O- 512 | O)C(0O)C20)C10clccc(ccl)C(INH3+]
ags | DelCh)- )C(=0)[O-]
¢1nn(C)c(c1)C1CCN(CC1)C(=0)CNC | | 513 | O=C([O-])C(N)=C
(=0)C(NC(=[NH2+])N)CC(C)C OC1CC2C(C3CCC(C(CCC(=0)NCC(
486 | SCCINC(=0)CCCC(INH3+)C(=O)[O- | | 514 | =O)[O-
))C(=0)NC(C(C)=C)C(=0)[0-] ])C)C13C)C(O)CC1CC(0)CCC12C
O1C2N(C(=0)C2(OC)NC(=0)C(C(=0 | | g1 | O=CINC(=NC=2NCC(NC1=2)C(O)C(
487 |)[O-])c2cce(0)cc2)C(C(=0)[0- O)C)N
))=C(C1)C 516 | S1SCC(0)C(O)C1
488 P(O)(=0)([O- 517 | O=C(N)clcccncl
)CC1CC(O)(CC(O)CLO)C(=0)[O-] 518 slc(cccl/C(=N/C(=0O)C(CCclccccecl)
489 | O1C(CC=20c3c(c(C(=0)[O- CS)/C(=0)[0-])Cnhlnnncl
)c(0)c(JO-])c3)C(=0)C=2C10C)C 519 | P(OC1C(O)C(OCICO)N1C=CC(=O)N
490 O(CC1lcCcCcCcCcCl)cinc(N)cecznc[nH]cl C1=0)(=0)([O-D[O-]
2 520 | O1C(C(=0)N)C(0)C(O)C(0)C1CO
P(0)(=0)([O- 521 | O1C(C(=0)[0-])C(OC)C(0)C(O)C10
491 |])cc(occ1oc(n2e3nenc(N)e3nc2)C( | | 522 | P(OCC(=0)[0-])(=0)([0-])[O-]
0)C10)=0 523 | ONC(=[NH2+])NCCCC
292 | OC(CINC(=0)C)CO)clece(IN+](=O)[ 524 | O1C(0)C(0)C(0)C=C1C(=0)[0-]
O-])ccl 525 | P(OCC(=0)NO)(=0)([0-])[O-]
293 | S(EO)E0)(N)elcee(ccl)C(=O)NCele( 506 | S1c2c(ncec2)eclS(=0)(=0)NCICCN(
F)c(F)c(F)c(F)c1F Cc2cc(ccc20)C(=[NH2+])N)C1=0
494 | O1C(CO)C(O)C(O)C(NC(=0)C)C10C 01C(CO)C(0)C(O)CIN1C=CC(=O)N
495 | [O-][N+](CCCCCCCCCC)(C)C 527 1 c1=0
496 S1c2cc(O)ccc20C(Cleleec(O)ecl)cl 528 P(Oc1c2nc(ccc2cccl)C#N)(=0)([O-
ccc(OCC(INH+]2CCCC2)C)ccl DIO-]
497 | Sic(ccclCNellnH]e2c(nl)ceee2)- 529 | OC(Cnlc2ncnc(N)c2ncl)C
clnc(sc1)[NH+]=C(N)N £30 | O(Ccleceeel)C(=0)NC(Celeceeel)C
498 Clclcc(Cl)ecclC(O)(CCCCCC)Cnlcc (=0)C[N+J#N
ncl 531 | OC(CCCCCCCCCCC)CC(=0)[0]
499 | S(=0)(=0)([O-])CCCIN+](CC)(C)C 532 | C(CCCCCC)CCCCC
500 | O=C([O-])clccecccINC(=0)C(=0)[0-] 533 | OCCCO
501 | P(OP(OCCIOC(n2e3N=C(NC(=0)c3 534 | BICC(=0)NCCC(=O)NC(C(=O)NCCc
nc2)N)C(0)C10)(=0)[O-])(=0)([O-])N 1ccc(NC(=0)C(=0)[0-])cc1)CO
502 | O=C([O-])C(CCCC)CN(O)C=0 Clc1nc(cncINICCN(CC1)C)C(=0)N1
01C(C)(C2C(OC)C(OC(=0)\C=C\C= 535 | CC(N(CC1)CC(O)CC(Cclcceecl)C(=
503 | C\C=C\C=C\C(=0)[O- O)NC1C(CCC10)C)C(=0)NC(C)(C)C
))CCC2(0)C)C1CC=C(C)C 536 | O(C(C(FO)O-
504 0O1C(CO)C(O)C(O)Cc(O)c1ioccee1o ])=C)C1=CC=CC(C(=0)[0-])C10
C1 P(OCC10OC(NC(=0O)C[NH2+]CC(0)(C
505 | O=C(Ncln[nH]c(c1)C1CC1)clcccecl 537 | c2ce3c(ne(ne30)N)ce2)c2cec(ce2)C(=
506 | O=C(N)CC(=0)[O-] O)NC(CCC(=0)[0-])C(=0)[O-
507 | O=C(JO-])C(NC(=O)NO)Cclcccecl ])C(0)C10)(=0)([O-])[O-]
508 | O=C(JO-])C(INH3+])CC(=0)[O-] O=C1N=C(NC=2N=CC(N(C1=2)CO)
[Co]123[N+]4=C5C(CCC(=O)N)C(CC( | | 538 | CNclcee(cecl)C(=0)NC(CCC(=0)[0-
509 | “OIN)(C)CA(C4=[N+]1C(C(CCC(=0) )C(=0)[O-])N
NCC(OP(OC1C(0)C(OC1CO)nlche( 539 | 0O1C(CO)C(0)C(0)C(O)C10clcc(cc(]

ncl)cc(OC)cch)(=0)[O-
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N+](=0)[O-])c1)C(=O)N

0)=0)(C)C)(=0)(=O)N

O(C)clcc(ccclO)CNLC(Ce2ccecc2)C

564

S(C)clncnc2n(cncl2)C10C(CO)C(0)

540 | (O)CN(N(Cc2cc(OC)c(0)cc2)C1=0)C C10
clccecel 565 | O=C1CC(CC(O)O)C(C)(C)C1C

541 | O(CCO)C sic(-

542 | OC(C(O)CO)CC(O)C(=0)[0-] 566 | c2nc(ncc2)Nc2cece(cc2)C(F)(F)F)c(nc
Brc1c(OCCCC(CCC(=0)[O- 1C)C

543 | ]C(=0)[O- 567 S(OCC10C(n2c3ncnc(N)c3nc2)C(0O)
J)cc(cc1lOC)Cclenc(ncIN)N C10)(=0)(=0O)N
s1c2¢c(nc1C(=0)C(NC(=0)C1N(CC(O 568 | FC(F)(F)C([O-)([O-])C(F)(F)F

544 |)C1)C(=0O)C)CCCNC(=[NH2+])N)cccc [Fe]123[NH+]4C5=Cc6nlc(C=C1N2C
2 569 (=CC=2N3C(=CC4=C(C)C5C=C)C(C(

545 S1C=C(NC=C(C=0)C1lclnnn(cl)C)C( 0)=C)C=2C)C(C)=C1CCC(=0)[O-
=0)[O-] 1)c(CCC(=0)[O-])c6C

546 | [PH](=0)([O-]))C 570 | O=C(J[O-])C(INH3+]))(C)C
O=C([O- 571 | OC(C(0)C(O)C)C(0)C=0

547 | Dclcc(NC(=O)C[NH3+])c(NC(=0O)C)c 572 | [nH]1c2c(ncl)cecc2
cl S(=0)(=0)([O-

548 | P(O)(=0)([O-D[O-] 573 | )NP(=O)(NCCCC([NH3+])C(=0)[O-
[Fe]123[NH+]4C5=Cc6nlc(C=C1N2C DN
(=CC=2N3C(=CC4=C(CCC(=0)[O- 574 | O(CCC(INH3+])C(=0)[O-])CC[NH3+]

549 |J)CS(CC(=0)[O-])C)C(CC(=0)[O- 575 | SOC(=[NH+)\CCCCCCCCCCCCCey
1)(C)C=2CCC(=0)[O-])C(CC(=0)[O- NH+]=C(\SC)/N)\N)C
])=C1CCC(=0)[O-])c(CCC(=0)[O- 576 | P(OCclenc(C)c(O)c1CINH2+]C(CCC
1)c6CC(=0)[0-] C)C(=0)[0-])(=0)([O-)[O-]
P(OP(OCC10C(n2c3N=C(NC(=0)c3 | | 577 | [Hg]clcee(S(=0)(=0)[0-])ccl

550 | nc2)N)C20P(0C12)(=0)[O-])(=0)[O- s7g | S(C)clec(Ne2nene3c2ec(0C)e(OC)c3
DEO)([O-DIO] )ecel

551 | S(OCIC(O)C(O)C(OCICO)0)(=0)(= 579 |[NH3+]C1CCCCC1
0)[O-] OC1(CCC2C3C(=C4C(=CC(=0)CC4)

552 | Oclcc(O)ceclC(=0)[0-] 580 CC3)C=CC12C)C
O1c2cc(ccc20Cl)- S(=0)(=0)([O-

553 | cle(n[nH]c1C(=0)[O-])- 581 |])CC(NC(=0)CCC(INH3+])C(=0)[O-
clcc(CC)c(O)eclO ])C(=0)NCC(=0)[O-]

554 | O=C(NCCC[NH+](C)C)clcz[nH+]e3c( [NH+]1c2c(CCCC2)c(NCCn2nncc2CC
ccce3)c(N)c2cecl 582 | CCCC[n+]2c3cc(N)cec3c3c(ce(N)ce3)

555 | OC(C(O)C)(C[NH3+])C c2-c2cccec2)c2clcecc?

556 | P(OCLC(O)C(INH3+])C(OCICO)O)(= | | 583 | Clelsc(Clccl-clnc(nccl)N
0)([O-][O-] P(OCCCN1C2=C(NC(=O)NC2=0)N(

557 l?)([C())C]wC(CO)C(O)C(O)Clo)(=0)([0 584 | CC(O)C(0)C(0)CO)C1=0)(=0)([O-
- - O_
CICCN1C(=0)C2(0OC1=0)CC1(C3|N 585 ]c))[c((]:cccc)c:c

55 | H1(CCC34C2N(c2ec(OC)c(ce24)C2( 586 | Oclnc[nH]c2-c1nnc2
CC3CC(O)(C[NH+](C3)CCc3c2[nH]c2 S(=0)(=0)(N)clcce(cel)C(=0)NCclc
c3cccc2)CC)C(0C)=0)C)CC=C1)CC 587 | c(FyccetF

559 P(OCC10C(N2C=CC(=NC2=0)N)CC 588 | O=C([O-])CN(CC(=0)[0-])CC(=0)[O-]
1)(=0)([O-DIO] P(OCC(0)C(0)C(0)C(=0)[O-
OC1C(O)C(N(Cc2cc(N)ccc2)C(O)N(C 589 1)(=0)([O-])[O-]

560 | c2cc(N)cecc2)C1lCclcccecl)Celeccce O1CCN(CC1)CCOclc2c(ccce2)c(NC(
1 590 | =0)Nc2n(nc(c2)C(C)(C)C)-
01C(C)C(NC2C=C(CO)C(O)C(0)C2 c2ccc(cc2)C)ecl

561 | O)C(O)C(0)C10C1C(0)C(O)Cc(0Cc1C co1 S(=0)(=0)(n1ncc(cl)-

0)0 clc2cc(cce2ccc10OC)C(=[NH2+])N)C

562 | S(CCC(INH3+])C(=0)[O-])C 592 [ 01CCCC1C(=0)[0-]

563 | S(OCC120C(0C1C10S(0C1CO2)(=

323




593 | P(=0)([O-])([O-])C1(INH3+])CC1 624 | SCC([NH3+])C(=0)[O-]

594 | O=C[CH-]C=0 01C(COC(=0)c2cc(0)c(0)c(0)c2)C(
O(clccc(NC(=0)c2cc([N+](=0)[O- OC(=0)c2cc(0)c(0)c(0)c2)C(OC(=0)

595 J)ccc2)ccINC(=0)clcec([N+](=0)[O- 625 | c2cc(0)c(0)c(0)c2)C(OC(=0)c2cc(0)
J)cccl)clec(C(=0)[0- ¢(0)c(0)c2)C1OC(=0)clce(0)c(O)c(
1)c(ccl)C(=0)[O-] O)cl

sgg | Feleec(cel)C=1CC[NH+](CC=1)CCC 01C(C)C(OC20C(C)C(0OC30C(C)C(
C=1NC(=0)c2c(N=1)c(ccc2)C 626 | =0)CC3)C(O)C2)C(INH+](C)C)CC1O
S(=0)(=0)(NC(CC(=0)[O- C1CC(0)(CC)C(0)c2cic(0)clc(c2)C(

597 C(=O)NC(Cclccc(ccl)C(=[NH2+])N) =0)c2¢(C1=0)c(O)ccc2
C(=0)N1CCCCC1)clc(C)c(C)e(OC)c 627 | O=C(CC(C)C)C(=0)[0-]
ciC 628 | OC(C(0)C(=0)[0-])CC(=0)C(=0)[0-]

598 |slcenclC(CC)C 629 O=C([O-

599 | O=C(JO-])C(INH3+])CC(=0)[O-] ])C(n1nnc(c1)C[NH3+])CC(C)C

600 Fc1[nH]c(N)c-2nc(nc- 630 | [nH]1cnccl-clceccecl
2n1)Cclcc(OC)ccclOC 631 | Oclcccecl

601 | [N+](C)(C)(C)C 0O=C(Nclcc(Nc2nc(cen2)-

602 P(OC10C(CO)C(0)C10)(=0)([O- 632 | c2ccenc2)c(ccl)C)elecc(ccl)CNICC]
DIOA] NH+](CC1)C

603 | OCCCC(INH3+])C(=0)[0-] 633 | S162S(=0)(=0)N(C(=Cc2cc1S(=0)(=

604 | OC1C(0)C(O)C(0)C(0)C10 0)N)CN1CCOCC1)clce(O)cecl
P(OclccececclC=0)(OCC1CCCCCL)(= O1C(CO)C(=0)C(O)C1nlc2ncne(N)c

605 0)[0] 634 | o 7

606 | O1[N-]C(=O)C(INH3+])C1 635 | OC(C(0)CO)CO

607 | O1CCOB1OCCCNC(=[NH2+]))N P(OCC10C(n2c3ncnc(N)c3nc2)C(O)

608 | 51c2c(nc1SCCCS(=0)(=0)[0-])ccec2 | | gz | CLO)OP(OP(OP(OP(OCCIOC(N2C

609 | O1C(C(O)C(0)C(0)C1CO)c1[nH]c2ce =C(C)C(=0)NC2=0)CC10)(=0)[O-
(ccc2n1)C )(E0)[O-])(=0)[O-])(=0)[O-])(=0)[O-]

610 | O=C([O-])C(INH3+])CCCCC(=0)[O-] 637 | O1CC(O)C(0)C=C1C(=0)[O]

611 | P(0)(=0)([0-])CCN(0)C=0 638 Oclcc(O)ceclC(=0)\C=C\clcce(O)ce

612 |Iclc2cc(sc2cccl)C(=[NH2+])N 1

613 | OB(O)clccc(ccl)C(=0)[0-] 639 | P(OCclenc(C)c(O)c1CINH2+]C(\C=C

614 | P(OCC1OC(n2c3nenc(N)e3nc2)C(O) \OCCI[NH3+])C(=0)[O-])(=0)([O-])[O-]
C10)(=0)([0-])CP(0)(=0)[O-] SCC(NC(=0)CCC(INH3+])C(=0O)[O-

615 | [Cu]123[Cu]45[Cu]1[S+2]24][Cu]35 640 | ])C(=O)NCC(=O)NCCC[NH2+]CCCC][

616 | O1C(C(=0)[0-])C(O)C(0)C(O)C10 NH3+]

Oclc(ccecl- 6a1 | SEO)=0)([O-

617 | cl[nH]c2c(c1)cc(cc2)C(=[NH2+])N)- ))CCI[NH2+]C1CCCCC1
clceceel S])(gf%()'\,‘\l%(é?)g)([:g(['\'H3+])C(:O)[O

618 COC110(CO)C(O)C(O)Cln1c2ncnc(N)02 642 P CC(NC(=0)COC(INH3+])C(=0)[O-
S(CCNC(=0)CCNC(=0)[C@]1(O)[C J)C(=0)NCC(=0)[O-]
@H](OP(OP(OC[C@H]20[C@@H](n Brelce(ce(Br)cl[O-

619 3c4ncnc(N)c4nc3)[C@ @H](0)[C@@ 643 | ])C(=0)clc2c(oc1CC)cc(S(=0)(=O)Nc
H]20P(=0)([0-])[0-])(=0)[O-])(=0)[O- 1lcce(S(=0)([O-])=Nc3sccn3)ccl)cc2
1)C1(C)C)C(=0)\C=C\c1cc(OC)c(O)c( | | gga | OLNC(O)C(CC(INH3+])C(=0O)[O-
OC)cl ])c1C(C)(C)C

620 S(CCC(SSCCO)CCCCC(=0)[O- 645 Ol_CCZN(CB—C(N—C(NC3—O)N)NC2)
))CINH3+] C1=0

621 | O1C(OC20C(CO)C(0)C(0)C20)(CO | | 646 01C(CO)C(O)C(0O)C(O)c1oCcceCC
)C(O)C(0)C1COC(=0)CCCCCCC cC

622 | O=C1NC(=Nc2ncc(nc12)CO)N 6a7 | O=C(O-

623 | P(OCC10C(n2c3c(nc2)nenc3)C(0)C ])c1cc(NC(N)N)c(NC(=0)C)ccl
10)(=0)([0-])[0-] 648 | P(OCLCOPEONIO-DIO-

1)C(OP(=0)([O-])[O-
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1)C(O)C(OP(=0)([O-))[O-
1)C1OP(=0)([O-D[O-))(=0)([O-)[O-]

Brc1lnc2c(ncnc2N)n1C1OC(COP(=0)(

:O)[O_
De(Nclnc(ne(n1)N)N)ce(S(=0)(=0)[O
-])c2

Brclccc(ccl)-cin(nc(cl)C(F)(F)F)-

%9 |[o][0))c)c10

650 | [ASI(SCC(INH3+])C(=0)[O-])(=0O)([O-
DIO-]

651 | O=C(JO-]))CIN(CCC1)C(=0)C

652 SCCC(=0)N1CCc2c([nH]c3c2cccce3)
C1

653 S(OCC10C(n2c3ncnc(N)c3nc2)C(0)
C10)(=0)([O-])=NC(=0)C(N)C

654 | Oclcce(ccl)CI[C@H](INH3+]))C(=O)N

655 | O=C(N(O)C(C)C)C(=0)[O-]

656 OC1CCC(NC(=0)Cc(oC)c(o)c(o)C(
O)\C=C\C(C)(C)C)C(=O)NC1
P(OC10C(CO)C(0O)C(O)CINC(=0)C)

657 | (OP(OCC10OC(N2C=CC(=0O)NC2=0)
C(0)C10)(=0)[0-])(=0)[O-]

658 | [N+](CC)#C

659 | O=C(JO-])CCclccc(ccl)C
O=C1CN(CCINC(=O)C(NC(OCc1ccc

660 |ccl)=0)CC(C)C)C(=0)C(NC(OCclcc
cccl)=0)CC(C)C

661 SCC(NC(=0)CCC([NH3+])C(=0)[O-
DC(=0)[O]

662 | OC1C(INH2+]CC10)CO

663 slc[n+](Cc2cnc(nc2N)C)c(C)clCCOP
=0)([O-)DIO]

664 0O1C(C(0)C(O)CO)C(NC(=0)C)C(NC(
=[NH2+])N)CC1C(=0)[O-]

665 OC(C([NH3+])Cclccecccl)C(=0O)NC(C
C(C)C)C(=0)[O-]

666 | O=C(JO-]))C(CC(INH3+)C(=0)[O-]))C

667 P(OCclcnc(C)c(O)c1CINH2+]CC(OP(
=0)([O-)[O-)C)(=0)([O-)[O-]

668 | O1C(C)C(INH3+])C(O)C(O)C10
S(=0)([O-

669 |])C(C(N\C=C\C=0)C(=0)[O-
1)(Cnlnnccl)C

670 P(OC1CC(OC1CO)N1C=CC(=0O)NC1
=0)(=0)([O-])[O]

671 S1CC(CC(OC)=0)=C(NC1C(NC(=0)
Cclscccl)C=0)C(=0)[O-]
O1[C@H](CN(CC[C@H](INH3+]))C(=

672 | QIO
)C)[C@@H](0)[C@@H](O)[C@@H]
1nlc2ncnc(N)c2ncl

673 | O=C1INC(=O)NC=C1C
0O1c2c¢c(C(=0)CC1lclccc(O)ecl)e(O)ee

674 (0)c2

675 O=C(NC(CCclcccccl)CCC(=0)[O-
J)CCCCCCclcccccl

676 | O=C(NC)CCC(INH3+]))C(=0)[O-]

J)clcc2c(c(0O)c1\N=N\clcceeclS(=0)(

678 clcce(S(=0)(=0)N)ccl
O1C2([N-

679 |]C(=O)N(C)C2=0)C(O)C(0O)C(O)C1C
0]

P(=0)([O-])([O-
DC(F)(F)clcee(ccl)CC(NC(=0O)C(NC(

680 | =0)clcccecl)CCC(=0)[0-
])C(=O)NC(Cclccc(ccl)C(P(=0)([O-
DIO-D(F)F)C(=O)N

681 | P(OCC(O)CO)(OCCINH3+)(=0)[O-]
P(OC10C(CO)C(O)C(O)C1F)(OP(OC

682 | C1OC(N2C=CC(=0O)NC2=0)C(0)C1
0)(=0)[O-))(=0)[O]

683 Fclcc2nc([nH]c2cc1C(=[NH2+])N)-
clccec(OCC(C)C)c10

684 | SCP(0)(=0)[O-]

685 | [nH]1c2c(ncnc2N)ccl

636 [se]lc2c([nH]cc2CC([NH3+])C(=0)[O-
])ccl

687 | O=C1NC(=O)NC=C1C#C

688 | P(Oclc2NCCCc2cccl)(=0)(JO-D[O-]
P(OCC10C(n2c3ncnc(N)c3nc2)C(O)

689 | C10)(OP(OCC10OC([n+]2cc(ccec2)C(=
O)N)C(O)C10)(=0)[O-)(=0)[O]

690 O(Cclcceecl)C(=0O)NC(CCCNC(N)N)
C(=0)NC(C(=0)C)C

691 | O=ClC2CcC(C1)CC2
P(OC1C(O)C(0)C(O)C(0O)C10)(=0)([

%92 |oio]

693 P(OCC(O)C(O)C(O)CNclcecececlC(=0
)[O-N(=0)([O-DIO-]
S1C2N(C(C(=0)[O-

694 |])C1(C)C)C(=0O)C2NC(=0O)CCCC(INH
3+]))C(=0)[O-]

695 O(Ccoccoccocecoce)ccocecoc
COCCO

696 | ClCCcCcCCl1

697 | [NH2+](CCCC[NH3+])CCCI[NH3+]

698 Clclcc(ce(Clhcl)CNC(=0O)clcece(-
n2nc3c(nc(nc30)N)n2)cccl

699 OCC(nlcc(ncl)C(=0O)N)CCclc2c(ccc
1)ccec?2

200 | PEO)([O-N([O-
]DC([INH2+]Cclcccecl)clcecccl

701 Oclccc(N2N(C(=0)[C-
J(CCCC)C2=0)c2cccec2)ccl

702 | 9=C(O-
C(INH3+])CCCC(|[NH3+])C(=0)[O-]
P(=0)([O-])([O-

703 | )C(F)(F)clcee(ccl)CC(NC(=0)C)C(=

O)NC1CCCCN(Cc2ccc(cc2)-
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c2ccccec2)C1=0 727 | OCC[NH+](CC(=0)[O-))CCO
704 Iclcc(cc(l)clOclec(l)e(0)eccl)CC(=0) 728 | C(CCCCCce)cceecece
[O-] 229 | O1CC(0)C(0)C(0)CL1OCICCNC(=0)
205 | ©=C1CCC2C3C(CCC12C)C(C(CC( C10
=0)CC1)CC3)C 730 | O=C([O-])/C(/N)=CIC
01C(/C(=C/C2CC(OC)C(Oc3ccac(n(c P(OC10C(C)C(0)C(0)C10)(OP(OC
c4)C)cc3)CC2)/C)C(C)C(O)CC(=0)C( | | 731 | C1OC(N2C=C(C)C(=0)NC2=0)CC1
706 | \C=C(\C)/C(O)C(CC(OC)C20C(0)(C( 0)(=0)[0-])(=0)[0-]
=0)C(=0)N3C(CCCC3)C1=0)C(CC2 732 [ Clclcec(ccl)C(=0)[0-]
OC)C)C)CC 733 | S1C20C(CO)C(O)C(O)C2N=C1C
707 Oclccc(ccl)- 734 | OCC(INH3+])(CO)CO
clcc2c3c(cece2ncl)cenc3 735 | SC(CCCCC(=0)[0-])CCS
708 | PEO)[O-)(O- 736 | O(C)clcc(O0)ccclO
)C(=0)Nclcec(ccl)CC 737 | 01C(CO)C(0)CC(O)C10CCCCCC
709 | P(OCclc[n+]([O- 738 | O=C([O-])C([NH3+])CCC=0
Dc(C)c(0)c1C=0)(=0)([O-][O-] 239 | Clelec(Clecc10clcec(OC(C(=0)[O-
710 |IclccceclCS ])C)ccl
711 | P(O)(=0)([O-])CC(=O)NO 740 | O=C(N)CCCCCCC\C=C\CCCCCCCC
O:C(NC(CCCC[N H3+])C(:O)NC1CCC 741 nlCCﬂ(C)ClC
712 | cc1l)C(CCCC)CNNCC(CCCC)C(=0O)N 742 | S(CCC(INH3+])C(=0)[O-))C(F)(F)F
gi%%g(cé';'g(ﬁé)fé(:’\?():’(\'fé)cg?[cl\ﬁ e 743 | O=C([O-])C(INH3+])CCCCNC(=0)[O-]
713 clccc(0O)ccl)C=0)C(=0)[0-] 744 (I:CCl( F(FleteceNEEOOOCHN)
714 | S(=0)(=0)([O-])CC([NH3+])C(=0)[O-] O(CCCCCCOclcee(cel)C(=[NH2+])N
215 | O(CC(=0)C(C)C)elnc(ne2nelnH]e12) 745 )elcce(cel)C(=[NH2+])N
N 746 | O=CC(N)Ccl[nH]cncl
S(OC1C(OC20C(C(=0)[O- P(OCCCN1C2=C(NC(=0)NC2=0)N(
1)C(OC30C(COS(=0)(=0)[O- 747 | CC(0)C(0)C(0)CO)C1=0)(=0)([O-
Do(00) 20O OOC(OS o]
748 | P(OC(O)C(N)C(=0)[O-])(=0)([0-][O]
716 | EOIEONODCOC2C(EO)O- P(OCCIN+](C)(C)C)(=O)([O-
)OC2C(0S(=0)(=0)[O- 749 | ])CCC(OC(=0)CCCCC)COC(=0)CC
DC(0C2C0SCON-0NO
JOC)C10S(=0)(20)[0- 250 glé:l(nnc1C(C)(C)C)C(:O)Cl[NH2+]C
])COS(ZO)(=O)[O-])(=O)(=O)[O-] 751 O=C([O-])CCCCCCCCC
P(OCC10C(N2C(=0)[CH-
- 753 | 0=C
01C(=0)C=C(C2CCC3(0)C4C(CC(O —
718 |)C23C)C2(C(CC(O)CC2)CCA)C)[CH- | | 754 8f](:)%:c;’§(;(é:cllggc):g11(CCC(CC1)C(—O)[
=19 ][ﬁg e 01C(CC(OC)C(CCC(=0)C(C(OC)C\C
720 [ O=C(NCICCCCCLNCCCCCCCCCC | | 4¢ ): S;’gﬁig’z‘):’ ceic(eeic=Clezoce(nz
S(Cclccc([N+](=0)[O- -
721 | )eel)CCNC(=0)COC(NH34)C(=0)] COZ)%CC(;:({;ZO);:C(OC)C(C)C( 0O)Cc(o)cC(
— 8'é)gé=9c))NgC(=O)[O'] 756 | SCLOC(CO)C(O)C(O)C10
S0 C((_[NI)-E3;%) SEICE OC1CCC2C3C(CCC12C)c1c(CC3CC
723 }(=0)(=0)CCECCCOCCCCCCCCT 757 §1CCCCCCCC(=O)N(CCCC)C)cc(O)c
724 | S=C(Nclcccecl)N 758 | SCC(O)CO
725 Sc(lcc):‘;,{lccc(oc)cc1C°1°”°2”C(”C(N)° oo | Clelec2inHic(ee2ec C(ENHZH)N)-
- — — — clccee(-c2ccecc2)c10
726 | O=CINC(=NC(NC)=CIN+](=O)[O- 760 | O1C(CO)C(O)C(0)CLOCIC(0)C(OC

DN
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C10)0 785 | S1C(0)c2c(OC1N)ccec2

761 | O1C(C)C(O)Ccci10o P(OCCCN1C2=C(NC(=0O)NC2=0)N(
[Ru+2]123(N4C(C=C(C=C4)CCCCCC 786 | CC(O)C(O)C(0)C0O)C1=0)(=0)([O-
CCC(=0O)NC4C5CC6CC4CC(C5)Ch) DIO-]

762 | =CAN1C=CC(=C4)C)(N1C(=C4N2C= 787 | [Hg]clcee(ccl)C(=0)[O]
CC=C4)C=CC=C1)N1C(=C2N3C=CC 788 S(OC1COC(=CC10)C(=0)[O-
=C2)C=CC=C1 D(=0)(=0)[O-]

763 | slc2nccecc2cclC(=[NH2+])N 789 S(Cclcceecl)CC(NC(=0)C(NC(=0O)N

764 slcceclSCC(C(CC(C)C)C(=O)NC(Cc 1CCOCC1)Cclcccecl)C=0
lcceecl)C(=0)NC)C(=0)NO 790 [NH+](CCC=C(C)C)(C)[C@H]1CCC(=

765 OC1CCcC2C3c(cce1z2e)ci(c(cco CC1)C
)CC1)CC3)C 791 | O1C(CO)C(O)C(O)C(0O)C10

766 | O=C(Cclcccecl)C(=0)[0-] 792 O1C(C(0O)C(O)CO)C(NC(=0)C)C(0)

767 P(OCC10C(n2c3c(nc2)ncnc3N)C(0O) C=C1C(=0)[O-]

C10)(=0)([O-D[O-] 793 O=C(NCC([NH3+])C(=0)[O-

768 O=C([O- J)clcceccl
])C(INH3+])CCCN\C(=[NH+]\CC=C)\N 794 | O=C([O-))CCC(C)C

769 | Oclcee(ccl)CCC(=0)[O-] 795 | P(OCC(N)Ccl[nH]cncl)(=0)([O-DIO-]

770 | O=C([O-]C(=0)[O-] 796 | P(O)(=0)(JO-)CCcCcC

771 O=C1NC(=NC=2NCC(NC1=2)C(0)C( O=C([O-

O)CO)N 797 | ]clcc2e([nH]cc2)ccINC(=0)C(=0)[O-

772 Oclccc(NC(=0O)\C=C(\C=C\C=C(\C= ]
C\C=2C(CCCC=2C)(C)C)/C)/C)ccl P(=0)([O-])([O-

773 OC1CCcC2Cc3c(cceirze)ci(c(cc(o 708 J)clcc(ccc1OCC(=0)[O-
)CC1)CC3)C ])CC(NC(=0)C)C(=0O)NC(C)clcc(C(=
Clc1c20C3c4c(C5=CC=CC350C30 O)N)c(OCC2CCCCC2)ccl
C(C)(C)C(INH+](C)C)C(0)C30)cc(cc 799 Brclccc(OCCCON2C(N=C([NH+]=C2

774 | 4)C(OC(=0)c3cc(OC)ccdOC(=C)C(= N)N)(C)C)ccl
O)Nc34)COC(=0O)CC([NH3+])c(cc20) 800 O(C)clcc(cecl)-
cl cl[nH]c2c(nl)cccc2C(=0O)N
[Zn]123[N+]4=C5C=c6nlc(=CC1=[N+ 801 O1C(C[NH+](CC1C)CCCCCCCCNC=

775 ]2C(=Cc2n3c(C=C4C(C=C)=C5C)c(C 0)C
)c2C=C)C(C)=C1CCC(=0)[O- P(OC10C(C(=0)[O-
Dc(CCC(=0)[O-])c6C goz | DC(O)C(0)C10)(OP(OCCIOC(n2c3N

776 S1C2N(C(=0)C2NC(=0O)CCCC([NH3 =C(NC(=0)c3nc2)N)C(0O)C10)(=0)[O
+))C(=0)[0-])C(C(=0)[0-]))=C(CL)C (=0)[0]

777 | Oclccc(ccl)CCCCCCC S(S)CCNC(=0)CCNC(=0)C(0O)C(CO

778 | P(OCCIN+](C)(C)C)(=0)([O-D[O-] 803 P(OP(OCC10C(n2c3ncnc(N)c3nc2)C

779 SC(Cclcccecl)C(=0)NC(Cclccececl) (O)C1OP(=0)([O-DI[O-(=0)[O-
C(=0)NC(Cclcec(0)ecl)C(=0)[0-] N(E0)[O-])(C)C
[S- 804 | O=C(JO-])C(INH3+])(CC(C)C)C

780 | \C(=[NH+\CCCC([NH3+])C(=0)[O- 805 OC(C(CC(=0)[O-])C(=0)[O-

D\N DN(C(E=0)[O-])C

781 O(O)C1(N=C2N(C=C(NCc2cc2accccec 806 | O=C(C(C)C)C(=0)[O-]
2)c2cce(0)cc2)C1=0)Cclccc(O)ccl OC(C([NH3+])Cclcccecl)C(=0O)N1C

282 P1(OC(CO)(C)C(O)COP(01)(=0)[O- 807 | CCC1C(=0O)N1CCCCIC(=O)NC(C(=
DEO)O] O)N)C
Brc1lnc2c(ncnc2N)n1C1OC(COP(OP( 808 | OCCC(=0)C

783 OCC20C([n+]3cc(ccec3)C(=0)N)C(0) 809 0O1C(CO)C(0)C(O)Cc(o)c1oc1c(o)C
C20)(=0)[O-])(=0)[O- (0O)C(O)NC1CO
))C(O)C10P(=0)([O-])[O-] P(OC10C(CO)C(F)C(0)C10)(OP(OC
Clc1c20C(=0)C(NC(=0)c3cc(CC=C( 810 | C1O0C(N2C=CC(=0O)NC2=0)C(0O)C1

784 | ©)C€)c(0)ce3)=C([O- 0)(=0)[O-])(=0)[O-]
1)c2ccc1OC10C(C)(C)C(OC)C(OC(= 811 O(C(=0)CO\N=C(/C1(CC1)clcc2nc(n

0)c2[nH]c(cc2)C)C10

(c2cc1)C)CNclcee(ccl)C(=[NH2+])N)
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\clnccecl)CC

C)\C1=C

S(CCNC(=0)CCNC(=0)C(0)C(COP(

Oclnc(nc2clcc(cc2)CC(C(=0)[0-

812 OP(OCC10C(n2c3ncnc(N)c3nc2)C(O 839 | ])clcce(ccl)C(=0O)NC(CCC(=0)[0O-
)C1OP(=0)([O-])[O-])(=O)[O-])(=O)[O- ))C(=0)[O-N
D(C)C)C(=0)\C=C\clccc(N(C)C)ccl 840 | Clclc2¢(CCC[NH2+]C2)ccclCl

g13 | O=CINC(=O)NC(NCC(0)C(O)C(0)C ga1 | P(OCC(O)C(0)C(0)C(=0)CO)(=0)([
0)=C1N=0 0-))[0]

814 | O(C)clcc2[nH]cnc2ccl 842 SCCCNC(=0O)C(NC(=0O)CNC(=0)C(N
Clclcce(ccl)CIN(C(=0)N2CCINH2+] C(=[NH2+])N)C1CCCCC1)C

815 | CC2)C(=NCiclcce(Clicel)eleec(OC) | | g, | CIC=1CCC2N(C(=0)C2NC(=0)C(INH
cclOC(C)C 3+])c2cccec2)C=1C(=0)[0-]
Icce(ce(l)c1[O- 844 | O=C(CCC(INH3+])C(=0)[0-])C

816 |])CC(NC(=0)C)C(=0)NC(C(0)C)C(= gas | SIC(\C=C(C=C)/C)(C)C([O-

0)[0-] ])=C(C)C1=0
O1|N- 846 | O1C(C(=0)[0-])C(OC)C(0)C(0)C10

817 |]C(=0)C2=C1CCCC=C2C[C@H]([NH 847 | Oclcc2c(CCC2[NH2+]CC#C)ccl
3+])C(=0)[O-] gag | S=CINC(C(C(OCC)=0)=C(N1)C)clc

g1g | S(CCNC(=0)CCC(INH3+])C(=0)[O- c(O)ccel
))C(=0)NCC(=0)[O-])CO 849 | O(CCOCCOC)CCOCCO

819 | O=C(N)CC g5o | Cleleec(NC(=0)Ne2eee(ce2)C(=[NH2

820 | O=C([O-][C@](INH3+])(CC)C +])N)ccl

go1 | SEO)=0)(N)eleee(cel)C(=O)NCele | | 851 | S(CC(INH3+])C(=0)[0-])CC(=0)[O-]
cc(F)cclk 852 | O=C([O0-])C=0

822 | O=C([0]))C 853 | O=C([O-])CCCC
S(CC(NC(=O)CCC([NH3+])C(=0)[O- 854 | OC1C(0O)CC(C=C1[0-])C(=0)[O-]

823 | ])C(=O)NCC(=0)[O-])Clc2c(- 855 | OC(CO)C
c3c(ccccl3)C10)ceec2 O=CIN[C@@H](CCCC(=0)[O-
P(OCC10C(n2c3ncnc(N)c3nc2)C(0O) ))C(=0)N[C@ @H](CCC\N=C(\NC(=O

824 | C10)(OC(=0)C(N)Ccl[nH]cncl)(=O)[ | | 856 |)C)/N)C(=0)N2[C@H](CCC2)C(=O)N[
O-] C@H]2C[C@@H](O)N([C@H]1Ccl[n

825 | O=C([O-]))C(=N)C H]cnc1)C2=0

826 | O=C(NC1CCCCC1)NCCCclcccecl O=C([O-])C\C(=C\C(=0)[O-
Brclcc(ce(- 857 D\C(=0)[O]

827 | c2[nH]c3c(c2)cc(ce3)C(=[NH2+])N)cl O(C(C)(C)C)C(=0)NC(Cclcceeel)C(
0)C 858 | =0)CC(Cclcceecl)C(=0)NC(CCC(=

828 | O=C([O-])C(INH3+])C#C 0O)N)C(=O)NC(Cclccececl)C(=0)N

829 | [VI(O[V](O)O)(O[VI(O)O)(O)O P(OC10C(CO)C(O)C(0)C10)(OP(O

g30 | 9=C(O- 859 | CC10C(N2C=CC(=0)NC2=0)C(0)C
J)CCCccccc\c=C\ccceccecec 10)(=0)[0-])(=0)[0-]

831 | O=C([O-])CCC([NH3+])CC geo | O=C/INC(=N\C\1=C\1/CCNC(=0)c2]

832 | OCCC(INH3+])(CCO)CCO nH]ccc/12)N
S(=0)(=0O)(NC(Cclcc(cccl)C(=[NH2+ O=C1NC(=NC=2NCC(N(C1=2)C)CNc

833 |])N)C(=O)N1CCCCC1C(=0)[O- 861 | lcce(ccl)C(=0)NC(CCC(=0)[O-
J)clcc2c(ccl)ceec2 1)C(=0)[O-])N
Oclc2c(cccl[C@@H](CC)C)cele(C( 862 | OC(CC(=0)[0-])(CC(=0)[0-])C

834 | =0)C[C@@H](C1)[C@H](OC)C(=0)[ 863 | O=CN(C(C)clcceecl)C
C@@H](0)[C@H](0)C)c20 864 | OC[C@@H](INH3+]))C(C)C
01C(CO)C(OC20C(CO)C(O)C(0)C2 865 | O=C(JO-])C(INH3+])CCC=0

835 | O)C(0)C(O)C10C1C(O)C(O)C(0C1C ge6 | O=CINC(=NC=2NCC(=NC1=2)C(O)
0)o C(O)ON

g3e | O=C(N)clec(N2CC2)e([N+](=O)[O- ge7 | S(EO0)(O0)(NC(CC#CCOC)C(=0)[O-
])cc1[N+](=0)[O-] ])clcec(cel)-clecc(OC)cel

837 | O=C([O-))CCCCCCC\C=C\CCCCCC geg | [COI123n4c5C=c6nlc(=Celn2c(C=c2

838 OC1CC(O)C\C(=C\C=C\2/c3ccce(c(\ n3c(=Cc4c(C)c5CCC(=0)[O-

C=C\C=C\C(0)(CC)CC)C)C3(CCC/2)
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1)c(CCC(=0)[0-])c2C)c(CCC(=0)[O-
1)c1C)c(CCC(=0)[0-])c6C

O(C(=0)C(Cclcc(cccl)C(=[NH2+])N)

O)N[C@@H](C(C)C)C(=O)N[C@@H]
(CC(C)C)C(=0)N[C@H](\C=C\C(OCC
)=0)C[C@@H]1CCNC1=0

869 | C(NC(=O)clcce(ccl)- ggg | [NH+]1c2¢(CCCC2)c(NCCCCCCCCN
clcc(cccl)C[NH3+])C)C c2c3c([nH+]cc2)ccece3)c2clccec?
g70 | O=CIN2C(CCC2)C(=0)NC1CCCINH 900 | [MH+]1c2¢(CCCC2)c(NCCCCCCCCIN
+]=C(N)N H3+])c2clccec?2

871 [As+](clcceecl)(cleccecl)(clceccecl) Ol[C@@H]2[C@H](NC1=0)clc(cccc
clccececl 901 | DIC@@H]2C1=CN[C@@](Cc2cccee

g7p | Felee(ceclO)CIC@HI(INH3+])C(=0) 2)(C[C@H](0)[C@@H](NC(OCCOCC
0O-] )=0)Cc2ccccc2)C1=0

873 | 01C(CO)C(O)C(O)Clnle2nence2nel | |y, | O[C@H]2N3C=CC(=0)N=C30[C@

874 | [Hgl()! H]2[C@H](0)[C@H]1CO

875 | Fclcc(F)ccclCO 01[C@@H]2[C@H](N=C1N(C)C)[C
P(OCC10C2([N- @@H](0)[C@H](O[C@@H]10[C@H]

876 |]C(=O)N(CCCC(N(O)CO)C(=0)[O- 903 | (CO)C@@H|(O[C@@H]30[C@H](C
)C2=0)C(0)C10)(=0)([0-])[O-] O)[C@@H](O)[C@@H](O)[C@HI3N
O=C([O- C(=0)C)[C@@H](O)[C@H]1NC(=0)
))CCclc2[nH]c(Cc3[nH]c(Cc4[nH]c(Ce O)[C@H]2CO

877 | 5[nH]c(C2)c(CCC(=0)[O- 904 | [NH2+](CCCNCCCI[NH2+]CC)CCC
1)e5C)c(C)c4CCC(=0)[O- 905 | BrCCCCCCO
])c(C)c3CCC(=0)[0-])c1C O=C([O-

878 | Oclc(ccecclO)C(=0)N 906 |][C@@H](INH3+])Cclcce(ccl)-

879 | OC[C@@H](O)[C@@H](O)CO clcccecl

880 [ [PH](OC(C)C)(OC(C)C)=0 OB(O)[C@H](NC(=0)[C@@H](NC(=

881 | [Mo+9]([O0-])([O-])[O] 907 | O)CCIC@H](NC(OC(C)(C)C)=0)C(=
S(C(=0)CC(=0)[O- 0)[O-])CCCCNC(OCclcceecl)=0)C
J)CCNC(=0)CCNC(=0)C(0)C(COP(O 908 | Clclcc(ccclCl)-clc([nH+]c(ncIN)N)C

882 | P(OCC10C(n2c3ncnc(N)c3nc2)C(O) 909 | O(CCCIC@HIICIC@](O)(C[C@@H](
C1OP(=0)([O-])[0-])(=0)[0-])(=0)[O- O)[C@@H]10)C(=0)[O-])clccceel
D(C)C S(\C(=N/OS(=0)(=0)[O-

883 | O1C(C(0)CO)C(O)C(O)C(0)C10 910 | ])\Cclcceeel)[C@@H]LCIC@H](CO)]

884 | [nH]1c2c(ccece2)cel C@@H](O)[C@H](O)[C@H]10

885 | Oclccc(ccIN)C S(O[C@H]1[C@@H](O)[C@H](O[C@
O=C(N)C([NH3+])Cclc2c([nH]c1)ccce @H](OC[C@H](NC(=0)CCCcccccC

886 |, 911 | CCCCC\C=C/CCCCCCCC)[C@H](O)

887 | O=C([0-])C(C([NH3+])C(=0)[O-])C \C=C\CCCCCCCCCCCCC)[C@@H]1

888 | 0O=C([0-])C(CC(=0)[O-])CC(=0)[O-] 0)CO)(=0)(=0)[O-]

ggo | OUC@HI(CO)IC@@HI(O)[C@HIO) O=CINIC@@HIC)C(FONIC@AHN
CaaHIoC10 CCeCIcaalIcoaH 00 oz

— — Cccc = =

890 | Qocioeonono] 2 | o2 | FONCIC@@HICICEONIC@H

891 | 01C(CO)C(0)C(O)CLnicnH+ccIN CICEONIC@@HI(CC(C)C)C=OINI

892 | O(Cclcccecl)C=0 C@@H](C(=0)[C-
0=C(N)clce(ce(cl)C(=0)[0)- DIC@@H]ICNC(=0)[O-]

893 clcce(cecl)-cleccecl 913 S(=0)(=0)(NCCCC[C@H](INH3+])C(

894 | OC(CC(=0)[0-))CC(=0)[O0] =0)[O-])clc2c(cccl)c(N(C)C)cec2
01C[C@HI20[C@@H|(0)[C@@HI( S P S ATl AT A

895 85{8-@13)(@:%](0)[0@@H]ZO[C@M(C( 014 2%}%CgH'ﬂéﬁ[ggg.ﬂlé%@@@@ﬂfé

896 | Clclcee(C(=0)[O-]c(N)c10

897 Iclc2c(ncne2N)n(cl)[C@@H]10[C@ ?())[C@@H](N[C@@H](O)C)[C@@H]
H](CO)[C@@H](O)[C@H]10

898 | olcc(ccl)C(=ON[C@@H](C(C)IC)C(= | | 915 | QLC@HICONC@HIO)IC@HIO)C

@@H](0)[C@@H]10CCCCCCCCC(
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0C)=0

olcnccl-

916 O[C@H]1C[C@H]2[NH+]([C@H](CC2 938 | clccc(NC(=0O)Nc2cc(cecc2)CNC(O[C
)IC@H]1C(OC)=0)C @H]2CC0C2)=0)ccl0C

917 Brclcc(cecclO)C1(OC(=0)c2c3clcecce 939 Brc1cc2N=CN(CC(=0O)CC3[NH2+]CC
3c(Cl)cc2)clec(Br)c(O)ccl C[C@H]30)C(=0)c2cciCl
S(=0)([O- Clclccccecl-

918 | ](=Ncinn[nH]n1l)clcc2c(Oc3c(ceee3) 940 | clnc(sc1l)NC(=0)cin(c2c(cl)ccec2)C
C2=0)ccl C(=0)[O-]

919 S(C[C@H](NC(=O)CC[C@H](INH3+]) 941 O1c2n(CCC1)clc(ceecl)c2C(=0O)NC
C(=0)[O-])C(=0O)NCC(=0)[O-]))C C1CC[NH+](CC1)CCCC

920 S(=0)(=0)(N1CCC[NH2+]CC1)clc2c( Ol[C@H](CO)[C@@H](O)[C@H](O)[
cccl)C(=0)NC=C2 942 C@@H](0)C1nlc2cc(O)cecc2c2e3c(c
Iclc(C(=0)[O- 4c5c¢([nH]c4c12)cc(O)cc5)C(=0)N(NC

921 | De(h)ee(l)cINC(=0)CCCCC(=0O)Nclc( (CO)CO)C3=0
Nc(C(=0)[O-Pc(Decll 943 O(C)clnc(O[C@@H](C(OC)(c2ccecce
slcc(nclC)CNICCN([C@@H](C(C)C 2)c2cceec2)C(=0)[0-])nc(0C)cl

922 )C(=O)N[C@H]([C@H](O)CN(S(=0)( 01c2c3c(OC(=0)C=C3CCC)c3c(O[C
=0)c2ccc(cc2)\C=N\[O- 944 | @H](C)[C@@H](C)[C@@H]30)c2C=
J)CC(C)C)Cc2ccccc2)C1=0 CC1(C)C
P(OC[C@@H](OC(=0)CCCCCCC\C O[C@@H]1CC(C[C@@H](O)C1=C)=

923 | =C/CCCCCC)COC(=0)cccceecece 945 | C\C=C/1\[C@@H]2CC[C@H]([C@H](
=C/CCCCCCCC)(=0)([0-D[O] CC)O)[C@]2(CCC\1)C

924 Clclcc(Nc2cecec2C(=0)[0- S1SCC(NC(=0O)C(NC(=0O)C(NC(=0)C
1)cc(Chc1000 (NC(=O)C(NC(=O)C(NC(=O)C(INH3+
O=C1N=C(NC=2NC[C@@H](N(C1=2 946 ])Cc2cccec2)Cl)Celeec(O)ecl)Celc2

925 |)C)CNclcce(ccl)C(=O)N[C@@H](CC ¢([nH]c1)cccc2) CCCCINH3+])C(C)C)
C(=0)[O-C(=0)[O-]N C(=O)NC(Cclc2c([nH]c1)ccecc2)C(=0
O1[C@H]2[C@H](OC[C@H]20c2ccc( N

926 | cc2)C(=[NH2+])N)[C@ @H](Oc2cc(cc 947 O=C(N(CC)CO)[C@@]1(C[C@@H]1
c2)C(=[NH2+])N)C1 C[NH3+])clcccecl
O[C@@H]1CC(C[C@@H](O)C1)=C\ 948 O(CCC)clcc2[nH]c(nc2ccl)NC(OC)=

927 | C=C/1\C2CC[C@H]([C@@H](CC#C @)

C(O)(C)O)O)[C@]2(CCcc\)C 949 Clc1c(OC)c(cccIN)C(=O)NC1Cc2CcCcC

928 slc2c(ncl)C([O- [NH+](C2)CC1
1)=C(CCCCCCCCCCC)C(=0)C2=0 950 O(C)clce(ccc1OC)C(=0)NCceleec(O

929 S(=0)(=0)([O-])Nc1n(nc(cl)- CCI[NH+](C)C)ccl
clcccecl)C 951 CIC(Cl)=CC1C(C)(C)C1C(OCclcc(Oc
O1C(C)C(NC(=0)c2nccec20)C(=0)N 2ccecc2)cccl)=0

930 C(CC)C(=0)N2C(CCC2)C(=0O)N(C)C( 952 0O=C(Nclcc2c(ccl)C(CCC2(C)C)(C)C
Cc2ccccc2)C(=0)N2C(CC(=0)CC2)C )clcee(ccl)C(=0)[0-]
(=0O)NC(c2ccccc2)C1=0 Ol[C@H](CO)[C@@H](O)[C@@H](

931 Oclc2c(cccl)C(=0)clc(C2=0)c(O)cc 953 | O)[C@@H]1nlc2ncne(N[C@@H]3C
cl COC3)c2ncl

932 | O=C(NNC(C)C)clccncecl Clclcec(cecl)C1=CC(=0)N(c2clcc(cc
O=C(NNCCC(=0)NCclcccccl)clcen 954 | 2)[C@](INH3+])(clccc(Cl)ecl)ecln(cne

933 ccl 1)C)C

934 | [NH+](=C(\[NH+]=C(N)N)/N)/CCCC 955 | O=C1IN=C(N)C2N1C2

935 Brclccece(ccl)C(=CC[NH+](C)C)clccc Ol[C@H](C(=O)NCC)C(O)C(O)[C@
ncl 956 | @H]1nlc2nc(nc(N)c2ncl)C#CCC1C
O(C(=0)CO)[Ca@@H]l[Co@]2([C@ CC(CC1)C(0C)=0
H]([C@H]3[C@H](CC2)[C@@]2([C@ 957 Fclcccecl-clonc(nl)-

936 | HJ(C[C@H](OC(=0)C)[C@@H]([NH+] clcc(cccl)C(=0)[0-]
4CCCCC4)C2)CCI)C)C[C@@H]1[N+ 958 CIC(=NOC[C@H](O)C[NH+]1CCCCC
]1(CCCCC1)CC=C)C 1)clcec[n+]([O-])cl

937 | [NH2+]=C(N)N1CCc2c(C1)cccc2 959 | O1[C@@H]2[C@]34CC[NH+]([C@H]
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(Cc5c3clc(O)cch)[C@]4(0)CCC2=0)

O1[C@@H]2[C@]34CCINH+]([C@H]

CcClcc1 979 | (Cc5c3clc(O)cch)[C@]4(0)CCC2=0)

960 | [Mo-2]([SH2+])[SH2+] CcClcc1
Sl[C@H]2[C@@H]3N([C@H](c4c2c( Ol[C@@H]2[C@]34CC[NH+]([C@H]
OC(=0)C)c(c20C0c24)C)COC(=0)[ 980 | (Cch5c3clc(O)cchH)[C@l4(O)CClCo@

961 | C@@]2(NCCc4cc(0)c(OC)cc24)Cl)[ H]20)CC1CCC1
C@@H](O)[C@H]L[NH+]|([C@@H]3c 981 Clclce(ccc1C1CCCCCLNZ\C=C/C[NH+
2c(cc(C)c(0C)c20)C1)C J(CC)C1CCCcCC1
O1c2c3c(cccec30[C@@H]30[C@H]( 982 S(SCCNC(=0)CC[NH3+])CCNC(=0)
C)[C@H](O)[C@@](O)(C)[C@H]30[ CC[NH3+]

962 | C@H]30[C@H](C)[C@H](O)[C@H]( S(O[C@@H]1CC2=CC[C@H]3[C@@
OC)[C@H]3[NH3+])c(O)c3c2- 983 | Hl4CCC(=O)[C@]4(CC[C@@H]3[C@
c2c(c(ccc20C3=0)C)C1=0 ]2(CC1)C)C)(=0)(=0)[O-]

963 O=C(C[C@@H]1[NH+](C)[C@@H](C [Si](CCclc2c(nc3clceec3)C=1N(C2)C
CC1)C[C@H](O)ciceeecd)clceccel 984 | (=0)C2=C(C=1)[C@@](O)(CC)C(OC

964 FC(F)(F)Oclccc(ccl)CO[C@H]1Cn2¢ 2)=0)(C)(C)C
c([N+](=O)[O-])nc20C1 985 O=C(N(C1CC[NH+](CC1)CCclcccce
FC(F)(F)C1=CC(=0O)Nc2clcc(Nl[C@ 1)clcceecl)CC

965 | @H](CC[C@@H]1[C@@H](O)C(F)(F 986 | O=C(N)clcc2c(ncl)ccec2
)F)C)cc2 987 | O(C(=0)C(=0)C)CC
Ol[C@@H]2C[C@H](O)[C@@]3([C 988 | [NH3+]CCcl[nH]cncl
@H]([C@H](OC(=0O)c4cccecd)[C@]4( ggg | 0162c(cclC(=0)N[C@H]1C3CCINH+]

966 | O)CIC@HI(OC(=0)[C@H](O)[C@@H (CC3)[C@H]1Cclccencl)ceece2
I(NC(=0O)c5cecec5)c5ecece5)C(=C([C 990 | OCIC@HI](NcLnc(NCe2cccee2)c2nen(
@H](OC(=0)C)C3=0)C4(C)C)C)[C@] c2n1)C(C)C)CC
2(0C(=0)C)C1)C slcccclC[C@H](NC(=O)CNC(=0)C1

967 Brclcc(F)c(Nc2nenc3c2cec(OC)c(OCC N(C[C@H](0)C1)C(=0)C1N(CCC1)C
2CC[NH+](CC2)C)c3)ccl (=0)C(NC(=0O)[C@H](INH3+])CCCIN

968 slce(ncl-clec(OCC)c(OCC)cecl)- 991 H+]=C(N)N)CCC[NH+]=C(N)N)C(=0)
clnc(cccl)C(=0)[0-] N[C@H](C(=O)N1Cc2c(CC1C(=0O)N1

969 Brclcc(F)c(ccl)CN1C(=0O)[C@@]2(n [C@@H]3[C@H](CC1C(=O)N[C@@
3c(ccc3)C1=0)CC(=0)NC2=0 H](CCCI[NH+]=C(N)N)C(=0O)[O-
O=C1C[C@@H](O)[C@H](\C=C\CC( J)CCCC3)cccc2)COo

970 | O)(CCCC)C)[C@H]1CcCccccce(ol) FC(F)(F)COclccccclOCCINH2+][C@
=0 992 | @H](Cclcc(c2N(CCc2c1)CCCO)C(=

971 | [NH3+]CCcl[nH]cncl O)N)C

972 | [CIH+]([O-D[O-] S([C@H]1C[C@H]([NH2+]C1)CNS(=

973 Clclcc(Nc2nence3c2cec(NC(=0)C=C)c( 993 O)(=O)N)C=1[C@@H]([C@H]2N(C=1
OCCCN2CCOCC2)c3)ccclF C(=0)[O-
O(CCOCCOCCOC)c1lcc2=NC=C3N= DC(E=0)[C@@H]2[C@H](0)C)C

974 C(C=c4[nH]c(=CC5=NC(=CN=c2ccl 994 Clclcc2c(N(CCC[C@H]20)C(=0)c2c
OCCOCCOCCOC)C(C)=C5Cccco)c( cc(NC(=0)c3cceccc3C)ec2C)ecl
CC)c4CC)C(CCCO)=C3C 995 Clclcc2C3C(c4c(Oc2ccl)cececd)CN(C
CIC(Cl)C(OC1(CC[C@H]2[C@H]3[C 3)C

975 @@H]([C@@]4(C(=CC(=0)C=C4)C 996 F\C=C\1/[C@H](O)[C@H](O[C@H]/1
C3)C)[C@@H](O)C[C@]12C)C(OCC) N1C=CC(=NC1=0)N)CO
=0)=0 997 0lcccclCNC(=0)clcecccIN(C(=0)C

976 CIC12C(C3CC(C)C(O)(C(=0)CO)C3( Oclcceccl)C
CC10O)C)CCC1=CC(=0)C=CC12C 998 S(Oclcec(ccl)CCOclecec(ccl)ClC@
O(CCC[NH+]1CCCCC1)clcc2nenc(N H](OCC)C(=0)[O-])(=0)(=0)C

977 | 3CCN(CC3)C(=0)Nc3ccc(OC(C)C)ce O[C@H]1[C@@H](C(NC(=0O)C)C(CC
3)c2ccl10C 999 |)CC)[C@H](INH+]=C(N)N)C[C@@H]
O=C(N[C@@H](Cclc2c([nH]cl)ccee2 1C(=0)[O-]

978 |)C(=0)[O- 100 | Fclcee(ccl)CNel[nH+]c(N)c(NC(OC
])CC[C@@H](INH3+])C(=0)[O-] 0 C)=0)ccl
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Appendix J

Chemical structures of the random sample from PubChem database
representing small organic compounds without drug related properties and
without subcellular localization information. Structure is presented as the

Simplified Molecular

Input Line Entry Specification string of the major

microspecies at pH 7.4, as calculated by ChemAxon.

ID | Chemical Structure NH3+])CC4[NH3+])C([NH3+])C3)C(O)
Ol[C@](O[C@H]20[C@H](CO)[C@@ C2[NH2+]C)(C)C(O)C(O)C(INH3+]))C1

1 | HIO)C@H](O)[C@H]20)(CO)[C@@H co
1(O)[C@H](O)[C@H]1CO 30 | BrTC(RFCR(FCF)(FCF)(F)C(F)(F)

2 Olc2cc(ccc20C1)C=CC(=0)[0-] C(F)(F)C(F)(F)C(F)(F)C(F)(F)C(F)(F)F

3 OCC(=0)[0] 31 | O(CCCCCCCl)cicec(N)ceclCOo
Fclcc2c(N(C=C(C(=0O)[O- 32 | Clclee(ClheecclOCCCC(=0)[0-]

4 |])C2=0)C2CC2)c(OC)cINICC2C(INH2 | | 55 [ O=CIN(Cc2n(-c3cLec(N=[N+]=[N-
+]CCC2)C1 ])ce3)cnc2C(OCC)=0)C
0O=C1CC[C@@H]2[C@@H]3[C@H]([ 34 | O=C(NCclccececl)C

5 C@@HJ4CC[C@@](O)(CHC)[C@]4(C 35 | 91nc(ccICC[NH+](CC)CC)-
C3)CC)CCC2=C1 clccc(OC)ccl

6 | SEO)=0)(O- 36 | S(P(=S)(OC)OC)CC(=0)NCCOC
]))CC12CCC(CC1=0)C2(C)C 37 | S(OCC)(0CC)(=0)=0

;| O=CIN(CC(=O)Nc2ccecc2)C(=0)N(C) 3g | OC1CC(0)C(CC=CCCCC(OC(C)C)=0
C1=0 )C1CCC(=0)CCCCCCC

8 | [NH+](N)=C(N)N 39 |o0=cccc

g | OLC2C34C(C(INH+](CC3)C)Ce3edcle( | [40 | Brelec(cecl)C(=0)[0]
OCC)ce3)C=CC20 41 | SCC[NH2+]CCC(=O)N

10 | PHOC2C(01)C(OC2CO)n1cznenc(N)c 42 | S=P(N1CCCCCC1)(N1CC1)N1CC1
2nc1)(=0)[O-] 43 | OCCN(CCO)clccc(\N=N\c2ccece2)cel

11 | S=C([S-)N(C)C 44 | Feleee(cel)C(O)CCCINH+]ICCN(CCL

12 | ONclcc2Cc3c(-c2ccl)ccec3 )clecceclOC

13 | C(CCCCCCCCcre)ccceeeceece 45 | O(C(=0)C(OCC)(clecceel)cleceeel)C

14 | FC(F)(F)C(=0)CCcCccceeeececeececce 1CC[NH+](CC1)CC

15 | N(=N\clccc(N(C)C)ecl)/clec(cecl)C 46 | O=C([O-])C(INH3+])CCC(=0)[O-]

16 S(=0)(=0)(C(CC(=0)clcccecl)cleccce 47 | Olc2c(C=C(c3ccenc3)C1=0)ccec?2
1)clccc(N)ccl S1c2c¢c(N(c3clceccec3)CCCINH+]1CCN(

17 | nlcn(ncl)Cclcccecl 48 | CC1l)CCOC(=0)Ccceeeeeccl)ece(ce2)

18 | [N+](CCCC)(CCC)(cce)cee C(F)(F)F

19 | CICCOC(=0)Cclcccecl 49 O(C(=0)C1l(Cccceerrciceeccer)cec

20 | [n+]12c(-c3[n+](CC1l)ccec3)cccc?2 NH+]1CCCCC1

21 | [NH2+]1CCCCl1C 50 | O=CiCCccCicicccecel

22 | CIC(CIHC(=0O)Nclccc(ccl)C 51 Clclcc2[nH+]c3c(cc(OC)ce3)e(NC(CC

23 0O1C2=CC(=[N+](CC)CC)C=CC2=C(c2 CN(CCCICCChC)c2ccl
clcc(N(CC)CC)cc2)clecceclC(=0)[0-] 52 | O1C2CCCI1C(C(=0)[O-])C2C(=0)[O-]

24 FC(F)(F)C(=0O)CCcCcC=Ccc=Ccc=CC O=ClCC[C@@]2([C@@H]3[C@HI([C
C=CCcCccCC 53 | @@HJ4CC[C@H](OC(=0)CCCCCC)[C

o S(=0)(=0)(NCC(O)CNC(=0O)C(CC(C)C @]4(CC3)C)CCC2=C1)C
)clcce(ceel)-cleccccl)cinceccl 54 | S(C)cinc(nc(n1)NCC)NC(C)(C)C

26 | S=C([S-]))OC1CCCCC1 e | O(C(=0)C(C)C)C1CCC(INH+]2cCCCC

27 | O=CNCC 2)CC1

o8 O=C(N)C(CCIN+](CC)(C)C)(clcceecel) 56 Clclcec(ccl)Cnlc2c(nclC[NH+]1CCC
clcceecl Cl)cccc2

29 | O1C(0OC20C3C(0OC(OCAC(0)C(O)C([ 57 [ O=C(IN-Jcinc(nc(n1)[N-
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]C(=0)clcccecl)[N-
]JC(=0)clccceccl)cleccecl

(C)C(0)C(OC)C3)C(C=CC=C3COC4C
C(=CC(C340)C(OC(C2)C1)=0)C)C)C)

58 |ICCCCCCCCCCCC ClCCcCcCC1
59 | O(CC)C(=O)N(N=0)CC O(C)c1c(OC)cc(cc1OC)C(=0)NICCN(
O1c2cc(0)cc3c2C(c2¢(C(C3(0)C3(0)c 95 | CC1)CC(OC(=0)clcc(0C)c(OC)c(0C)
60 4¢c(0)ecc50C(C(c6e(C3c3cec(0)ce3)c( cl)C
0)cc(0)c6)c45)c3cec(0)ce3)c3cec(0)e 96 | BrCclccccclCl
¢3)c(0)cc(0)c2)Clclcec(O)ccl 97 | [NH3+]C1CCCCC1
61 | O(C)clcceccl-cleeccecl 98 | CIC(F)(F)C(F)F
62 | O(C)clcee(cclO)C=0 99 01c2¢(C=CC1=0)ccc(0C)c2CC=C(C)
63 | OC(C(O)C(=0)[O-])C(O)CO C
64 | [NH2+](C(C)C)C(C)C O1C(C)C(O)C([NH3+])CCc10oCc1CC(O)(
65 | P(Oclc2c(ccel)ccec2)(=0)([O-D[O-] 100 | Cc2c1c(0)clc(C(=0)c3c(C1=0)c(OC)c
66 | S(=0)([O-])clcce(cel)C cc3)c20)C(=0)CO
67 P(OCC10C(n2c[nH+]c(C(=0)[O- 101 O1CC[NH+](CC1)C(CC(C(=0O)CC)(clc
))c2N)C(0)C10)(=0)([0-])[O] cceel)elececel)C
68 | C(CCCCcccee)ceeeeee=c 0lc(nc(CCOc2ccc(cc2)CC(Nc2ceceec2
69 | IN+(CCN(C1CCCCCl)cleceecl)(C)(C 102 | C(=0O)c2cccec2)C(=0)[O-])c1C)-
)C clcccecl
70 | [NH2+](CCclcceecl)CCeleeccel 103 | CICCCCO
21 | SE0)(=0)(N)clec(ceelC)C(O)CINH2+ 104 | O(C(=O)C=C(NC(C(=0)[O-
]CCOclcceccc10C J)clcceecl)C)CC
72 | O=C1INCC(=O)NC1CC(C)C 105 | 1c1c(C(=0)[O-
3 | O162c(C3=C(CCC(C3)C)CL(C)C)c(O)c De()c(NC(=0)C)c(l)cIN(C(=0)C)C
c(c2)Ccccece 106 | SEOIEO)N(C(CCC)C)CC(=0)NO)cle
74 | O=C1CCCCCI1C(=0)C cc(OC)ccl
25 | O=C(N(CC)CC)clc2CCCCCe2ne2elce 107 | CICCCCC
cc2 108 | FE(F)(F)clec(OCCCINH+]2CCC3(CCC
76 | CIC(C)(F)C(F)(F)F CC3)CC2)cccl
77 | o(c(occ)ceyce S1C(C)(C)C(NC1C(NC(=0O)Cclccececl)
78 | ONclc2c(ccel)ceec? 109 | C(=O)NCclcccecl)C(=O)NC(Cclccece
79 | CIC(C)=C=0 1)C(O)CC(=0O)NCcl[nH]c2c(nl)cccc2
80 | O(CC(0)C)clc2c(cece2)c(cel)C(=0)C | [110 | S1(=0)(=O0)CCC=C1
81 | O=C(Cclccecccl)CC(=0)C 111 | N#CCC(C)C
S(=0)(=0)([O- 112 | C(CC(C)=C)(C)(C)C
82 J)clc2c(ccecc2Ne2ccecc?)ceel 113 Clclcc2[nH+]c3c(cc(OC)ee3)c(NC(CC
83 | O=C([O-])CC(=0)[O-] C[NH+](CC)CC)C)c2ccl
84 | OclceccclC(=0)[0O-] 114 | olc(cccl[N+](=0)[O-])C=0
S(=0)(=0)([O- 115 O=C(CCCCCCC(=0)NO)clccc(N2CC
85 | J)clcc2c(ccl)c([N+](=0)[O- N(CC2)c2cccce2)ecl
D)cc(IN+](=0)[0-])c2[O-] 116 | [As](clcccecl)(clecececl)cleccecl
[NH2+](C[C@]1(C2CCc3cc(cec3[C@]2 | | 117 | C(CCC=C)CC=C
gs | (ECCL)C)C(C)C)C)CCINH2+ICIC@]L( 118 | SICCSC1=S
C2CCc3cc(ceec3[C@]2(CCCL)C)C(C)C | [ 119 | O=C([O-])C(INH3+])Ccl[nH]encl
)C 120 | [n+]1(ccceccl)CCCCCCCCceeeececece
87 | ON=CN 121 | [nH]1ncccl
88 | CIC(S)=0 122 | S(C(C)C)C
89 | 0=Ci1c2c(NC1=0)c(ccc2)C 123 | O=CIN(CC(=O)N)C(=O)N(CC(=O)N)C
90 | O=[N+]([O-])clcccecl (=O)N1CC(=O)N
91 | P(F)(=0)([O-])[O-] 124 O(Cclcceeel)C(=0)C(CC)(C[NH+](C)
gp | OC1CCC2C3C(CCC12C)C(C(=CC(= C)clceeccl
0)CC1)C[C@H]3C)C P(OCC(O)C(O)C(O)CN1C=2NC(=O)N
93 | S=C=Nclccc(ccl)C#N 125 | C(=0)C=2Nc2cc(C)c(cc12)C)(=O)([O-
94 | 01C(C(CCC120C1CC=C(C)C(OC30C DIO-]
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126 O(C)c1c([N+](=0)[O-])cc([N+](=0)[O- 162 | Clclccc(NC=0)ccl
])ccl[N+](=0)[O-] 163 Clclcc(cecl)C(=0)C([NH2+]C(CO)(C)

127 | O=C(NN=Cc1CCCC1)clece(N+](=0)[O C)C
-])ccl 164 | Clc2c(-c3clccec3)ccle(c2)ccecl

128 | O=C1NC(=0O)NC1(C)CiCCCCC1 165 | ON

129 | [N+](#C)clccc(ccl)C O(C)clcc(C(N(CC(=0)[O-])CcC(=0)[O-

130 | ©=CIN(CCCC)C(=0)N(c2nen(c12)CC( 166 | ))CN(CC(=0)[O-])CC(=0)[O-
=0)C)CCCC 1)c([N+](=0)[O-])cc10C
O(CCC)clcc(N)ccc1C(OCC[NH+](CC) 167 | O=C1N(CCC1)CCCCC[N+](C)(C)C

131 | co=0 0=C([O-

132 | Oclcc(C(=0)[O-]c(IN+](=0)[O-])ccl 168 | )CN(CC[NH+](CCN(CC(=0)[O-

133 | O(C)clcec(N=0)ccl ])CC(=0)[O-)CC(=0)[O-]))CC(=0)[O-]

134 | OCC[NH+](CCCC)CCO 169 | O=CCCC=C
O=C1CC[C@@]2([C@@H]3[C@H](C 170 | [Ca+2]

135 | @ @HJ4CCI[C@](OC(=0O)C)(C(=0)C)[C 171 O(CC)clcec(ccl)C(OCCINH+](CC)CC)
@]4(CC3)C)C=C(C2=C1)C)C =0

136 O=C(NCCCCCCNC(=0)CCN1cc1)CcC 172 O1C(C(N=C1C)(C(OC)=0)C(0C)=0)c
N1CC1 1ccocl

137 | S=C=Nclcc(N=C=S)ccclC 173 O(C)clcececcIN1C2=NC(NC(=C2N=C1

138 | [As](Cl)(clcccecl)clceccecl )C(=0O)N)(C)C

139 | Oclc2NC(=CC(=0)c2cccl)C(=0)[O-] 174 S(=0)(=0)(N)N1CCN(CC1)C=1C(=0O)N

140 | n1lc(nc(ncIN(C)C)N)N(C)C =C(NC=1IN)C

141 | OC(CC(=0)[O-])(CCcO)C 175 O=C1|N-

142 | O=C1N=C(NC(=N1)CC)clcccccl ]JC(=0)C2(C3CCC(C=C3)C12C#N)C#N

143 | P(OCC)(OCC)(OP(OC)OC)=0 176 O(C)clcc(cecclOC)C\N=C\NC(=C(N)C#
01C(C(0)C(0)C(0)C1CO)cic([O- N)C#N

144 | 1)c(0)c2¢(c10)C(=0)clc(cc(O)c(C(=0)| 177 | [SHIH(CCCCI)Celoc(ccl)C[S+]1CCCC
0-])c1C)C2=0 1

145 01c2c3C4(C1CC(0)C=C4)CC[NH+](C 178 S(=0)(=0)(NN=Cclcccccl)clceec(ccl)
c3ccc20C)C C=CINC(=O)NC1=0

146 | n1c(ncnclCC)CC 179 O=C1C(CCC1=CC=Cclcccccl)CNclc

147 | SEO)(=0)(NICCCCLCOC)clec2e(NC( ccecl
=0)C2=0)ccl 180 | QC(C)(C)C)C(=0)NC(=O)N(CC[NH+]1

148 | Nclece(cc1)CCCCCCCCCCCC CCCCL)C
Iclcc(cc(C(=0)Nc2ce(Cl)c(cc2)C(=[NH 181 | O=CIN2N(Cc3c(C2)ccce3)C=C1

14915 N)c10)C 182 | O(C)C1=CC(=0)c2¢(C1=0)c(0)ccc20

150 | [n+]1(c2c(cccc2)c(N)c2clcece2)C Brelcce(cel)-
O(CCCCCC)clcec(ccl)- 183 | c1nc(sc1)NNC=1SC(=Cc2cc(OC)c(OC)

151 clc2c([n+](c3clceec3)C)eece? c(0C)c2)C(=0)N=1

155 | O(CCINH+]1CCCC1)clecc(cel)- 184 | ©clcc2CCC3CACCIC@H](O)[C@]4(C
c1[nH]c2c(ccec2)cl-cleccecd CC3c2cclC=C(C)C)C

153 | OC(C([NH2+]C)C)clcec(N)ccl 185 | OCLIC@@H](O)CN(OCc2ccecc2)ClC
O=C([O- @H]10

154 | DCCCLC=2[NH2+]C(=CC3NC(=CC4|N O=C([O-
H2+]C(C=C5NC(C=2)=C(CCC(=0)[O- 186 | ])clnc2c(nclNclcec(ccl)C(=0)[O-
])C5C)C(C)C4C=C)C(C)C3C=C)C1C J)ccee2

155 | O=C(N(CC)CC)N 187 | stec(ecl)[C-

156 | O=C(Nc1c2c(c3c(cl)ccec3)ccec?)C ](C(=0)clocccl)CC(=0)clocecl

157 | O1CCN(CC1)CC#N 188 | O=CO-)C(N(CC(=0)[O-]))CC(=0)[O-

158 | S(O0S(=0)(=0)[0-])(=0)(=0)[O-] Jclceceel
FC(F)(F)clcc(\N=N\c2ccc(N(C)C)ce2)c 189 | BrelcceeclS(=0)(=0O)clcecccINC

159 | .1 Clclcc(SSc2cc(Cl)c(cc2S(=0)([O-

160 | O(C)clcee([N+](=0)[O-])ccl 190 1)=Nc2[nH]c3ccene3n2)C(=0)Nc2ccece

161

0O=C1N=C(Nc2ncc(nc12)C(O)C(O)C)N

2)c(S(=0)([O-
])=Nc2[nH]c3ccene3n2)cc1C(=0)Nclce
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cccl

cccecl)=0

191

01c2¢(C34C1C[NH+](C(C3)CCC4)C)c
ccc20

219

OCclncn(c1)C(clcccecl)(cleeccccl)cl
cccecl

192

Brclsc(Br)c2c1C(=0)[C@ @H](Br)[C@
@H]2[NH3+]

220

CICC1c2¢c(N(S(=0)(=0)c3[nH]c4c(cc(O
C)cc4)c3)Cl)cc(N)ce2

193

O(C(C)(C)C)C(=O)NCCCCC(INH3+])C
(=O)N

194

0=C1c2c(CC13Cclcc(ccclCI3)C(=0)C
)ccee2

221

Ol[C@@H]2C34C5(C6C(C2(0OC)C=C
5)C(=O)NNC6=0)C([NH+](CC3)C)Cc2
c4clc(OC)cc2

195

Brclc2c(cecec2)c(OCc2ccecc?2)cel

196

O=C1C(CCCCC1=C)CCC(CCOC)=C

222

O=C1NC(=NC(=0)[CH-
J1)NN1C(=NC(=Cc2ccccc2)C1=0)clcc
cccl

197

O(C)clcc2CCc3c(n(c4c3cc(OC)ccd)C
C[NH+]3CCCCC3)-c2ccl

223

CICCCSclcceccINC(=0)C=Cclcccccl

198

S(=0)(=0)(N1CC(CN(S(=0)(=0O)c2ccc(
cc2)C)CCC[NH+](CCC1)CC(CC)C)=C)
clcee(ccl)C

224

S(=0)(=0)(clccc(NC(=0)c2cececc2SC(
=0)CCCC[n+]2ccccec2)cel)clecc(NS(=
0)(=0)Cc2ccccc2[N+](=0)[O-])ccl

225

[S-]Jclcc2c(NC(=CC2=0)c2ccccc2)cel

199

Ol[C@@H]2C3C(=C(C[C@H](OC(=0)
c4cceccd)C2[C@H](C)C1=0)C)C(=0)
C=C3C

226

O=CINN=C(N1N=Cclccnccl)C

227

O(C(=0)[0-
])C12C(CCCCC1)C(=0)C1C2CCCCL

200

Clclcc(SC(C(=0)[0O-
])c2cccec2)c(S(=0)([O-
1)=Nc2nc(nc(n2)N)N(C)C)cclC

228

OC(CNC(=0O)Nclcccecl)CINH+](C)C

229

O(C(=0O)NC(NC(=0)C)Cclcccecl)C

201

slcceclC(=0O)N(C(=O)N1CCCCCl)clc
ccccl

230

O=C1N(c2c(cccc2)C(N=[N+]=[N-
])=C1)clccccecl

202

BrC(C(Cl)(C)C)CC\C(=C\C)\CBr

203

s1c2N(c3ccecc3)C(=S)N(CC(OCC)=0)
C(=0)c2nclSC

231

Clclcc(ceclClC=C1C(=0O)C([P+](c2cc
ccc2)(c2ccecc2)c2ceccc2)=C([O-

1) C([P+](c2ccecec2)(c2ccecc2)c2cecec?)
=C10

204

0O=C1n2c3c(nc2[N-][N=C1)cccc3

232
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408 01c2n[nH]c(c2[C@H](C(C#N)=C1N)cl 440 01c2¢(C=C(C(=0)Nc3ccccc30C)Cl=
ccc(OC(C)C)ececl)C 0O)cc(0C)cc2
409 O([C@H](C(=O)NN=C1CC[NH+](CC1) 441 Brclcc(C)c(OC(=0)c2cc(0OC)ccc2)c(cl
C)clcceccl)C )C
410 S=C(NC(=O)clocccl)[N- 442 S(=0)(=0)(N)clcc2[C@@H]3[C@@H]
Jclcee(N(C)C)ecl (CC=CI)[C@H](Nc2cc1)C(C)C
211 O(C[C@@H]1CCccC=CCl)C[C@H](O)C 443 slc2c(CC[C@@H](C2)C)c(C(OC)=0)c
nlc2c(nclCC)cccc2 INC(=0)COC
412 (B ré?fé(]c ceplconlisclcoerItine 444 Sifcﬁfl-zocm) C(CHN)[C@@H](c12
= - cl[nH]nc = c
413 | Clclcec(ccl)CSclnc2c(ccl)ccec?2 )clccecclF
414 | O(clccececlC=CC(=0)[O-])clcceccl 445 | O=C(NN=CC(C)C)clccc(N(C)C)ccl
415 O(CC)C(=0O)NclcecceclC(=0O)N1CCCC 446 O(C)clec2c(cc1OC)CCN(C(=0)clceecce
C1 cl)[C@H]2C
416 O=C(NC1CCCCC1)N1c2c(cc(cc2)C)[C 447 O(CC(=0)clccce(O)ecclO)clec2c(ccl)ee
@H](CC1(C)C)C cc2
O(C)clcceecclC=CC(=0O)Nclcc(ce(cl) S(=0)(=0)(N)clccc(ccl)CCNC(=S)Ncl
417 C)C 448 cceccl
418 | O(C(=C(C#N)C#N)clcceecl)C 449 %(ﬁ%(%:lll\cl:c#:t(’\:l)())l[C@@1I-g(C(OC):O)[C
0O=C1c2c(cccc2)C(=0)C1=C(Nclccccce = clcccce
419 1 1oycaN 450 | FC(F)(F)COc1ccc(OCC(F)(F)F)cel
420 | olc2c(ncl-clcc(N)ceel)ec(cc2)CC 451 Olc2c(ccc(OC(C(=0O)NC3CcCcceeel3) e
421 | O=C(N[C@@H](C(=O)N)C#N)C )c2)C(=CC1=0)C
olcccclC(O[C@H]1CCCINH+](C1)C)= 452 | slc2cc(cecec2ncINC(=0)cloccecl)C
422 6] 453 Brclccc(N2C(=0O)[C@H](NCc3occc3)C
493 O(C)clceeecclC(=0O)NCICC(INH2+]C( C2=0)ccl
C1H)(C)O)(C)C 454 S=C1NC(=0)C(OC2=NNC(=0)C=C2)=
424 O=C_1NC(C(C(OC)=O)=C(N 1)C)clcece([ C(N1)C _
N+](=0)[O-])c([O-])ccl 455 Fclcece(NC(=0O)[C@@H](Oc2cccec2)C
425 | [nH+]1c2¢c(n(CCINH+](C)C)c1N)cccec?2 C)ccl[N+](=0)[0O-]
426 | ON=Cclc(n(ncl1C)-clcccecl)C 456 Brclcc2c(nenc2N[C@H](C(C)C)C(=0)[
O(C)clceecciNcic2ec(ceec2nce1C(OC O-])ccl
427 | oy=0)C 457 | Brele(nc(ncIOC)N(C(=0)C)CC=C)C
428 | slcencINC(=0)clcc(0C)cc(0C)cl 458 | S=C(Nclcc(cccl)C(OC)=0)NNC
429 Clclccec(CliclC=CC(=0O)N(C)C1CCC 459 | Fclcc(NC(=0)c2ncenc2)cecl
CcC1 460 N1ch(_N[C@@H](CC(C):C)[C@@H]l
430 s1c(N=CC2C(=0)CCCC2=0)c(cclC)C( CC(C)=C)cccc2
0OCC)=0 461 | O=C(Nclccc(ccl)CCC)\C=C\C(=0)[O-]
431 gczliil(;chZ';Ic:(S:(cgsnC(CCSC)C)CSC(CZZNC 462 ]O)/:C(i(éc()\-C=C\c102c([nH]cl)cccc2)/C
432 O1[C@@]2(0)c3c(ccee3)C(=0)[C@]2( 463 gl&lzclc;(CCI)ccclo[C@@H](C(=O)NC1C
0)C(C(OCC)=0)=C1C
433 O(C)clee(ccclOC)C=NNC(=0)cln[nH] 464 O(C)clee(cecclOC)C=NN1CCN(CC1l)c
c2c1CCCC2 Inccccl
434 | S=C1NC(=0)/C(/N1)=C\clccccclOC 465 01C=C\C(=N/c2ccc(cc2C)C)\c2cc(ccecl
435 0lc(ccclCOclcec2c(ccl)ceec2)C(=0O)N 2)C
N 466 O=C1NC(=0)N(c2nc(n(c12)CCC(C)C)
436 | slccecl[C@](0)(C(=0O)NNclccee(cel)C N(C)C)C
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O(C)clec(ccclOC)C(=0O)NNC=1CC(C

Clclccc(N2CCNH+](CC2)C2C3CC4C

487 | c(=oyc=1)C)C 497 | coce(ca)ca)cet
468 | olc2c(ncl-clcecc(N)cecl)ee(cc2)CC 498 O(C)clec(OC)cecclCNICCN(CCL)C(=
469 O(C(=0)CN1C(=0)c2c(ccec2)C1=0)cl O)clccencl
ccceclOC 499 Clclcc(NS(=0)(=0)c2ccecc2C)ec(Cl)c
470 O(C)clcec(cclC)C[NH2+]C1C2CC3CcC 1[O-]
1CC(C2)C3 500 | Clclcc2sc(nc2ccl)NN
471 S=CIN[C@H](C=2CCc3c(cc(OC)cc3)C 501 Clclcc2ncec(OC(=0)N3CCOCC3)c2cc
=2N1)clccc(F)ecl 1
472 Clc1c(cc(OCC(=0)Nc2sc(nn2)C)ecclC) 502 Fclcc(cecl)CCINH2+]|[C@@H]1CC(=
C O)N(C1=0)clccc(ccl)C
473 Clclcceecl[C@@H]1INC(=0)Cc2cc(O 503 | S=CINC(=0)/C(/N1)=C\clccc(ccl)CC
C)c(0C)ccl2 504 | Brclcec(ccl)-cloc(SC)nnl
474 O(C)clec(OC)ceccl\C=N\CC1(CCCCl) 505 S(CC(=0)clccc([N+](=0)[O-
clcccecl ])ccl)cloc(nnl)-clcenccl
475 O=C(N)cin(ncc1\N=C\clccc([N+](=O)[ 506 Clclcc(ceclCl)-
O-])cc1)C cinc(scl)NC(=0)C1CC1
476 S(=0)(=0)(N)clccc(NC(=0)C=C(C)C)c 507 CIC(=CCSc1nc2N(C)C(=0O)NC(=0)c2n
cl 1C)C
477 | FclcececlCC(NC(=0)C)C(=0)[O-] 508 O1C[C@H]1CN1C(=0O)c2c(cc3c(c2)C(
478 O(C)clcece(Nc2ce([nH+]c3c2cc(cec3)C( =0O)N(C[C@H]20C2)C3=0)C1=0
0C)=0)C)ccl 509 S1c2c¢c(N=C(C[C@H]1lclccc(OC)ccl)cl
479 [NH+]1(CCN(N=Cc2ccc(cc2)C)CC1)Cc cccccl)ceec?2
lcccecl 510 | S=CINN=C(N1N=C(C)clccc(F)ccl)CC
480 O(CC(=0O)NC(C)clcccceel)clee(C)e(ce 511 O=C1NC(C)=C(C(=0)C)C([C@H]1C#N
1)C(C)C )clcc([N+](=0)[O-])cccl
281 O=C(NC1CCCCC1)N1c2c(cc(cc2)C)[C 512 | O(CC(=0)Nclcc(O)cecl)eleec(cel)C
@@H](CC1(C)C)C 513 | O=C(NC1(CCCC1)CCC)clcccccl
482 Clclccec(ccl)C(=0)Nclce2nce(oc2cecl)- 514 O=C1NC(=0)N(c2nc(n(c12)CCC(C)C)
clcceecl N1CC[NH2+]CC1)C
483 | O=C1N=C(NC(=C1)C)NCC[NH+](C)C 515 | Fclcc2cc([nH]c2ccl)C(=0)N
484 S(=0)(=0)(CC)clcc(O)c(NC(=0)c2ccce 516 S(C)C=1NC(=0O)[C@H](C(OC)=0)[C@
cc2)ccl @H](C=1C#N)clccceclOC
485 Clclcc(NC(=0)COc2ccccc2C(C)(C)C)e 517 O(C)clcee(ccl)C=1C(C#N)=C(n2c(nc3
cclOoC c2cccc3)C=1C#N)N
486 O1c2¢(C=C(C(Oc3ccececec30CC)=0)C1 518 | olc2cc(cee2nel-clec(N)ec(N)el)C
=0)cccc2 519 | Felece(ce)-
487 S(=0)(=0)(Nclcce(ccl)C(OC)=0)\C=C c1c2C[C@H](CCc2nc(N)c1C#N)C
\clcccecl 520 | 01C=C\C(=N/c2cccee2)\c2cc(ceel12)C
488 | O=ClClCeR@]2(CC[C@Q@]1(C)C2(C) 521 | O=C1N(C)C(=NN=C1)NCC[NH+](C)C
C)C(=O)NCC 522 | Clclcec(S(=0)(=0)Nc2cccec2CO)ccl
489 | ©(CC(=O)Nclcee(OC(C)C)ecl)eleccce 53 | Clclece(ccl)C=NN1C(=0)c2c(ccec2)C
1[N+](=0)[O-] 1=0
490 Clclcece(ccl)C(=NNC(=0)COclccc(ccl 594 [NH]1c2c(ccec2)c(-
)C)C c2c3c(nce2)cece3)c1C
491 | FC(F)(F)c1nc2c(n1CC(OCC)=0)ccce2 525 | O(C)clccecel-nlenc(N)c1C(OC)=0
492 | FC1=CN(CCC(=0)[O-])C(=O)NC1=0 506 | Clelece(NC(=0)CCC(=0)Nc2cec(Clice
493 S(CC(=0O)Nclc2c(ccecl)ccec2)cln2c(nn 2)ccl
1)C=CC=C2 527 | [nH]1nc(C)c(-c2c(n[nH]c2C)C)c1C
494 | S=C(Nclce(ce(c1)C)C)N 5og | Clclec(cecl)C=NNC(=0)clnc2n(n1)C(
495 Clclcceeccl[C@H]INC(=O)N(C)C(C)= =CC(=N2)C)C
C1C(OCC)=0 509 | O=C(NN=C(C)clec(N)cecl)clec(N+(=
496 S(=0)(CCC(=0)[O-])clcceeclC(=0)[0O- 0)[0-])ccel
] 530 | S=C(NC(=0)clcccecd)[N-
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JclcceeclC(=0O)N

Clclccec(NC(=S)Nc2cec(N(CC)CC)cec2

531 | Brclcee(ccclOC)CINH2+]CclececececlOC 562 )clC
532 | Clclcc(NC(=0)c2nsnc2)c(OC)cclOC 563 S=C(Nclcc(cececl)C(=0O)C)N(Cclen(ncl
533 ClclcccccINCNIC(=O)[C@H])2[C@@ C)CC)C
H](CC=CC2)C1=0 564 | 0lc(ccclC)C=C(C#N)clcce(ccl)C
534 | Clclcceccl-cinne(SCc2ccccc2F)n1N 565 | O=C(Nclcc(cececlC)C)C=Cclcce(ccl)C
535 s1c2C[C@@H](CCc2c2c1N=CN(CC(= 566 0lcccclC(=0O)Nclec(NC(=0)CCC)c(O
O)N(CC)CC)C2=0)C C)ccl
Clclcc(NC(=0)\C(=C\c20c(cc2)C)\C#N S(Cclcee(ccl)C(=0O)NC1CCCCl)clece
536 )cccl 567 (cc1)C
Clclcc(cc(Cl)ecl)C(=0)Nclsc2c(nl)c(cc Clclc2nc(sc2cccl)NC(=0)cloc2c(cl)c
537 c2)C 568 ccc2
538 ;)(C(:()))clnc(NC[C@@H](O)C)ch(nl 569 CIc%cccc(cl-t;[log@(nr}lfc@ CEaH
cccc2)CC s1c(N2C(=O)[C@H]3[C@H]([C H]4
539 0lc(ccclC)[C@H]INC(=O)NC(C)=C1C 570 | C=C[C@H]3C4)C2=0)c(cc1C)C(OCC)
(OC(C)C)=0 =0
540 | Clclcee(S(=0)(=0O)Nc2cc(ccec2)CC)ecl 571 S(=0)(=0)(NclccceclC(=0)N)clcec(ce
541 s1¢c(C(OCC)=0)c(ncINC(=0)C=Ccloc 1)C
ccl)C 572 Clclcceec1lOCC(=0O)NN=CclccccclO
542 O(CC)clccc(N2C(=O)[C@H]3[C@H]([ C
C@@H]4C=C[C@H]3C4)C2=0)ccl 573 O1CCN(CC1l)clcec(NC(=0O)CC(C)C)cc
slcc(c2cIN=CN([C@ @H](C(=0)[O- 1
543 1 1)0)Cc2=0)-clceceel 574 | O(CC(=0)NC(C)(C)C)clece(cclC)C
544 s1c2N=CNC(=0)c2c¢(C)c1C(OCclcccc 575 O1CCC[C@H]1CNclnc(nc2clcccc2)N
cl1)=0 clcc(ce(cl)C)C
545 | Clclec(Cl)ccc1OCC(=0O)Nclnn(nnl)CC 576 O(C(=0)[C@@H](C(=0O)Nclncccnl)Cl
Clclce(-c2onc(n2)- CCCcCcCcC1)C
546 c2cccec2C)c(0C)ccl 577 O1c2cc(C=C(C#N)c3cce(cc3)C)c(OC)c
slc(nnclNclcece(ccl)C(=0)C)- c20C1
547 clcenccl 578 Clclce2nce(sc2cc1OC)NC(=0)clcecc(cc
548 | O(C)clcececcINCC(=0O)NN=C1CCCC1 1)CC
Fclcc2c(N(C=C(C(=0)[O- 579 S=C(NC(=0O)clccc(cclC)C)[N-
549 | ])C2=0)C2CC2)c(OC)cINIC[C@H]([N Jelcceecl
H2+]CC1)C 580 O=C/1N(c2c(cccc2)\C\1=C/clcc([nH]cl
550 | O(C)clec(OC)c(0)cc1C=C[N+](=0)[O-] C)C)clceeccl
551 S=C(NC(=0)c1c(OC)cccclOC)[N- 581 | S=C(NC1CC1)NCclcc(OC)cccl
Jclccccecl 582 s1c2N3C(=NNC3=S)N(CC=C)C(=0)c2
552 | Fclec(F)cccINC(=0O)NCclceencl c(C)clC
S=C(NC(=0O)CCC)[N-]clccc(ccl)- S(=0)(=0O)(N1CCCCC1)clc2c(cccl)ee
553 cloc2ccenc2nl 583 cc2
554 O(C(=0)/C(=Cl/clc2c(n(cl)C)cecec2)/CH 584 Fclceceeccl[C@@H]1Nc2c(ccec2)C(=0)
N)C N1Cclocccl
Clclcc(ceclCl)C(=0)Nclc2c(ncec2)cce Clclcc(ccclCl)CN(S(=0)(=0)C)clcccc
555 1 585 o1
O=C1Nc2¢c(N[C@H]1CC(=0)Nclc3c(c O=Cclc2c(n(cl)CC(=0O)N1CCc3c(Cl)c
556 ccl)ceee3)ceec? o586 ccc3)ccec?
557 S(=)O)(=O)(Nclccc(ccl)C(=O)Nclccccc 587 Siccz:é)lCé(:(l)))(l:\lclchnc(ochcl)-
1C)C clcc(C)c(cc
558 | Clclcc(Clyceec1COclceec(ccl)C(=0)CC 588 Fclcee(ccl)CNC(=0)[C@H](Oclccecce
559 | Brclccc(SCC(=0)N2CCC(CC2)C)ccl 1)CC
560 O((C(():)():)clccccch:NNC(:O)clcc(N 589 (131C§3C£()3§%O@C|'g)1[%§%@H](NC(:O)NC
C(=0)C)cccl cce(cc =
561 O(C)cleec(OC)cc1C=NNC(=0)clce(N 590 slc2cc(OC)cee2ncINC(=0)clcec(cclC
C(=0)C)ccel )C
= = -Jclcec(ccl)-
591 | S=C(NC(=0)C(C)(C)C)[N-]Jclccc(ccel)
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cloc(ccl)CO

ccl

592 | Fclcc(NC(=0O)Nc2ccc(OCC)cc2)ceclC 622 ClclcceeclC(=0)Nclec(NC(=0)C(C)C)

503 FC(F)C=1n2ncc(c2N=C(C=1)C)C(=0) cccl
Nclcce(cclC)C 623 | O=C(N)clcc(N)c(N2CCC(CC2)C)ccl

594 | O(C)clcee(ccl)CC(=0)NN=Cclccecncl 624 slc2cc(NC(=0)C)ccec2ncINC(=0)clcce

505 0lcccclC(=0)Nclc2ce(cecl)C(=0)N(C2 c(ccl)CC
=0)clcccecl 625 Clclcc([N-

506 S(CC(=0)Nclccc(F)ccl)clnc(c2CCCC JC(=S)NC(=0)c2ccc(cc2C)C)cecl
c2nl)C 626 | Clclccec(NC(=0)CCC)cIN1CCOCC1
S=C(NC1C2CC3CC1CC(C2)C3)NC(= Clclccec(F)c1CC(=0O)Nclee(Clyc(Clyce

597 627
O)clcc(OC)cecl 1
01C([O- 628 0lcccclCNC(=0)[C@H](C#N)clccece

598 | ])=C(CC=2C(=0)C=C(0C=20)C)C(=0) 1
C=C1C 629 | 01¢c(C)c(cc1C)C=C(C#N)C#N

599 | s1c2CCCCc2nc1INC(=0)CSCclcccccl 630 O=C(NN=Cclccc(ccl)C#N)CNclccc(c

600 Clclccee(Cl)ecl1C(=0)Ncleec(ccl)C(=0 c1C)C
N 631 0lc(ccclC)C(=0O)C[C@@]1(O)c2c(N(C

601 Clclcee(ccl)C(=0O)NNC(=0O)clcecc(OC CC)C1=0)cccc?2
C(C)C)ccl 632 | Clclcc(cecclC(=0O)NNC(=0)clcenccl)C

602 | olccec1\C=C\C(=O)Nclcc(ccclOC)C 633 Fclccc([N+](=0)[O-

603 S=C(NC1CCCCIN[C@@H](C)clcc(O ])ccINC(=0)clcec(ccl)-cleceecl
C)c(0OC)ccl 634 S1C(=Cc2cccnc2)C(=0)N=C1Nclcccc

604 O=C(Nclcc(NC(=0O)CC)cccl)clcecc([N clC
+](=0)[O-])c1C 635 | Clclcee(ccl)C(=0)Nclceec(N)cclOC
Clclcce(Cl)cecl1COclcec(cc1OCC)CIN Clclcc(ceclClC(OCclec(cecl)C(0OC)=

605 H3+] 636 0)=0

606 Clclcc(C)e(S(=0)(=0O)N2C[C@H](CCC 637 slcccclS(=0)(=0O)NC(=S)NC1CCCCC
2)C)cclC 1

607 | O(CC(=0)N1CCCC1)clc2c(cccl)cccc2 638 O=C/1N(c2c(cccc2)\C\1=C/clccc(N(C)

608 S(Cclcce(ccl)C(C)(C)C)clnnnnlClC C)ccl)clcecccl
CCCC1 639 O(CC(=O)NN=Cclcc(cccl)C)clec2ce(c

609 O=C(NN=Cclccc(N(CC)CC)ccl)Cnlcc cl)ccec2
[nH+]c1C 640 O(CC)C(=0)/C(=Cl/cicc2c(ccl)cecc)/

610 O=C(NN=Cclcc(cccl)C)clcceecclC(=0 C#N
)[O-] 641 | S(CclcceecclC)CC(=0)[O-]

611 S(Ccloc2c(cc(0C)cc2)c1C(OCC)=0)c 642 S(=0)(=0)(N1CCC(CC1)C(=0O)NN)c1c(
lcccecl cc(cclC)C)C

612 O(C)cleceecclCNelnc2c¢(n1C(C)C)eece 643 S=C1NC(C(C(=0)C)=C(N1)C)clcc(OC
2 C)c(O)ccl

613 nlcnc2n(ncc2clNCclcececcl)- 644 O=C(NC(C)cl[nH]c2c(nl)cccc2)ClCC
clcc(cecl)C 1

614 | O=C(NCC(C)C)C=Cclccc(ccl)C 645 | S(C)clnnc(n1C)COclc2nc(ccc2eccl)C

615 | olc(ccclCOclcec(ccl)CCC)C(OC)=0 646 S=C(NCclnccccl)NCCclcc(OC)c(OC)

616 O(C)clccc(ccl)[C@H](NC(=0O)[C@H]( ccl
C)clcceccl)C 647 | Clclcc(Cl)eccINC(=0)Nclncee(cl)C

617 slc2c(ncINC(=0)cloc([N+](=0)[O- 648 S1c2n(N=C1clccc(NC(=0)Cc3cccecel)
])cc1)c(0OC)cc(0C)c2 ccl)c(nn2)C

618 S(CC(=0)NclcceeclC)CC(=0)Ncleec( 649 S(CC(=0O)NC1CCCC1l)clnnc(nlC)C1C
ccl)CC CCcCc1
Clclcee([N- 650 FclcecececlC(=0O)N(CC1=Cc2cc(ccc2N

619 | ]C(=S)NC(=0)c2cc(ccc2)C)eclC(=0)[O C1=0)C)CC
- 651 O=C1N(C)C(=O)N(c2n(cncl2)CC(=0)

620 | O=C(CC(=0O)Nclccc(N(C)C)ecl)C Nclncce(cl)C)C

621 | O(JC@H](CC)C(=0O)NclcceceeclC)elecc 652 | S(CC(=0)NC(C)C)clnnc(n1C1CCCCC
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1)C 683 | Brclccee(ccl)C[NH2+]CC(C)C
653 O(Cclcceecl)cleecc(NC(=0O)Nc2cec(O 684 | Fclcc(F)ccc1\N=C\clcc(oclC)C
C)cc2)ccl 685 S(=0)(=0)(N1CCCcCC1)clccc(\N=C\c2
654 s1c2c(nclSCC(=0)N(CC)clcccccl)cce oc(cc2)C)ccl
c2 636 slcccclCC(=0)NN=Cclcc(OC)c(OC)c
655 Brclccc(NC(=0)c2noc(c2)- cl
c2ccccec2)ccl 687 0O=C(Nclccc(ccl)C)C(=Cclcee(ccl)C#
656 | Brclcc(NC(=0)CC)ccclOC N)C#N
657 | olcccc1\C=C\C(=0)Nclcc(cecl)C 688 O(C(=0)clcceecl)cleec(ccl)-
658 | Clclcee(ccl)C=[N+]([O-])clcec(ccl)C cinc2n(c1)C=CC=C2
659 S=C(Nclcc(cccl)C)NNC(=S)NCclcccce 689 0O1c2cc(\C=C(/C#N)\c3ccc(cc3)C)c(OC
cl )cc20C1
660 Fclcc2c3N([C@H](CCc3c1)C)C(O)=C( 690 | slc(ccclC)C=NNC(=0O)CNclccccclC
C(=O)NCCINH+](C)C)C2=0 691 slccecl-c1n(C(C)C)c(ccl)CCC(=0)[0O-
661 O(CC(=0)Nclccee(C)elC)cle(ceeclC) ]
C 692 O1c2cc(C=NNC(=0O)c3ccenc3)c([N+](=
662 ClclcceccINC(=0)[C@@H](Oclcc(Cl) 0)[0-])cc20C1
cccl)C 693 | S(CC(=0)Nclcc(F)cecl)clcececcl
663 | Fclcec(ccl)\C=N\clcce(cecl)C(=0)[0-] 694 | Clclccec(F)c1Cnlc2c(nclC(O)C)ccec?2
664 O(CC)clcceecclC=NNC(=0)clcc(NC(= 695 Clclcc(cecclC(=0O)N1CCN(CC1l)clcce(Cl
0)C)cccl )ece)C
665 O(C)clec(OC)c(IN+](=0)[O- 696 0O=C1CC(Cc2nc(nccl12)NC(=O)Nclccc
1)ccI\C=C(/C#N)\clccc(ccl)C#N ccl)(C)C
666 S(=0)(=0)(Nclcc(O)c(ccl)C(=0)[O- 697 | Clclcc(C(=0O)Nc2ccecc2C)c(O)ccl
J)clcec(F)ccl 698 Brclccc(OCC(=0O)N2CCc3c2cccec3)ccl
667 O(C)clccecccINCC(=0O)NN=Cclcc(OC) C
c(0OC)ccl 699 Clclcee(CleeclC(=0O)NclcececlC(F)(F)
668 O=C(C)clcc(NC(=O)Nc2cn(nc2C(=0)N F
)CC)cccl S(=0)([O-
669 ClclccccclOCC(:O)NN:Cclcc(OC)cc 700 ]c):(:Nclcc(ccc1)C(:O)C)clcc(cccloc)
c
670 | Clclcc(Clycec1C(=0)Nclceec(N)cclC 701 | Clclcece(Cl)cc1C(=0)NC
671 01¢(C)c(cclC(OC)=0)CC(=0)clc(O)cc 702 O(C)clc2c(C[C@H]3N(C2)CCc2cc(OC
(O)cclO )c(0C)cc23)ccclOC
672 s1c2CCCCc2c2clnc(SC)nc2N1CCCC 703 Brclccc(OCC(=0O)N2CCN(CC2)C=0)c
1 clC
673 0O(C)clc(OC)c(OC)cecclC=CC(=0O)N1C 704 Brclc2c(cecl)c(cecc2)C(=0)[N-
CCC1 Jelnn(nnl)CC
674 Clc1cc2NC(=0)/C(/c2ccl)=Cl/clcc(n(cl 705 | Clclcec2nc(sc2cc1OC)NC(=0)clscecl
C)-clcccecl)C 706 S(\C(=C\clccc(OCC(C)C)ec)\C(=0)[O
675 Clclcce(OCC(=0)NN=Cc2cc(O)c(OC)c -])clnc([nH]n1)C
c2)ccl 707 slc2nc(nc(N[C@H]([C@H](CC)C)C(=0
676 ClclcceeclC=CC(=O)N1CCN(CC1l)clc )[O-])c2cc1CC)C
ccecl 708 Clclcce(ccINC(=0)Cclcce(ccl)C)C(F)
677 Fclcee(ccl)COclec(cecl)C[NH2+]C1C (AF
CCC1 709 | Clclcce(Clhecl\N=C\clcec(F)ccl
678 S(=0)(=0)(n1c2cc(C)c(cc2ncl)C)NIC 710 | Clclcec(Clycel-clonc(nl)-clcec(ccl)C
CocCC1 711 | n1lc2c(n(CC)cl-clcec(ccl)C)eeec?
679 | O=CIN(C)C(=0)N(c2n(cnc12)CC(=0) | [, | S=C(NC[C@@H]LOCCCIN[C@H](C)
NC1CCCCCCl)C clcc(OC)ccclOC
680 | Clclccec(F)c1COclecc(NC(=0)C)ccl 713 S=C(Nclcc(OC)c(OC)ccl)NCCcelcee(F
681 O(CC(=0O)NNC(=0)c1n[nH]c(c1)C)clcc )ecl
(cccl)C 714 | slccecc1C=NNC(=0)clcceeclC
682 | nlc2c(n([C@@H](CC)C)clCC)ccec? 715 | Fclcecccl1CNC(=0)Nelec20COc2ccl
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Clclcceec1OCC(=0)NN=Cclcc(OC)c(

Brclcece(-

716 0C)ccl 746 n2c3CC(CC(=0)c3cc2C)(C)C)ccl
717 S=C(NC1C2CC3CC1CC(C2)C3)NC(= 747 O(C)clcececccINCC(=O)NN=Cclcc2c(c
O)clccc(cclC)C cl)cccc2
718 Oclccc((\N:)C\c2n§c002)- 748 )S():O)(:(?)(N)l[c@@H](CC01:O)C(:O
c2cc3c(cc2)ccece3)ccl N)clccc(ccl)C
719 Brclccc(NC(=0O)CC2(CCCC2)CC(=0)[ 749 O(Cclc2c(cecl)ecce2)clecc(cclOC)C
O-])ccl =NNC(=O)N
720 | slcce(C)c1CNclec20COc2ccl 750 slccecclCC(=0O)NN=C(Cclccc(OC)ccl)
791 O[C@@H](C)cinc2c(n1Cclcecce(ccl)C( C
I(::gtcl)zcclgcé@ 1(O)N(N=C(C1)CC)C(=O 51 f{gg&gglc(ccl)C#N)clnnc(nlCC)-
725 | FC(AFIC@IL(O)N(N=C(CL)CC)C(= _
)J[C@H](O)clceceeecl 759 Clclcee(OCC(=0)c2cc3CCCCc3cc2)ce
723 Fclc(Oc2cc(O)ccc2)c(F)c(F)ncIN1CC 1 OO :
CCC1 slc2cc(NC(=0)C)ccc2ncl[N-
724 O=C(Nclc(cc(cclC)C)C)\C=C\clccecc 753 ]JC(=S)NC(=0O)CCC
1 754 | O=C(NN=C1CCCC1)CNclccccclC
725 | O=C(Nclc2nccec2ccecl)clceec(ccl)C 755 ClIC=1C[C@@H]2[C@@H](CC=1)C(=
nlc2cc(\N=C\c3cccee3)cce2n(cl)C1CC O)N(c1[nH]nccl)C2=0
26 | ccet 0=C([0-
797 s1c(nnclSCC(=0)NCclcce(ccl)C)NC( 756 ])clcc(N2Cc3cc(C)e(cc3C2)C)cecl
=0)C O(CC(=0O)N)clcece(ccl)C=NNC(=0)clc
g | SCEO)EO)NIC@@HI(C(=0)NCelceee ST | ((N(C)C)cect
¢c10C)C)clccccecl 758 S1c2n(ncn2)C(=0)[C@@H]1CC(=0O)N
Fclcc2c3nenc(N4ACC[NH+](CC4)CCO) clccc(OC)ccl
729 c3[nH]c2ccl 759 O(C(C)C)clccce(ccl)C(=0O)Ncleee(NC(
S=CINN=C(N1N=Cclccc(OC)ccl)cln =0)CC)ccl
730 ccecl 760 O(C)c1c(OC)c(OC)ccclC=CC(=0)Nc1
731 O(CC(=0O)Nclc(cc(ceclC)C)C)clcecc(cc cc(ceclC)C
1)-clccccecl _ 761 Ff(F)OcllccccclNC(:O)clccc(ccl)—
732 Clclce(ceccl)C(=0O)Nclccc(N2CCINH+] clcccce
(CC2)C)ccl 762 ClclcceeclC=CC(=O)N1CCC(CC1)C(
733 O=C(Cnlcc(c2clcccc2)C=0)clec([N+]( 0OCC)=0
=0)[O-])cccl 763 S([C@H](C(=O)N1CCN(CC1l)clcceecl
734 S(C(=Cclcc(0)c(0OC)ccl)C(=0)[O- )C)clcee(ccl)C
])clnc([nH]n1)C 764 Clclcec2c(OC(=0)C=C2C)cclOCclcc(c
Ol[C@H](CN(C[C@@H]1C)C(=0O)Nc1l c(cl)C)C
735 cce(ccl)C(OCC)=0)C 765 | 01c(C)c(cclCN\C=C(/C#N)\clcccecl
O(CC(=0O)NC(C)(C)C)clcee(ccl)CNel slcceclC(=NNC(=0)CSclnc2c(nlC)cc
736 nn[nH]n1 766 cc2)C
Brclcec(OCC(=0O)Nc2ccece(cc2)CC)ecl Clclcc(N2C(c3cc(OCC)cecc3NC2=0)=
737 | 2 767 O)ccel
738 01CCOc2clcc(NC(=0)[C@H](Oclccc 768 S=C(Nclccc(ccl)[C@H](CC)C)[N-
ccl)CC)cc2 Jclen(nclC(=0O)N)CC
739 O[C@@H](Cnlc2CCCCc2c2cc(ccecl?) 769 Olc2cc(ccc20C1)C(=0)Nclc2c3c(CCe
C)C[NH2+]Cclccccecl 3ccc2)ccl
slccc(NC(=0O)Nc2cc(OC)c(OC)cc2)cl S(=0)(=0O)(N1CCCC1l)clccc(NC(=0)c2
740 C(0C)=0 770 cccee2)ccl
741 | Fclcccc(F)cINC(=0)\C=C\clocccl 771 O=C(Nclccccel[C@@H](CC)C)clcec(c
742 | s1lc(nnclSCC(=0O)Nclcc(ceclF)C)C c(cl)C)C
243 s%ccc(C)ch:NNlc(:NNC1:S)c1cc(O 779 (é(gb)ﬁ]l(?\(l:ZE)(g(é?céig\l]c)::le\lC(:O)[C
C)cccl = = -])cc
744 | olccecl\C=C\C(=O)Nclcce(ccl)CC 773 0O1C(C)=C(C(=0O)Nc2ccc(OCC)cc2)C(=
245 s1c2C[C@@H](CCc2c2cINC(NC2=0) CC1=0)C
clcec(OC)ecl)C 774 | Fclccc(ccl)-
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¢1n(CC(C)C)c(ccl)CCC(=0)[0-]

O(C(=0)\C=C\clcccecl)clee(C)e(ccl)

c1nc2CC[NH+](Cc2cnl)Cclc2c([nH]cl
)cccc20Cclcccccl

¢ o=c([o-
776 slnc2c(nl)cccc2NC(=0)clc(noclC)- 801 | )C[C@H](C[C@H](INH3+])C(=0)[O-
clcceecl 1)C(=0)[O-]

777 O1CCC[C@H]1CNC(=0)clcc(NC(=0) 802 Clclcc2c(OC(N)=C(CN3CCc4nc(nccd
C(CC)CC)cccl C3)-c3cce(ce3)C(F)(F)F)C2=0)ccl
778 olc(nc(C#N)cIN1CCCCCC1)- 803 Brclcc(cncl)C[NH+]1CC2=C(NC(=S)N

clcee(ccl)C C2=0)CC1
779 S=C(NC(=0)C=Cclccc(OC)ccl)[N- Clclccce(ccl)-
Jelcee(cclO)C 804 | clnc(cccl)CN1CC2=C(NC(=S)N=C2)C
780 Clclcc(O[C@H](C(=O)NCCc2ccccc2)C Cl
)cccl 805 O=C1N=C(NC2=C1CN(CC2)Cclcccnc
781 S=C(Nclccc(N(CC)CC)ccl)NCclcec(F INC(=0)C(C)(C)C)C1CC1
)ccl 806 O(CC1CCN(C1)C(OC(C)(C)C)=0)clcc
782 0O1C=C(CCC1)C[NH+]1CC2=C(NC(=N (N(C)C)ccel
C2=0)N)CC1 slccecl-
783 Cleclsc(cn1)CN1CCc2nc(ncc2Cl)- 807 | clncc(ccl)C[NH+]1CCc2nc(hcc2Cl)-
clcccecl clccnecl
784 | Brclcencc(IN+](=0)[O-])cINC(C)C Clclcccecl-
785 S(C)C1=NC(=0)C2=C(N1)CCN(C2)Cc 808 | clncc(ccl)C[NH+]1CCc2nc(hcc2Cl)-
lcc(C)c(F)ncl clccencl
786 O=C1N=C(NC2=C1CN(CC2)Ccl[nH]c( 809 | Brclnc(cccl)CN1CCc2nc(SC)ncc2Cl
cnl)C)C 810 | Clclsc(ccl)CN1CCc2nc(ncc2C1)N
O(CC)clcc(ccel)- g11 | Clelecec(C)elCNHHIC[C@@H](0)C
787 | clnce(ccl)CN1CC2=C(NC(=NC2=0)C CC1
2CCccce2)cel 812 O=C1N=C(NC2=C1C[NH+](CC2)Ccl]n
288 O(CC(O)C[NH2+]C(C)C)clcce(ccl10C) H]c(cc1C)C)CCC
C[NH2+]C(C)(C)C 813 | Clclccece(cel-clne(Cl)necl)C(=0)C
789 O(C)clce(cecclOC)- 814 Fclcee(ccl)C(OC(=0)clcec([N+](=0)[
clnn(c2ncnc(N)c12)C[C@@H](CO)C 0O-])ccl)C(=0)NCC(OCC)=0
[NH+]1(CCc2nc(ncc2Cl)- 815 S(=0)(=0)(C)C1=NC(=0)C2=C(N1)CC
790 | clccec(N)cecl)Celn(cecl)- N(C2)Cclin(nc(cl)C)C
clcc(cccl)C#N 816 O1CC(=Cc2clcccc2)CN1ICC2=C(NC(=
791 O=C1N=C(NC2=C1C[NH+](CC2)Cclc NC2=0)c2ccccc2)CC1l
ccc(C)clC)C1=NCCCC1 Brclcc(ce(Br)cl)-
792 Clclcc(ceclCl)CnlececclCN1CC2=C(N 817 | clnce(ccl)CN1CC2=C(NC(=NC2=0)C(
C(=NC2=0)C(C)(C)C)CC1 C)C)CC1
slc2nccec2c(- Clclcc(Cl)ececel-
793 | c2cc(F)ccc2)c1S(=0)(=0)clcc(F)c(OC) 818 | cloc(ccl)CN1CC2=C(NC(=NC2=0)c2c
ccl cccc2)CCl
294 O1c2c(ccec2)C(=0)C(CN2CCc3nc(ncce O1CC[NH+](CC1)C1CCN(CC1)clcece(n
3C2)C)=CIN 819 | c1)NC1=CC(=CN(C)C1=0)clcccc(NC(
795 O=C1N=C(NC2=C1CN(CC2)Cclcnn(c =0)c2ccc(cc2)C(C)(C)C)clC
1C)-clcceecclC)ecleenccl 820 Brclc2c(sc1C[NH+]1CCc3nc(ncc3Cl)-
796 S(C)C1=NC(=0)C2=C(N1)CC[NH+](C2 clccencl)ceec?
)Cclc2cc(cce2ne2clcecc2)C 821 FC(F)(F)clcce(ccl)C1=NC(=0)C2=C(
297 O(C)cln(nc(C)c1CN1CCc2nc(ncc2Cl) N1)CCN(C2)Cclncencl
CiCC1)C 822 slcnc(C)c1C[NH+]1CCc2nc(ncc2Cl)-
Clclcce(Clycel- clcec(ccl)C(F)(F)F
798 | cloc(ccl)CN1CC2=C(NC(=NC2=0)C( 823 Fclcc(F)cecl-
c)C)cc1l c1ncc(ccl)C[NH+]1CCc2nc(ncc2C1)N
299 S(C)C1=NC(=0)C2=C(N1)CCN(C2)Cc 824 Clclncc(Cl)cc1CN1CC2=C(NC(=NC2=
lc(n[nH]c1C)C 0)Ccce)cel
800 | FC(F)(F)clcec(ccl)- 825 | Breclcc2c¢([nH]cc2CN2CC3=C(NC(=NC
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3=0)C3=NCCCC3)CC2)ccl

[NH+]1(CCc2nc(ncc2Cl)-

S(=0)(=0)([O- 849 clccnccl)CcllnHlencl

826 | J)cloc(ccl)CN1CCc2nc(ncc2Cl)- 850 | Clc1lnc(N2CCN(CC2)C(=0O)NC)ccnl
clcnencl 851 Clclnc2c(cc1C[NH+]1CC3=C(NC(=S)N
0lc(ccclC)- C3=0)CC1)cccc2C

827 | c1nn(cc1CN1CC2=C(NC(=NC2=0)c2c O=[N+]([O-
cc(N)cc2)CC1)-clcececcl 852 | J)clcc(cccINCclcec([N+](=0)[O-

828 Brcloc(ccl)CN1CC2=C(NC(=NC2=0)c ])cc1)C#N
2sccc2)CCl 853 | Clclce(ceclC)-clnee(cn1)C(OCC)=0
olnc(ccl- Brclcc2[nH]cc(c2ccl)CINH+]1CC2=C(

829 | clcccecl)CNICCe2ne(nec2c)cicee | | 894 | No(sc)=NC2=0)ccl
Cci 855 | FC(F)(F)clccececclC1CCCINH2+]C1

1 1)-

830 ?fr?ggcciclc)(ércxl1)cc2:C(NC(:Nc2:O)C 856 cF:ilCCC(OC)CﬂCN1C[C@H]([NH3+DC
I2:C1(:2)(€C1 857 S(C)z:l[nH)]c(c(n(l)-) ) -
clccc(- clcc(nccl)NCC(CC)C)-clcec(F)ecl

831 | n2nc(C)c(c2)C[NH+]2CCc3nc(ncc3C2) gsg | Clelec(cncl)CN1CC2=C(NC(=NC2=0)
C2=NCCCC2)ccl c2ccc(N)cc2)CC1

832 Oclc2nc(ccc2eccl)CN1CC2=C(NC(=N 859 Clclcencc1CN1CCe2ne(ncc2C1)C1=N
C2=0)c2cncnc2)CC1l CCcCcC1

833 E)(Icz)lolc[(cﬁ]l)g'\(l1SCCZHZC(HCC2C1)C(F)( 860 O)(C)clnz:cgccl)C[NH+]1CCcch(nchC

c1[nH]c2c(nl)cccc 1)-clccc(N)ccl

g34 | 01c(ccclCINH+]1CCe2ne(ncc2Cl)- g6 | Felee(enclOC)CNICC2=C(NC(=NC2=
clcenecl)C1CCIC O)c2occc2)CC1

835 slcc(ccl)- 862 | Clclncee(cl)C(=0O)NCclcececclC
cloc(cc1)CN1CCec2nc(ncc2C1)C(C)C g3 | CIC=1c2c(OC(=0)C=1CN1CCe3nc(nce
slccccl- 3C1)-clscccl)cecc?

836 | c1nc2CC[NH+](Cc2cnl1)Cclcce(ncl)- Fclcc(ccel)-
clcc(OC)c(OC)ccl 864 | c1[nH]ncc1CN1CC2=C(NC(=NC2=0)C

837 Clc1nc([nH]c1CN1CC2=C(NC(=NC2= (C)c)ccel
O)c2cce(Cl)cec2)CCL)CCCC geg | CIC=1c2cc(F)ecc20CC=1CN1CCe2ne(

838 s1c(cncIN)CN1CC2=C(NC(=NC2=0)c ncc2C1l)-clccnccl
2cnenc2)CCl O=[N+]([O-])c1cc([N+](=O)[O-

g39 | 0162cc(0C)ccc2CIC@HI(0)CIetoc(N | | 8% | eccinceciceNm2+jcct
+](=0)[O-])cccl 867 | S(C)c1nc2CCN(Cc2¢cn1)Cclocenl
ClC=1c2cc(Cl)ccc20C(=0)C=1CN1CC 868 | Clcincnc2nc([nH]c12)-clscecl

840 é=ccl(NC(=NC2=0)02CCC(002)C(F)(F)F) 869 | FC(F)(F)cleec(cel)C1=NC(=0)C2=C(

N1)CCN(C2)CclcnccclC

gap | FC(F)(F)clee(ceel)CNC(=0)C(=Celee g70 | [NH+]L(CCc2nc(ncc2Cl)-
I(ZCE:)(CF(;?I):C)gi)ccczf(Nccl) clcecnecl)Celen[nHlcl

842 | c1nc2CC[NH+](Cc2cn1)Celc2cc(OC)e 871 E%lfc(C)C(CCl)C[NH+]1C[C@@H](O)C
ce2n(c1)C [Si](C(C)C)(C(C)C)(C(C)C)cloc(cnl)C

843 | OC1CCC[NH+](C1)Cclcccc(C)clC 872 | N1CCe2nc(nce2CI)N
S(cloc(cc1)CN1CCc2nc(ncc2C1)C1=N O=C1N=C(NC2=C1CN(CC2)Cc1[nH]c(

844 CCCC1)cl]nH]c2cc(cce2nl)C 873 cn1)C)N
slcnce(- i = = i

845 chccf:cZ)ch[NH+]1CCcch(nchC1) 874 E;S)Igg):ngCICC\C crasieeenen
ciccccecel =

846 | Clclcc(C)c(OC2C[NH2+]C2)ccl 875 (F;%lééclmm1CC02nC(nCC201)C1 N
Brclcee(cel)- 876 | Clclncnc(c1)-clccc(OC(F)(F)F)ccl

847 cloC(thélécliNlCCbC(NC(=NCZ=0)020 g77 | S1ccc(C)cLCINH+]1CC2=C(NC(=NC2=
ncnc 0)C(C)(C)C)CC1

gag | SEO)(=0)(C)CL=NC(=0)C2=C(N1)CC g7g | S(C)C1=NC(=0)C2=C(N1)CC[NH+](C2

N(C2)CclccenclOCCl1CCl

)Cclcc(n(clC)-clceceecl)C
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Brclcc(F)c(OC2CN(C2)C(OC(C)(C)C)=

[NH+]1(CCc2nc(ncc2C1)N)Cclc2c(n(c

879 O)ccl 900 1)CC=C)cccc2
FC(F)(F)Oclccc(ccl)- 901 O(\N=C/1\Cc2c(CC\1[NH3+])cccc2)CC
880 | clncc(ccl)C[NH+]1CCc2nc(ncc2Cl)- CCclcccccl
clccencl 902 FC(F)(F)clccc(ccl)C1=NC(=0)C2=C(
881 Fclcc(CN2CCc3nc(ncc3C2)C(C)(C)C) N1)CCN(C2)Cclnc2c(ccl)ccec20
c(OC)ncl 903 | O=CIN=C(NC2=C1CN(CC2)CclnH]c(
S(=0)(=0)([O- [nH+]c1)C)C1CC1
882 | ])cloc(ccl)CN1CC2=C(NC(=NC2=0)C 904 S(=0)(=0)(C)c1lnc2CCN(Cc2cnl)CC=1
2CCCcCcC2)cc1 COc2c¢(C=1)ccec?2
O(C)clc2[C@H]3C=4C5=NC(C=4[C@ 905 S=C1NC(=0)C2=C(N1)CC[NH+](C2)C
@H](c2c(0OC)ccl)CCI)=Ccl[nH]c(C=c clc(n(nclC)C)C
2[nH]c(=CC3=NC(C=4[C@H]6c7c([C@ 906 O=C1N=C(NC2=C1CN(CC2)Cclnc2c(
883 | @H](C3=4)CCB6)c(OC)ccc70C)=C5)c3| n1CCC)cccc2)C(C)C
C@H]4c5¢([C@H](CC4)c23)c(OC)ceed 907 | INH+]1(CCc2nc(ncc2C1)C1CCCCCL)C
OC)c2[C@H]3c4c([C@H](CC3)c12)c(O clnc2ncccc2ccl
C)ccc40C 908 | OCIC@HI(C[C@H](INH3+])C(=O)[O-
884 S(C)c1nc2CC[NH+](Cc2cnl)Ccl[nH]c2 ))C(=0)[0]
c(cl)eeee2 909 | S1C(CINH+]2CCc3nc(nce3C2)-
Fclcce(ccl)-clc(- c2ccc(N)cc2)c(nclC)-clececcl
ggs | c2ccc(Flee2)e(n(C(C)C)clCClC@@H)( 910 | S1c(ccclC[NH+]1CC2=C(NC(=NC2=0)
O)C[C@@H](O)CC(=0)[O- c2cnenc2)CC1)-cleeeccclOC
))C(=O)Nclcccecl 911 | O=CIN=C(NC2=C1CN(CC2)Cclcn(nc
gap | Clelcee(cel)C1=NC(=0)C2=C(N1)CC] 1-clcenecl)-clececc)N
NH+](C2)CC=1C2CC(CC=1)C2(C)C 912 | [NHI1c(C)e(nc1CN1CCe2ne(nce2C1)C
ga7 | FC(F)(F)clec(IN+](=0)[O- 1=Ncccc1c
])c(NCc2ccccc2C)ccl olccecl-
Fclec\2c(NC(=0)/C/2=C\c2[nH]c(C)c(C | | 913 c1nc2CC[NH+](Cc2cn1)Cclnc[nH]c1C
888 | (=O)N[C@H]3CCN(N(C)C)C34C(=0)C 914 | Clclcecc(C[NH+]2CC(O)CCC2)c1F
4=0)c2C)ccl 915 | [NH+]1(CCc2nc(ncc2C1)N)Cclenencl
O=C1Nc2cc(\N=C/3\N=C(N4NC=C(CC Oc1c(CN2CC3=C(NC(=NC3=0)C3CC
889 | CC1)C4=N\3)Nclcc(ceel)C(=0)N(CC] 916 | ccea)cc2)c(enclC)co
NH+](C)C)C)ccc2 O=[N+]([O-
O=C([O- 917 ])clcc(cccINCCCI1CCINH2+]CC1)CH#N
890 | ))[C@@H]1CCC[NH+](C1)Cclcee(ccl) S(CC)clece(cel)-
C 918 | clnce(ccl)CN1CC2=C(NC(=NC2=0)c2
891 Fclcc2[nH]cc(c2ccl)CINH+]1CCe2nc( ccnee2)CCl
ncc2C1)-clccencl Clclccc(cel)-
ggp | Clelnc(ceel)C(=0)NCelec(IN+(=O)[O | | 919 | c1nc2CC[NH+](Cc2en1)Celen[nH]cl-
-Jeccl cleccc(OC)ccl
893 FC(F)(F)clnc2CC[NH+](Cc2cnl)Cclc2 Fclnce(ccl)CN1CC2=C(NC(=NC2=0)
c(n(c1)CC=C)cccc? 920 cce)ccl
gga | nicnc2n(nc(c2cIN)- 921 | FC(F)(F)elece(cel)-
clcc2e(cel)cccc2)CC c1nc2CC[NH+](Cc2cn1)Cclen(nclC)C
Clelcee(cel)- Fclcec(cel)-
895 | c1nc2CC[NH+](Cc2cnl)Cclc2c(nccl)c c1nc(C(=0)N([C@@H](C)c2ccece2)C)
coc2 922 | c(n1cclc@@HI(0)CIC@@HI(0)CC(=
896 Fclc(ccecclO[C@H]LC[C@H](NC1)C( 0)[0-])C(C)C
OC)=0)C(F)(F)F Clclce(ceclCly-
gg7 | BrelenccclCINH+]1CCe2ne(ncc2Cl)- 923 | clncc(ccl)CINH+]1CCc2nc(ncc2C1)C
clcee(Clhecl cC
898 01c2c(OCC1(OC)C=1NCCN=1)cccc2- 924 S(=0)(=0)(C)C1=NC(=0)C2=C(N1)CC
clcccecl N(C2)Cclcec(F)ncl
ggg | SEEO)(E0)(C)C1=NC(=0)C2=C(N1)CC gp5 | Feleccecl[C@HI(IC@@H](INH+](C)C)

N(C2)Cclc(cc(OC)ccl0C)C

C1CCCCC1)CCINH+]1CCN(CC1)clee

347




ccclOC

S=C1NC(=0)C2=C(N1)CC[NH+](C2)C

S(CC[C@H](NC(=0)[C@@H](NC(=O)]
C@@H](NC(=0)[C@@H](NC(=0)[C@

926 | c10c(cel)C 055 | @HIINH3+)CS)CCCINHH=C(NIN)[C

927 Clclccc(ccl)- @H](CC)C)CCC[NH+]=C(N)N)C(=O)N][
clsc(cn1)CN1CCc2nc(ncc2C1)C C@H](C(=O)NC(C(=O)NCC(=O)N[C@
slccecl- H](C(=0)[O-])CS)C)CO)C

928 | c1nn(cc1C[NH+]1CCc2nc(ncc2C1)C(F) 953 01c(C)c(cc1CN1CCc2nc(ncc2C1)C(C)(
(F)F)-clcceccl c)C)C

929 O=C1N=C(NC2=C1CN(CC2)Ccln[nH] 954 Clclcec(cclF)C[NH+]1CC(CCC1)C(=0
c(c1)C)cleece(N)ccl )[O-]

930 S=C1NC(=0)C2=C(N1)CC[NH+](C2)C 955 S(C)c1lnc2CC[NH+](Cc2cn1)CclnH]c(
cln(nc(cl)C)C cclC)C

931 [nH]1c2cc(ccc2ecl)- 956 S=C1NC(=0)C2=C(N1)CC[NH+](C2)C
clnn(c2ncnc(N)c12)C clcce(ncl)-clececcclC(F)(F)F
Fclccc(F)ccININ=C(C(=0O)C)C(C1)(C 957 0lc(ccclC[NH+]1CCc2nc(ncc2Cl)-

932 | CCN1[C@H]2C[C@H](OC2)C1)clcecc clccencl)-clec([N+](=0)[O-])cecl
cl FC(F)(F)Oclcc(cccl)-

933 FC(F)(F)clccc(ccl)- 958 | clncc(ccl)C[NH+]1CCc2nc(ncc2Cl)Cl
¢1nc2CCN(Cc2cnl)CclccecnclOC =NCCCC1

934 | Clclcc(cnclOC)B(0)O 959 slcccclC1=NC(=0)C2=C(N1)CCN(C2)
Fclcec(F)cc1C1=NN(C(=O)NCC)C(C1) Cclnc(scl)C

935 (CCCCO)clccececl 960 Clclcccc(F)cC1CNIC[C@H](INH3+]))CC
Clclcec(Cl)ecl- 1

936 | cloc(ccl)C[NH+]1CCc2nc(ncc2Cl)- 961 | Brclcenc(Cl)nc1Nclcec(OC)ccl
clcnencl nlc2c(cc(cc2)-
Clclcncc(Cl)c1C[NH+]1CCc2nc(ncc2C 962 c2nn(c3ncnc(N)c23)C(C)C)ccclN

937 | heeye 063 | Brelce2c(OC(=0)C(CN3CCednc(need
slccecl- C3)CCC)=C2ClI)ccl

938 | c1[nH]nccl1C[NH+]1CCc2nc(ncc2Cl)- 964 O(C)clcc(cncl)CINH+]1CCc2nc(ncec2C
clscccl 1N

939 Brc1c2():(301C[NH+]1CCc3nc(nccSC1) 965 g)(clncg)cglc(i;\lcllccccz(;gg\ll(:(:NCZ:O)C
C1CC1l)cccec2 cncnc

940 | Clclncc(ccl)C(=0)NCclccencl Clclccce(ccl)-

941 Clc1n(nc(C)c1C[NH+]1CCc2nc(ncc2Cl 966 | c1nc2CC[NH+](Cc2cnl)Cclccc(OC2C
)-clscccl)-clcceccl CCC2)ncl

942 S:)C1NC2:C(CN(CC2)Cc2ncSnccccSc 967 oéc(cccéglél\clzli;]llcCZ:(i(NC(:NCZ:O)
c2)C=N1 c2cccce -clccccc
O=C([O- 968 O(CC1CC1)cincceclCN1CCce2ne(nce

943 | NI[C@H]1CCC[NH+](C1)Cclcc([N+](=O 2C1)-clccc(N)ccl
)[O-])ccecl Fclceccecl[C@H]([C@@H](NC(=O)N(

944 O(C(C)(C)C)C(=0O)Ncinc(cecel)C(O)cl 969 | C)C)C1CCCCC1)CC[NH+]1CCN(CC1)
cccecl clccceclOC
Clclcc(ccclO0)- 970 FC(F)(F)clccc(ccl)-

945 | cloc(ccl)CN1CC2=C(NC(=NC2=0)C2 c1nc2CC[NH+](Cc2cn1)Cclncn(cl)C
CCcCcc2)cel P(OC[C@H]10[C@@H](n2c3ncnc(N)c

946 Clclnc2cc(ccc2cc1C[NH+]1CC2=C(NC 971 3nc2)[C@H](O)[C@@H]10C(=0)C/1=
(=NC2=0)CCC)CC1)C CCCC\C\1=N/C)(OP(OP(0O)(=0)[O-

947 | FC(A)(F)eleec(ce1)C1=NC(=0)C2=C( )(E=0)[O-])(=0)[O]
N1)CCN(C2)Cclcnn(CC)clC 972 S(C)C1=NC(=0)C2=C(N1)CCN(C2)Cc

948 Brclcc(sc1)CN1CCc2nc(ncc2Cl)- 1c(noclC)C
clocccl 973 O=C1N=CC=C(NCc2ncccc2)Clcl[nH]

949 | Clclnc(ncclC(C)C)C(C)C c2c(nl)c(cc(-nlcencl)c2)C

950 | Clclnc(cenl)-clcec(ccl)C(C)(C)C g74 | Brelec(scl)CN1CCe2ne(ncc2Cl)-

957 | O=CIN=C(NC2=C1CN(CC2)Cclnc(cc clcce(N)ccl
c1)-clcc([N+](=0)[O-])ccel)clceencl 975 | Felce(IN+](=0)[O-

348




1)c20C=C(CN3CCc4nc(ncc4C3)-
c3cnenc3)C(=0)c2cl

976

S(cloc(ccl)CN1CCc2nc(ncc2Cl)-
clocccl)cl[nH]c2cc(cec2nl)C

0)C=1

980

Clclccc(ccl)-
clsc(cn1)C[NH+]1CC2=C(NC(=S)N=C
2)CC1

977

Ol[C@]2(O[C@@H](CC(=C2)C)[C@
@H](\C=C\[C@@H]20[C@@]3(O[C@
@H]4[C@H](O[C@H]([C@@H](O)C[C
@H](C)[C@H]50[C@]6(0OCCCCH)CC|
C@H]5C)C(=C)[C@H]40)CC3)CC2)C)
[C@H](O)CC[C@H]1C[C@@](O)(C(=
0)[O-])C

978

slc2nccec2cc1C[NH+]1CC2=C(NC(=N
C2=0)c2ccccc2)CCl

979

Clclcc(ceecl)C=1Nc2c(cc(OC)cc2)C(=
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981

Fclccc(ccl)-
clccc(Oc2cec(C)c(\[NH+]=C\N(CC)C)cc
2C)ccl

982

Clc1nce(ccl)CNICC2=C(NC(=NC2=0)
C(F)(F)F)CC1
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Appendix K

Matlab code for cellular parameters used in T and R models for studying lysosomotropic behavior. This also is the Matlab
code of numerical solution for coupled ordinary differential equation. All explanations come after the symbol ‘%'

\O

5 The R-Model

% Clear the memory

gamma_nb

~e

% activity coefficient of neutral molecules in basolateral

clear
% Constant
T = 310.15; % temperature (37centigrade)
R = 8.314; % universal gas constant
F 96484 .56; % faraday constant
La = 0; % lipid fraction in apical compartment
Lc = 0; % lipid fraction in cytosol
Im = 0O; % lipid fraction in mitochondria
L1 = 0; % lipid fraction in lysosomes
b = 0; % lipid fraction in basolateral compartment
Wa = 1-La; % water fraction in apical compartment
We = 1-Lc; % water fraction in cytosol
Wm = 1-Lm; % water fraction in mitochondria
Wl = 1-L1; % water fraction in lysosomes
Wo = 1-Lb; % water fraction in basolateral compartment
gamma na = 1; % activity coefficient of neutral molecules in apical compartment
gamma da = 1; % activity coefficient of ionic molecules in apical compartment
gamma nc = 1.23026877; % activity coefficient of neutral molecules in cytosol
gamma_dc = 0.73799822; % activity coefficient of ionic molecules in cytosol
gamma nm = 1.23026877; % activity coefficient of neutral molecules in mitochondria
gamma _dm = 0.73799822; % activity coefficient of ionic molecules in mitochondria
gamma nl = 1.23026877; % activity coefficient of neutral molecules in lysosomes
gamma dl = 0.73799822; % activity coefficient of ionic molecules in lysosomes

1

1

gamma_db

~e

% activity coefficient of ionic molecules in basolateral
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Ca =1 ; % apical initical drug concentration (mM)

o°

areas and volumes (m"2, m”"3)
epithelium is considered as a square with the lengh of 10" (-5)m.
% mitochondria and lysosomes are considered as spheres with the diameter of 107 (-6)m

o°

Aa = 50*107~(=-10) ; % the apical membrane surface area
Aaa = 20*10"(-10) ; % the monolayer area

o°

Am = 100*3.14*10"(-12); the mitochondrial membrane surface area

Al = 100*3.14*10"(-12); % the lysosomal membrane surface area

Ab = 107 (-10); the basolateral membrane surface area

Ve = 10*%107 (-15); the cytosolic volume

Vvm = 100*5.24*10" (-19); the mitochondrial volume, 100 mitochondria
V1l = 100*5.24*10" (-19); the lysosomal volume, 100 lysosomes

Vb = 4.7*10"(=3); the volume of basolateral compartment

o° o° oo o°

o\

% Membrane potential (units in 'Voltage')

Ea = -0.0093 ; % apical membrane potential
Em = -0.15 ; % mitochondrial membrane potential
El = 0.01 ; % lysosomal membrane potential

Eb = 0.0119 ;

o

basolateral membrane potential

s pH values

pHa = 5.5 ; % pH value in apical compartment

pHc = 7.0 ; % pH value in cytosol

pHm = 8.0 ; % pH value in mitochondria

pH1 = 5.0 ; % pH value in lysosomes

pHb = 7.4 ; % pH value in basolateral compartment

DrugName, pKaall, logPnall, logbPdall, ZNall]
%s $f %f $f %f', 'commentstyle', 'matlab');

% read drug properties from files
[ textread('Molecules.txt',
]

o

5 The calculated results are saved in this file 'MoleculesR.dat'
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len = length(pKaall) ;
fidl = fopen('MoleculesR.dat', 'w');

strl = ' Name --————-————————-— pKa —----- logP n ---logP d---Cc (mM)

-Peff (cm/sec) ' ;
fprintf (£idl, '$s\n',strl) ;
% liposomal approximation for logP n and logP d
for n = 1:1en
if ( abs (ZNall(n)-1) <= 10" (-6) )
logP nlipT(n) = 0.33*logPnall(n)+2.2 ;
logP dlipT (n) 0.37*1logPdall (n)+2 ;
end
if ( abs(ZNall(n)+1l) <= 10" (-6) )
logP nlipT(n) = 0.37*logPnall(n)+2.2 ;
logP dlipT (n) 0.33*logPdall(n)+2.6 ;
end
if ( abs (ZNall (n)-0) <= 10" (=-5) )
logP nlipT (n) 0.33*1logPnall(n)+2.2 ;
logP dlipT (n) 0.33*logPdall(n)+2.2 ;
end
end

Q

% Get the first two decimals.
logP nlip = round(logP nlipT*100)/100 ;
logP dlip = round(logP dlipT*100)/100 ;

[o)

% solve differential equations

for n = 1:1len
pKa = pKaall (n);
logP n = logP nlip(n) ;
logP_d = logP dlip(n) ;
z = ZNall (n) ;
i = -sign(z) ;
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Na =
Nm =
N1 =
Nb =

Pn
Pd
Kn a
Kd a
Kn c
Kd c
Kn m
Kd m
Kn 1
Kd 1
Kn b

((z) *(Ea) *F) / (R*T) ;
((z) * (Em) *F) / (R*T) ;
((z) *(E1) *F) / (R*T) ;
((z) * (=Eb) *F) / (R*T) ;

10"~ (logP n-6.7);
10" (logP d-6.7);

= La*1.22*10" (logP d

= L1*1.22%10" (logP_d

Kd b =

fn a

fd a
fn c

fd c
fn m

fd m =

fn 1

fd 1 =
fn b =

fd b

La*1.22*10” (logP _n);

14

14

Le*1.22*107 (logP_n
Le*1.22*107 (logP_d

)
( )
( )
( ) ;

Lm*1.22*10" (logP _n);

Lm*1.22*10" (logP_d)
( )
( )
( )
( )

4

L1*1.22*10" (logP n);

4

’

Lb*1.22*10" (logP_n
Lb*1.22*10" (logP_d

14

1/ (Wa/gamma na+Kn a/gamma natWa*10” (i* (pHa-pKa))/gamma da...

+Kd a*10” (i* (pHa-pKa)) /gamma da) ;
fn a*10” (i* (pHa-pKa)) ;

1/ (Wc/gamma nc+Kn c/gamma nc+Wc*10” (1* (pHc-pKa) ) /gamma dc. ..

+Kd c*10” (i* (pHc-pKa)) /gamma dc) ;
fn c¢c*10” (i* (pHc-pKa)) ;

1/ (Wm/gamma nm+Kn m/gamma nm+Wm*10” (i* (pHm-pKa))/gamma dm. ..

+Kd m*10” (i* (pHm-pKa) ) /gamma_dm) ;
fn m*10” (1i* (pHm-pKa) ) ;

1/ (Wl/gamma nl+Kn 1/gamma nl+W1*10” (i* (pHl-pKa))/gamma dl...

+Kd 1*10” (i* (pH1-pKa)) /gamma dl);
fn 1*10" (i* (pH1-pKa));

1/ (Wo/gamma nb+Kn b/gamma nb+Wb*10” (i* (pHb-pKa)) /gamma db...

+Kd b*10" (1* (pHb-pKa)) /gamma_db) ;
fn b*10” (i* (pHb-pKa)) ;
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kll = -(Aa/Vc)*Pn*fn c- (Aa/Vc) *Pd*Na*fd c*exp (Na)/ (exp(Na)-1)...
- (Am/Vc) *Pn*fn_c- (Am/Vc) *Pd*Nm*fd c/ (exp (Nm) -1)
—(Al/VC)*Pn*fn_c—(Al/Vc)*Pd*Nl*fd_c/(exp(Nl)— )
- (Ab/Vc) *Pn*fn_c- (Ab/Vc) *Pd*Nb*fd c/ (exp (Nb)-1) ;
kl2 = (Am/Vc)*Pn*fn m+ (Am/Vc) *Pd*Nm*fd m*exp (Nm) / (exp (Nm) -1) ;
k13 = (Al/Vc)*Pn*fn 1+ (A1l/Vc) *Pd*N1*fd l*exp (N1)/ (exp(N1)-1) ;
k14 = (Ab/Vc)*Pn*fn b+ (Ab/Vc) *Pd*Nb*fd b*exp (Nb) / (exp (Nb) -1) ;
S1 = (Ra/Vc)*Ca* (Pn*fn a+Pd*Na*fd a/ (exp(Na)-1)) ;
k21 = (Am/Vm)*Pn*fn_ c+ (Am/Vm) *Pd*Nm*fd c/ (exp (Nm)-1) ;
k22 = -(Am/Vm) *Pn*fn m- (Am/Vm) *Pd*Nm*fd m*exp (Nm) / (exp (Nm) -1) ;
k23 = 0 ;
k24 = 0 ;
S2 =0 ;

k31 = (Al/V1)*Pn*fn c+(Al/V1)*Pd*N1*fd c/ (exp(N1)-1) ;

k32 = 0 ;

k33 = -(Al/V1)*Pn*fn 1-(A1l/V1)*Pd*N1*fd l*exp(N1l)/(exp(N1l)-1) ;
k34 = 0 ;

S3 =0 ;

k4l = (Ab/Vb)*Pn*fn c+ (Ab/Vb) *Pd*Nb*fd c/ (exp (Nb)-1) ;

k42 = 0 ;

k43 = 0 ;

k44 = - (Ab/Vb)*Pn*fn b- (Ab/Vb) *Pd*Nb*fd b*exp (Nb)/ (exp (Nb)-1) ;
S4 = 0 ;

A = [k11, k12, k13, k14; k21, k22, k23, k24; k31, k32, k33, k34; k41, k42, k43, k441 ;

G = [S1, S2, S3, S4]1' ;

RR = [0,0,0,01" ; % initial conditions: at t = 0, Ccyto=0; Cmito=0; Clyso=0; Cbaso=0

t = 10"%6 ; the time point at which intracellular / subcellular ..
%concentrations were calculated

o°
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% Solve the system.

[V,E] = eig(d);

E = diag(E);

H = inv (V) *G;

B =V \ RR;

C =B+ H./E;

Z = —-(H./E) + exp(t * E).*C ;
Y = real(V * Z);

Y =Y';

Peff = Y (4)*Vb*10"8/ (t*Aaa*Ca) ;
NA = [pKa, logP n,

str = DrugName{n};

logP_d, Y(1),Y(2),Y(3),

Peff];

fprintf (fidl, "$s\t %12.2f %$12.2f %$12.2f %12.4f %12.4f

end

fclose (£idl) ;

% The T-Model

% Constant
T = 310.15 ;
R = 8.314 ;
F = 96484.56
Lo = 0 ;

Lc = 0 ;

Im = 0 ;

L1 =0 ;

Wo = 1-Lo ;
Wec = 1-Lc ;
Wm = 1-Lm ;
Wl = 1-1L1 ;

gamma no = 1;

4

o° o o°
o o o oo

o

Water
Water
Water

Water
% activity

o° o°

o

Temperature
Universal gas constant
Faraday constant
Lipid fraction
Lipid fraction
Lipid fraction
Lipid fraction

fraction in
fraction in
fraction in
fraction in
coefficient

$12.4f %12.4f\n',str, NA') ;

in
in

apical compartment

cytosol

in mitochondria

in lysosomes

apical compartment

cytosol

mitochondria

lysosomes

of neutral molecules out of the cells
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gamma _do = 1; % activity coefficient of ionic molecules out of the cells
gamma nc = 1.23026877; % activity coefficient of neutral molecules in cytosol

gamma _dc = 0.73799822; % activity coefficient of ionic molecules in cytosol

gamma nm = 1.23026877; % activity coefficient of neutral molecules in mitochondria
gamma dm = 0.73799822; % activity coefficient of ionic molecules in mitochondria
gamma nl = 1.23026877; % activity coefficient of neutral molecules in lysosomes

gamma dl = 0.73799822; % activity coefficient of ionic molecules in lysosomes

% areas and volumes (units in m*2 and m"3 respectively)

Ac = 3.14*10"(-10) ; % the suface area of a floating-cell, 10 um (107-5m) diameter
Ve = 5.24*10"(-16) ; the cytosolic volume

Am 30%4*pi* (1*10"(=-6)) "2 ; the mitochondrial membrane surface area

Vm = 30*(4/3)*pi* (1*10"(-6))"3 ; the mitochondrial volume

Al 20%4*pi* (0.5*10" (=-6)) "2 ; the lysosomal membrane surface area

V1 = 20*%(4/3)*pi*(0.5*10" (-6)) "3 ; the lysosomal volume, 20 lysosomes

o°

o° o o o°

% membrane potential (units in 'Voltage')

Ec = -0.06 ; % the plasma membrane potential

Em = -0.15 ; % the mitochondrial membrane potential

El = 0.01 ; % the lysosomal membrane potential

% pH values

pHo = 7.4 ; % the extracellular pH value

pHc = 7 ; % the cytosolic pH

pHm = 8 ; % the mitochondrial pH

pH1 5 % the lysosomal pH

Co =1 ; % the extracellular drug concentration, unit in mM

DrugName, pKaall, logPnall,logbPdall, ZNall] = textread('Molecules.txt',

% Read drug properties from files
[
'$s %f $f %f S$f', 'commentstyle', 'matlab');

o

5 The calculated results are saved in this file 'MoleculesT.dat'
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len = length(pKaall) ;
fidl = fopen('MoleculesT.dat', 'w');

strl = ' Name --————-————————-— pKa —----- logP n ---logP d---Cc (mM)

fprintf (£idl, "$s\n',strl) ;
% liposomal approximation for logP n and logP d
for n = 1:1en
if ( abs (ZNall(n)-1) <= 10" (-6) )
logP nlipT(n) = 0.33*logPnall(n)+2.2 ;
logP dlipT (n) 0.37*1logPdall (n)+2 ;
end
if ( abs(ZNall(n)+1l) <= 10" (-6) )
logP nlipT(n) = 0.37*logPnall(n)+2.2 ;
logP dlipT (n) 0.33*logPdall(n)+2.6 ;
end
if ( abs (zZNall(n)-0) <= 10"(-5) )
logP nlipT(n) 0.33*1logPnall (n)+2.2 ;
logP dlipT(n) = 0.33*logPdall(n)+2.2 ;
end
end

Q

% Get the first two decimals
logP nlip = round(logP nlipT*100) /100 ;
logP dlip round (logP dlipT*100) /100 ;

[o)

% solve differential equations
for n = 1:1len

pKa = pKaall (n);

logP n = logP nlip(n) ;
logP_d = logP dlip(n) ;

z = ZNall (n) ;

i = -sign(z) ;

Nc = ((z)* (Ec)*F)/

Nm = ((z)*(Em)*F)/(R*T);



85¢

N1l =

Pn =
Pd
Kn o
Kd o
Kn c
Kd c
Kn m
Kd m
Kn 1
Kd 1

fn o

(

(z) *(EL1) *F) / (R*T) ;

10" (logP n-6.7) ;
10" (logP d-6.7) ;

Lo*1.22*10” (logP_n

)
Lo*1.22*10" (logP_d) ;
Lec*1.22*10% (1logP_n)
Le*1.22*10% (logP_d)
Lm*1.22*10" (logP_n) ;
Lm*1.22*10" (logP_d) ;
L1*1.22*10" (logP_n) ;
= L1*1.22*10" (logP_d) ;

fd o =

fn c

fd ¢ =

fn m

fd m =

fn 1

fd 1

k11l

k12 =
k13
S1 =

1/ (Wo/gamma no+Kn o/gamma no+Wo*10"

+Kd o*10” (i* (pHo-pKa)) /gamma_do) ;
fn o*10” (i* (pHo-pKa)) ;

1/ (Wc/gamma nc+Kn c/gamma nc+Wc*10”

+Kd c*10” (i* (pHc-pKa)) /gamma _dc) ;
fn c*10” (i* (pHc-pKa)) ;

1/ (Wm/gamma nm+Kn m/gamma nm+Wm*10"

+Kd m*10” (i* (pHm-pKa)) /gamma dm) ;
fn m*10” (i* (pHm-pKa))

1/ (Wl/gamma nl+Kn 1/gamma nl+W1*10"

+Kd_l*lOA(i*(le—pKa))/gamma_dl) ;
fn 1*10" (i* (pHl-pKa)) ;

(i* (pHo-pKa) ) /gamma_do. ..

(i* (pHc-pKa) ) /gamma dc. ..

(i* (pHm-pKa) ) /gamma dm. ..

(i* (pH1-pKa)) /gamma dl...

- (Ac/Vc) *Pn*fn c- (Ac/Vc) *Pd*Nc*fd c*exp (Nc)/ (exp (Nc)-1) ...

- (Am/Vc) *Pn*fn c- (Am/Vc) *Pd*Nm*fd c/ (exp (Nm)-1) ...
- (Al/Vc) *Pn*fn c- (Al/Vc) *Pd*N1*fd c/ (exp(N1l)-1);

(Am/Vc) *Pn*fn_m+ (Am/Vc) *Pd*Nm*fd m*exp (Nm) / (exp (Nm) -1) ;
/

(Al/Vc)*Pn*fn 1+ (Al/Vc) *Pd*N1*fd l*exp (N1)

(exp (N1)-1) ;

(AC/VC)*CO*(Pn*fn_o+Pd*Nc*fd_o/(exp(Nc)—l)) ;
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end

k21 = (Am/Vm)*Pn*fn_ c+ (Am/Vm) *Pd*Nm*fd c/ (exp (Nm)-1) ;
k22

k23 = 0 ;

S2 =0 ;

k31 = (Al1/V1)*Pn*fn c+(A1l/V1)*Pd*N1*fd c/ (exp(N1l)-1) ;

k32 = 0 ;

k33 = -(Al/V1)*Pn*fn 1-(A1/V1)*Pd*N1*fd l*exp(N1l)/ (exp(N1l)-1)
S3 = 0;

A = [k1l1l, k12, k13; k21, k22, k23; k31, k32, k33];
[S1, S2, S3]1' ;

RR = [0,0,0]" ;

t = 1000000 ;

()]
|

=

E] = eig(a) ;

diag(E) ;

inv (V) *G ;

V. \ RR ;

B + H./E ;

-(H./E) + exp(t * E).*C ;
real (V. * Z) ;

Yr

NA = [pKa, logP n, logP d, Y] ;

KKNQWmTZTH—
Il

str = DrugName{n};

fprintf (fidl, "$s\t %12.2f %$12.2f %12.2f %12.4f %12.4f %12.4f\n',str,

fclose (£idl) ;

- (Am/Vm) *Pn*fn m- (Am/Vm) *Pd*Nm*fd m*exp (Nm) / (exp (Nm) -1)

4

14

NA'")

4
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Appendix L

MATLAB® code and R code for the Monte Carlos simulation of phospholipidosis effect on chloroquine
intracellular accumulation. To simulate CQ uptake in MDCK cells with the assumption of lysosomal swelling and CQ
binding to cellular lipid fractions, save Code_S1 and Code_S2 as .m files. To simulate CQ uptake in without binding, in
Code_S1, use logPpg1,42 instead of l0gPn 41,42 cen in calculated sorption coefficients (Kng1,42) in each compartment. To
simulate CQ uptake without volume expansion, in Code_S2, substitute A _slope_Gr and V_slope_Gr (rate of change in
lysosomal area or volume) to an array of 0s. MATLAB® R2009b was used to code the programs; higher versions
MATLAB® should be able to run the files. Code_S3.txt was copied into R 2.8.1 program to plot Monte Carlos simulation of
CQ uptake. To generate green or blue histograms when simulating uptake without binding or swelling, substitute code
‘col="black"”or “col="white"” t0 “col="green"” or “col="blue"” in the “hist” and “lines” command.

1) Code _S1.m

The following section is to simulate the intracellular

concentration of CQ in MDCK cells with volume expansion in acidic
compartment and binding of CQ to cellular membrane structures.
Smiles: CCN(CC)CCCC(C)NC1=C2C=CC (=CC2=NC=C1)C1l.0P(=0) (0)0.0P(=0) (0)O0
MDCK cells on 24well plates, 2cm”™2 bottom, assuming 60*1074 cell/well

o° o o o©

o

o)

% Clear the memory
clear
clc

global V_ 1 initial A 1 initial V c initial A a Vm A mV a i
global Pn Pdl Pd2

global Ndl a Ndl m Ndl 1 Nd2 a Nd2 m Nd2 1

global fn a fn ¢ fn 1 fn m

global fdl a fdl ¢ fdl 1 fdl m

global fd2 a fd2 ¢ fd2 1 fd2 m

% Constant
T = 310.15 ; % temperature
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R = 8.314 ; % Universal gas constant

F = 96484.56 ; % Faraday constant

% Group conditions: 1-4, CQ treatments (25, 50, 100, 200 uM); 5-8, CQ/Suc.

% treatments (25, 50, 100, 200 uM); and 9-12, CQ/Baf. treatments (25, 50,

% 100, 200 uM).

C aGr = [0.025, 0.050, 0.100, 0.200, 0.025, 0.050, 0.100, 0.200, 0.025,...
0.050, 0.100, 0.20071 ; % Apical initial drug concentration (mM)

V cGr a = [1452, 1752, 1lele, 1314, 2761, 2572, 2391, 2630, 1491, 1437,...
1512, 16081 ; % cell volume, lower bound (um”3)

V cGr b = [1874, 1922, 2042, 1916, 3250, 3535, 3516, 3904, 1989, 1961, ...
2022, 1945] ; % cell volume, upper bound (um”3)

pH 1Gr a = [4.88, 5.22, 5.45, 5.20, 5.51, 5.73, 6.09, 6.25, 5.26, 5.05,...
5.64, 5.48] ; % pH in lysosome, lower bound

pH 1Gr b = [5.84, 5.80, 6.17, 6.76, 6.31, 6.43, 6.81, 7.21, 5.84, 6.33,...
6.12, 7.04] ; % pH in lysosome, upper bound

PH cGr a = [7.29, 7.34, 7.28, 7.27, 7.34, 7.34, 7.34, 7.32, 7.33, 7.32,...
7.29, 7.10]1 ; % cytosolic pH, lower bound

pH cGr b = [7.43, 7.38, 7.42, 7.33, 7.40, 7.38, 7.40, 7.38, 7.43, 7.38,...
7.39, 7.241 ; % cytosolic pH, upper bound

A 1 initial Gr a = [111.5, 111.5, 111.5, 111.5, 517.5, 517.5, 517.5,...
517.5, 111.5, 111.5, 111.5, 111.5] ;
% initial lysosomal membrane area, lower bound

A 1 initial Gr b = [335.0, 335.0, 335.0, 335.0, 899.7, 899.7, 899.7,...
899.7, 335.0, 335.0, 335.0, 335.0]1 ;
% initial lysosomal membrane area, upper bound

V 1 initial Gr a = [8.8, 8.8, 8.8, 8.8, 54.9, 54.9, 54.9, 54.9, 8.8,...
8.8, 8.8, 8.8] ; % initial lysosomal volume, lower bound

V 1 initial Gr b = [32.4, 32.4, 32.4, 32.4, 128.0, 128.0, 128.0, 128.0,...
32.4, 32.4, 32.4, 32.4] ; % initial lysosomal volume, upper bound

rand('seed',2010);
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for 1 = 1:1:12
for round = 1:1:10000

C a = C aGr(i); $ extracellular concentration
cellNo = (50+20*rand())*10"4; % cell number per well

% Drug information -- ChemAxon calculation including logPn, pKal, and pKaZ2
pKal = 9.96+0.25-0.5*rand() ; % higher pKa

pKaz2 = 7.47+0.25-0.5*rand() ; % lower pKa

z1l =1 ; % electric charge

z2 = 2 ; % electric charge

il = sign(zl) ;

i2 = sign(z2) ;

logPn = 3.9340.25-0.5*rand() ;

% logarithm of octanol/water partition coefficient for neutral species
logkPdl = 0.43+0.25-0.5*rand() ;

% logarithm of octanol/water partition coefficient for +1 ion species
logkPd2 = -0.91+40.25-0.5*rand () ;

Q

% logarithm of octanol/water partition coefficient for +2 ion species

logPn cell = 1.70+rand()*(1.83-1.70) ;
logkPdl cell = 1.70+rand()*(1.83-1.70) ;
logkPd2 cell = 1.70+rand()*(1.83-1.70) ;
% logarithm of cellular partition coefficient for all three species

o°

Pn = 10" (logPn-6.7) ; membrane permeability for neutral species
Pdl = 10" (logPdl-6.7) ; membrane permeability for +1 ion species
Pd2 = 10" (logPd2-6.7) ; % membrane permeability for +2 ion species

o°

% pH values

pH a = 7.4+0.1*rand() ; % pH in apical compartment
PH ¢ = pH cGr a(i)+(pH cGr b(i)-pH cGr a(i))*rand() ; % pH in cytosol
pH 1 = pH 1Gr a(i)+(pH 1Gr b(i)-pH 1Gr a(i))*rand() ; % pH in lysosomes

pH m = 8.0; % pH in mitochondria
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o\

lipid fractions

L 1 =0.025+0.05*rand() ; % lipid fraction in lysosomes
Lc=20.05; % lipid fraction in cytosol
L m=20.05; % lipid fraction in mitochondria
$ Areas and volumes (units in m”2 and m"3)
A a = 100*10~(-10) - % apical membrane surface area
A 1 initial = 107(-12)*(A 1 initial Gr a(i)+(A 1 initial Gr b(i)...

-A 1 initial Gr a(i))*rand()) ; % lysosomal membrane surface area
A m = 250*%7.85*10"(-13) ; % mitochondrial membrane surface area
V. a = 0.5*%10"(-6) /cellNo ; % extracellular drug solution volume
V ¢ dinitial = 107 (-18)*(V_cGr a(i)+(V_cGr b(i)-V _cGr a(i))*rand()) ;

% initial cytosolic volume
V 1 initial = 107(-18)*(V_1 initial Gr a(i)+(V_1 initial Gr b(i)...

-V 1 initial Gr a(i))*rand()) ; % lysosomal volume
V. m = 250*6.55*10" (-20); % mitochondrial volume

o

Membrane potential (units in 'Voltage')

E a =-0.009 ; % membrane potential of apical membrane
E 1 = +0.01-0.005+0.01*rand() ; % membrane potential of lysosomal membrane
Em= -0.16 ; % membrane potential of mitochondrial membrane

% Apical Compartment

fn a = l/(l+lOA(il*(pKal—pH_a))+1OA(il*(pKal—pH_a)+i2*(pKaZ—pH_a))) ;
ratio of the activity of neutral species and

total molecular concentration in apical compartment
fd2 a = fn a*10"(il* (pKal-pH a)+i2* (pKa2-pH a)) ;

% ratio of the activity of +1 ion species and

% total molecular concentration in apical compartment
fdl a = fn a*10” (il* (pKal-pH a)) ;

% ratio of the activity of +2 ion species and

% total molecular concentration in apical compartment
Nd2 a = z2*E a*F/(R*T) ;

o\

o°
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Ndl a = z1*E a*F/(R*T) ;

% Cytoplasm
Wc=1-L c ; % water fraction in cytosol
; ionic strength in cytosol (mol)
107 (0.3*Is c)
% activity coefficient of neutral molecules in cytosol
1OA(—O.5*zl*zl*(sqrt(Is_c)/(1+sqrt(Is_c))—O.B*IS_C)) ;

o)

% activity coefficient of monovalent base in cytosol
1OA(—O.5*22*22*(sqrt(Is_c)/(1+sqrt(Is_c))—O.B*IS_C)) ;

% activity coefficient of bivalent base in cytosol
Kn ¢ = L ¢c*1.22*10" (logPn_cell) ;
% sorption coefficient for neutral species in cytosol
L ¢c*1.22*%10" (logkPdl cell) ;
% sorption coefficient for +1 ion species in cytosol
Kd2 ¢ = L ¢c*1.22*10" (logkPd2 cell) ;

o)

% sorption coefficient for +2 ion species in cytosol
an c = l/(1+1OA(il*(pKal—pH_c))+1OA(il*(pKal—pH_c)+iZ*(pKaZ—pH_c))) ;

o)

% activity of neutral species in cytosol
an_c*10” (i1* (pKal-pH c)+i2* (pKa2-pH c)) ;

% activity of +1 ion species in cytosol
adl ¢ = an_c*10"(il* (pKal-pH c)) ;

o)

% activity of +2 ion species in cytosol

o°

gammadl c

gammad2 c

Kdl c

ad2 c

Dd2 ¢ = ad2 c/an c ;

Ddl ¢ = adl c/an c ;

fn ¢ = 1/(W _c/gamman c+Kn c/gamman c+Dd2 c*W c/gammad2 c...
+Dd2 c*Kd2 c/gammad2 c+Ddl c*W c/gammadl c+Ddl c*Kdl c/gammadl c) ;

% ratio of the activity of neutral species and

% total molecular concentration in cytosol

fd2 ¢ = fn c*Dd2 c ;

% ratio of the activity of +1 ion species and

% total molecular concentration in cytosol

fdl ¢ = fn c*Ddl c ;

% ratio of the activity of +2 ion species and
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o\

total molecular concentration in cytosol

Mitochondria
'm = 1-L m ; water fraction in mitochondria
Ism=0.3; ionic strength in mitochondria (mol)
Nd2 m = z2*E m*F/(R*T) ;
Ndl m = z1*E m*F/ (R*T)
gamman m = 107(0.3*Is m) ;
% activity coefficient of neutral molecules in mitochondria
10" (-0.5*%z1*z1* (sqrt(Is m)/ (l+sqrt(Is m))-0.3*Is m)) ;
% activity coefficient of +1 ion molecules in mitochondria
10" (-0.5%z2*%z2* (sqrt (Is_m)/ (1+sgrt(Is m))-0.3*Is m)) ;
% activity coefficient of +2 ion molecules in mitochondria
Kn m = L m*1.22*10" (logPn cell) ;
% sorption coefficient for neutral species in mitochondria
Kdl m = L m*1.22*10" (logPdl cell) ;
% sorption coefficient for +1 ion species in mitochondria
L m*1.22*10" (logkPd2 cell) ;
% sorption coefficient for +2 ion species in mitochondria
an m = 1/(1+410" (i1* (pKal-pH m))+10" (i1* (pKal-pH m)+i2* (pKa2-pH m))) ;
% activity of neutral species in mitochondria
ad2 m = an m*10”(il* (pKal-pH m)+i2* (pKa2-pH m)) ;
% activity of +1 ion species in mitochondria
(

=) oo

oo

o\°

4

gammadl m

gammad2 m

Kd2 m

adl m an m*10” (il* (pKal-pH m)) ;
activity of +2 ion species in mitochondria
Dd2 m = ad2 m/an m ;
DAl m adl m/an m ;
fn m = 1/(W m/gamman m+Kn m/gamman m+Dd2 m*W m/gammad2 m. ..
+Dd2 m*Kd2 m/gammad2 m+Ddl m*W m/gammadl m+Ddl m*Kdl m/gammadl m ) ;
% ratio of the activity of neutral species and
total molecular concentration in mitochondria
fd2 m = fn m*Dd2 m ;
% ratio of the activity of +1 ion species and
% total molecular concentration in mitochondria

o
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fdl m = fn m*Ddl m ;
% ratio of the activity of +2 ion species and
% total molecular concentration in mitochondria

% lysosomes

Wil-=1-L 1 ; % water fraction in lysosomes

Is 1 =0.2 + 0.2 * rand() ; % ionic strength in lysosomes (mol)
Nd2 1 = z2*E 1*F/(R*T) ;

Ndl 1 = z1*E 1*F/(R*T) ;
gamman 1 = 107°(0.3*Is 1) ;

% activity coefficient of neutral molecules in lysosomes
gammadl 1 = IOA(—0.5*21*21*(sqrt(Is_l)/(1+sqrt(Is_l))—O.3*Is_l));

% activity coefficient of +1 ion molecules in lysosomes
gammad2 1 = IOA(—0.5*22*22*(sqrt(Is_l)/(1+sqrt(Is_l))—O.3*Is_l));

% activity coefficient of +2 ion molecules in lysosomes
Kn 1 =L 1*1.22*10" (logPn_cell) ;

% sorption coefficient for neutral species in lysosomes

Kdl 1 =L 1*1.22*10" (logkPdl cell) ;
% sorption coefficient for +1 ion species in lysosomes
Kd2 1 = L 1*1.22*10"(logPd2 cell) ;

% sorption coefficient for +2 ion species in lysosomes
an 1 = 1/(1410"(i1* (pKal-pH 1))+10" (il1* (pKal-pH 1)+i2* (pKa2-pH 1))) ;
% activity of neutral species in lysosomes

ad2 1 = an 1*10" (il* (pKal-pH 1)+i2* (pKa2-pH 1)) ;
% activity of +1 ion species in lysosomes
adl 1 = an 1*10" (il* (pKal-pH 1)) ;

activity of +2 ion species in lysosomes
Dd2 1 = ad2 1/an 1 ;
Ddl 1 = adl 1/an 1 ;
fn 1 = 1/(W_1/gamman 1+Kn 1/gamman 1+Dd2 1*W 1/gammad2 1...
+Dd2 1*Kd2 1/gammad2 1+Ddl 1*W 1/gammadl 1+Ddl 1*Kdl 1/gammadl 1 ) ;
% ratio of the activity of neutral species and
% total molecular concentration in lysosomes
fd2 1 = fn 1*Dd2 1 ;
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o\

ratio of the activity of +1 ion species and
total molecular concentration in lysosomes
fdl 1 = fn 1*Dd1 1 ;

% ratio of the activity of +2 ion species and
total molecular concentration in lysosomes

o\

o°

o\

Solve the differential equation system:
Given a system of linear ODE's expressed in matrix form:

o\

% Y' = AY+G with initial conditions Y(0) = [0 0 0 1 1 C al]'
time = 14400;

YO = [00011Cal';

[TI,Y] = odelbs(QCode S2,[0,time],Y0);

[a,b]=size(Y);

Mass cell Y(a,1)*(V_c initial-V 1 initial*Y(a,4))*10%12+...
(Y(a,2)*V m+Y¥(a,3)*V_1 initial*¥Y(a,4))*10"12 ;
% intracellular mass (pmol/cell)

Mass_all = Y(a,1)*(V_c initial-V_1 initial*Y(a,4))*cellNo*10"9+...
(Y(a,2)*V_m+¥(a,3)*V_1 initial*¥Y(a,4)+Y(a,6)*V_a)*cellNo*10"9 ;
% total mass (nmol)

N = [i, round, C a, Y(a,l), Y(a,2), Y(a,3), Y(a,4), Y(a,5), Y(a,6),...
Mass cell, Mass_all];

if mod(i,4)==1
fid = fopen('Monte25.dat','a');

elseif mod(i,4)==2
fid = fopen('Monteb50.dat','a'");
elseif mod(i,4)==3

fid = fopen('MontelO0.dat','a'");
else fid = fopen('Monte200.dat','a');

end
fprintf (fid, '$+12.0f $+12.0f %+12.2f $+12.6f %$+12.6f $+12.6f $+12.6f $+12.6f %+12.6f $+12.6f $+12.
6f\n', N);

fclose (fid) ;
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clear Y TI;

end
end

2) Code_S2.

o\

The following section 1is the function called by Code Sl.m to simulate
intracellular concentration of CQ in MDCK cells with volume expansion in
acidic compartment and binding of CQ to cellular membrane structures.

o\

o\

function [dCR] = Code S2(t,CR)

global V 1 initial A 1 initial V ¢ initial A a Vm A mV a i
global Pn Pdl Pd2

global Ndl a Ndl m Ndl 1 Nd2 a Nd2 m Nd2 1

global fn a fn ¢ fn 1 fn m

global fdl a fdl ¢ fdl 1 fdl m

global fd2 a fd2 ¢ fdZ2 1 fd2 m

o

Solve the differential equation system for each drug:
Given a system of linear ODE's expressed in matrix form:
Y' = AY+G with initial conditions Y(0) = [0 0 0 1 1 C a]'

o

o

A slope Gr = [237.75, 464.69, 246.37, 161.42, 339.03, 549.90, 624.23,...
206.23, 0.00, 0.00, 0.00, 0.00] ; % rate of change in lyso surface area

V _slope Gr = [68.77, 106.88, 66.07, 45.08, 121.37, 227.24, 266.29,...
127.33, 0.00, 0.00, 0.00, 0.00] ; % rate of change in lyso volume

V_slope base = [20.6, 20.6, 20.6, 20.6, 91.42, 91.42, 91.42, 91.42,...
20.6, 20.6, 20.6, 20.6] ; % initial lysosomal volume (um”3)

A slope base = [223.26, 223.26, 223.26, 223.26, 708.61, 708.61, 708.61,...
708.601, 223.26, 223.26, 223.26, 223.26] ;

Q.

% initial lysosomal surface area (um”2)
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1)

-1)

V. 1 =V 1 initial*CR(4) ;
A 1 =A 1 initial*CR(5) ;
V ¢ =V c initial-v_ 1 ;
kll = -(A _a/V_c)*Pn*fn c...
-(A_a/V_c)*Pdl*Ndl a*fdl c*exp(Ndl a)/(exp(Ndl a)-1)...
-(A_ a/V c) *Pd2*Nd2 a*fd2 c*exp(Nd2 a)/(exp(Nd2 a)-1)...
-(A m/V _c)*Pn*fn c- (A m/V c) *Pd1*Ndl m*fdl c/(exp(Ndl m)-1)...
-(A m/V _c)*Pd2*Nd2 m*fd2 c/(exp(Nd2 m)-1)...
-(A 1/V c)*Pn*fn c-(A 1/V c)*Pdl*Ndl 1*fdl c/(exp(Ndl 1)-1)...
- (A l/V c) *Pd2*Nd2 1*fd2 C/(exp(NdZ 1)-1) ;
kl2 = (A m/V_c)*Pn*fn m+(A m/V_c) *Pd1*Ndl m*fdl m*exp (Ndl m)/.
(exp (Nd1l m)-1)+ (A m/V_c)*Pd2*Nd2_: m*£d2 _m*exp (Nd2 m) / (exp (Nd2 m) -
k13 = (A_l/V_c) Pn*fn 1+ (A l/V C)*Pdl*Ndl 1*fdl l*exp (Nd1l 1) /.
(exp(Nd1l 1)-1)+(A_ l/V c) *Pd2*Nd2 1*£d2 _1l*exp (Nd2 l)/(exp(NdZ_l)
kl6 = (A a/V_c)*Pn *fn_a+(A_a/V_c)*Pd1*Nd1 a*fdl a/.
(exp (Nd1l a)-1)+ (A_a/V_c)*Pd2*Nd2_a*fd2_a/(exp(NdZ_a)—l) ;
k21 = (A m/V m)*Pn*fn c+(A m/V m)*Pdl1*Ndl m*fdl c/(exp(Ndl m)-1)..
+(A m/V _m) *Pd2*Nd2 m*£fd2 c/(exp(Nd2 ~m)-1) ;
k22 = -(A m/V_m)*Pn*fn m- (A_m/V_m)*Pdl*Ndl_m*fdl_m*exp(Ndl_m)/..

(exp(Ndl m)-1)-(A m/V m)*Pd2*Nd2 m*fd2 m*exp (Nd2 m) / (exp (Nd2 m)

S4 = V _slope Gr(i)/V_slope base (i) /3600 ;
S5 = A slope Gr(i)/A slope base (i) /3600 ;

k31 = (A _1/V_1)*Pn*fn_c+(A 1/V_1)*Pd1*Ndl 1*fdl c/(exp(Ndl 1)-1)...
+(A_l/V_l)*Pd2*Nd2 1*£d2 C/(exp(NdZ 1)-1) ;
k33 = —(A_l/V_l)*Pn*fn 1-(A l/V 1) *Pd1*Ndl 1*fdl l*exp (Ndl 1) /.
(exp (Nd1 1)-1)-(A_ l/V 1) *Pd2*Nd2 1*fd2 l*exp (Nd2 l)/(exp(Nd2_l)
-S4/CR(4) ;
k6l = (A a/V_a)*Pn*fn c+(A a/V_a)*Pdl*Ndl a*fdl c*exp(Ndl a).

/(exp(Ndl_a)—l)+(A_a/V_a)*Pd2*Nd2_a*fd2_c*e§p(Nd2_a)/Texp(NdZ_a)

-1)

-1)

-1)...

.
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k66 = - (A _a/V_a)*Pn*fn a-(A a/V_a)*Pdl*Ndl a*fdl a/...
(exp(Ndl a)-1)-(A a/V_a)*Pd2*Nd2 a*fd2 a/(exp(Nd2 a)-1) ;

$ CR = [0,0,0,1,1, C al;

dCR (1) = k11*CR(1)+k12*CR(2)+kl13*CR(3)+ k16*CR(6) ;
dCR(2) = k21*CR(1)+k22*CR(2) ;

dCR(3) = k31*CR(1)+k33*CR(3);

dCR (4) = S4;

dCR (5) = S5;

dCR(6) = k61*CR(1)+k66*CR(06) ;

dCR = [dCR(1l),dCR(2),dCR(3),dCR(4),dCR(5), dCR(6)]"' ;
end

3) Code_S3.txt

#---Remove extra top margin:

par (mar=c(3,3,1,1)) # Trim margin around plot [b,1,t, r]

par (tcl=0.35) # Switch tick marks to insides of axes

par (mgp=c(1.5,0.2,0)) # Set margin lines; default c(3,1,0) [title,labels,line]
par (xaxs="r",yaxs="r") # Extend axis limits by 4% ("i" does no extension)
par (lwd=1)
par (mfrow=c (4, 3))

## 25uM

IntraMass exp= 0.0052
IntraMass exp std = 0.0015
IntraMass expS = 0.0062
IntraMass exp stdS = 0.001
IntraMass expB = 0.0020
IntraMass exp stdB = 0.0014



ILE

file <- "Monte25.dat"
Data <- read.table(file, header=F)

Data.IntraMass <- log(Data[1:10000,10], base=10)
Data.IntraMassS <- log(Data[10001:20000,10], base=10)
Data.IntraMassB <- log(Data[20001:30000,10], base=10)

Histo <- hist (Data.IntraMass, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="", xlim=c(-4,-1),
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (Histo$mids, Histo$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass_ exp), col="red", lty=1l, 1lwd=3)

abline (v=1ogl0 (IntraMass exp+IntraMass exp std), col="red", lty=2, lwd=3)

abline (v=1logl0O (IntraMass exp-IntraMass exp std), col="red", lty=2, 1lwd=3)

Histo <- hist (Data.IntraMassS, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="", xlim=c(-4,-1),
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (Histo$mids, Histo$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass expS), col="red", lty=1, lwd=3)

abline (v=10gl0 (IntraMass_ expS+IntraMass exp stdS), col="red", lty=2, lwd=3)

abline (v=10gl0 (IntraMass expS-IntraMass exp stdS), col="red", lty=2, lwd=3)

Histo <- hist(Data.IntraMassB, freg=T, breaks=c(-125:0)/25, axes=TRUE, main="", xlim=c(-4,-1),
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)
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axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (Histo$mids, HistoS$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass expB), col="red", lty=1, lwd=3)
abline (v=1ogl0 (IntraMass expB+IntraMass exp stdB), col="red",
abline (v=1ogl0 (IntraMass expB-IntraMass exp stdB), col="red",

1lwd=3)
lwd=3)

lty=2,
lty=2,

## 50uM

IntraMass exp= 0.0108
IntraMass exp std = 0.0004
IntraMass expS = 0.0170
IntraMass exp stdS = 0.0044
IntraMass expB= 0.0034
IntraMass exp stdB = 0.0012

file <- "Monte50.dat"
Data <- read.table(file, header=F)

Data.IntraMass <- log(Data[1:10000,10],
Data.IntraMassS <- log(Data[10001:20001,10],
Data.IntraMassB <- log(Data[20001:30000,10],

base=10)
base=10)
base=10)
Histo <- hist (Data.IntraMass, breaks=c(-125:0) /25,
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (HistoSmids, HistoS$counts, lwd=4.5, col="black")
abline (v=10gl0 (IntraMass_exp), col="red", lty=1l, 1lwd=3)
abline (v=10gl0 (IntraMass_ exp+IntraMass exp std), col="red",
abline (v=10gl0 (IntraMass_ exp-IntraMass exp std), col="red",

freg=T, axes=TRUE,

1wd=3)
1wd=3)

lty=2,
lty=2,

main="",

xlim=c(-4,-1),
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Histo <- hist (Data.IntraMassS, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="",

ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis (1, 1lwd = 4.5)

axis (2, 1lwd = 4.5)

lines (Histo$mids, HistoS$counts, lwd=4.5, col="black")

abline (v=1logl0 (IntraMass expS), col="red", lty=1l, 1lwd=3)

abline (v=1logl0 (IntraMass expS+IntraMass exp stdS), col="red", lty=2, lwd=3)
abline (v=1ogl0 (IntraMass expS-IntraMass exp stdS), col="red", lty=2, lwd=3)

Histo <- hist (Data.IntraMassB, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="",

ylim=c (0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (HistoSmids, HistoS$counts, lwd=4.5, col="black")

abline (v=1logl0 (IntraMass expB), col="red", lty=1, 1lwd=3)

abline (v=1logl0 (IntraMass expB+IntraMass exp stdB), col="red", lty=2, lwd=3)
abline (v=1logl0 (IntraMass expB-IntraMass exp stdB), col="red", lty=2, lwd=3)

#4# 100uM

IntraMass exp= 0.0153
IntraMass exp std = 0.0019
IntraMass expS = 0.0216
IntraMass exp stdS = 0.0057
IntraMass expB= 0.0048
IntraMass exp stdB = 0.0012

file <- "MontelOO.dat"
Data <- read.table(file, header=F)

xlim=c (-4,

x1lim=c (-4,

_1) ’

_1) ’
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Data.IntraMass <- log(Data[l1:10000,10], base=10)
Data.IntraMassS <- log(Data[10001:20000,10], base=10)
Data.IntraMassB <- log(Data[20001:30000,10], base=10)

Histo <- hist (Data.IntraMass, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="", xlim=c(-4,-1),
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (Histo$mids, Histo$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass_ exp), col="red", lty=1l, lwd=3)

abline (v=10gl0 (IntraMass exp+IntraMass exp std), col="red", lty=2, 1lwd=3)

abline (v=10gl0 (IntraMass exp-IntraMass exp std), col="red", lty=2, lwd=3)

Histo <- hist (Data.IntraMassS, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="", xlim=c(-4,-1),
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (HistoS$mids, HistoS$counts, lwd=4.5, col="black")

abline (v=1logl0 (IntraMass expS), col="red", lty=1, lwd=3)

abline (v=10gl0 (IntraMass expS+IntraMass exp stdS), col="red", lty=2, 1lwd=3)

abline (v=10gl0 (IntraMass expS-IntraMass exp stdS), col="red", lty=2, lwd=3)

Histo <- hist (Data.IntraMassB, freqg=T, breaks=c(-125:0)/25, axes=TRUE, main="", xlim=c(-4,-1),
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (HistoSmids, HistoS$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass_ expB), col="red", lty=1, lwd=3)
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abline (v=10gl0 (IntraMass_ expB+IntraMass exp stdB), col="red"
abline (v=10gl0 (IntraMass_ expB-IntraMass exp stdB), col="red", lty=2, 1lwd=3)

#4# 200uM

IntraMass exp= 0.0110
IntraMass exp std = 0.0013
IntraMass expS = 0.0191
IntraMass exp stdS = 0.0047
IntraMass expB= 0.0056
IntraMass exp stdB = 0.0003

file
Data

Data.
Data.
Data.

<- "Monte200.dat"
<- read.table(file, header=F)

IntraMass <- log(Data[1:10000,10], base=10)
IntraMassS <- log(Data[10001:20000,10], base=10)
IntraMassB <- log(Data[20001:30000,10], base=10)

, lty=2, lwd=3)

Histo <- hist (Data.IntraMass, freq=T, breaks=c(-125:0)/25, axes=TRUE,
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (Histo$mids, Histo$counts, lwd=4.5, col="black")
abline (v=10gl0 (IntraMass exp), col="red", lty=1l, 1lwd=3)
abline (v=10gl0 (IntraMass exp+IntraMass exp std), col="red",
abline (v=10gl0 (IntraMass exp-IntraMass exp std), col="red",

Histo <- hist(Data.IntraMassS, freg=T, breaks=c(-125:0)/25,
ylim=c(0,1500), col="white")

axTicks (1)

axTicks (2)

main="",

1ty=2, lwd=3)
1ty=2, lwd=3)

axes=TRUE,

main="",

x1lim=c (-4,

xlim=c (-4,

_l) ’

_1) ’
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axis(l, lwd = 4.5)
axis (2, lwd = 4.5)

lines (Histo$mids, HistoS$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass_expS), col="red", lty=1,
abline (v=1ogl0 (IntraMass expS+IntraMass exp stds),
abline (v=10gl0 (IntraMass expS-IntraMass exp stds),

1lwd=3)

col="red", lty=2, 1lwd=3)
col="red", 1lty=2, 1lwd=3)

Histo <- hist (Data.IntraMassB, freqg=T, breaks=c(-125:0)/25, axes=TRUE,

ylim=c(0,1500), col="white")
axTicks (1)

axTicks (2)

axis(l, lwd = 4.5)

axis (2, lwd = 4.5)

lines (Histo$mids, Histo$counts, lwd=4.5, col="black")

abline (v=10gl0 (IntraMass expB), col="red", lty=1,
abline (v=10gl0 (IntraMass expB+IntraMass exp stdB),
abline (v=1ogl0 (IntraMass expB-IntraMass exp stdB),

1lwd=3)

main="",

col="red", lty=2, 1lwd=3)
col="red", 1lty=2, 1lwd=3)

xlim=c (-4,-1),
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