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The incorporation of gold nanoparticles in biodegradable polymeric nanostructures with controlled

shape and size is of interest toward different applications in nanomedicine. Properties of the

t

P

polymer such_as drug loading and antibody functionalization can be combined with the plasmonic
properties oparticles, to yield advanced hybrid materials. In this context, we present a

new wgy 0 synthesize multicompartmental microgels, fibers or cylinders, with embedded

]

anisotropic gold ganoparticles. Gold nanoparticles dispersed in an organic solvent can be embedded

C

within the ic-co-glycolic acid) (PLGA) matrix of polymeric microstructures, when prepared

via electraghydfodyhamic co-jetting. Prior functionalization of the plasmonic nanoparticles with

$

Raman act cules allowed for imaging of the nanocomposites by surface enhanced Raman

U

scattering icroscopy, thereby revealing nanoparticle distribution and photostability. These

exception stable hybrid materials, when used in combination with three-dimensional SERS

[

microscop ew opportunities for bioimaging, in particular when long term monitoring is

d

required.

M

1. Introduction

OF

The 21st ¢ the era of modern nanomedicine, when nanotechnology and biotechnology

n

conver foundation that enables entirely novel modalities for diagnostics, sensing and

{

therapy. e development of new microscopic and spectroscopic techniques combined with the

preparation of nagbmaterials with a high degree of control, are crucial to the development of new

G

drug carrier s and therapeutic methods.® One example is given by surface enhanced Raman

A
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scattering (SERS), a ultrasensitive imaging tool, which, in combination with engineered particle
systems, has already found a variety of applications.”’s] The ability to tune the excitation wavelength
into theﬁed (NIR) range, the so-called biological transparency window (650-950 nm), leads
to improv tration in living tissue, while the low Raman cross section of water and the
potentieﬂ fgq;mumlexed measurements over long periods of time, render this technique ideal for
nanomedicinge applications.”™” For example, Contag, Gambhir and co-workers recently introduced a
Raman spe er coupled to an endoscope for SERS-based endoscopy.®® Crucial for this and
other applwre nanoparticles functionalized with Raman active molecules (SERS-tags).”'® A
common S oward achieving stable, SERS active nanostructured materials, comprises the
integratio; polymers and gold nanoparticles into hybrid materials. Recent examples have

been reponted for a variety of systems, where, e.g., a thin polymer shell acts as the particle stabilizer,

the polym eing used as the SERS tag, or where gold particles are embedded in SERS tag-
loaded hydr8gdle#* '3 These systems are often too specific and intrinsically limited to specific
shapes, siz surface functionalizations. Embedding metal nanoparticles in a biodegradable
polyme hich can be modulated in shape and size, would offer more versatile alternatives

for applications in nanomedicine. This kind of polymers can be easily used as anchor points for

further functionalization with targeting molecules, as cavities for drug loading, or as smart polymers

that are re @ to a specific stimulus.™* Interestingly, a simple modification of the size of a
polymeric can result in a different cell uptake mechanism."® In this context, poly(lactic-co-
glycolic aci ) is widely employed as a biocompatible (FDA approved)[m and biodegradable

polymer, vjwidely used to fabricate nanostructures like microgels, nanoparticles, fibers or
rods.'® n also be loaded with drugs and functional molecules for further surface

<
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functionalization.?®*" Additional complexity has also been imparted to PLGA nanostructures by
implementing multi-compartment structures for highly specific applications, such as drug delivery

nanopartic particles can be used to combine different optical, electrical, and magnetic

systems c!nf:':fing two different drugs and distinct release profiles.”>*® Embedding metal
features-,t)g*re Y Increasing the range of potential applications.[m Gold nanoparticles, in contrast to

PLGA, are gptically active and show interesting behavior upon laser irradiation, including local

heating th e exploited for thermo-responsive delivery methods, as well as the above

mentione@mivit% which can be used for imaging.”” These biological applications are favored

for gold n\:les with shape anisotropy, such as gold nanostars (AuNS), which absorb around

h [26]

800 nm, ssue displays reduced absorption and, in turn, increased penetration dept

However, gisotropic nanoparticles are often grown in water or other solvents with high dielectric

constants, may hinder their encapsulation in polymers.”’’!

We pre universal method to embed metal nanoparticles of various composition, shape

and size, in P anomaterials by means of the so-called electrohydrodynamic (EHD) co-jetting
process. This process has been well established for PLGA over the last decade and offers a high
throughpugethod to synthesize PLGA microgels of different sizes and morphologies.™ Transfer of

6,30
3)1[ ]

gold nano from water into chloroform (CHCI was accomplished using hydrophobic

SERS active les, which act as both capping agents and SERS labels. The resulting nanoparticles
with high !nd reliable SERS signals can be embedded in selected compartments of the PLGA
particles“erent fluorescent dyes were added to other compartments, thereby allowing us

to expand tEe staiard characterization methods (transmission electron microscopy (TEM), scanning

electron microsct/ (SEM) and fluorescence microscopy) and using three-dimensional confocal SERS

This article is protected by copyright. All rights reserved.
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microscopy (3D-SERS) to identify the nanoparticle distribution inside the polymer. To avoid potential
interferences arising from the fluoresce of the dyes, these were selected so that their absorption
and emMsufﬁciently far away from the laser excitation wavelength (785 nm in this case)
used for S ments. Even though 3D-SERS imaging offers powerful and complementary
possibilmeimill fairly undeveloped due to its complexity, as the weak nature of the Raman
signal and its c@mplicated scattering behavior require finding a suitable compromise for the

optimum p ze that ensures confocality as well as sufficiently high signal intensity.®" Recently

a few gropred substrates to demonstrate Raman imaging with high spatial resolution in
3p.11#323 ly Ozaki and co-workers recently showed the reconstruction of a three
dimension onic structure using 3D-SERS.P*? Promising applications for 3D SERS imaging
would be g related to monitoring of implanted scaffolds for tissue regeneration, so as to control

their degr ver time, in combination with tissue growth. This is commonly done by using

invasive metho®8such as histology, which do not allow continuous monitoring, while non invasive

methods s fluorescence microscopy are often limited in penetration depth, sensitivity, and

[34],[35]

long te s well as by photobleaching.

We introd!e here the synthesis of PLGA-metal nanoparticle hybrid materials using EHD co-jetting.
Gold nano NSs) labeled with different SERS active molecules were embedded in separate

compartme ifferent polymeric structures (particles and fibers), and 3D-SERS imaging was used

to monito‘the distribution of the particles inside the polymer. We propose that these hybrid

material“ SERS labeled nanoparticles and thus allowing characterization by means of SERS

imaging, o#:er S|g5icant advantages over existing fluorescence-based materials for bioimaging.

<
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2. Results and Discussion

S

2.1. Syntthartmental PLGA nanoparticles loaded with SERS encoded nanoparticles in
separat! hﬂres

The prepawf hybrid multicompartmental PLGA-plasmonic microparticles is schematically
illustrated iNEi 1. Nanoparticles synthesized in aqueous solution were transferred into CHCl; by
means of @ pf@togb| previously reported by our group®”. A Raman active molecule was used as

surfactant is process to obtain highly stable and bright SERS-tags. The resulting particle

ixed with various amounts of PLGA and different fluorescent dyes: ((Poly[(m-

Us

suspensio

phenylene lene)-alt-(2,5-dihexyloxy-p-phenylenevinylene) as a blue dye or Poly[tris(2,5-

)

bis(hexylo enylenevinylene)-alt-(1,3-phenylenevinylene)] as a green dye.

d

Gold n re specifically selected for most of the experiments due to their strong

absorbance i IR range (see TEM images and optical spectra in Figure S1) and their outstanding

Wl

performance as SERS-tags, to conduct 3D SERS measurements (Figure 3B). The Raman active

molecules Qiphenyl-4-thiol (4-BPT) and 2-naphtalene-thiol (2-NAT), were used as ligands due to their

[

strong bin ity to gold surfaces and their characteristic and easily distinguishable Raman

¢

signals. The article size was influenced by the solvent composition and the molecular weight of

PLGA.™™ en using 17 kDa PLGA and 70:30 CHCl;:DMF, particles of ~600-800 hm were obtained,

q

wherea A in 70:30 CHCl;:DMF vyielded particles of ~1-2 um, and using 50-75 kDa PLGA

!

and solvent ratiospbetween 70:30 and 97:3 CHCl;:DMF, particles in the range of 3-8 um could be

Ul

produced.

A
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In order to demonstrate universality of the method, we also prepared polymeric particles containing
SERS-encoded 30 nm AgNPs and 40 nm iron oxide particles (Figures 1, S2 and S3). AgNPs are ideal
for SERSHnents at laser excitation wavelengths around 500-600 nm, whereas magnetic
nanopartic used to separate/collect the hybrid particles by magnetophoresis. In an
additional p?lment, the PLGA surface was functionalized with carboxylic acid groups, by adding

30 % of SOwolymer (5.9 KDa) to the initial PLGA/AUNSs mixture (Figure S4A). For subsequent

experimen can be useful as anchor points for further (bio) functionalization, e.g. with

antibodiesw

For EHD co-jettins the polymer/particle/dye mixtures were flown in a laminar regime through
parallel mg etallic needles at 0.2 mL per hour. After a stable droplet was formed at the
interface lymeric solutions, a voltage was applied between the droplet and a collector

plate. The reated a polymeric jet from the tip of the droplet towards the collector and was

sufficie induce break-up of the jet into individual particles. Transmission electron

microscopy scanning electron microscopy (SEM) and fluorescence microscopy studies

demonstrate that particles evenly formed over a large area (Figure S4).

Author
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Electrohydrodynamic
Co-jetting

o

<= HO‘PCLr Ol;hcl/\o‘l;H +

it +
CHCL,/DMF 2 | —
PLGA NANOPARTICLES DYES

U

Figure 1. Fabrica#fon of multicompartmental hybrid particles using electrohydrodynamic co-
jetting. The si the particles can be controlled by using different polymer molecular
weights aﬁmg polymer concentrations. Images in A-F are representative for particles
of differeniisi nd compositions. PLGA molecular weight was varied from 17 kDA (A, B)
through 4 , D) up to 50-75 kDA (E, F). These examples show various configurations
with two Mr three (B) compartments, containing AuNSs (A-F) and iron oxide (B)
nanopartictés. particles also contain poly[(m-phenylenevinylene)-alt-(2,5-dihexyloxy-p-
phenyl ) as a blue dye and poly[tris(2,5-bis(hexyloxy)-1,4-phenylenevinylene)-alt-
(1,3-pheny inylene)] as a green dye, in separate compartments. All scale bars are 500
nm.

[

2.3. Stabili compartments

PLGA hybri ogels showed high particle loading, regardless of the type of plasmonic particles

used in th nthesis, as observed in TEM images (Figure 1A-F). However, TEM images alone could

h

|

not res erent compartments within the particles. Therefore, the inner distribution and

the preservation the different compartments after synthesis was characterized by means of

b

A
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fluorescence imaging (from blue and green dyes) and SERS imaging (from two different SERS-

encoded AuNSs).

Once synt polymeric particles were embedded in a ProLong™ gold matrix between two

coverslips examined by confocal fluorescence microscopy (Figure 2A). For SERS
I

measuremehts, the particles were immobilized on a quartz glass slide to avoid the fluorescence

background’from8tandard glass and then examined under a WITec Alpha 300RS confocal Raman

€

microscope, using a 785 nm diode laser as the excitation source. As a reference, we used the Raman

bands at 1

S

for 4-BPT (C-C ring stretch) and 1375 cm™ for 2-NAT (C-C ring stretch), so that the

characteristic bands of both Raman reporters could be clearly distinguished (Figure 3B). In Figure 2B

Ul

and 2C bot cence and SERS images indicate the stability and preservation of the two initial

N

compartm restingly, no interference from the fluorescent dyes was observed, and as a

result the shape he compartments was clearly resolved by both techniques. The SERS images also

d

allowe tiation of the compartments, but in contrast to fluorescence imaging, the SERS

signal was no d to be evenly distributed throughout the entire particle. This is due to the
distribution of AuNSs, which, in contrast to the dyes, may associate into clusters within the PLGA

compartmehts, resulting in a distinct pattern with islands of higher intensity in the SERS maps.

[

Figure 2C s a dominant signal from 4-BPT in this form of representation and reveals lack of

O

information ding the inner particle distribution. For this reason, three dimensional SERS

imaging wag conducted, focusing on obtaining spatial information in x, y and z directions.

1

Aut
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A .
blphiyl-‘l—thlol 2-Naphthalenethiol
4 f 0’ \
L . B
” a 10 af

artmental PLGA (40 KDa) particles containing 30 nm AuNSs labeled with 4-BPT
ne compartment, and AuNSs labeled with 2-NAT and a blue dye in the other
compartment. (B) Fluorescence image of ~4 um particles showing that both dyes and compartments
are well separatetpand distinguishable. (C) SERS mapping of a ~7 um particle, also displaying two
separate c ents. The signals from 4-BPT (red) and 2-NAT (green) are spatially separated.

The 3D di of SERS-encoded AuNSs inside the microgel particles was examined with high

resolution €on Raman microscopy. We selected a 100x/0.9 objective with a 50 pm pinhole that

al

best m ements.?" One particle was scanned over a volume of 14x14x20 um? (40x40x35

points per PWith an integration time of 40 s per line (785 nm laser, 7 mW). The observed signal-

M

to-noise-ratios were in general very high and the SERS spectra for both Raman tags were well

resolved u

[

e scanning conditions (Figure 3B). A series of slices (in z-direction) were imaged,

in which tags (2-NAT, 4-BPT) could be resolved, indicating spatial separation within

G

different compartments. Even though some degree of overlap (yellow-orange color) was observed,

the co

h

were found to be well separated from each other in most cases. Additional 3D

[

reconstr gure 3C,D) confirm these results and suggest that the compartments are not

perfect hemisphen@s but rather have a "tennis ball" like structure, where both compartments are

U

wrapped arg ach other. In conclusion, we show that SERS labeled AuNSs are present

A

This article is protected by copyright. All rights reserved.

10



WILEY-VCH

throughout the microgel and their distribution can be resolved by confocal Raman microscopy. This
three-dimensional reconstruction especially helps to achieve information about nanoparticle

distributio’, ich is not possible by conventional SERS measurements.

C)

" .

A) B) . .
]
b A
S %‘ B 2nAT 500 -mbo Nﬁiw
E -E Raman shift ([cm )
% 2 I M ceT

\Y

Figure 3. Three-dimensional confocal Raman imaging of a single microgel particle. A) Z- stack
showing th@ existence of separated compartments and the distribution of SERS labeled AuNSs within
the particl® presentative SERS spectra of BPT (red) and 2-NAT (green) labeled AuNSs
measured ig :“ RIL.GA particles. The peaks marked with * indicate the specific signals used for

f

mapping. ( ee-dimensional reconstruction of the particle from two different perspectives.

no

2.4. la and Rods

{

One of the es related to monitoring the evolution and degradation of scaffolds during tissue

U

growth is 0 a low penetration depth when using fluorescence microscopy (usually with

illumin fluorescence in the visible). Since PLGA electrospun nanofibers have been reported

A
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as scaffolds for cell or tissue growth,”® we explored the possibility to synthesize PLGA fibers
containing AuNSs, while preserving their bicompartmental structure (Figure 4). We thus prepared
fibers WM& of 10 um, i.e. twice as large as the particles above, which would likely facilitate
the resolu @ e different compartments. SERS imaging indeed showed a distinct separation
betweermthesgempartments filled with 4-BPT coated AuNSs and 2-NAT coated AuNSs (Figure 4B).
The three hﬁl reconstruction of the SERS data in Figure 4B confirms yet again that SERS is

a useful to@l to regplve the structure of our hybrid polymeric structures and the internal structure of

the differelmﬂments.

To further :ate the universal character of our synthesis protocol, the obtained fibers were cut

C

into pieces n cylinders with different lengths (Figure S5). Upon embedding the fibers in a
Tissue—PIui matrix and using a cryo-sectioning instrument (see experimental section), it was
possible tg igate cylinders while keeping the two compartments stable.”® Cylinders are of
interest sin hape of particles plays an important role in the modulation of cell uptake, as

reporte (371

. -
@,
i
)
)
<C
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.I.

rrin

Figure 4. Examples of PLGA-based bicompartmental fibers prepared by electrohydrodynamic co-
jetting and

nus

by fluorescence imaging (A) and SERS mapping (B).

2.5. Flu . SERS: Long term experiments

Ma

Long term stability is a key advantage of SERS, as compared to fluorescence, and can be exploited in

I

labeled sc microgels as imaging tools in nanomedicine. During long term experiments, the

particles a @ ed to a number of factors that lead to degradation and bleaching of organic

molecules. vironments used for both in vitro and in vivo experiments are chemically

n

aggress ng redox active molecules, enzymes, highly reactive radicals and pH changes.®®

t

I Additiortally, exposure to light during microscopy observation often leads to photobleaching of

organic dyes, "

J

A
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We analyzed the effect of photobleaching on our hybrid materials by measuring fluorescence and

SERS signals from a large number of particles (>100) before (Figure 5A) and after (Figure 5B) UV-

t

P

irradiation for 30 minutes. Prior to irradiation, the samples displayed fluorescence and SERS signals
throughou field of view. In contrast, after irradiation, the fluorescence signal completely

vanisheg, ile the SERS signals remained basically unaltered. This experiment clearly illustrates the

degradation of the dye over time upon exposure to light, whereas the SERS tags remain stable and

Cl

active, ina tration that SERS is an attractive tool for long term (bio)imaging experiments.

Author Manus
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A) Preirradiation B) Post irradiation

1)SERS 1)SERS

2) 4-BPT 3) 25NAT 2)4-BPT 3W2-NAT

4) Fluorescence 4) Fluorescence

5) Blue dye 6) Green dye 5) Blue dye 6) Green dye

Figure 5. A la umber (>100) of bicompartmental particles were immobilized on a glass substrate
and bo fluorescence signals were measured before (A) and after (B) exposure to UV-
light. Images 1-3 demonstrate that the SERS signals from both 4-BPT and 2 NAT SERS tags show no
difference @ver time and remain active upon irradiation. The fluorescence signals of both blue and
green dyes owever, vanish after UV light exposure, due to photobleaching of the dye

molecules.

Of

3. Conclusi

th

We have i a universal method for the synthesis of PLGA microgels of different sizes and

U

shapes, lo dyes and metal nanoparticles with distinct electromagnetic properties. These

A

This article is protected by copyright. All rights reserved.

15



WILEY-VCH

particles offer a wide range of potential applications, in particular for biomedical imaging. Even

though we focused here on PLGA (FDA approved polymer), the EHD co-jetting method facilitates the

t

P

use of varfous_other polymers (and their blends), including a wide range of synthetic polymers
(PMMA, P xtran) and more recently crosslinked biopolymers such as proteins. We

demons!ra at SERS encoded AuNSs, embedded within polymer microgels, can be used to

resolve and Lecgnstruct the shape of both particles and fibers. Importantly, co-loaded dyes do not

Cr

interfere ERS signal or create a background, which is likely due to the high and reliable

SERS signalforiginafing from AuNSs densely covered with Raman tags. Finally, an important outcome

S

of this stu demonstration that the SERS signals from embedded AuNS, in contrast to that

U

from fluor yes, are not altered upon exposure to UV illumination, therefore offering the

possibility for long-term imaging experiments. Since PLGA is a biocompatible and biodegradable

A

polymer, p pplications of these hybrid materials can be foreseen, for example in combined

d

drug delivery/i ng devices. In particular, microfibers functionalized with AuNSs may allow us to

obtain ne s in the role of implanted scaffolds in regenerative medicine.

\Y

4. Experim tion

Materials:

Oof

Milli-Q water (resistivity 18.2 MQ-cm) was used in all experiments. Hydrogen tetrachloroaurate

1

trihydra 3H,0, >99.9%), sodium citrate tribasic dihydrate (>98%), silver nitrate (AgNO;,

>99%), -ascogpic  acid  (AA, 299%),  O-[2-(3-mercaptopropionylamino)  ethyl]-

ut

O’—methylpolyethydene glycol (PEG-SH, MW 5,000 g/mol), 2-naphthalenethiol (2-NaT, 99%),

This article is protected by copyright. All rights reserved.
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biphenyl-4-thiol (4-BPT, 97%), chloroform (>99.8%), and 50-75 kDa PLGA, were purchased from
Sigma-Aldrich. 17 kDa PLGA (#5002a) and 40 kDa PLGA (#5004a) were purchased from Corbion.
5050 DIMmer (#LX00560-130) was purcahed from Lakeshore Biomaterials. ProLong® gold
matrix was @ 3cd from Thermofisher scientific. Quartz microscope slides were from Electron
microscep ym@#2260-01). 5 nm AuNPs and 40 nm iron oxide nanoparticles were purchased from

Ocean Na[‘h‘c. All glassware was washed with aqua regia, rinsed 3-fold with Milli-Q water

and dried, ‘ior to *e.

For EHD cw a syringe pump (Fisher Scientific Inc., USA) and a power supply (DC voltage

source, Gajh Voltage Research, USA) were used.

Synthesis of. nostars. AuNSs were prepared using a seed-mediated growth method.'* Adding
5 mL of 3 itrate solution to 95 mL of boiling 0.5 mM HAuCl, solution under vigorous stirring
and then nfd1 g boiling for 15 min, seed particles were formed. 50 nm AuNSs with an LSPR

maximum at 750 nm, were prepared by adding 2.5 mL of the citrate-stabilized seed solution to 50 mL
of 0.25 4 solution (containing 50 pL of 1 M HCI), in a 100 mL glass erlenmeyer at room
temper. moderate stirring. Quickly, 500 pL of 3 mM AgNO; and 250 pL of 100 mM
ascorbic acid were added simultaneously. The resulting AuNSs solution was mixed with 410 pL of

PEG-SH Oﬁstirred for 15 min and washed by centrifugation at 1190 g, 25 min, 10 °C, and

subsequenrsed in water.

Synthesis @ Silver nanoparticles: A modification of a previously reported approach was used to

prepare 30im Agi]Ps.[m 250 mL of Mili Q water was heated under magnetic stirring, then 4 mL of

trisodum cg 1 M) and 0.32 mL of ascorbic acid (0.1M) were added to the boiling water.
Subsequen mL of Ag NO; (0.1M) was added and boiling was maintained for 1 h under
stirring. tion was cooled down and stored in the fridge.

This article is protected by copyright. All rights reserved.
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Phase transfer of plasmonic nanoparticles:

All plasmiic Ha'icles were pre-stabilized with PEG (O-[2-(3-mercaptopropionylamino) ethyl]-

O’methylpmglycol),[“ol and subsequently transferred from water into CHCI; by vigorously

stirring th th a chloroform solution of the hydrophobic Raman active molecules. Both
I

phases welg mixed overnight, so that the particles would slowly diffuse from the aqueous into the

organic p@rwards, the aqueous phase was discarded and the organic phase centrifuged

several times to_temove excess of free ligand.
Bicompartmenta; PLGA particles: bicompartmental PLGA particles were synthesized using 50-75 kDA

PLGA (#43Erich) and a solvent ratio of 97:3 for CHCl;and DMF. Briefly, in compartment (I)
0.0405go was mixed with 235 pL of green dye (Img/mL in CHCI;) and 485 uL of SERS-Tag (4-
BPT) AuNSs [Au2=3mM] in CHCI; and 15 pL DMF. Compartment (II) was prepared by mixing 0.0405 g
of PLGA m"m of blue dye (Img/mL in CHCl;) and 485 uL of SERS-Tag (2-NAT) AuNSs
[Aue=3 zand 15 uL DMF.

Bicomp bers: Using a 50-75 kDA PLGA (#430471 Aldrich) and a solvent ratio of 97:3 for

CHClzand F, 10 um fibers where obtained. In compartment (I) 0.15 g of PLGA was mixed with

in CHCl; a

54.55 L of dye (Img/mL diluted in CHCI3) and 350 pL of SERS-Tag (4-BPT) AuNSs [Au2=3mM]
@DMF. Compartment (II) was prepared by mixing 0.15 g of PLGA with 54.55 uL of

blue dye (Ig:mE In CHCI;) and 350 pL of SERS-Tag (2-NAT) AuNSs [Au2=3mM] in CHCI; and 15 pL

DMF.

Bicompartmental ;Iinders: Bicompartmental fibers were deposited in an aligned orientation on a

tissue c&d then embedded in a Tissue-Plus® matrix. They were stored at -42C for 24h,

This article is protected by copyright. All rights reserved.
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after being cut using a Leica 3050S cryostat cryosectioning instrument. The obtained slides were
collected in falcon tubes and washed several times by centrifugation and redispersion in water.

Cylinders olZ and 10 um were obtained, as defined by the cutting plane size.

SERS mea T SERS measurements (except bleaching experiment) were carried out using a
I

WITec Alph@ 300RS micrcoscope with a 100x0.85 obejctive, a 600 g/mm diffraction grating and a 785

[

nm Laser s@tirce Wiith a power of about 7 mW.

C

Three dimeaf#si econstruction: For each z-height, a single point map was created by plotting the

S

intensity of a selected band for each SERS tag (1277 cm™ for 4BPT and 1375 cm™ for 2-NAT), as a

U

function o sition. The resulting maps were merged using Imagel and three dimensional

reconstrucfions were created using the Imagel plugin 3D Viewer.

£

Bleaching nt: The microgel suspension was dropcast on a quartzglass slide and SERS maps

d

were measure Ing a Renishaw inVia Raman microscope, equipped with a 1024x512 CCD detector,

using a 785 n itation source and a 1200 g/mm diffraction grating. Measurements were carried

\'L

out usi 5 objective in Streamline mode, with 2.1 mW laser power and an exposure time

of 3.58 s. The slide was transferred to a Zeiss Cell Observer microscope, where fluorescence images

[;

under 20x magaification were obtained and then the LED diodes were used to illuminate the sample.

In general, ples were illuminated for 30 minutes with the 470 nm and 530 nm lasers, with

O

powers of @1.6 mW and 2.3 mW, respectively. Fluorescence images and SERS measurments were

§

repeated aad procgssed under the exact same conditions.
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Image and text for Table of Contents

the implementation of metal nanoparticles into PLGA microstructures via the
EHD-co jetting®process is presented. Metal nanoparticles of different shape and size are embedded

into multic ental fluoresce microstructures. Their spatial distribution is analyzed using three
dimensiond) surface enhanced raman spectroscopy (SERS) and confocal fluoresence microscopy.
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