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Abstract Q

I
MWIIoidal Coomassie Brilliant Blue (cCBB) staining utilising a novel destain

protocol angy neai-infrared fluorescence detection (nIRFD) rivals the in-gel protein detection
sensitivity (DS) offSYPRO Ruby. However, established DS estimates are likely inaccurate in

terms of 2D olved proteoform ‘spots’ since DS is routinely measured from comparatively

bands’ following wide-well 1DE. Here, cCBB DS for 2DE-based proteomics
was more accurately determined using narrow-well 1DE. As precise estimates of protein
standard monom§ concentrations are essential for accurate quantitation, coupling UV

absorbanc
with both End densitometry, the impacts of imaging method (and image resolution) on

el-based purity assessments is described. Further, as cCBB is compatible

DS were

Narze 1DE enabled more accurate quantitation of cCBB DS for 2DE, achieving

Imaging-“igher-resolution nIRFD also improved analysis of a 2DE-resolved proteome,
surpassing of standard nIRFD and densitometry, with nIRFD Deep Imaging further

e coverage. cCBB DS for intact proteins rivals that of MS for peptides in
complex mixtures, reaffirming that 2DE-MS currently provides the most routine, broadly

apphcable obust, and information-rich Top-down approach to Discovery Proteomics.

6

antitative, Top-down proteomic analyses are effectively carried out using
gel-bas s that resolve protein species from complex mixtures prior to identification
via mass_8§pectro etry (MS). In light of continued efforts to fully address limitations, two-

dlmenS|ona el electrophoresis (2DE) continues to offer the highest proteome resolution and

information content with respect to intact proteoforms in a single, reproducible assay, enabling
alysis of biological samples at a level necessary for differentially profiling
tissues, di g molecular mechanisms, and identifying protein biomarkers [1-12]. However,
that can be extracted from a resolved proteome remains largely limited by the
sensitivity of subSequent in-gel protein detection methods [4, 13, 14], and proteins in lowest
abundance, which may be central to (patho)physiological processes, likely remain largely
undetected and thus unexamined in routine analyses. Improving the sensitivity of a given

detection method is a crucial and ongoing challenge, and while this has been substantially
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optimised for Western blotting and other targeted approaches [18, 20], high in-gel protein
detection sensitivity (DS) for Discovery Proteomics has lagged somewhat behind.

In-ﬁl propin staining is the most widely utilised technique for detection of resolved
proteins pMor 10 further analysis, with Coomassie Brilliant Blue (CBB) being the most

commonly ntitative total protein stain. The use of CBB has been entrenched in
gel-based iesmsince Neuhoff and colleagues developed a colloidal CBB (cCBB)
formulationmi@mminimised non-specific gel matrix staining. This improved the lowest limit of

detection for BSA from 1-0.2 yg to 1-0.1 ng (depending on gel thickness) [21, 22],
though mawps note an LLD of 30-4 ng across a broader range of protein standards
Inde

E

[14, 23-28 , relative to currently available fluorescent stains such as SYPRO Ruby
(SR), and densitometric stains such as silver, cCBB as a densitometric stain is generally
perceived wg adequate DS for thorough proteome analysis due to higher LLD and
limited linear dynamic range (LDR) [16, 25, 29-33]. The continued widespread use of cCBB

over many aIternSive technologies is thus largely attributed to its many redeeming features

including use, low cost, quantitative capacity, ‘reasonable’ sensitivity, and compatibility

with MS.

Oy, ade ago, in a comprehensive review of fluorescent technologies for 2DE-
based prot i Patton remarked, “a stain that can be considered conceptually as a
fluorescenfiiC in offers the broadest applicability” [34]. Fortuitously, several years later, it

was found that CBB exhibits fluorescence in the near-infrared when bound to protein [16,

19]. Th to further studies into the use of cCBB staining coupled with near-infrared
fluorescence ion (nIRFD) for the in-gel assessment of resolved proteins. More recent
studies uded that the DS of cCBB rivals that of SR when using the original

Neuhoff cCBB stain formulation, or a variant with slightly higher dye content, coupled with a
novel Nagdestain protocol and nIRFD. Not only was cCBB LLD shown to be comparable to
that of SR, but measures of many other DS parameters, including LDR, were equivalent or

better [3, 5].

AsSE ts of stain DS generally utilise protein standards resolved via SDS-PAGE
(1DE) as s or models of 2DE gels, from which DS parameters are measured (e.g.
LLD, L@tein staining variability (IPV), and signal-to-noise ratio (S/N)). However,
factors ou'ide thain performance per se, including the purity and concentration of protein
standards, as well as resolving method, imaging instrumentation, and image resolution, all

likely influence 1§E-based measures of DS [35]. Here we have examined these factors and

optimised ible in order to accurately determine the DS of the modified cCBB staining

protocol f cation in 2DE-based Discovery Proteomics.

than be taken at face-value as seems often the case in the literature,
manufacturer-specffied purity and concentration of protein standards must be independently

assessed in order to accurately quantify the DS of a given stain. Having more or less of a
protein standard (i.e. the pure, monomeric protein) leads to inaccurate determinations of DS,

and impurities may further distort measures of concentration and thus quantitative
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assessments, particularly if standards are combined into single cocktails in which contaminants
may co-migrate with target proteins. Here, the purity and concentrations of commercial protein

standards ‘ere t?roughly characterised by combining two approaches — UV absorption and
gel-based @nalysis (coupled with MS) to accurately quantify DS.

A 1DE models is that resolved proteins form relatively diffuse 'bands' as
opposed ed 2DE 'spots', likely significantly lowering S/N and leading to
inaccurate l@etemmAihations of DS for application to 2DE. Here, relatively narrow loading wells

than typicmed for such studies were used to concentrate 1DE-resolved protein bands

to better regresgnt concentrated 2DE-resolved protein spots, thus enabling improved and more
r@ of cCBB DS relevant to 2DE.

rotein resolution and staining, gels are imaged to enable subsequent

accurate

Followi

quantitativel afialyses, necessitating that the acquired digitised data accurately represent the

analogue data (l.e. the stained gel) in as much detail as possible. Accordingly, imaging
method can imp analytical outcomes. A previous report comparing densitometry with nIRFD
for the de f a cCBB-stained proteome following 2DE showed that densitometry
provided tely half the DS of nIRFD [14]. However, a less sensitive commercial
cCBB formad been utilised [8], and unspecified imaging parameters (exposure, extent
of data “bipRifg

combinatio

]

ay have been sub-optimal. Thus, the poor DS may have been due to a
¢tors rather than being inherent to densitometric detection. With the advent
of higher calibre instrumentation for densitometry, potentially capable of higher DS (e.g. lower
noise, esolution), as well as the novel NaCl destain protocol which further improves
cCBB-nIRFD 3], reassessment of cCBB DS with densitometric detection is appealing
due to reater simplicity and cost-effectiveness of such instruments (i.e. specialised
filters and/or lasers are unnecessary). Here, the performance of nIRFD (via laser scanning)
was comp@red against that of premium instrumentation for densitometry (using a camera-
based system) for detection of (i) protein standards following 1DE, and (ii) protein standards

imaging cot 80 further improve DS, the impact of image resolution on DS was also

assessed.
data indicate that proteins resolved via narrow-well 1DE models more

closely reimbleWZDE-resolved proteins, delivering more accurate, (sub)femtomole DS

assessments, confirmed following 2DE of protein standards. Furthermore, densitometric

and a natj ome following 2DE. As the capacity of both instruments for high-resolution

detection providedh competitive DS relative to standard resolution (100 ym) nIRFD for 2DE-

resolved p detection, and higher resolution (50 pym) nIRFD significantly improved 2DE

analysis, i
nIRFD

ng the quality and quantity of protein spots detected — further still with
aging.
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2. Materials and methods

Wables were of electrophoresis grade or higher. Broad-range (7 cm, pH 3-10
nonIinear)'V' IPG Strips, Bio-Lyte® carrier ampholyte solutions (pH 3-10; 3-5; 6-8;
7-9; and 8=18 ision Plus Protein™ Unstained Standards, and tributylphosphine (TBP)
were s@ippliegmby@Bio-Rad Laboratories (Hercules, CA). Isolated protein standards (-
galactosidw E. coli (BGAL); Phosphorylase B from rabbit muscle (PHOSB); Bovine
Serum Albugnin BSA); Bovine Carbonic Anhydrase (BCA); and Chicken Egg Lysozyme (CEL))
(Supplemefitary Table 1), kinase and phosphatase inhibitors (staurosporine, sodium
orthovanadate, sodium fluoride), and components of the protease inhibitor cocktail (Pl) [36]
igma-Aldrich (St. Louis, MO). Invitrogen (Carlsbad, CA) supplied the EZQ
Protein Quantitation Kit, and all other consumables for electrophoresis and stain preparation,

including CBB G850 dye, and acrylamide/bis-acrylamide (37.5:1) solution, were supplied by
Amresco | on, OH). Double glass-distilled water (ddH,O) was used throughout.

were supplie

2.1 Sa paratlon
teln standards (BGAL, PHOSB, BSA, BCA, and CEL) were each
\ O and centrifuged at 2000 g for 5 min at room temperature (RT, 21°C) to

solubilised@in

remove insoluble particulates [13]. Concentrations and purities were assessed as detailed in

section jor to snap-freezing of aliquots and storage at -80 °C until required. Prior to
SDS-PAGE s were thawed (once only) and serially diluted in 1DE sample buffer (25
mM T , 125 mM DTT, 7.5 % (w/v) glycerol, 2 % (w/v) SDS, and 0.001 % (w/v)

bromophenol blue [13, 37, 38]) to yield 1.6-0.006 pg ml”" solutions for 8-0.03 ng protein loads
for 1DE st|mates

For native proteome 2DE, the rat cortex soluble proteome was extracted as previously
described Iemented with kinase, phosphatase, and Pl [1, 2]. Total protein
concentratio § estimated using the EZQ Protein Quantitation Kit (Invitrogen, Carlsbad, CA).

Snap-froze, s were stored at -80 °C until required.

2. dard concentration and purity assessments
In|t|aI measures of protein standard concentrations were according to the Beer-Lambert
law [13, 1@or each, path length-corrected absorbance (A.s) was measured in a quartz
UV-2550 Shimadzu UV-VIS Spectrophotometer (Shimadzu Corp., Tokyo,

Japan). T al percent-solution extinction coefficients were obtained from ExPASy

cuvette us

://web.expasy.org/protparam/).

Gel-based®purity analysis was essentially as described [15, 18]. Based on UV-
absorption concentration estimates, each protein standard was serially diluted to yield 1-
0.0625 mg ml" solutions in 1DE sample buffer for 10-0.625 pg protein loads. SDS-PAGE

was carried out as described in section 2.3 using 7-20 %T gradient gels for MS analysis of
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resolved proteins, and 12.5 %T uniform gels to measure percentage purity of target monomer

protein bands.

From gradient gels, following cCBB staining as detailed in section 2.4, all well-
resolvedHre excised and processed for LC-MS/MS analysis as described previously
[4, 13]. Fbase (SwissProt) confirmation of protein identifications via Mascot
Daemon ( 20200) (www.matrixscience.com), it was apparent that ‘contaminants’ were
predomifafely@multimers and/or degradation products of corresponding protein standards. To
account fom‘impurities’, measured from uniform %T purity gels, target protein monomer
band sign aspexpressed as a percentage of total lane signal (using Multi Gauge v3.0
(FUJIFILMmokyo, Japan)) from the lowest protein load in which all contaminating
bands could be_detected [18]. For each protein standard, initial protein concentration
estimates Weng adjusted based on the percentage of the total lane signal that corresponded
to the monomer band. To ensure there was no further formation/degradation of multimers due

to freeze/thawingif standards (i.e. that target band percentage remained stable and

reproducib ased purity analysis using uniform %T gels was routinely carried out in

parallel wi or 1DE DS analysis.

2.3 IEF, S-PAGE

Pamydration of IPG strips and subsequent IEF was as described [1, 2, 16, 40,
41]. IPG strips were rehydrated for 16 hrs at RT with 100 pg of soluble protein from rat
cortex buffer (8 M urea, 2 M thiourea, and 4 % (w/v) CHAPS) supplemented with PI
and 1 % (v ier ampholytes (0.5 % (v/v) pH 3-10, and 0.25 % (v/v) each of pH 3-5, 6-
8, and
the addition of 45 mM/2.3 mM DTT/TBP in the first hour followed by 230 mM acrylamide in

ction and alkylation were carried out at 25 °C prior to rehydration, with

the subseqlient hour [2, 41]. IEF using the Protean IEF system (Bio-Rad Laboratories,
Hercules, was carried out at 17 °C [41]. Immediately prior to SDS-PAGE, strips were
equilibrateg | urea, 20 % (w/v) glycerol, 2 % (w/v) SDS, and 375 mM Tris (pH 8.8),

supplemente with 2 % (w/v) DTT for 10 min, then with 350 mM acrylamide for a

further 10 :
was according to Laemmli [38] with minor modifications [18, 37]. Using

the MiniPriean |'system (Bio-Rad Laboratories, Hercules, CA), resolving gels were cast and
stored overnight at 4 °C following polymerisation at RT. Resolving gels were 82 mm x ~58
mm x 1 mm. Fo1DE DS analysis, commercially sourced combs with 5 mm (wide/standard)
and 2 m ) teeth were used to cast loading wells in 5 %T stacking gel, overlayed
onto 12 %
at 100

weight marker

ving gel. Samples in 1DE buffer were vortexed thoroughly, heated for 7 min
icated for 5 minutes, and cooled to RT prior to loading. For 2DE, molecular
tted onto filter paper) and equilibrated IPG strips and were overlayed onto
5 %T stacking gel and embedded in 0.5 % (w/v) low-melting agarose prior to SDS-PAGE in
12.5 %T resolving gels.
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Electrophoresis was carried out in a cold room (4 °C) at constant voltage. 150 V
were applied until samples entered the stacking gel (5 min), followed by 90 V until
completion[2, 134 18]. Fixation was in 10% (v/v) methanol and 7% (v/v) acetic acid for 1hr
(minimuWwith gentle rocking (60 rpm), and gels were washed 3 x 20 min with

ddH,0 prig [2, 13, 40].

2.4 ISt g
Gew was according to Neuhoff et al [21, 22] with modifications described by

Gauci et algl13mpStaining solution, made fresh immediately prior to use, consisted of 2 %
(v/v) phosghoric agid, 10 % (w/v) ammonium sulphate, 0.1 % (w/v) CBB, and 20 % (v/v)

methanol, 0 volume with ddH,O, combined in this order with thorough mixing after

each addiw was applied immediately following preparation, and gels were incubated
for 20 hrs at RT with gentle rocking. Following staining, gels were washed 5 x 15 min with
05 M Na@tored overnight in 20% (w/v) ammonium sulphate prior to imaging [13, 21,

22].
All re imaged individually. Purity analysis gels were imaged by nIRFD using
T 9000 (GE Healthcare, Buckinghamshire, UK). All other gels (1DE and

2DE) were imaged by nIRFD, as well as densitometry using white light trans-illumination on

the Im nt™ LAS 4000 Biomolecular Imager (GE Healthcare, Buckinghamshire, UK)
equipped wi .2 MP (11 um pixels) charge-coupled device (CCD).
images were captured using ‘high resolution’ sensitivity and 5 sec

(optimal; not shown) ‘precision’ exposure, at tray positions (TP) 1 — 4, yielding 37, 49, 61,

and 72 umQl pixel sizes, respectively. For simplicity, DS at TP1 and TP2 (37 and 49 uym
pixels, respectively) are shown for 1DE, and DS at TP1 and TP4 (37 and 72 um pixels,

respectivelown for 2DE.

For<miRED, gels were imaged using 685 nm laser excitation and = 750 nm emission
[13, 16]. 1 2DE DS analysis gels were imaged with scanning pixel size set to 100
pm (thﬁesolution utilised for CBB-nIRFD [3, 13]), 50 um (higher resolution), and
200 pm_(lewer ra8olution). Unless stated otherwise, PMT gain was set to 600 V (the
standard T setting for CBB-nIRFD [3, 13]), though 750 V PMT was also assessed for

the Typho

increased sensiti [3, 4]. Prior to imaging, 1 ml of ddH,O was applied and spread across
the gel su ,and gel edges were lined with ddH,O to prevent dehydration and distortions
caused b eating during extended laser imaging.

g whole-gel (i.e. first-pass) imaging, Deep Imaging was carried out on narrow-
well 1DE as wellas 2DE gels [3, 4]. Comparatively ‘saturated’ gel regions were excised prior
to imaging again with all nIRFD settings detailed above. From 2DE gels, protein spots

contributing to the top 20% of total signal (determined using Multi Gauge) were excised,
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whereas the 8 and 4 ng protein bands were excised from 1DE gels, with molecular weight

marker and dye fronts removed in all cases.

2.6 Mysis

Allmages (16-bit IMG (raw) files) were analysed using Multi Gauge v3.0
(FUJIFILM o, Japan). For 1DE DS assessments, visible target protein bands were
delineateéd WSiAgEike "magic wand" tool, and the smallest sized region of interest was copied
to the Iocw bands that were visually undetectable by systematically tracking their

position baged the spacing and positions of visible bands. Per band, two background

measurements wi taken from immediately adjacent, protein-free regions of the gel. Resulting

raw data were analysed in Microsoft Office Excel to establish values for the detection criteria
defined bw

LLD: Signal from all measured regions, quantified as volumes (the sum of the pixel

volumes within tz specified areas) in arbitrary units (AU), were normalised to yield

signal/mm® e local background signal was subtracted from corresponding protein signal,
and linear curves were generated using data points for 2-0.06 ng of protein (except
for PHOS ich signal for 8-1 ng of protein was plotted). For each replicate, LLD was
calculated usiagmsiandard linear regression, defined as the amount of protein signal equal to

three stan@ard iations from the mean signal of all background measurements [13, 15, 42].

Ds are reported.

. To better gauge the DS of each assessed condition, IPV was also considered
by integrati measures of DS — LLD and lowest practical sensitivity (LPS) — to obtain
the int sure of practical sensitivity (IMPS), where IMPS = 1 / (LLD x LPS), and
high IMPS values indicate greater DS [15]. LPS was defined as the highest quantity of
protein (achs all assessed proteins) which exhibited background-subtracted signal that was
statistically indistinguishable from background (i.e. equal to one standard deviation from the

mean sig background measurements [15]. As PHOSB was the most poorly detected

protein, all 'BRS#WValues were derived from PHOSB gels.

-to-noise ratio (S/N, the ratio of protein signal to local background [16])

’

was ca each detection method, averaged across all assessed proteins, using

signal/mm gvalues@without background subtraction (i.e. raw target band signal over average

{

local background signal). As S/N was proportional to protein load, for simplicity, only average

S/IN for 2 ng protein is reported.

GE

2.7 alysis of 2DE-resolved proteomes

ulti Gauge, 2DE gel images (16-bit IMG files) were cropped to uniform
dimensions and
v.4.0.8 (DECODON, Greifswald, Germany).

To compare spot detection (i.e. a measure of 2DE DS) between imaging modes,

undaries, excluding marker and dye fronts, and analysed using Delta2D

automated spot detection was carried out on raw unfused images to assess variance, and on
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warped ‘union fusion’ images (i.e. gel images comprised of all spots across all images per
condition), without image filtering, to minimise the incidence of artefactual spot detection. No

manual eﬂ ing of'spots was performed except for Deep images in which cutting artefacts
were excluded, and excised spots were included in the final total spot number. Parameters

for spot d average spot size (radius, in pixels) and sensitivity, which enabled
maximal s jgn and minimal artefacts/errors (scrutinised by eye) were utilised, and
adjusted a@B@rAIAG to image resolution. Based on automated analysis of a gel region
containing MOnly distinctly resolved, moderately abundant proteins, average spot size for
100 pym nIRED signages was set to 2 pixels. Thus, average spot sizes for 50 and 200 ym
nIRFD images wefe adjusted to 4 and 1 pixels respectively; for densitometry images, average

spot sizes were_adjusted to 6, 5, 4, and 3 pixels for 37, 49, 61, and 72 ym images,
respectivelm

2.8 Statistics s
Er reported as standard deviation from the mean (SD). Statistical analyses

were with ot (Systat Software, San Jose, CA). To determine the impact of imaging
method o d 2DE (proteome) DS, all conditions assessed were considered discreet
treatments, caagmepe-way ANOVA with post-hoc Holm-Sidak pairwise comparisons [43] was

carried ou cally significant differences from control (i.e. 100 ym 600V PMT nIRFD, of

standard-well models for 1DE, and whole gels for 2DE) are reported, as well as significant

differen tween the various imaging methods vs 100 ym 600V PMT nIRFD of narrow-
well 1DE m nly. Student's unpaired t-test was used to determine statistical differences
betwee vs narrow-well 1DE outcomes, and whole vs Deep Imaging outcomes for

2DE. P values less than 0.05 were considered statistically significant. Refer to figure legends

for statistit!l analyses not detailed here.
2.9 2tein standards
To & 8 the accuracy of 1DE-derived LLDs for 2DE application — as well as to

examine h ly narrow-well 1DE mimicked 2DE gels in terms of concentrating resolved

protein — tandards (BGAL and BCA) were resolved via 2DE as described in section
2.3. Serially diluta@, relatively high loads of each protein (2-0.125 ug of BGAL (n=2) and 2-
0.25 pg of BCA (n=3)) were resolved in order to detect and adjust for charge variants, using

10 %T gels for sgcond-dimension SDS-PAGE of BGAL. Following cCBB staining and 100 pym

nIRFD, M e analysis (i.e. manual delineation and subtraction of average local
backgroun used to quantify the most prominent proteoform at the expected MW and
pl.

BCA resolved as multiple charge variants at the expected MW (all confirmed as BCA

by MS (not shown)), with the most prominent protein spot consistently comprising 30 + 3%
of the combined fluorescence signal. As the relationship between protein quantity and cCBB-

protein signal is linear across a broad dynamic range generally irrespective of IPV [13, 15,
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19, 44], the protein spot quantified in BCA gels was considered to be 30% of the total BCA
monomer content, and subsequent 2DE BCA gels were loaded accordingly. Multiple
proteoformg were gnot discernible following 2DE of 2-0.125 upg, so the resulting ‘streak’ was
assesseHle and no adjustments to BGAL concentration for loading were made.
Briefly, 2D&extrapolated from microgram-loaded 2DE gels were estimated to be 66 *
20 ng for 2 £+ 2 ng BCA, though since protein spot shape and size following
2DE (i.e" mewmeeRcentrated the resolved proteoform is), as well as protein load, determines

protein sp ignal, this approach evidently could not be used to reliably measure 2DE DS.
Zwogram protein loads (160-0.06 ng of BGAL, and 160-0.25 ng of BCA) was
out

]

then carri ote that the higher protein loads (160-40 ng) were routinely included in
the same IEF as lower protein loads (4-0.06 ng) since IEF of low- and sub-nanogram
protein Iow resulted in poor resolution and detection. Resulting 2DE gels were cCBB-
stained and imaged via 100 and 50 ym nIRFD (whole and Deep Imaging, 600V PMT) and

37 um densitometry, as described above.

Im re analysed using Delta2D to confirm the accuracy of narrow-well 1DE-
derived LEDE application, by way of assessing whether these exceptionally low 2DE-
P

resolved ds could be detected using the highly automated 2DE analysis software.
Per protei ropped images were warped and fused, and the target protein spot on the
fused ima elineated using the ‘spot editing’ tool. While the more manual process of

spot editing offered some control over how much excess area was included for analysis (i.e.

spot bo ies were recalculated until a minimal inclusion area was achieved), which aided
in achievin tency for meaningful comparisons, ultimately, the region analysed was
softwar . The ‘consensus spot pattern’ (i.e. the single spot delineation) was then
transferred to all gel images to obtain absolute spot volumes (grey values; black = 1). Spot
volumes f: 1-0.06 ng BGAL and 2.4-0.15 ng BCA are reported. Note that fully automated
detection of the target protein (for all loads assessed) with minimal detection of weaker
'‘above bag @ signal (i.e. any non-protein signal remaining following automated
background action) could be achieved by decreasing the sensitivity parameter in Delta2D
to 5-8% r. n the recommended 20%.

[ image analysis was carried out to compare 1DE band and 2DE spot
size and nal, iieasured from 100 pm nIRFD and 37 pm densitometry images of 1DE and

2DE BCA gels. A comparison of background-subtracted signal/mm? from 0.5, 1, and 2 ng
BCA is reported.

R and Discussion

3.
3.1 An integrated approach for accurate protein quantitation

Accurate assessments of the concentration and purity of protein standards are
necessary for meaningful determinations of stain sensitivity and selectivity. Apparent impurity

of commercial protein preparations has been seen to varying degrees [19, 25, 28, 45-47],
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and noted in other investigations in which protein concentration and purity were assessed [13,
15, 18, 48]. Yet it remains a problem in the field that efforts to examine the content/purity of
commercial, proteig, standards (and detailing methods to do so) are rarely reported if carried
out at a.Wss;]nifies a root source of variability both within and between investigations
that musted in order to meaningfully measure DS of any given method.

Pra sorbance coupled with the Beer-Lambert law is the method most
commofily IWSE@m@ determine the concentration of purified proteins [39]. In this study,
concentrathinations with UV absorbance indicated that the assessed standards
contained -89-280% of the protein content claimed by the suppliers (Supplementary Table 1),
indicating @mgrees of (im)purity and/or generally greater quantities of protein than

specified. The er is noteworthy and problematic if supplier-indicated protein amounts are

taken at faceMValle in stain performance studies, particularly if the protein content of the

target band quahtified in fact accounts for only a fraction of the total protein loaded.

To vaIidas UV-based protein estimates, i.e. assess sample purity and content, 1DE

gel-based was carried out [15, 18], confirming substantial contamination

(Suppleme ure 1 A). MS analysis of contaminant bands in each sample confidently
identified i corresponding only the expected protein standard (not shown), indicating
that these predominately multimers and/or peptides (i.e. degradation products) of the

corresponga ein standards. Indeed, protein spots corresponding to the approximate

molecular weights of dimers and tetramers, as well as charge variants, were apparent

followin of BCA (Figure 3 A). Thus, while protein standard purity was high, the ‘purity’
of the targe mer protein band at the expected molecular weight relative to other
resolve s quite low in most cases, consitituting 37-91% of total lane contents

(Supplementary Figure 1 B; Supplemenetary Table 1).
CoSequentIy, initial UV absorbance-based concentration estimates were adjusted
according to these measures of gel-based purity (Supplementary Table 1 [15, 18]. This

approach Iy reproducible, both as monomer band signal between gels, and monomer

signal as tage of total lane signal (not shown) between initial purity assessment gels
and those arallel with gels used to determine 1DE DS (Supplementary Figure 1 B),
facilitati£curate quantitation of DS. We thus propose that comparable assessments
of puritx qd coWntration should be used and detailed in future studies in order to improve
accuracy and minimise variability so as to ultimately establish consistent measures of DS in

gel-based proteorics.

3.2 A DE model to assess 2DE DS

ften assessed by resolving protein standards via 1DE using ~5 mm wide
loading wells. HoWever, as fully resolved protein spots in 2DE gels are more compact and
concentrated, such 1DE models cannot provide accurate estimates of DS in terms of 2DE.
Here, 2 mm (narrow) loading wells, cast with commercially available narrow-tooth combs,

successfully served to concentrate 1DE resolved protein bands to more closely resemble
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2DE-resolved proteins in terms of overall area and signal per unit area (Figure 1 A; Figure 3
E).

Qugalitativegimprovements to DS with narrow-well 1DE were generally apparent by eye
(Figure * i’ ana( were confirmed following quantitative image analysis (Figure 1 B-F; Figure

2). LLDs m nIRFD were improved from (i) 1.33 + 0.17 ng with standard wells to
0.29 £ 0. arrow wells for BGAL; (ii) 15.62 + 4.52 ng to 3.53 £ 1.42 ng for
PHOSBH (ilijmmmes®+: 0.22 ng to 0.40 £ 0.19 ng for BCA; and (iv) from 1.07 £ 0.25 ng to
0.61 £ O.Mr CEL (Figure 1 B, C, E, F). For BSA the difference in LLD fell short of
statistical sjgnifigance, decreasing from 0.60 + 0.20 ng to 0.35 + 0.05 ng (p = 0.057) with
standard narrQW wells, respectively (Figure 1 D). Overall, LLD with 100 ym nIRFD
decreased by ~43-78% with narrow-well 1DE models, with between 50.35 fmol (CEL) and
1.98 fmol L)Bdetected.

DS T1ollowing 37 pm densitometry was also significantly increased with narrow-well
models, with LL5 decreased by ~58-90%. LLDs improved from (i) 0.39 + 0.18 ng with

standard 0.04 = 0.03 ng with narrow wells for BGAL; (ii) 5.00 £+ 1.96 ng to 2.08 %
0.74 ng f B; and (iii) 0.17 + 0.08 ng to 0.05 + 0.03 ng for BSA (Figure 1 B-D).
Improvem LD were not statistically significant for BCA (0.42 + 0.19 ng to 0.21 £+ 0.05
ng; p = 0.0&4maind CEL (0.50 £ 0.16 ng to 0.33 = 0.10 ng; p = 0.12) (Figure 1 E, F).

Overall, LIED densitometry and narrow-well 1DE ranged between 30.07 fmol (CEL) to as
(BGAL).

less of imaging method, IMPS values confirmed that narrow-well 1DE resulted

low as 0.09 fm

in significan er DS compared with standard-well models (Figure 2 A), regardless of the
protein he enhanced DS afforded by narrow-well models is presumably due to
greater local ‘packing’ of protein-CBB complexes, significantly increasing S/N (Figure 2 B)
thereby in!roving LLD. Interestingly, Neuhoff et al suggested that dye diffuses in-gel to areas
of greater protein concentration (i.e. stain density increases with particle density [49]), thus an
additional @ ay be that DS was enhanced by recruitment of greater numbers of CBB
molecules P otein following the use of narrow wells to effectively increase the local
concentrati solved proteins.

ived from narrow-well 1DE models were validated following 2DE of
commerciall standa@rds (Figure 3 B-D), demonstrating the translatability of these estimates for
2DE application. However, S/N was improved further with 2DE in comparison to narrow-well
1DE, shown by nificant increases in background-subtracted protein signal following 2DE of
BCA (Figu . Accordingly, LLDs following 2DE surpassed those estimated from narrow-
well 1DE . While significantly increased S/N following 2DE was most consistently
observi ensitometry, the trend was observed with both imaging methods. This
increased S/N liKely explains how 0.06 ng (0.52 fmol) of BGAL and 0.15 ng (5.17 fmol) of
BCA were detected with 100 ym nIRFD following 2DE (Figure 1 B, E; Figure 3 C, D) —

substantially less than the amounts detected following nIRFD of narrow-well 1DE models.
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Indeed, fully automated detection (i.e. no spot editing) of nanogram protein loads was
achieved by adjusting Delta2D analysis parameters (namely, sensitivity) to exclude artefacts,

confirming lhat thi signal(s) from resultant protein spots were truly discernible from
background and residual noise. Note also that potential protein losses throughout the 2DE

protocol hn considered. It is thus likely that even lower quantities were detected.
Certainly, i@ that narrow-well 1DE DS estimates still did not definitively describe
cCBB DS withmrespect to 2DE. However, the DS estimates reported here are considerably
more reprwe of cCBB DS for 2DE than those derived from wide-well 1DE models [13,
14, 19]. Natwrallyg, this draws into question the accuracy of DS estimates determined for all
other stair@ed in the ‘conventional’ approaches to date.

In terms_of more accurately estimating cCBB DS for 2DE from narrow-well 1DE-
derived asgesSmefits, correction factors of up to ~80% and ~30% would apply following
nIRFD and densitometry, respectively, based on the 1DE and 2DE data for BGAL and BCA

(Figure 1 B, E; iure 3 C, D). However, empirical testing of resulting DS estimates must

follow. In fully establishing the most simple and direct 1DE method to assess 2DE

DS, it ma hwhile to test still narrower wells (i.e. < 2 mm), though this may be
impracticams notable that we did test narrow shark-tooth combs, but the resulting
diffuse V-s goand’ obviated any effective quantitative analysis (not shown).
3.3  Densitometry offers comparable DS to standard nIRFD
inciple, as laser/PMT imaging systems (used here for nIRFD) generally offer
greater S/N red with CCD/camera systems (used here for densitometry) [50], and
-bound CBB should fluoresce [16, 19], nIRFD would be expected to have

the advantage of innately higher DS compared to densitometry. It was also shown that

largely

nIRFD suhStantially outperformed densitometry following cCBB staining — approximately two-

fold for 2DE (native proteome) DS in particular [16] — even with nIRFD carried out using a

sensitivity instrument than utilised here [13]. However, those findings may

have resulig a combination of factors including staining with a lower sensitivity
commerci tion [13], specifics of instrumentation and imaging parameters, and analysis
softwar (Progenesis Workstation 2005, which performs differently to Delta2D [55]),

rather tha' beina'ﬂue to an inherent insensitivity of densitometric detection compared with
fluorescence. Certainly, the 1DE and 2DE DS results of this study demonstrate that
densitometry matdhes, and in some regards outperforms, cCBB DS with standard 100 ym
nIRFD. H ,_as discussed further below, densitometry did not enable optimal detection of
the 2DE-r

proteome when coupled with the 2DE analysis software utilised here.
tive of well width, 37 ym densitometry of 1DE gels consistently achieved
significantly lowerLLD (i.e. improved DS) relative to nIRFD. From narrow-well models,

between 40-95% less protein was detected with densitometry compared with 100 ym nIRFD

(Figure 1 B-F). IMPS and S/N values showed that densitometry provided the highest 1DE DS
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overall (Figure 2). LLDs following densitometry of narrow-well models were also more

accurate relative to nIRFD in terms of predicting 2DE LLD (Figure 1 B, E; Figure 3 B-D).

Initially, fog reasons outlined in section 3.4, we suspected that the high 1DE DS with
densitonHed from the comparatively high image resolution (100 vs 37 pm pixels for
nIRFD anry (TP1), respectively), which is determined by gel size and proximity to
the camer as CCD pixel size (11 ym) and number (3.2 MP). However, lower
resolutidh @EmSit@metry (i.e. lower TP) did not result in poorer LLD, despite S/N being
reduced iWr fashion with decreased resolution; nor was near-equivalent DS achieved
with compagablegb0 um nIRFD and 49 pum densitometry (TP2), (Figure 1 B-F; Figure 2 B).
Thus, rath@wigher image resolution, the high 1DE DS with densitometry may be better
explained by the nature of the imaging method and CBB binding characteristics, as well as
by the Na@l desta@in utilised.

It has been suggested that multiple CBB molecules may bind at a given site and/or
form CBBE [58, 59], with such structures likely minimally fluorescent, as is the case

with unbo molecules [19]. While nIRFD presumably detects only protein-bound CBB,

densitome rbance) would not discriminate between protein, self, or gel matrix-bound
CBB (or ial_light absorbing contaminants that might be present in gel, stain, and protein
preparation evigdently resulting in comparatively higher intensity signal. As background

)

the exceptionally

staining was ised by implementing the NaCl destain protocol [13], this likely facilitated

igh S/N (Figure 2 B). Indeed, protein signals (grey values, with black = 1)
followin m densitometry of 1DE- and 2DE-resolved standards were at least hundred-fold
higher com ith nIRFD (Figure 3 C-E), i.e. regions of interest were comprised of many

more black pixels. The same phenomenon was observed following quantitation

of various spots following native proteome 2DE and 72 um densitometry (TP4) vs nIRFD (not

shown). !

Nonetheless, despite exceptionally high DS following 1DE and 2DE of protein
standards @ B-F; Figure 2; Figure 3 B-E), and that qualitative comparisons of 2DE
gel images 2d no marked variances in proteome coverage (Figure 4), Delta2D analysis
of the 2D d native proteome detected densitometrically resulted in spot counts only
comparm-pass 100 um nIRFD. Spot counts were 976 + 118 and 989 + 102, and
fused imai sgow:ounts were 790 and 887, for 100 ym nIRFD and 37 pm densitometry,
respectively (Figure 5 A, B). Both imaging conditions yielded comparable spot patterns,
though exﬁf differences are shown (Figure 5 C). In general, smeared/streaked (i.e.
poorly res nd relatively faint spots were better detected from 100 um nIRFD images

(Figure 5 A6, A7, A9). Relatively small, well-resolved spots seemed better detected

nsitometry images (Figure 5 C A3, A8).

Using esSentially equivalent imaging instrumentation as in this report, a recent study
comparing fluorescence DS (following 2D DIGE) concluded that the CCD/camera system
offered comparable sensitivity to the laser/PMT system, though a tendency for improved spot

detection patterns from laser/PMT-digitised images was noted [57]. The comparatively poor
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image resolution of the CCD/camera images was thought to account for the poorer 2DE DS
(note that while camera resolution was 3.2 MP, large-format gels were analysed). In the

present stiy, ho!ever, spot counts following 72 uym densitometry were not significantly
different compared to 37 um densitometry (1132 + 71, and 910 for the fused image),

confirmingometry image resolution did not significantly impact DS. Nonetheless,
examples y improved spot detection (Figure 5 C A2, A4, A8) and poorer spot
detectionl (Riguwem§ C A3, A7) are noted. The data thus suggest that the densitometry
(CCD/cameésa-digitised) images were perhaps not processed by Delta2D in the same way as
nIRFD images, perhaps due to the nature of the stored data (i.e. logarithmic vs linear

conversion@for thgylaser/PMT and CCD/camera system, respectively [50]).

Int%, it has been shown that that the performance of Delta2D improves with
[

GF

increased [oi ]. nIRFD images processed in Delta2D presented granular residual
backgrounds to a greater extent than 37 pm densitometry images following automated

background subtraction, corroborating that nIRFD-imaged gel backgrounds were measurably

Ul

less unifor 8% comparatively ‘noisier’). Certainly, densitometry achieved substantially higher
S/N comp IRFD (Figure 2 B; Figure 3 C-E), further suggesting software-related bias

in favour

[

wer S/N nIRFD images. Clearly, further investigation into the influence of

2DE analysi are and DS outcomes is required.

d

3.4 niR resolution affects DS
uantitative analysis relies on the conversion and preservation of analogue data

(i.e. the stai ysical gel and resolved proteins within) to digital data (i.e. image

Wi

acquisi information/resolution images are expected to improve analyses and
facilitate greater DS [17, 34, 35]. For both 1DE and 2DE, higher resolution imaging should

mean morgl defined band or spot boundaries, more detailed and accurate capture of grey

1

levels across the gel, and potentially increased signal from a given region due to increased

pixel numl @ fluorescence imaging, reduced sensitivity with increased resolution / reduced

pixel size | ted [50]. For 2DE, improved resolution should also enhance the ability of a

given anal — be it the naked eye or analysis software — to distinguish between two

n

or mor sitioned or overlapping spots. Here, the impact of image resolution on 1DE
and 2DE_BS wagl assessed following 200, 100, and 50 uym-pixel nIRFD using the FLA 9000

(laser/PMT _s

%)
o]
1

, for which pixel size refers to scanning step size.

educed nIRFD resolution should have resulted in comparatively higher S/N
igher DS since more light emissions are able to reach the PMT with larger
pixel size ased on this rationale, 200 um-pixel laser/PMT imaging using similar

rs has commonly been used in 2D-DIGE analyses, presumably in an attempt
to maximise sensttivity as recommended in the Typhoon User's Guide v.3.0 (Amersham
Biosciences / GE Healthcare, Buckinghamshire, UK), though seemingly without consideration
for the impacts of low image resolution on software-dependent analysis outcomes. For

instance, studies have used 200 ym imaging followed by analyses with DeCyder™ software
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(GE Healthcare, Buckinghamshire, UK) [52, 53], the user guide(s) of which explicitly stipulate
that images with no smaller than 100 um pixels should be subject to analysis

(https://\%.qelifetiences.com).
ata here show that 200 ym nIRFD resulted in the poorest S/N (Figure 2 B)

and equalntly poorer LLD with generally higher variability (Figure 1 B-F). While

IMPS valu goested that one may ‘make do’ with lower resolution nIRFD imaging for

sufficieril 2DEEDSE at least in terms of LLD (Figure 2 A), only ~50% of the protein spots

detected f 100 um nIRFD images were detected from 200 ym images following Delta2D
analysis OGE-resolved native proteome. Spot counts were 519 + 26 and 436 from the
(F

E

fused ima igdfe 5 A, B), marking a significant decrease in 2DE DS with lower resolution
nIRFD. Examination of spot detection patterns revealed more frequent incidences of missed
spots and fing€curate spot boundaries (Figure 5 C). Many low-abundance spots were
indistinguishable "from, and presumably automatically subtracted along with gel background,

and thus were nai detected (Figure 5 C A1, 4, 6); and poorly resolved proteoforms were

generally i ishable from each other and grouped within single boundaries (Figure 5 C
A5-7, 9).
It i ible that the measured decrease in 1DE S/N with 200 ym nIRFD may in

part be attg o the stain utilised, consistent with some signal from stained matrix despite
the expecf@tio t primarily only protein-bound CBB should fluoresce [16, 19]. Again,
however, evidence suggests that poor S/N would not have so negatively impacted Delta2D
analysi indicating that low image resolution was the primary cause of the decreased
2DE DS ob . Certainly, the Delta2D imaging guide (https://www.decodon.com) highlights
the ne ate image resolution for optimal analysis outcomes. Thus, laser/PMT
imaging resolution should not be compromised if one wishes to maximise the
compreher!veness of quantitative gel-based comparative proteomics, which ultimately relies on
the performance of 2DE analysis software. The potential for improvements to DS with high

re w are exemplified by results following 50 pm nIRFD.

1DEWRS#Measurements following 50 um nIRFD were practically identical to those
obtained f standard 100 ym nIRFD (Figure 1 B-F; Figure 2 A, B) initially suggesting
that 10&3 offered sufficiently high image resolution for optimal DS. However, DS for
the 2DE-r$oIved'1ative proteome was substantially improved with 50 ym nIRFD, evident not
only by increased spot counts (1306 + 141, and 1123 for the fused image (Figure 5 A, B)),
but by immot detection patterns (Figure 5 A-C). With few exceptions (Figure 5 C,

A10), 50 D resulted in better ‘splitting’ of spots, i.e. spot boundaries of overlapping
proteofor

imaging

determined with greater accuracy. Note, however, that 2DE of individual
s confirmed that 100 and 50 ym nIRFD achieved the same LLD, as
E DS assessments (Figure 1 B-F; Figure 2 A; Figure 3 B-D). However,

protein
determined from
2DE spot volumes were increased with 50 ym nIRFD (Figure 3 C, D), i.e. 2DE S/N was

improved with increased nIRFD resolution, yet significantly higher S/N with 50 ym nIRFD was

not observed following 1DE analysis (Figure 2 B). Such inconsistencies again highlight that
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analysis methods (e.g. the software utilised, the ways in which background values are
determined and subtracted, and so forth) play a major role in DS outcomes [54]. A

quantitative, analysis approach that can be applied equally well to both 1DE and 2DE gel
images m; Be instrumental to definitively characterising DS, thus exploring the capabilities of

other avaanalysis packages is worthwhile in this regard. Briefly, although
reasonable ere made to quantitatively analyse 1DE gels using Delta2D, this was
ultimately @WsE@BESsful due to limitations in defining regions of interest. At most, qualitative
assessmermested that 1DE DS with Delta2D vs Multi Gauge would perhaps be higher,

as low profgin ds were more visually apparent in Delta2D for both nIRFD and
densitomeffy imagés (not shown).

In addition to increased spot counts from 50 uym nIRFD images, Delta2D automated

a process to align gel images) was more accurate than when performed

with lower resolUtion images, with frequency and accuracy of matched warping vectors

decreasing with §crea3ed resolution / increased pixel size (not shown). Improved alignment

accuracy er resolution nIRFD minimised the need for manual intervention, and very

likely cont the improved spot detection observed. As image analysis is universally
regarded “bottleneck" for larger scale gel-based proteomic investigations [55], improving
2DE analysi racy and outcomes while reducing overall processing time is particularly
advantagemm these advantages come at the cost of additional imaging time and

increased file size, these data demonstrate that such compromises are more worthwhile, and

less pr ic with current computing and storage capacities, than typically suggested in the
past. Notabl FLA 9000 is also capable of 25 uym scanning, though scan time was

excessi

Ited in considerable drying and distortion of gels despite attempts to
maintain hydration. Preliminary findings were that native proteome 2DE DS decreased to that

of 100 pwgnIRFD despite visibly improved image quality (not shown), indicating that it is the
balance between high quality input and the capacity of analysis software to maximise output

that, in p@lies improvements to DS.

3.5 De ing improves 2DE DS

e Deep Imaging of SR-stained 2DE gels improves proteome coverage,
achieved * incr’sing signal from low-abundance proteoforms following the removal of
saturated gel regions and reimaging [3, 4, 56]. Here, we aimed to quantify the DS of cCBB

nIRFD Deep Imaging from narrow-well 1DE models, and maximise 2DE DS by coupling Deep

Imaging w nIRFD imaging conditions assessed.
D ging of narrow-well 1DE models did not result in improved LLD or S/N
compar first-pass whole gel imaging (not shown). However, following nIRFD Deep

Imaging of the E-resolved proteome, Delta2D-derived spot counts were significantly
increased, by = ~30% relative to first-pass imaging (Figure 5 A, B). For 200 yM nIRFD, spot
count increased to 563 + 8 (525 from the fused image, i.e. 88 additional spots); for 100 ym

nIRFD, spot count increased to 1357 + 63 (1066 spots from the fused image, i.e. 276
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additional spots); and for 50 ym nIRFD, spot count increased to 1654 + 154 (1449 from the
fused image, i.e. 326 additional spots). Examination of spot detection patterns revealed that
conjoined @r othegwise poorly resolved spots were better defined and detected, particularly
when CMSO pm nIRFD (Figure 5 C B1-5).

N ot counts were unchanged using 750V vs 600V PMT from both whole and
Deep ima igure 5 A, B), and quantification of 2DE-resolved protein standards
showedithat@spat olumes were not increased following Deep Imaging with 750V PMT (Figure
3 C, D). Wether, these results suggest that the increased 2DE DS observed here
following naiive proteome Deep Imaging was not attributable to the fluorescence integration
observed @ with SR staining and CCD/camera nIRFD [4], likely due to a finite
ignal integration, i.e. excitation/dwell time cannot be increased with the
Indeed, the data instead suggest that the benefits of cCBB nIRFD Deep
FLA-9000 imaging system were largely a result of Delta2D image analysis,

perhaps being a;vourable consequence of the resulting narrower range of grey levels
following

Imaging’ Eult in similar improvements to DS, though no significant improvements were

opportunity for

laser/PMT fimager

Imaging using the

of saturated regions. One might therefore expect that densitometry ‘Deep

observed. 68 and 1178 + 180 spots were detected, and 917 and 963 spots (i.e. an
additional 3 spots) were detected from fused images, with 37 and 72 pm
densitometfy, ctively (Figure 5 A, B). This is likely explained by the comparatively

immense spot volumes from densitometry images (Figure 3 C-E; Figure 5 A, B) indicating
that im amic range would be minimally impacted following excision of saturating gel
regions.

hat improvements seen here with Deep Imaging were in fact predominantly
or purely attributed to the performance of the analysis software, 2DE DS of cCBB nIRFD
with a las@f/PMT system would thus heavily depend on the dynamic range of proteins within
a sample.

ultip

e rounds of high-resolution nIRFD Deep Imaging may be necessary to

maximally
nIRFD sho ble full capitalisation of Deep Imaging based on genuine integration of
fluorescen s [4], provided instrument sensitivity is adequate and resulting images can
be optiﬁed. However, such instrumentation, which generally utilise lamps and LEDs
rather tha' Iaser’ may be expected to be less sensitive (depending on the fluorophore used)

due to broader wavelength excitation and emission hardware. Due focus should continue to
be placed on im§oving imaging and analysis approaches in order to maximise outcomes of
a

given resolved proteome. The use of a CCD/camera imaging systems for

s

proteomic tions, as recently demonstrated by a number of groups [48, 51, 54]. It is
clear that pacity for proteome coverage and detection using 2DE and cCBB staining
(and th many other stains) has in general been grossly underestimated [3, 8, 13, 15].
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4, Concluding remarks

ngDS from narrow-well 1DE models utilising commercial standards
independed for concentration and purity indicates that the modified cCBB
staining/de 0 tocol described by Gauci et al [13] achieves low- to sub-femtomole DS
for intaGt NDE=NEAD 2DE-resolved protein standards, detected with either nIRFD or
densitome& Thﬁ data show that cCBB DS for intact proteins/proteoforms rivals that of
current pepiide in Bottom-up MS analytical approaches [60, 61]. This is clearly of
substantialwin terms of Discovery Proteomics (e.g. analysing molecular mechanisms

and identifying critical biomarkers), and should thus also enable and promote genuine

complemenitar]

lication of both Top-down and Bottom-up proteomic approaches.
Densitometric detection of the cCBB-stained native proteome was comparable to that

of first-pass 100 Wm nIRFD, providing simple, cost-effective access to high sensitivity Top-

down prot ®Improved or alternative 2DE image analysis software than utilised here may
further optj E DS with densitometry. Higher resolution nIRFD improved the process
and outco DE analysis, enabling more accurate automated image warping and
increased detection, further still with nIRFD Deep Imaging — although the increased 2DE

DS seemeg to the performance of image analysis software rather than genuine

fluorescence integration. Overall, this study highlights the importance of considering factors

other t stain itself that can influence DS, and will hopefully prompt the proteomics
community lop standard protocols to assess DS.
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Figure legends

I!ll*re !: A) Representative gel images following 1DE of protein standards using

standard ( nd narrow (2 mm) loading wells, stained with modified cCBB, and imaged
via 100 p d 37 um densitometry (indicated by ‘<’). Amounts of protein per load
(ng) ar&@ indigate@® For representative visualisation and comparison, images were contrasted to
their maxi minimum grey values. B-F) Bar graphs showing cCBB LLD (ng and fmol)
with varied dmagigg methods and well width. Statistically significant differences (Student’s t-

test) from {&tand vs narrow wells are indicated by ‘+’; statistically significant differences

(Post-hoc Hol idak test) from standard-well 100 ym nIRFD are indicated by *’, and from

nIRFD are indicated by ‘°, where one symbol indicates p<0.05; two
indicates p<0.005; and three indicates p<0.001 (One-way ANOVA, p<0.001; n = 3-4).
——

S!andard yvells (5 mm) Narmow wel_is (2 mm)

Proteinload 8 05 025 0125 006 003 8

05 0.250.1250.06 0.03 ng/band
B
) 2.0 AL 17.2
| 16 13.8
-_— r
S 12 1035 mmmm Standard
2 o8 E) —= Narrow
ER g
0.4
0.0
RFD °?PR‘ \Rg" 19“ M te2 Yen 2o ¥
Cc D
) 30.0 PHOSS 307.5 ) 1.25 Ras 18.8
25.0 1.00 15.0
—20.0 - -
5150 2075 135
o 15 Q Ey
3100 3 080 -
1 5.0 0.25 3.8
0.0 0.00 - L 0.0
ARED 7'“\&:’0 L+ RFD . (W‘“ ¥ 9% aen®® w ARFD 2““&\”—0 A %R \RFD “ \“\;“ I Pz‘ i
2.0 BCA 69.4 25 CEL 174.7
55.5 2.0 139.8
F ) E
( 4165 g1s ’ 1048 5
g a E)
2783 = 1.0 + > 699 3
13.9 0.5 w27 |39
L 0.0 0.0
m o
\R\—.o 2 n\g’;o 100 %o 5“6‘91\ fﬂ pn 42 Y ARFD 2°\R\’=o A00 ¥ \RFD “3‘1\ 4 pﬂ as v
lmagmg method tmaglng method

This article is protected by copyright. All rights reserved.



Coomassie staining for (sub)femtomole detection of proteins in-gel 24

Figure 2: Bar graphs showing A) IMPS (ng), and B) average S/N for 2 ng protein
with variei imagiW methods and well width. Statistically significant differences (Student’s t-
test) from standard vs narrow wells are indicated by ‘+’; statistically significant differences

(Post-hoc test) from standard-well 100 um nIRFD are indicated by *’, and from

narrow-wel IRFD are indicated by ‘“, where one symbol indicates p<0.05; two
indicateSl J=@W@0SM and three indicates p<0.001 (One-way ANOVA, p<0.001; n = 3-4).
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Figure 3: . A) Representative whole gel images following 2DE of 2 ug protein
monomer ldads of BGAL and BCA, imaged via 100 um nIRFD; and B) representative gel
images sh farget proteoforms following 2DE 0of0.06-1 ng loads of BGAL, and0.15-2.4 ng

loads of | via 50 pm nIRFD. 37 pm densitometry images are shown for the
lowest prot@immligads. For representative visualisation and comparison, images were contrasted
to their mmand minimum grey values. Bar graphs show spot volumes (grey values)

2D analysis of whole and Deep images of 2DE-resolved C) BGAL and D)

BCA. (n Bar graphs showing average background-subtracted 1DE band signal/mm?
compared t of 2DE spots following Multi Gauge analysis of standard-well and narrow-
well 1DE , and 2 ng BCA, imaged via 100 ym nIRFD and 37 pm densitometry.

Statistically significant differences (Post-hoc Holm-Sidak test) are indicated by *’, where one
symbol indicates 9<0.05; two indicates p<0.005; and three indicates p<0.001 (One-way
ANOVA,
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Figure 4: Representative 2DE gel images of cCBB-stained rat cortex soluble proteome

(100 ug pgotein) fellowing 200, 100, and 50 um (600V PMT) nIRFD, and 37 and 72 um
densitomei. R representative image of 50 ym (600V PMT) nIRFD Deep Imaging is also

shown. 50@ images are annotated with spot numbers corresponding to those shown
in Figure presentative visualisation and comparison, images were contrasted to
their mékirmUm@&aAY minimum grey values.
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Figure 5: Delta2D spot counts from A) raw and B) fused 2DE gel images following

whole andIDeep "naging with 200, 100, and 50 ym nIRFD (600V (*) and 750V PMT), and
37 and pm densitometry. Statistically significant differences (Student’s t-test) from whole vs

Deep Imae indicated by ‘+’; and statistically significant differences (Post-hoc Holm-
Sidak test @@mum 600V PMT nIRFD are indicated by *’, where one symbol indicates

p<0.05;mwemingigates p<0.005; and three indicates p<0.001 (One-way ANOVA, p<0.001; n =

3); C) Seans of analysed raw images of a single replicate, which exemplify

differences 4 s detection patterns following varied methods of whole gel imaging (A1-10)
and 50 pm (600 PMT) Deep Imaging (B1-5), are shown.

A) C) Dens  Dens
o 2000 o nRFD nIRFD nIRFD (TP1)  (TP4)
g ZOOpm 100pm 50pm 37pm 72pm
£ 1600 ; & " P P
- Z JICHCHIOIO!
- ‘ — 4~ R
% 1200 =
2
£ 800 ;
g’ e
©
& 400 1
>
<
0 i
0 VT 400 ¥y 50 VT, a7 W, 72
I ARFO 2 JRFD *\0“‘R\,05 \%‘;'n?.:. aed !
B
| ) 1600
L
]
3 1200 |
- ‘A
3] /\
o 800 rs| (P SEY U0y \&
g —% < © A ; ~
E e o o o
T 400 | A9 ([ (R P | S
: - ':ee-; N | |t
1 = M
0. A10 =7 | it |

S S| SR TSR

m
L "°°“F° 506"“ ien 1Y

B1 B2 B3 B4 B5
Imaglng method = DA O] e
Whole |/ @O [ (4| @

( smmm \Whole” \ . = J’
—= Deep” ‘ IR S O L (| (Rl
e== Whole 750V Heen "Q el
== Deep 750V B E—

This article is protected by copyright. All rights reserved.



