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Introduction . N 1)
Participant laboratories & oteoked
Standardization and robustness evaluation of methods and procedures are becoming key issues for ABRF and HUPO initiatives. Two-dimensional gel electrophoresis (2DE) T
constitutes one of the most widely used protein separation technologies for proteome analysis. Reproducibility has always been a major concern when using 2DE in comparative

proteomic experiments. The main issues affecting reproducibility of 2DE are the gel to gel variation of the two-dimensional separation patterns themselves, and the accuracy in

comparing relative protein abundances based on the measured spot volumes. Reproducibility is not only affected by experimental conditions, but also by investigator introduced

bias in the image analysis process. In the last years, different methodological improvements have contributed to more robust 2DE workflows: use of immobilized IEF strips,

fluorescence based difference gel electrophoresis (DIGE), new software tools, etc.In order to assess the reproducibility of 2DE experiments using current workflows, we have set

up a multi-laboratory assay, conducted at 22 laboratories of the PROTEORED network (Spanish network of proteomics facilities), plus other associated laboratories.All

participating labs have received an identical protein extract, prepared from cultured A431 human carcinoma cells, to be run in triplicate gels under selected 2DE conditions in all

labs. Approximately, one third of the labs have performed the experiment using one of three different workflows: DIGE, silver single-stain and fluorescent single-stain. Each

laboratory has then used its own protocols and software for image-analysis, to evaluate the number of spots observed and the variability in the spot volume measurements

between the three replicate gels. The information of the experiments has been then gathered, using criteria conforming to the current MIAPE guidelines developed by the

HUPO-PSI, in order to test and evaluate these guidelines. Based on the collected data, gel to gel variability intra- and inter-laboratory and variability for the three different

workflows assayed are evaluated and compared.

2DE MULTI-LABORATORY ASSAY DESIGN

Figure 6 - Effect of internal

standard DIGE normalization
2DE Standard Sample 2DE -Standard Sample 3 on the %CV distribution of
prepared and distributed by Lab 1 5 T o
ﬂ Q 2 o4osmmcv| (spots <50%CV were
(Human epiivera carcmomay 2 p4mec] selected). Results for the same
Pratea 22 laboratories e epihell careinoms 2 samcy | 3 replicate gels are shown for
iayiing & SYPRO  poststaining, ~ Cy3
2DE, 3 replicate gels e ThiowealCHAPS analyzed as smgle_stam and
100 pg total protein/gel Sonication DIGE abundance ratios.
IEF 24 cm, pl 3-10 - TCAlAcetone SYPRO(n=292)  Cy3 Single saining  DIGE (n=1352)
12.5% SDS-PAGE -1117)
Lab1
Ag  SYPRO  DIGE 100% = (04050% V|
0% N 020409 v/
et - i G 80% g = 10-20% CV
Image analysis - MIAPE reports _ — £ o - g s camcv
Figure 1 - Example of groups of 3 replicate 2D gels S 0% [ oaosomcy || §
performed at different labs, using different staining 2 50% ke [E]
procedures 3 4o% BI0Z0%EV | |2
. £ s oamey || 3
[
& 20%
10%
% CyaICySICy2
(Cya: single (Cys: single. (Cy2: single. average; single:
100 0 Figure 3 — Effect of staining staining n=1281
100%. . : s_rutc_ede;_re fon b d%C\/ Figure 7 — Variability due to Cy dye labeling and gel-to-gel (A) vs in-gel
S 3 a0 : 2 (Sl to salut;] ancg variation (B). A) Cy3 and Cy5 samples were labeled individually for each of 3
2 £0% § g r";eﬁf:g:meglss ( or asstaiﬁin replicate gels. A single Cy2-labeled sample was loaded on each gel. The
%so% o = 29 rp dur g Thp ver 9 corresponding Cy dye images of the three replicate analysis were analysed as
< g g Eu‘jﬁge;‘ ec)% spm: wm? e%a(‘i‘s single stain. B) The three Cy (Cy2/Cy3/Cy5) images of a single gel were analyzed
] 2 15 2 as single stain.
Ehe H . <10% (blue) and the average 2
7] : ith 9
8 20w - N %CV for all spots with %CV < Cy3 Cy5 .
A . 50% (red) are shown for the 4 Y ]
% - > ik
ot e | tws | tae | tws o P —— gels ?f each staining procedure L - ] *
(=275 (=1118) (=293) (n=674)  (r=148) group. i '
- Ii .;
Sypro Ruby N | - .
100% 00 ] L] ¥
| ' s S
) zj o 3
g Sasene| 05 I Figure 8 - Variability due to differential Cy3 / Cy 5 labeling. Only 5 out of 1457
e a0a0ncy 05 spots were differentially labeled by Cy3/Cy5 dyes with an average ratio >1.2 or < -1.2
Saow lx;—]zazng\?v § 04 and p < 0.05 (T-test, n=3). Spot shown: Average ratio 1.27, p= 0.00015.
g = Tos
Q2o 027 Figure 9 — Total number of
0% o1y ::gpm matched spots (<50% CV)
Labl  Lab2  Lab3  Lab4 D o £ from 15 3-gel experiments
- o - 016 020 025 032 040 050 063 079 100 126 158 200 251 316 398 501 631 7.94 10.00 ° DIGE ) e
(n=497)  (n=353) (1=292) (n=1001)  (n=T4) ratio of normalized average volumes 5 analyzed with the staining
21500 procedure and image analysis
U; - ypp— I é software indicated.
8 oy 0 Sypro Ruby (<50%CV) | | 5 g
3 i GocE (o H .
: g o8 5
g g | : :
2 T4050% OV =os .
] S20d0mncy Boe g
2 m1020%CV = ImageMasteriMelanie  Decyder  SameSpots
£ saamscy g os 1 . "
o 502
2
011
04
Lab! Lab: Lab b Lab2 016 020 025 032 040 050 063 079 100 126 158 200 251 316 398 501 631 7.94 10.00 CONCLUSIONS
(v=2182) (n=1471) (n=1352) (n=1455) (n=2118) ratio of normalized average volumes
Figure 2 — Effect of staining procedure on %CV. - Despite d\ffgrences in protocols andvlmage analysis software used, ihe variability observed
(coefficient of variation) distribution  of . . S between replicate gels shows a consistent pattern for each of the staining procedures. The
Fig 4. Normalized frequency distribution of averaged calculated abundance distributions of %CV of the spot abundance measurements (Fig 2, 3 and 4) reflect a better
abundance measurements. 5 labs x 3 replicate ti = h 3 licat ISk ihelabund, i R1/R2: R1/R3: R2/R3
els per staining procedure. Spots with <50% CV ratios. For eacl replicate gels the abundance ratios (R1/R2; ; R2IR3) performance of fluorescent versus silver staining, and a dramatic decrease in variability by
ge's p 9 pr ure. Sp B " have been calculated based on normalized volumes (single stain) or standardized h 1l dardized DIGE h.
selected. Spots with higher %CV, which likel i i ; i using the internally standardize: approach.
include r;nostpwron \ matghed or unl’natched s otsy normalized volumes (ratiometric) for DIGE Cy3 images. A: all spots (5 labs x 3
have been dlscarge)ii T Num%er; rep:lcate gells per staining procegure). B: spots with < 50%CV selected (5 labs x 3 - The observed variability displays a clear inverse dependence on spot volume (Fig 5). For all
ot -~ o replicate gels per staining procedure; i i i
within the bars indicate the number of spots in each P gels pe g p ) three s\a\nmg’ procedures the variability increases rapidly below a certain spot volume
range threshold. Again, DIGE displays the best performance.
- Analysis of the Cy dye images separately or using DIGE internal normalization allows the
evaluation of different sources of variability. Fig. 6. shows that individual Cy dyes perform
similarly to SYPRO Ruby when analyzed as single stain images, while the effect of
b1 Lab2 b3 normalization using the internal standard is the main factor in the reduction of variability. Fig. 7
160 - 160 160 - shows that the variability introduced by performing separate Cy dyes labeling reactions of the
140 o5 Ag 190 [ SVPRS‘ 140 DIGE samples is negligible, and that gel-to-gel variation is the major source of variability. Fig 8.
20 120 20 shows that preferential Cy dye labeling is only observed for a small number of proteins. On the
10 c 0 other hand, this source of bias can be easily avoided by dye-swapping experiment designs.
g E g
3 HD h o 3 b - Comparison of the performance of the image analysis software used in the different
© e . O experiments have to be taken with caution, considering that essentially identical images are
“ " - . “© g being compared, and that factors as time spent on the analysis have not been taken in
20 *4}.?".4 . ORI N 20 ps consideration. However, it is apparent that Non-Linear Dynamics SameSpots results in a clear
o e - 0 - Sants S * increase on well-matched spot detection, particularly evident in single-stain procedures. On the
0 60 w0 210 0 50 100 20 o 2w 20 w0 imil i
Normalized volumes average Normalized volumes average Cy3 normalized volumes average other hand, GE Decyder, performs similarly to SameSpots for DIGE experiments.
Figure 5 — %CV dependence on spot volume. %CV of normalized spot volumes (for single stain) or Cy3/Cy2 standardized ratios (DIGE) - Overall, the assay conducted highlights the need to adjust the number of technical replicates
are plotted as a function of normalized spot volumes. in 2DE proteomic experiments, to account for the expected variability depending on the
procedures used. This is of particular importance when changes in low abundance proteins are
compared. As clearly shown, the use of a strategy with internal standardization introduces a
large improvement in accuracy.

Vall d'Hebron

Institut de Recerca




