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Research Article

Microscale solution IEF combined with 2-D
DIGE substantially enhances analysis depth
of complex proteomes such as mammalian
cell and tissue extracts

Current gel-based protein profiling methods such as 2-DE and fluorescent 2-D difference in
gel electrophoresis (DIGE) evaluate small portions of complex proteomes. Hence, sample
prefractionation is essential for more comprehensive proteome coverage and detection of
low-abundant proteins. In this study, we describe the combination of DIGE labeling with
microscale solution IEF (MicroSol-IEF) fractionation and subsequent analysis on slightly
overlapping narrow pH range 2-D gels. By fluorescently tagging and mixing samples and
controls prior to prefractionation, complications resulting from minor run-to-run variations
during MicroSol-IEF separations of multiple samples are avoided. This greatly improves the
reliability of quantitative comparisons. To illustrate its utility, this 3-D DIGE strategy was
applied to analysis of human melanoma cells and mouse lung tissue extracts. Approxi-
mately 1000 reproducible spots can be obtained from narrow range 2-D gels of individual
MicroSol-IEF fractions, and approximately 6000 spots can be obtained from entire pro-
teomes. Quantitative changes in closely related samples could be more reliably detected and
the method has a greatly increased capacity to distinguish between closely related protein
isoforms. Thus the 3-D DIGE strategy produces a powerful method for more comprehen-
sive and more reliable quantitative comparisons of protein profiles of very complex pro-
teomes.
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1 Introduction

The most common type of proteomics analysis involves
quantitative comparisons of protein levels of a cell or tissue
extract under two or more experimental conditions. 2-DE has
dominated quantitative proteome profile comparisons for
more than 30 years [1, 2], and it remains a core proteomics
technology. Unfortunately, the classical 2-DE method is
technically challenging and has a number of shortcomings
including substantial gel-to-gel variability, difficulty detect-
ing some types of proteins, and inadequate capacity for the
most complex proteomes [3, 4]. For example, most mamma-

lian cells probably consist of more than 20 000 unique pro-
tein components [3, 4], while a typical “large” format 2-D gel
(20620 cm) resolves only about 1500–2000 spots or less. In
addition, the most common protein staining methods in
2-DE approaches either have poor detection sensitivity (Coo-
massie Blue staining) or very limited dynamic range of spot
detection (silver staining), which greatly complicates quanti-
tative proteome analysis. To overcome these disadvantages,
2-D difference in gel electrophoresis (DIGE) was first intro-
duced by Ünlü et al. [5] and subsequently commercialized by
GE Healthcare Life Sciences (Chalfont St. Giles, UK; form-
erly Amersham Biosciences, Uppsala, Sweden). This tech-
nique involves the labeling of up to three different samples
with fluorescent cyanine dyes (Cy2, C3, and C5), which have
nearly identical masses and charge. The differentially labeled
samples are mixed and separated on conventional 2-D gels.
Because experimental and control samples are separated on
a single gel, the gel-to-gel variation that represents the major
limitation of conventional 2-D gels is eliminated [5]. Fur-
thermore, this multiplexing reduces the number of gels that
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