
46

Proteomics aims to comprehensively 
identify and quantify proteins in a 
biological system, including protein 

expression, localization, interaction, post-
translational modifications (PTMs) and turn 
over. It routinely employs reversed-phase 
liquid chromatography (RPLC)-electrospray 
ionization (ESI)-tandem mass spectrometry 
(MS/ MS) for protein identification. Capillary 
zone electrophoresis (CZE)-ESI-MS/MS has 
also attracted great attentions for proteomics 
due to its advantageous features. First, CZE-
MS and RPLC-MS can produce complementary 
identifications and the combination of these 
two techniques can improve proteomic scale, 
and especially enhance proteoform iden
tifications. Second, CZE can produce better 
intact protein separation than RPLC, benefiting 
top-down proteomics. Third, CZE-MS can yield 
higher sensitivity than RPLC-MS for detection 
of peptides and intact proteins. Fourth, CZE 
can separate proteins under native conditions. 
CZE-MS/MS will be an invaluable tool for native 
proteomics that aims to approach proteome-
scale characterization of endogenous protein 
complexes in cells.

Our research focuses on development of novel 
analytical methodologies based on CZE-MS/
MS for high-resolution, ultrasensitive and 
native proteomics, and applications of the 
new methodologies for answering important 
questions in biology.

(I) Couple multi-dimensional LC to CZE-MS/MS 
for high-resolution and ultrasensitive proteomics. 
We employ orthogonal separation techniques 
to improve the separation of peptides and 
intact proteins in complex proteomes, boosting 
the proteome coverage from proteomics. 
We integrate microscale RPLC (µRPLC) 
with CZE-MS/MS to improve the sensitivity 
of proteomics, enabling deep proteomics 
of mass-limited samples. We collaborate 
with developmental biologists to apply our 
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techniques for understanding important 
questions in vertebrate early embryogenesis 
using zebrafish as a model system. We are 
particularly interested in two important 
questions. First, how do proteins and/or their 
PTMs accurately control the zygotic genome 
activation at mid-blastula transition? Second, 
when and how do interblastomere differences 
arise during early cellular differentiation? We 
believe quantitative proteomics of zebrafish 
embryos and blastomeres across multiple 
developmental stages will provide valuable 
insight into those questions.

(II) Develop analytical methods for native 
proteomics. We couple size exclusion 
chromatography (SEC) to CZE-MS/MS for high-
resolution separation of complex proteomes 
under native conditions. The SEC-CZE-MS/
MS will enable large-scale identification and 
relative quantification of protein complexes 
directly from complex proteome samples and in 
discovery mode. We are particularly interested 
in characterization of protein-metal complexes 
in cells.

(III) Couple magnetic beads-based immobilized 
trypsin to fast CZE-MS/MS for high-throughput 
proteomics. The state-of-the-art proteomics 
platforms require at least 12 hours for sample 
preparation, RPLC-MS/MS, and data analysis. 
The relatively low throughput impedes 
application of proteomics for daily and 
system-wide clinical diagnostics. Our goal is 
to improve the throughput of proteomics by 
over one order of magnitude, approaching half-
an-hour proteomics. We believe the technique 
will facilitate daily and system-wide clinical 
diagnostics. 

Multi-dimensional LC-CZE-MS/MS for high-
resolution and ultrasensitive proteomics.
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SEC-CZE-MS/MS for native proteomics.
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Immobilized trypsin-CZE-MS/MS for high-
throughput proteomics. 
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