2021 4E 1 A & i% Vol.39 No.1
January 2021 Chinese Journal of Chromatography 26~33

HEREEHR(L) - Btk DOI; 10.3724/SP.J.1123.2020.07005

WE. EORZ 2R RS E BERNETEEEN T —  FARENESHS AR RF RlsE
AR RS BB, 2 F R A SRR S i 2R AT | JORE RN JERE 45 B ORI 1 & AR kSR )
HASE, TR IE R T2 RALRZ5H 5 D RE , vl R DA TRUAE fiy | BB 5 1A 965 PO FE R 0 & BT 1 12 W S i 42
PEEBAE R, R R B At 2 R A A B2 AR R 2 Rk B 2 B A AR SRR AR A R I
LR IIFF K T E RGPS, BB U SR BR i 2 2B A M 5T R m A I TR, &
PESRAN BRI T IR PR EAE R BB G 4 B M i ik, O 12 0 T2 FZ 0 A BT sIKBE 9 & 42 43
B BT RIRZ R 2R I9Z 2455 45 K938 ( ubiquitin binding domains, UBDs) AJ 5 5 s 2 Rz R EEA BAEH],
UBDs 1AL T 1 & e ok 1) 83 k12 5 25 5 524K ( tandem ubiquitin-binding entities, TUBEs) i 8 1 5tz H# AL
DIReR R AT TR F o ST 2 IR G0 & AR B B Bz R AWM S H AT Refwpr 2 b TR, Woh, %
P 2R AU BC EE A I06 A (o FH , 26 8 B2 ARG 00 e S v SRR i P R I T R R DL, A AU A AR
ITZ ZAEMG B T B BRI, SO S A0 3B 7 AR 2R 1 Iz AR 5 A i 1 FH Bl R AT T 4558
KR R O UZ B AL RS Sk 2K

FE 5 2S . 0658 XRKFRIAAD A X E S 1000-8713(2021)01-0026-08

Abstract: Protein ubiquitination is one of the most common yet complex post-translational

modifications in eukaryotes that plays an important role in various biological processes inclu-
ding cell signal transduction, growth, and metabolism. Disorders in the ubiquitination process
have been revealed to correlate with the occurrence and development of many diseases such as
neurodegenerative disease, inflammation, and cancer. Investigation of protein ubiquitination is
of great importance to uncover protein functions, understand the molecular mechanisms under-
lying biological processes, and develop novel strategies for disease treatment. Great advances
have been made toward understanding protein ubiquitination; however, it remains a challenging
task due to the high diversity of ubiquitination sites and structures, as well as the dynamic
nature of ubiquitination in biological processes. Protein ubiquitination occurs through the forma-
tion of a covalent bond between the carboxyl terminus of ubiquitin and the e-amino group of a

lysine residue in the substrate. As a small protein, ubiquitin itself can be further modified by
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another ubiquitin molecule to form homotypic or heterotypic polyubiquitin chains. There are
eight sites, namely seven lysine residues (K6, K11, K27, K29, K33, K48, and K63) and one N-
terminal methionine (M1 ), in one ubiquitin molecule that can be used to form a ubiquitin
dimer. The variations in modification sites, ubiquitin chain lengths, and conformations result in
differences in protein sorting, cell signaling, and function. To resolve the high complexity of
protein ubiquitination, new separation approaches are required. Affinity separation based on the
specific recognition between biomolecules offers high selectivity and has been employed to
study the structures and functions of ubiquitination. In addition, affinity ligands are central to
the separation performance. Different affinity ligands have been developed and employed for the
capture and enrichment of ubiquitylated proteins. Immunoaffinity separation based on antigen-
antibody interactions has been one of the most classical separation methods. Antibodies against
ubiquitin or different ubiquitin linkages have been developed and widely applied for the enrich-
ment of ubiquitylated proteins or peptides. The specific capture allows the downstream identifi-
cation of endogenous ubiquitination sites via mass spectrometry and thus facilitates understand-
ing of the roles and dynamics of polyubiquitin signals. Ubiquitin-binding domains (UBDs) are a
collection of modular protein domains that can interact with ubiquitin or polyubiquitin chains.
Ubiquitin-associated domains, ubiquitin-interacting motifs, and ubiquitin-binding zinc finger
domains are the most frequently used UBDs. Due to the moderate affinity of UBDs toward ubig-
uitin or ubiquitin chains, tandem ubiquitin-binding entities ( TUBEs) have been engineered with
high affinities ( K, in the nanomolar range) and exhibit potential as powerful tools for ubiquiti-
nation analysis. Because of their affinity and selectivity, UBDs and TUBEs have been applied
for the isolation and identification of ubiquitylated targets in cancer cells and yeasts. Compared
with antibodies and UBDs, peptides are smaller in size and can be facilely synthesized via
chemical approaches. The modular structure of peptides allows for de novo design and screen-
ing of artificial ubiquitin affinity ligands for targeted capture of ubiquitinated proteins. Further-
more, the polyhistidine tag at the N-terminus of ubiquitin facilitates the purification of ubiquity-
lated substrates using immobilized metal affinity chromatography. Considering the high com-
plexity of biosystems, strategies combining multiple affinity ligands have emerged to further
improve separation efficiency and reduce background interference. Several combinations of
antibodies with UBDs, antibodies with peptidyl tags, and UBDs with peptidyl tags have been

developed and proven to be effective for the analysis of protein ubiquitination. These affinity-
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based approaches serve as important solutions for studying the structure-activity relationship of
protein ubiquitination. This review highlights the applications and recent advances in affinity
separation techniques for analyzing protein ubiquitination, focusing on the methods using anti-
bodies, UBDs, peptides, and their combinations as affinity ligands. Further, their applications
in the enrichment of ubiquitin-modified substrates and the identification of ubiquitination struc-
tures are introduced. Additionally, remaining challenges in affinity separation of protein ubiquit-

ination and perspectives are discussed.

Key words: protein ubiquitination; affinity chromatography ( AFC) ; antibody; peptide
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Fig. 3 (a) UBDs recognition sites and (b) structural
model of UBDs-ubiquitin complex!®!
UBA; ubiquitin-associated domain; A20 ZnF: A20 zinc finger
domain; ZnF_UBP. zinc finger of ubiquitin-specific processing
protease domain.
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Fig. 5 Schematic representation of the substrate identification processes

[46]

TR-TUBE: trypsin-resistant tandem ubiquitin-binding entities; TBS-N. tris buffered saline; IP. immunoprecipitation.
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