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Fig.1 Ubiquitin conjugation and deconjugation machinery
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Fig. 7 Reaction mechanism of photocrosslinking groups with Ub—conjugate—AfBP
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Fig. 8 Strategies for the synthesis of Ub—conjugate module
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Fig. 9 Auxiliary—-mediated ligation strategy for the construction of native isopeptide bonds

B9 HEEZERBIOERKFIE

R S RN S S A R N A e AR Y
B (E110) o Ky 518 2 H At 22 38 11 SPPS ik A F]
JAE L, SRS 5 Z KRG 7 B AT NCL R,
e PR T AR R AT I AR 9K 1Y S g . Hirp
Liu PR B9 y S 58381 24 1 AN AT DAA S0 %5

ICLE S kBt n] LA 5 ERERINCL SN . Sk
A 28 IR HE RO R S H I A A 5 A9 NCL i 4%
RORmZ . SR, TR AR RAR A IR Y
HREE S, Bl Ovaa RAHZ ™) Ak T v $i 2k
AR AR, H AT ARz

(0]
NH, NH . NH
0 HS 1. %8
SR + [ Sb ] 2 [ Sb } 2. JBiHR L‘
YRS 2R SHMIL AR

Fig. 10 Thiolysine—-mediated ligation strategy for the construction of native isopeptide bonds
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Genetically incorporated unnatural amino acids strategy for the construction of native isopeptide bonds
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Fig. 14 Biorthogonal ligation strategy for the construction of non—native isopeptide bonds
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Fig. 16 1,3-Dichloroacetone/1,3—dibromoacetone crosslinking methods for the construction of non—native isopeptide bonds
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Fig. 17 Click reaction for the construction of non—native isopeptide bonds
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Fig. 18 Aminoethylation—-NCL coupling method for the construction of non—native isopeptide bonds
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Fig. 19 Maleimide—Cys coupling method for the construction of non—native isopeptide bonds
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Fig. 20 Oxime—formation method for the construction of non—native isopeptide bonds
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Fig. 21 Preparation of mono—Ub—ABP by thioester aminolysis
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Fig. 22 Preparation of Ub—conjugates ABP
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Fig. 23 Preparation of Ub—conjugate—AfBP
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P33R A DUB %GR (274%) L7620 i 4 T
FIDUBs (101) £, XfE—E R LUl T %
TEREF B PL . R T HRIE S65 1 B fb X Ub 7 41
Ji b 5 A LI A Z A, Brik ST M i
SPPS & i T S65 iR fb ) Ub, SR )5 A ik
cR10 45 T MR AL CPP-Ub, i1 3K i%z
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Fig. 24 Preparation of cell-permeable Ub ABP
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Abstract Ubiquitination, a diverse post-translational modification, is carried out by enzymes including E1-
activating enzymes, E2-conjugating enzymes, E3 ligases, and deubiquitinating enzymes (DUBs). Ubiquitin itself
possesses 7 lysine residues and N-terminal methionine, allowing for the formation of polyubiquitin chains with
different lengths and linkages. These chains exhibit various topologies that can be recognized by proteins
containing ubiquitin-binding domain, thereby transmitting distinct cellular signals. To unravel the physiological
mechanisms associated with ubiquitin, numerous ubiquitin probes have been developed. This review provides an
overview of recent advancements in the field of ubiquitin probes, focusing on activity-based and affinity-based

probes. Activity-based probes are designed to covalently bind to DUBs, Els, or E3s, enabling the identification
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and characterization of these enzymes. Affinity-based probes, on the other hand, selectively bind to ubiquitin-
binding domains, facilitating the identification of proteins that interact with ubiquitin. Moreover, this review
comprehensively discusses the synthetic methodologies employed for the acquisition of ubiquitin probes. These
includes meticulous discussions on the synthesis of individual monomeric modules, the establishment of
isopeptide linkages, as well as the incorporation of reactive functional groups. Additionally, the review explores
the emerging area of cell-penetrating ubiquitin probes and highlights their latest applications in living cells. These
probes incorporate cell-penetrating peptides to enable their internalization into cells, allowing for direct
visualization and manipulation of ubiquitin-modified proteins within their native environment. Overall, this
review offers insights into the design, synthesis, and applications of ubiquitin probes, highlighting their

significance in elucidating ubiquitin-mediated cellular processes.
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