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Application of Chemical Biology to Reveal the Function of O—GlcNAcylation in
Diseases: Research Tools and Tactics
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Abstract The addition of O-linked-f-N-acetylglucosamine (O-GlcNAc) onto serine and threonine residues of nuclear and
cytoplasmic proteins is an abundant and unique post-translational modification that plays a critical role in governing im-
portant biological processes. Since its discovery, O-GlcNAcylation has been shown to contribute to numerous cellular pro-
cesses, including signaling, protein localization and stability, transcription, chromatin remodeling, mitochondrial function,
and cell survival. O-GlcNAcylation is a dynamic and reversible post-translational modification that regulates protein function
in a site-specific manner, making it an important player in the regulation of diverse biological processes. Dysregulation of
O-GlcNAcylation has been implicated in the pathogenesis of various diseases, including cancer, neurodegenerative disorders,
and diabetes. To better understand the regulatory roles of O-GlcNAcylation in cellular physiology and disease pathogenesis,
O-GIcNAc proteomics strategies and more specialized, more exact research tools are needed to further explore the
bio-functional systematization of O-GlcNAcylation. In recent years, the field of chemical biology has developed various tools
and methods for analyzing O-GlcNAc glycosylation, including small molecule sugar probes, metabolic labeling reagents,
chemoenzymatic techniques, specific antibodies, and lectins. These tools have served as a foundation for the further devel-
opment of O-GIlcNAc glycoproteomic research strategies. O-GlcNAc glycoproteomic strategies, such as high-resolution mass
spectrometry-based approaches have been developed to allow for the detection and quantification of O-GIcNAc modifica-
tions on specific proteins, enabling site-specific analysis of O-GIcNAc modification patterns. The number of proteins modi-
fied by O-GlcNAc is quite extensive, with at least 7000 modification sites identified in human cells. This highlights the im-
portance of O-GlcNAcylation in regulating diverse biological processes. Identification of O-GlcNAcylation sites with specif-
ic biological functions is still a remaining problem. Innovative solutions are required to address this challenge in cell models
and disease therapy. At the same time, with the aid of high-resolution mass spectrometry, a large number of O-GIcNAc modi-
fication sites on proteins have been identified, which has greatly promoted the study of site-specific O-GIcNAc biological
functions. This article has reviewed the recent advances in the field of O-GlcNAc research, with the aim of providing a basis
for the development of more chemical tools and offering new research ideas and strategies for uncovering the functions of
O-GlcNAcylation in disease progression.
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Figure 2 Chemical structures of OGT inhibitor-related O-GlcNAc molecular probes. (a) UDP and UDP-GIcNAc analog O-GlcNAc molecular probes. (b)

O-GlcNAc molecular probes obtained by high-throughput screening
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TR ER I F VG FE IR ZE, % WGA JZ b4 B SE AL Al
RHEFAL I E A, 2B O-GleNAc &1 8 1 IR I AT &
TIO0 SRT, BT AR 0 BB IE  AEE GIeNAc Al
WERFE ], 113 WGA TR & AR5 O-GleNAc
B AR A SRR R 45 o, BT R B, BEFATE
1E1F) WGA (sWGA) A 45 574 1R 51 GleNAc 5%, (HIKSA
e R T 7K O-GleNAc &1 & 1 K. Soesanto
SR F sSWGA HF 7T T O-GleNAc 18 ] ) i A Bk & N
SAFIE Akt 1554 SR, Diwa 25080 sWGA
BT FAIR 2 M ERBE R BRASL K i ) O-GleNAc B
HH, UESE TAU H5 A BRI 00 B 7R 2% i BROAE A i idE
EA. fEJG S0 Fi, WS AT 1SR F B AR 2 ok A i vk
(LWAC) K 48 45 2 B BEAE s ORL b, AT B8 AT R sk
I O-GleNAc Bk B E S0, #E—2, K LWAC 5
JRiEHESR, MAEEEME EMAERAMEA M
O-GlcNAc Bk BRSNS, 78 T O-GleNAc &
TR CE S fd A% 33 v /R FUO), G, Lin S5 AR 7 o
BT —FER AANL(— M EREEER, fLitlis
PEHLZE & GIeNAc BEIR 71 45 #4358 (carbohydrate recogni-
tion domain, CRD)), X O-GlcNAc ¥EEAEXEI =T
WGA WIsER ). B, #id% AANL [ CRD [Ff AL
i, k19T AANL6. FIFH AANL 3l M/ BRI A %
JEF] 17 4 O-GleNAc &1 dR 1, i1 AANL6 & %3 54
A~ O-GleNAc &g A2 fEE AR T O-GleNAc
SRR RVEE R AT AR R, N GleNAc K ¥ b
FAABRRE FEHRAL T HT T A, 2012 4 Schimpl 51731k
Bl CpOGAPPN i} O-GlcNAc &1k B s A e T A
U5 OGA, TIIATEE/RZL. 2015 4E CpOGAP28N 3 Vi
£ O-GleNAc 248 F A T4, 2017 4F Selvan 5517
K CpOGAPPNAE Ky O-GleNAc &1t H I E %L
H, B4 7T HeLa 418 R 1) O-GlcNAc &1k 1, L%
EE 915 NEAFS, 29 MEAM S NS EEER
O-GleNAc B EE . B 5 1E# 1 CpOGAPPSNAE R —
JRPIBEBE, BT REMAG R O-GleNAc Bt A,
SHEARMAESN, RITHKRE AR 7
O-GIcNAc 1&1fi. #t—2, Song ZEUVR Il OGAPYN X}
O-GleNAc FRILH T s BE R R R BE 71, Refs A AL
X 7> A SR F AL GleNAce 5 GalNAc 2],
HRMB THRFEM ZMHEHM O-GleNAc Ptk
CTD110.6 FIEERMERMENEE O EHEG 7). ME1ME
H XK CpOGAPN 54T E SR AR (PLAYVH S &, )
TFRIRAFER X O-GleNAc 184 8 [ 11 2 & 7 7 7.
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R AR TR 5% 4 3% 2R Ik 7] 1) o A AR 2 FH AS
W%, HIXBL M O-GleNAc H K R 77 25 1 & Al
NFA AT AR 2 Bhik. 150, PR 4E 2 1050 1)
O-GlcNAc A AT SRS 1 (8] T REAFAEAE SUR BT, 3
Bk B FE PR B, IR, AR RS R AT RETCIE A AL
K0 B — &40 K BE 1 O-GIeNAc B 1, [N, 4t
RREEE R RR D TR F B MM, (R T HAES
AU N (PR ORI EEE 25 AT A 51 AT 3 1) e T I
N, TEAR PIIF AT bR e A AE AT R I A, S 3
P R TE B, FRARFE AT, IXLeH RG] 7 HAE S
PRSP R AR SERE T FE (MOR) n] LAY 15 41 il
BB, CAT A& Ry R RERE AL, SRS
JE I P YR e LS N SR 7879,

3.2 JERARBEREIRIC

NT FERAE SR FIEEEE RAEATI O-GleNAc &1
R AR B R, SEIL O-GleNAce FiEE A
B A R IR EE, Vocadlo 25801F 2003 4§ 1K
AR S WE TR AR N AR 8 2R b i (MGL) 77 25 3
F O-GlcNAc BRI, 38t X KR AT 45
W, EEERER, TS5 RN MRS E
UDP-GIcNAc & RS 12, X Rl Tk R AR 1 BE (5 1k Bt I
OGT FIH, KES%E L O-GleNAc FEH](0-GleNAz)
HEF] Ser/Thr 5% L, MM~ A SR FR%E
A, AE A IR R N A R S 2 BRI SRk,
MGL H AR M T O-GleNAc /1 FHIEA-FRAME
YEFBEFE. Yo SBURIE T —FhRAETE A H) UDP-GleNAc
FEWFIRACER, JFH — R BB R . AT
BT GleNAc RAUN(GIeNDAZ)H B FRIC 4 iE. #
FH IS BEFE O-GleNAc 181 (185 [ 5 A AT 4 F
ZATE SN G, HE—, A% E O-GleNAc &
MRIER (. AR 47 1 28 J2 PR E T AR I B+
&, BEiE Staudinger ligation i 7 4 45 & Ap 2 AR £
Shpic i R:, W@ Ak O an
) 8 A 1) 28 S - IR AN B s N (CuA AC) AR AR i
HEAB BRI N 45 A SN (SPAAC) ¥ A=) 2 (Biotin) b
2l S AR B BRI b, A SERRIE )
B B 5 OGN EUE D RAGIREr 2 B 5 A IEAS
SR SEHL O-GleNAc &1 88 1 1 ] A4k s B A /5 &
£, HE.

N- & % & Bt & % BE % (N-azidoacetylglucosamine,
GIcNAz) /& & 5 4 T AR Ax id /0 JF KSR B, (H
GIeNAz MR B NAMIAN O-GleNAc 1&1fi s F Hr,
1M HIE 45 N2 J (1) N-TE B RS 2, geah, T
UDP-GIcNAc 7] LLiE it UDP 2 3L B -4- 2 [7) 57 ¥y i
(GALE)#4t N UDP-GalNAc( Z JF4R), HEM-S8hrid
Y GIeNAz AT 5 A\ K& (AR O- 3 BAHE P ), X
ik — B 5m O-GleNAc QIR ic RE R RISCR. 4
LA AcsGIeNAz HILL T GIeNAz T &, BA E =14

Acta Chim. Sinica 2023, 81, 843—856



F F R

FERANRCR, #t— D) 2 T a4 9T, GleNAz &
HAE GalNAc FBII(GalNAzZ) Y FI B P AR U il 1
S, F T RPNEHE ORI A Rk, AT E Ik AF SR 3 54 FL I
HHEE O-GleNAc B O-GalNAc &4 aE A b, Seaint
PR AR R bR L. AR, M AR R R
GlcNAz A UDP-GleNAz FICRBAR, HEIEHE R Bgxt
UDP-GIcNAz 75 5 A BARIIF] FH 2, 1 Ml P hl 5 4 A2 iy
B 1) T4 FH S U UDP-GIeNAce H TR YME . 55—
77 M, GalNAz W ®] 7& Mg N %% H 20 Ho AR A
UDP-GalNAz, Jf i i& GALE [ # 1k 1F H 4 &
UDP-GIcNAz, MITTEAF K] O-GleNAc fRiFRid Ak
K. [HE, Boyce FHBUR A LBLI N-BR LEEF-H
B 1 (AcaGalNAz) [F] £ BE £ Bh 4 i 9 — R 51 B i1
£ B¢ UDP-GalNAz JFf it — 2 2 W 7 MW b A
UDP-GleNAz, Ff HixX —3JERAMEbRICY) 2 A FARR 4
M. Xu EEUEH AcsGalNAz Fric 8 40 i ()
O-GlIcNAc &1 H, K O-GleNAc FHEZS 5 AN T ik
B AR 1 BUHTLV-1)ER G FE. Zhu ZEBO) 45
AcsGaINAz fLBHARICIIESE O-GleNAc &M T X2 4
P 2 A AaE M. 2015 4 Lin 2730 18 % 41 i A 1% 2
HIAT ORI, HE G HT RO eI IRE R
¥ (FRET) i 1% 75 ¥ (FLIM-FRET) #& | %5 72 & A 1)
O-GlecNAc &4 e A8 4k, 1% 554 B AR R (A b & Rk
EGFP £ FRET Ak, FHHIHAR M R ICH AR St
2RSSR A A O-GleNAc &4 19 F 5]\ FRET
AR M HFRE AT O-GleNAc &1, FEEAFR ST
25 [0 RN ~FYEHI N GBS /N T 10 nm), EGFP 5 O-GlecNAc
FRidZ k2 [ &4 FRET /2. FIHX—HAR, W5
HHEBEMILA TAU & A O-GleNAc Bk HAT
WAZMEE, IRNS3HT T TAU H) O-GleNAc 11 7E R /K 2%
WEERE T, AT AL ST O-GleNAc B4k i+
TE M PN E T T RESRAL TR T AL

WS FUR, & LWL IERIRBETE N S5 &
1R 2 e R SR 38 A AR B bR, 7 A 2 s T X
3-BRACKEREAL P2 (S-glyco-modification), 1M /A~ F2 Hi7Y ()
P IXFhE Y (1) | N FER T O-GleNAc # 2 (1R
PRI R AN P, T3 O-GleNAc &1 £
2% 5 I T B B Mt RS, B R AR T
GalNAz 1] DUAG 508k G i Fh sl s b2, {H GalNAz (120 g 4%
ANFAR FRICRCRZE . AT 5. GBI R
BT R H 1) 1,3-—-0- 4K GalNAzZ(1,3-Ac,GalNAz)
1,3-—-O-A Wit GalNAz(1,3-Pr,GalNAz) A & 1 LA
RN, JEREZ AR 2IE 10~20 5858
PARETARIC ROR Y, Bdk—P T O-GleNAc FliE 1L
BEHEIR R B AT, BEJE, Qin 2O fLEA FIFR
T — 1,6-—-O-F Bttt GalNAz (1,6-Pr,GalNAz)FH T4 it
FRIEHFFT. 1,6-PraGalNAz AMUFEA LK - BAH B IF 1
O-GleNAc fricfr s AR ICRCR, Bl A 88 A Tid
B EFRIC.
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MatthewR [ PA B FGEEARIE T — RAREFRICIER
ROBE > T, A 4E GIeNAIKPY,  Acs6AzGIcNAc?,
Ac36AIKGIcNAC®?,  Acs6AzGIclP F1  1-Hex-GIcNAIK,
1-Hex-6AzGIcNACc™IZE. 2011 4E, Zaro Z5PWF|H B &R
111 GleNAc R4 GleNAlk 5 8 FU%E B 1 5¢ e 3k B3k
17 b N, 15355 GleNAz T BURACE PR RCR.
IS S R RS, WL D E AR S O-GleNAc
&M Kz &% NEDD4-1. 2014 4F, MA3ER 7
6AzGlcNAc /2 —FBT IIHL A O-GleNAc A& (147 = AR
WAR L IE R IR BE Y 1. AEULIERE F, Lin P95 T
Acs6AIKGIcNAc 77+, FFRIHEARAFTTEEE T
F O-GleNAc B8 i . Acs6AIkGIcNAc HES1E 4
% 1 h WREFRICRNER, BAEREH BRAERNE
W LG, R AR IC /S ROV AR BT 4E 20 A, A AT B IR H it
T O-GleNAc 1B 7E B A 2= Bt R A B G 4k b 18 78
YRR, FEHR MR & B O-GleNAc 1B AT fE7E A2
KRB 7 AR BEE, TR T
LAl Acs6AzGle A3 AT LAFRE brid 2 R 7L BV 41
B, ELAS 2 25 & Tk i SN -6- 1 TR &= 3k 5 74 I (GFAT,
HBP @12 B R M R s m, WASH OGA £Fk.
2021 4, Pedowitz ZEET X FE R SR AR G ik 7 wh S E B AL
SN A) R, BT T R T R B S U 1 R AT AR
M) —— ¥ B AE R SR WE 4> T 1-Hex-GleNALk  F
1-Hex-6AzGIcNAc. iX £l 731 BE v] DLy R 5 i 2 55
ARUFRICLIRE, AT DARE G X6k 2 1 2 ot R B 32 1) AR il
it B 4).

SR, AR ICIE BT IR A RRE B A2 B R R E
O-GlcNAc FliEAL BE Frid R g m, FECH e 1E
] O-GlcNAc E1idE FIFRic R, [FR, R AR
TEi SRR 2 B AL SRR L, A7AE— 8 1 5 PR
3.3 EEEEIRD

O-GlcNAc Sk Ak 22 B E AR 2 I F B L % RS it
M) 4 25 1 1) O-GlecNAc & [ AN ERE— AN A AV IE
A K B B A AR R AR BERR iC4). BT R AE
PRANTERR, e T JE R SR bR 1O X 40 1 AR BRYE B 11
M. Torres 507 HUR 21 FLME R FE LB (Gal T)IE F
PEHL ] O-GleNAc F:HER RIS Z AR 1) FLBE(Gal).
PRI, X — VR RIS AR TR AR GalT ARid BCRIRIK,
HBUR bR IC A = fER MR BIER . A,
Khidekel ZESIEET-2R3RVE £-1,4-Gal-T1 B ShiALE#,
4 289 LTS SRR AL N AR (Y289L), (H15 %]
DL Z I M ] UDP-GalNAc. M A LK & B s 1
i) UDP-GaINAz />4 Gal-T1(Y289L) B4 H 1) &
FIf O-GleNAc J:FH T IEAS bR, BEJE Xt H &
AT IR AR IO 5). %05 1k 0 R A B AT LAAS:
H P& E 1 O-GleNAc B iffE L, WAlfE4 K F L'
ERME O-GleNAc 121fi%s H. Balana ZEUF] A GalT
Y289L Hric I & 1 HE /)N 4 i M e A0 A P YR P 1
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Figure 4 Chemical structures of several representative O-GlcNAcylation metabolic labeling molecules

O-GIcNAc &M H, ESE T HMGBI1 FIFEIALA 2
Ll anie DNA $ e 2R, &g v i T
1 B 5 I FL B P 4 2 D e 2 FEAG ) O-GIeNAc £
H, 3R 7 O-GlcNAc &1 15 # 28 70 U BE I DB iE
PN JbAh, Aguilar SEUOEGHE T 4 S BEAR LA, 6
UDP-N-Jk 75 %5 2 2 B i (UDP-GalN AL Ay e FE k44 5K
T HAREA O-GleNAc &1 FRiC.

SR, BTGB LR E D IR R 2 T e S U
LA TE A, BCCE A M 5 2% R85 Hh n] i R AR R N I R
SR Z T LTS 45 R T ReAF (R BH . B, Tian
SN0 X Gal-T1(Y289L)ik— it & i 7 — 24k
SEHEARC A 3K O-GlcNAc IBMiE AHIAR. @id 45k
38T, B GalT1 f§ 297 AR R NN ZAIR(K297A)
J&, RENE NI BE (L 2 A B R A ). O SR 1

m

etg
bO/,'C /Gb )

I //')g "fa

No\’!\ G

NH TOH
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SDS-PAGE

GalT1 FERE LI UDP-GalNAc-Biotin Sy 44 % % 25 1
AT —BibRid, 5D bR, —2
PFHAEEPPRICRE, MAZITERERR T
O-GlcNAc EMMiE 40 i i JHEAZ AT DNA 4545 H 94 .
IbAh, Chen ZENNEAEFF R T —HhHe H i &ORE A 1 11
O-GlcNAc WK E SR 45 ¥ 771 CHO-GIeNAc. %7712
TR R MoK Gal B2RFEF 3] O-GleNAc L, 285 F]
Fl NalOs ¥ Gal %4k, 3351 {5 F o] 39 f FF €213 4 3K
O-GIcNAc HERE, 528l O-GIcNAc #E ik (1) 75 R S A
N Z 7154 HeLa 4HHUR% & (A1) O-GleNAc #ii 54k it
17908, N O-GleNAc #liFEAL 2 5 B IME TR I /E F
HUHIRF T 32 4L T TF 4. Rexach 25t 1k 1% PEG
FR% 5 O-GleNAc &1L Mk T ie Bk i3z, (15 ghn
WM E A FERAE R ZE A, 2ol AT

N==y

streptavidin - _ 4 .
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Figure 5 Process of metabolic labeling and chemoenzymatic labeling of O-GlcNAcylation
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O-GlcNAc 5 A i & = #1199, Darabedian 51003 — 25
MZIERAT T4k, R T —Fh e A8 F pa kst 7R) 1
T, FEER A I O-GleNAc 1818 ik 4T
BOUE. Chen Z5E/EHUIE T —Fh endo-p-N- £ T i Bl i
PELFEF(Endo-M) 481K Endo-M N175Q /S 4k 24K
e, R T ORE K B T 3 bR e A AT R A Ak 2 R R
O-GleNAc 25 N-FpEE:, FIH KA Gk 1T
IR > B E 5. 5 ML ER bR g ARG, 107758
LT TR E B, Y T AR A8 W A W ) 4.

A RIRER YR ICIEM L, (b EEA ST
AR AR, BOEE 0 AR il R R U0 P R
O-GlcNAc HE8E AR 7 VEIE 5 N IE RS w3 ],
BB TR R R URE e 1k

4 ETHFTEH O-GlcNAc FEEREFMR
REE
T O-GleNAc Bt AR 2, B—E AN
SEAAB A AH S FCTE I S A SO U I T 2, Rk
AN O-GleNAc Wi AT KRG+ 2
2OHW, ETRIEMEARFABEARCH T ZHT
O-GleNAc &1 8 [ [ 2 A oS- I {1 B A 1) &
B SR TR X — ATk R T s 12, B F O-GleNAc &
TR TR A R R AR 2 W AR 1 1) & SR A A R S RS
REIRTI AT O-GIcNAc FEE [ 1, LS HIFEE
F & S VEN A R BR. A 2B AR AR R AR BEAR b
LA RN B 1R AT 2 1 O-GleNAc 181 8 15K
T NCE SR
Xu B3I 7 —Fp4E A AcaGalNAZ AR bR ic F1 2R
FR 2 1 5k, SEBRAE A0 B AZ AL % O-GleNAc
BT R ESNT, IS T A MR+ O-GleNAc B
AV B g S e 2R 5T A V4 o A AN A E 1, LR
O-GleNAc FEEEALER I LUAZ 8 (I B ERE . Hahne 251405
F AcsGleNAz #47 O-GleNAc 141 & 5 11 & 42, WS
alifk J5 B Ik BX, LC-MS/MS % 5% ) K4 1500 4
O-GlIcNAc A A 185 4~ O-GleNAc B 47 1. Qin Zl107]
B FARUARICEAR TG EBRE bR E R, RIET — &7
E AL A A 7 T 4 H O-GleNAc 12
MR BN A AR A, A AT A AR e R 2 AR 182 (SILAC) 1)
SERE A A AR O-GleNAc fRHRICH AR, TR
TR R BATI R 511 O-GleNAc & #b#
EARHAE DI HEARQTOP), KT H+F O-GleNAc
B S ERRE N E AR, 9, O-GleNAc ik 1E 55
T 2N R IR R A 4 1 R A R M IE LR AR
HWZE AR, i —DIE5R T 5 50 40 i () 36 5
ISP R, A, Liu Z50SHRSE -S40 i kb
AR JE A e R B A A 2B R, RS TN
BT R O-GleNAc 181 8 AR P2, N J5 St
FUBEE IR, A SRR TR RS AT TR T — R
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ZT GalNAz QR IC AL 22 £ O-GleNAc B F14:
A G0 5 7 (chemoselective O-GIcNAc chromatin se-
quencing, COGC-seq) ¥ K, LUk A T H, 4 &
O-GleNAc FetafiE hr Al M AR 10 2 5 8 i
HEEMEE A FHAR, ZERRG T T RO G
O-GlecNAc HHEFEAL [ e 3% [R 1 S Fo 4 SR 2L (R 7R
L 240 o S R B SR I ML ) A ) A DL, I S
O-GIcNAc i JE A6 7E b8 200 it 35 [R] 5 5% 28 4 i o 110 2 22
AEWIEETRE, N AT IR IR S SRR M R AR R R
BLHIRR FLSR AL T 2 41 25000,

5, He EMRIE 765 OGT B, AbATIfE A 36t
FESRD Y IR ST OGT JeBliG M7 £ (K 842) HEAT # It
ik, FRIFEIMDCRE LRI N T, S OGT i
PE. BJE, T GalT Y289L fk2EEbric SRS T
SE R AR AT, S8 T AEAS R TR S 0 1
O-GleNAc Bt H, wx THRAEARLG AT
O-GlcNAc FhA#: #E % . Chen 25119404 Endo-M N175Q
T A B E B T2 0 B A =TT, SRR
73 A~ O-GleNAc & M, 846 120 Z3ET0RBEIK, Tk
25t Endo-M ALFFE SALAF 2 1/10 BIHERK.

BEAF, Liu 250SHRIE T 3T TurbolD T BE B FRIC R
G R “GlycolD” Fric Silg, TE4NM N K AEMER S
O-GleNAc | FMBME MZE &, SEIL T /N [R] E4H i 2 8]
H) O-GleNAc 2 A 51 H B AE R AW 2 R 3 bR
ik, BN HZEARDTT T O-GleNAc BiEE A%
By 345 5 1% S AN S 72 B0 R ) ThRg.

5 O-GIcNAc HBEUA SN EMMA S5 FFHE
W THRERT 3R SR AR

JE X 5 O-GleNAc #3510 AE 724 Th e AH S AT
FOWAA 7 EEHE, HERYE NS
O-GleNAc &AL s AR B BRERN). [Rl— R4 & [ T 1
AR A BRI BE A S AEANIAI Ser/Thr A i & ARl SR AL
BAf, Nz [\ —AAL s B R IR £ 7, 15
O-GIcNAc ¥E HE AL A7 75 = i k. A e X IR 4 8 A
O-GlcNAc HEFEALAL 25 1 R BRI 4 S 1 Th AT 70 4%
153 1 4y E 02020 G AE SR o B U AR R T
O-GlcNAc il S e h K T EE/EH. BT
O-GlcNAc M5 Ser/Thr 82 I BEFHETE 5T 1% 5) Wy
2, [RI R DR FR B A, AR 5 1 e e B AR
AR IR 2 R R A RO B R AR 25 (ETD)
TFERGR, ANE4TH O-GleNAc #4155 ik B iE £,
EHT#EFT O-GleNAc Bt H. 2R T O-GleNAc )
HL A ERRAE, T ETD 2 O sty R o A 2L,
TN 2 AZRE A A o P B . R AR AT 3 3%
RN A RO E A= 250>, BHIlt ETD 5 H Al
BB A B T IR EST O-GleNAce KB,
ETD 5 bt i BN (HCD)E5 &, TR i e At
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TR B P E ETD(HCD pd ETD)!'2ZIA1HL 15585/
v FE T4 AR 25 4 R (EThe D) 2412505 A4 HI T O-GleNAc
B A BRI AT A, f5230, K HCD 5 ETheD %4
Mg & KRBT HCD pd ETheD A, BT O-GlcNAc
WAL AT 2H 25 KT A U200, a2 T VR
O-GleNAc B A 1 o i 4 e R A 7 208 T A,
BT, SREEANE B R T O-GleNAc &1
WA P 5 T 9 5 3 T P DR AR R A 05 %
25 A BT RS, RS SEBLA % K P 10 B B R
O-GleNAc A7 g BT A sE AT, 38 7 SO iR iR R
AR R IC B AR AL AR LR, BAA AR IERS
s S, F AT CAYIE A R A, nE A
fg 027 . BR 1) #| (DADPAS Alkyne biotin
Alkyne-AC-biotin)®), UV YJ#|[1281 (Alkyne-PC-biotin)-
AL SRS 28] ZLR A M) X REE, B 5 S AR IL 1)
O-GlecNAc FPI R MN(A 6), Aglssziiih R+ 0-GleNAc
G W JUA P — Wk R S A A A 2 2R K K
Liu % 020 5] /] GalT Y289L 1k 2% W bx ic ¥ M
Alkyne-PC-biotin, £5# 3T HCD pd ETheD i i 1 25 5
JR A 5 SR, RE A TR 40 B A ) S A i AT T
O-GlcNAc EURAL sS4 2= % 5E . MATITE 621 ANEE i
E%ET 1325 MEBMEMN O-GleNAc Bifif N, 5
O-GIcNAcAtlas 205 A EL, Bkl 499 MPEILAL AL 55,
BEMY R T AN EMECE A O-GleNAc &1fifs 5.
Li ZEU29Mfi FiZSEms, FIH UV D1EI Y R RE € &
M T Zhr AR JE i 24 8 4 i Hh 2 T 1) O-GleNAc 14
ML 55, A O-GIeNAc HE AR 42 e i 24 HLER (R BIF 72
BE5E 1 A Khidekel SR I3000) A AL 2 B bR G VA AN
R ARV RIREL, AT B AR E JC NI O-GIeNAc &1
B AL 5, JFE— D% O-GleNAc B sl
k.
“Té“‘\wﬁwwn%°/iiJ°W

DADPS
o]

>LNH

A
H
& NN o o N
> _~_0 0 OO g m/\/\/“s
pn-pn 2 9

Alkyne-AC-biotin
[o]

HN)LNH

o]
A o
/\H (o) ~ ; . H HId—{iH
O,N 0N N P <
o o
Alkyne-PC-biotin

Bo wIHIIAEMRRELEEEH

Figure 6 Chemical structures of cleavable alkyne-biotin probes
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HOIFR T ZM O-GleNAc 1&1fiE &M ik, B
Fric 2 & (LFQ) . 4 i 35 7% vh & FE 8 A g IRl A 3 A il
(SILAC). F T A% FH 4 X} i€ 5 1) 56 I e A7 1d (iTRAQ)
2 LFQ 5 BLA% 52 A itk £ B8, SILAC.iTRAQ k&
ERFNLRbR LT BB D EAE, RSB M.
b, BB ARGTT R TR e, MR mEEEE
O-GleNAc FEFEAAL S 3T 715, Woo S BURIE T —Fh
[F) o7, 25 S ) 0 2 1 4 22 R (Iso TaG),  RE#% A3t =
HERE (SRR S 0 20, B W RN T 4l &2 51
FE A PTRE IR S 8 AT He it 1787 €. Wang 5513214 40
T BT [F A F AR L 0P ) #14%E Sk (IsoTCL) 7 7, H
T O-GleNAc 1B 55 (1) % 52 A &40 Hr. M ATTAERT /K
MG ERE NGRS T 530 Fh O-GIcNAc 1B A,

FFR T —F O-GleNAc Bk (1 [A A7 = e SR b ic S
(IsoPTOP). i B — X R R bRiC e PC AV %=
3K O-GleNAc Bk B, 462t /B A R
€ O-GleNAc B 55, 5 IsoTCL HiAM t B A ¥
MIRCR. BRAk, B 9T k801 R T 2 T Ak 2 & ik
O-GlcNAc BEEE 1 EbE Ik 197516 TR O-GleNAc &
147 . Frenkel-Pinter ZEB4RYE TAU HEAMTEREF
VQIVYK & RbEIk, F T Uk B i SR 0o B4R
HIBF 7L, Levine SE3SIUTEAR SN S BT O-GleNAc &1Hif)
PR Il R B LA BK T A 2 RE K- 1(GLP-1) AT HIR
F I (PTH). O-GleNAc &4 nf LA = GLP-1 #1 PTH
TEIMLYE H o AeE P, 50 B cs AR pE Y. J&al, Ly
GFMORHYAEREAEAR, 48T A AR R
O-GlecNAc 1&1fiff) SynGAP 2[4, UEB] T SynGAP 175
ZR 1306 fir O-GIeNAc &1 1L T 35 PSD-95 fAH H.
PER, AT HI ] T 4 2 0 28 fil J5 10 30— S AH 20 25 3o 2
XG5S SRS B KA A R T O-GleNAc BEEAL A7
B S%E R, REHE. RIS O-GleNAc &ifi
AP TR SR A T A AR T Bl122.137),

T IRMNSEMTAL S P O-GleNAc 1SR 7E 150 1E
JE I A T BE (B Ta), WS ETFR T 2P0 58 K.
[EREAE RBH S AB I A 2 0 98 1) B A U R 1k, 7
BFRA A 1 557 I T3 3o 7 8 7 AR AL TR 1 T % R il
AL AIIRES. SR 2408 A KI5 8 O-GleNAc &1
1) Ser/Thr Z5HIEALII R REIR REE, H AT E AL fE
FIH Ser-Ala B Thr-Val ALY 5 HORE AL, 1X
P BB R B A ANATTREE WS ) “RifR” — M
37 53 1) O-GleNAc &1 il 1) & F Thg 22 (K 7b). il
T, XFRERE AR IR AR OB R IR S M VNS 1(PFK )Y ETD
A 2> BT & B Thrs27 A1 Ser529 J& PFKI1 ) {6 ik
O-GlcNAc FEFEALAL 1381 2 4i i N I64E, PFK1
S529A RASATLAPHIE O-GleNAc BEIEAL & A, BRI 4
W35, B LB E A . 1T ThrS27 5848 %A 1X —
N, 7R Ser529 #& PFKI ) O-GleNAc &4 &, H
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At A A T RE. Ak, R AL 5 RARIE SR T
p53 1 O-GleNAc FEFEAAT s5H Ser149, 1% A7 a5 1R &
WS BRI SR, SLRIVAE T ps3 i e i
DIRetso. X P RASHEE N Tz, B E R B 2R
RANGEH T RIETBWHRE THEADR, T
O-GleNAc &1 J5 & A DI REI AT /E A IR, ALk, B
FAE TR T 2P0 H R E E PUE BV O-GleNAc [
() SR B, AT e 8 3 AT K5 7 00 Th e Bt 7€, Gorelik
Maynard S5140-141 58 ok B2 PR 4w R R ACKS H I & B4R e
Ser/Thr R48H Cys, WA OGT ¥& il GleNAc
FANINE N REAAR LR B F B R A b, 15 H &
F R SR S R A S-GIeNAc BERAL(E 7c). X— A
TABMIAML RSN mUR AE B R R 454, & REART
OGA X GleNAc 7Kfil, X AH1F4E H i 8 S VAL
RUEEARE AL GleNAc FE [ BN T g, Tegl 25604101
S —F GH20 CWERBEARUR 1) ARSI HE I AL I,
TEARSMRE S-GleNAce 51 ANF H A8 IR PR R i Jik,
A R B B IR A T 22 B K B D Re oy
Mr. B, Ramirez 5438 7 —FP7E3E A0 p R H &
FIff O-GleNAc &/ 1 S U4, 1% 75 10F B TREA 1)
OGT fili& MK LA B br A % g7 et
O-GlcNAc 1&1fi. seAk, tha] LARIH 99K ik 4 ) mT
3% OGA *t O-GleNAc &4AHEAT WP () 2 B 149 (&
7d).

TX A A, 2 A A g R R SR T T R R Y R
T %F O-GleNAc &4 & IR IS AGAT s (AR, ST Uik,
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B EREHEE. FIHCA R O-GleNAc & &1L
M B T B bR B AR B A0 AL A BdE L
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Figure 7 Several strategies used in site-specific research of O-GlcNAcylation. (a) Enzyme-catalyzed protein O-GlcNAcylation process. (b), (c)
Site-directed mutagenesis and S-Glycosylation enables O-GIcNAc engineering at a specific site. (d) Targeting OGT catalytic domains to proteins through
nanoantibodies or tags, labeling target proteins and adding O-GlcNAc modification. Similarly, OGA can be a nanoantibody targeted to remove O-GIcNAc
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B R E B OA N O-GleNAc 25 80 e I oot
O-GIcNAc f& i o &L Wi T H e o ik, ™A+
O-GIcNAc FEIEAL 112 500 3k AH St 78 .

2R AR R AR B9 O-GleNAc HliEAL B 5T
AL M T ER kg, LB s E £
O-GleNAc 2 5 r B Dy Re st /2. mT
BN AT BE R A 2 AL A O-GleNAce BEFEAL, AFE1E
WAL SR AT S EUE A ThRE R AR, Rt — e
T O-GleNAc B AR AT 42 5 AL S s 7 1 1
FKAEE AT O-GleNAc I AV Thie AT E 2 &
X BEIALAL S B EAE O-GleNAc Bk <1t 7t ik
LN HE R AR I B, X A5 T R 1
O-GleNAc &M E 15 1 5 B AR BN 2 AT 7 404, B 22
TH.

H A% O-GleNAc (&1 I 7t 2 B T4k 2% Ny 1
WEPRET Bl AL G A 2 B R R PR B R, e = s b 7
i [) ROBEFNAS [\ L 2R 23 ) R X O-GleNAc 1&gk AT
AT ISR AT vE. R, X —ATA 7 BT R 2k
22 T HORK A S 4 O-GleNAc BEAKFWESE [, SEIA
B2 R _E RS 4R 9T O-GleNAc 1E £ B i h 7
WEEER. oAk, RRATLAFIH CRISPR FEFIS5E5EK 4H
ZniE T ELHIRISIEN O-GleNAce fr . #—35, T4k
S E W SR ARTF RS K O-GleNAc f7 AR i3
R —EBER . B, BAEYUKRL T EL RNA &
B AR S AL 28 5] NEFE 1) O-GIeNAc #EFEAL AL 1, Bl
P A= A% I P TR DU AL P ) UDP-GIeNAc 7K. 3X
O-GIcNAc A i (3% B8 MG I 5 v 76 B T4 S Bt 1)
O-GleNAc 7 s RAEAE N AV b £, H T 18 8
O-GleNAc WM AV DI REAEZ HIIER. &5, &
SR OGT #ERA 58 LT+ O-GleNAc B A 454,
{H OGT S5JEMHAE M O-GleNAc Hi 8 [ RS 4025 1) 1)
FEMTHIR T WARIE, X PRI T B 75 X O-GleNAc Btk
AR ML IR FT. AR AT DL ¥ VR BB R 2 T
B ILIRH AR S O-GleNAc HEIALWF 7 SEms AR S5 &,
PUAENT OGT SR A WL HEHIE, P O-GlcNAc
S E A RS AR, 0K B T 55T 45
A O-GleNAc FERE T KN,

EE BN

KRR, KEBR T XFAYIRESLARHE LA, R
Fr %14 O-GIcNAc 48 FAL145-46 5 b 78 &£ 47 .
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ANFH, REZTIXFAGHFLHFFRaIHR,
TAE RN, TZMATEOANFHEEDNF MBI LY F.
VALFE A F AR AN F X EATFH, FASK KEH
WA, BRACF M FAT AN Kk 2014 F R ER T KF A4
L% L2k, 5§ —Ak 4 KRBk & £ Nature Com-
munications, Journal of Biological Chemistry, Cell death & Dis-
case FYFIZAAM T AL 30 £, THEROARMAFEEL3
R, LTH A RAF LS 3.
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