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O-GIcNAc Transferase and Its Inhibitors
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(School of Chemistry and Chemical Engineering, University of Chinese Academy of Sciences, Beijing 100049)

Abstract O-GlcNAc transferase (OGT), one of essential mammalian enzymes, catalyses the transfer of N-acetylglucos-
amine from UDP-N-acetylglucosamine (UDP-GIcNAc) to hydroxyl groups of serines and threonines (Ser/Thr) in proteins.
O-GlcNAcylation is widely located in cytoplasm and nucleus. This kind of protein post-translational modification is involved
in the regulation of many cellular signaling pathways and closely associated with the occurrences and developments of nu-
merous critical illnesses. In animals, OGT is encoded by a single highly conserved gene. However, human OGT includes
three different isoforms at least: nucleocytoplasmic OGT (ncOGT), mitochondrial OGT (mOGT) and short OGT (sOGT). All
of the isoforms comprise two distinct regions: a multidomain catalytic region and an N-terminal region with different num-
bers of tetratricopeptide repeats (TPRs), which is closely related to their subcellular localizations. The structures of the cata-
lytic region and TPRs were reported and it was supported that OGT uses an ordered sequential “bi-bi” mechanism though the
details of catalytic mechanism were not completely understood. To discover the inhibitors of OGT, several OGT activity
assay methods were developed. The conventional method uses a radiolabeled glycosyl donor substrate such as
UDP-[’H]-GlcNAc or UDP-["*C]-GIcNAc so that it is not suitable for in vivo test or rapid analysis. O-GlcNAc anti-
body-based western blot was performed to measure the activity of OGT in vivo, but it is infeasible to determine low abun-
dance protein with single O-GlcNAc. Three high throughput activity assays were reported: ligand displacement OGT assay,
protease-protection assay strategy and azido-enzyme-linked immunosorbent assay (azido-ELISA). The first two methods
have especially been used to find new OGT inhibitors through screening compound libraries, but the results have to be veri-
fied by the conventional method. To date, OGT inhibitor activity of several candidates was evaluated and as found, two of
them {2-acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-5-thio-a-D-glucopyranose and 4-methoxyphenyl 6-acetyl-2-oxobenzo[d]-
oxazole-3(2H)-carboxylate} worked effectively in vivo and were valuable for understanding the functional roles of OGT.
Nevertheless, there are still important questions to be answered in the research of OGT: (1) What is the general base that
catalyzes O-GIcNAcylation reaction? (2) How can OGT recognize so many protein substances with the preservation of sub-
stance specificity? (3) How can we develop robust high-throughput OGT assays and isoform-specific OGT inhibitors? In
conclusion, there is a long way to go for comprehensive understanding of OGT.
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Figure 2 Schematic structures of OGT isoforms. The TPR units, the N-terminal domain (N-Cat), the intervening domain (Int-D) and the C-terminal

domain (C-Cat) are colored in grey, blue, green and red, respectively
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Figure 3 A crystal structure comprising 11.5 TPR units of human OGT.
It is shown in a cartoon form with Chain 1 colored in yellow and Chain 2
colored in blue. Chain 2 consists of two fragment (Residue 16~319 and
Residue 340~400), which are joined by a disordered hinge-like region
(Residues 320~339); (a) Asparagine residues are shown in stick forms
and colored in red; (b) Tryptophan, isoleucine and leucine residues are
shown in stick forms and colored in green, magenta and cyan, respec-
tively. Protein figures were generated in PyMOL"
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Figure 4 Schematic of human OGT domain architecture. Coloring is
the same as Figure 2 except the transitional helix (H3) in magenta
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Figure 5 Crystal structures of human OGT. (a) The OGT-UDP complex; (b) The OGT-UDP-peptide complex. OGT is shown in a cartoon form with the
same coloring as Figure 4. UDP and peptide are shown in stick forms and colored in cyan and yellow, respectively. The N-Cat domain helices unique to

OGT are indicated as H1 and H2. Protein figures were generated in PyMOL®'! and Figure 5a was reprinted by permission from Macmillan Publishers Ltd:
Nature (ref. 34), copyright (2011).

B 6 OGT-UDP-INEMEAWIMRIBRE. () BUEFIE S, RATIRES T Val F1 Pro Bz o A PELL(, HiE ) Ser /FAL 5 471L; OGT.UDP
FURES D R R I E . BRRARRIEA. (b) UDP AR 730 o 4 B e (R (AR 3, B4R~ 3L T OGT-UDP-JINEM E &
Yrh AP I RS, B TR A S5 1 1 PyMOL #4211

Figure 6 Close-up of the OGT-UDP-peptide complex. (a) Coloring is the same as Figure 5 except the Val and Pro residues of peptide in magenta. Spe-
cific Ser residue is labeled with asterisk. The OGT, UDP and peptide are shown in surface, spheres and stick forms, respectively. (b) The UDP and peptide
are shown in stick forms and colored in cyan and yellow, respectively. Dashed line indicate inferred hydrogen bond based on the distance in the
OGT-UDP-peptide complex. Protein and ligand figures were generated in PyMOL"!

1480  http://sioc-journal.cn © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2013, 71, 1477—1487



W F F R

N~
o,
5F

UDP-GIcNAc
peptide

Bl7 OGT AT “M-W” HEALHLH
Figure 7 The ordered squential “bi-bi” mechanism of OGT

Walker /NI van Aalten /NP3 5110057 k45
OGT-Hi i H R-R I — e A4, J T bR K
fRRNE R HRB IR A, WA/ NI LR UDP-5SGIcNAc
PE AR MR, (EE A & A A R 2 2 BRI 1 ik
JE&#): Walker ZNHAE A 2 AR 22 2K, van Aalten />
RN AR SR L Z R, RS AT 1)
A AR, BB AR I FIRE R 5, (R AN LR
AN PRI A P, AT 0 AN ) ) S A AL
ANNHEFRYE OGT-HZ AT - K — o & (1)
BAES, HEBR T Lazarus /NZHAT Nam /NHAEM K His498
VE R HEALBRAR L 1 AT REPERY, 6AL, van Aalten /]NH
TRARE (B S 3 Mk — AR T IR — 4518, HE,
PIAN/INLTE OGT IS AL P 8L 4K 21 PR 25 4508 I (e Ak

Walker /NHARIE T S W b R (K — ZR 91 A 4t ) P
W7, WH OGT-HiZ IR — s & A OGT-UDP-
B =oc &M (- 7), SRR IR MBS, it
SR IE B TR RN N LT 22 A et P,
SR, 155 T Grotthuss 2R AL ML 7K
I3 PER BT T PERL RS 21 Asp554(1& 8b), R
TR DA TR I A TR R B (B a0 GHE K IE),
WA 2R B DO BRIM, van Aalten /NP IR
Asp554Asn A EATIETER), R T FR KRR, Van
Aalten /N %% 21 2 I N 2R 11 2 SRR R F o-
IR 1) pro-R AR FAAEM BAER, BrUA/EE NN o-if
122 5 e Ml B 1R AR Ak SO (B 8c)P P, 5 e 13 A
HAERERZ EF AN UDP 74 P IR 1) pK, fB 7 2~3 [,
M 22 BRI () pK B AE 16 2247, IR IR BT A
IREHL. SRif, 1E# KIL UDP-GleNAc [HFH: o-fif U
R, B R F7E pro-R A B I H AR AENS[R] UDP-GIcNAc
—F5 OGT 454, HAREENE N OGT MBS ALIA; 5
Ah—AHEX SR AR H AR U (A, I SCRE IR
. thah, VE& R P'P-NMR i 5 52 5% & I
UDP-GleNAc ¥ pK, {H LW B Z R, b 6.4, MHIR,
Walker /NHKETFAATT) S AR LR W A L HE R - IR 1E
SIHEAL BRI B AT BE IR a- TR A 28U 1 5 IR 1 4
EAEABEVE R, AT kSS T ;G iR 22 2 iR ¥ Ok
G T IR N Z IR IR 1 e A A S o~ R B 1L
SURE I, R N A AR I i 30k o 3 g 5, 3

Acta Chim. Sinica 2013, 71, 1477—1487

(eee e

OGT-UDP-GIcNAc OGT-UDP-GIcNAc-peptide
ternary substrate complex

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

UDP
glycopeptide

OGT-UDP-glycopeptide

OGT -UDP
ternary product complex

FHH. 7 i 1) 45 10 n Be 5 P9 S /N A [ 1Y) 22 2 1R 28
A 5%, AR FE RN BT UK ) B B IE R AL L
.

Walker /N AT van Aalten /N1 #5] BF T kL AL 4 A
CERAIE R LN (e MR G d iR gt rh, Mg
FEA TS5 UDP A i B2 AR B4 FPY). Van Aalten
ANGIEHED Tk 2 s B RS AR R - e AT “ 22218 1
VE B fE 3 n B 5 3 R A N A IR L AT Ok,
BAE M a-BERR IR A S5 A EAE . AR
H, AN A TE A A 3R I 2 A S e S R
AU T R SRR FH SR RS e Y A v 1 R i s DT,
SR, IXANVFHAEFOESE T Hisd98 1E N b a3
s, B db AR S5 AN SRR T DA 5 X — R K.

R OGT WAL MR T aTE R, (2 OGT I
JE ) 45 5 5 e 2 X6 S 0 ) 300 7 e o E AL A 4 L o 2
fFH.

4 O-GlcNAc 32 #5 B RYIE 1N E 73 7& FRI i 571

K OGT T 1) S P 4 A e BEAT G 3 P vk 1 )
SEJTY, RIS RN ey 3 VN T HEAT )
41 EMHTEMNERE
4.1.1 AR RS HARIT 694 R BHR R

FELE(Y) OGT 35 PRI A5 FH JBOR P b R it 1
JE£4) UDP-[’H]-GIcNAc 2i# UDP-["*C]-GlcNAc. fEiX
Py, kAR N ARG 1% (liquid  scintillation spec-
trometry) 5% %< 't A (fluorography )M i 4 A 25 1 IS
Yy U PERRIL ) GleNAc (4 Rk 7 & OGT v& Pk, 1l
AT A R S B 24 O-GleNAc A7 i A% AL
15 Nup62!e),

R L& 7572, Kudlow /NMHEE T 25—~ OGT 11
T —— PO 45 E (Alloxan, 1, &1 9), 1 mmol/L FJIY
S E A ST 5 A M A, 1T DY AR BE 1K) 1C50=0.1
mmol/LP¥. 4R, PUSMERE [A] I 2 O-GlcNAcase [K13114]
FPOL BT DA i B JE IR BRI () OGT 457, Kirk /M4l
41T UDP-GlecNAc [ C-1-BRIR 525042, B OEN
OGT [ifilF], {H2ff i SLE E 5t Nup62 1E A Bl
AV JEC W HEAT 35 PEVE A B R BRI A 0 300 4 9 R

http://sioc-journal.cn 1481



¥ F R Lk
a. His498 His498
>/\NH %NH
N/J peptide N/J
o NN ]
H .
H J glycopeptide
0 NS NN
on 0 o
Hﬂgé% f‘\NH "o % o i
acHNS § 5.9 o PN AN "o o 7 ONH
B0 o N "o S Y
IO (I) O 11 o 11 o N O
_NH, OH OH _NH,
J UDP-GIcNAc J OH OH
J uDP
Lys842” Lys842”
b. Asp554¥ As,p5543§
o
(DO ©) . o
( peptide \H
H. ../_‘ H. . N~ N oo oo
(ﬁ) EF\‘H J HOH HOH  glycopeptide
~0 NN
OH f o] Og J
VA o PR, o f
AcHNL Q@ Q@ A AN "o o NH
O~p-0-p-0 N" =0 Og-P~o-P LK
! ! Q’II\O’II\O NNe)
4}‘4’06 % o 0
_NH, OH OH _NH,
UDP-GIcNAc \ OH OH
"/ J/ UDP
Lys842~ Lys842
C. peptide glycopeptide
~N_ N NN
J OH
P HO Q J
[6) HO (0)
O(H) / |'.|*> 0 AcHN o
HO
o 0 % fL NH e 4.9
AcHN Ly 11 T /& o0 NH
0lp-0-p-0 N~ 0 i i
p=TP o On-P~n-P~ A
(‘) (”) O 070 N o
_NH, OH OH _NH;,
J UDP-GIcNAc \ OH OH
{ ‘ UDP
Lys842” Lys842”

B8 =HEHI OGT fEALHLEI. (a) Hisd98 ff AR B HIMEALIRSREE: (b) KIr 1 “ L7 K 1 IR AL st e T B Asp554; (¢) o-BEIRZ 15 WAl

Wy K AL 1S

Figure 8 Three proposed mechanisms of OGT. (a) His498 is the proposed catalytic base; (b) The Grotthuss water “wire” shunts a proton out of the active
site to Asp554; (c) The a-phosphate involves in the substrate-assisted catalysis
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Y s, B DA E T R SR S R

1482

http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SR, X EFBEICK I EAE S R SR, A
AT O TR 2T IR B, NIANIE A APk
36 FNPRIH 73 AT
412 1#A O-GlcNAc #)4uik

Vocadlo /NMAFEVE BT T W RS 5 (X=S,
UDP-55GIcNAc, K 10)EK OGT HIMifIF], A H mo
PERRAC IR S AR IR AT AR s I o, RIS
Y 5 BENSAT ROBANH] OGT (K;=8 umol/L)*, 455687
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53#r, M O-GleNAc [HHTA(CTD110.6) Ml 7331 ECs,
E4 700 pmol/L. 4= LA A<HE 6 (Ac-5SGleNAc)
B W 3 ok N R, E AN B N R 4 IR T K A 1 E
5SGIcNAc, MIMTIA 3 547 IR 6 T~ COS-7 41 i
] ECso=35 pumol/L, 1fi%} - CHO #fifuff] ECs5=0.8
umol/L). ML 5K % B UDP-55GIcNAc HAN & OGT
(1A 2, 5SGleNAce A i E&E. TR &4
VAR ZLHEA AN, A0 P B T 0 1 P % 40 o 2 T (1
FARAE AT B, 5 OGT JENRBRIMmEST
4 AR, Ac-55GleNAc 53 1) OGT HMfil A 2 B W 1)
éﬁﬂﬂﬂa P, AN 0 AR KGR I R, AT AR
Ac-55GleNAc SKAFSE O-GleNAc [(14EFETh g, (4350
(R, O AT O H AT W i 6 B IR 1 0 A R 41 s
FEIGEAS, 1f0 “ B G SORAR” R HEE AR L b ]
T IX— e A
FrT CTD110.6 24k, WAL K O-GleNAc it
RIE4 RL2 1 HGACSS. XM, FiiX e ypihxt
O-GleNAc 456 SRR LSS, ASREIN 52 sk A4 7
PEGE G AR TR A A, W H A M4 & O-GleNAc
HIFRAE 2 22 IRt 4E 25 (wheat-germ  agglutinin, WGA).
SR, WGA [RRE A s, HAUES A O-GleNAc HUpE,
GG AR B N- G 2 0 5 5T B 1 SR
i H WGA %t O-GlcNAc Hubiff145 4 1589, BT LME
KRB Z IR TIRA O M 2 AR R &S A T 9L,
UEAh, PR SeEREr 73 Tas G mER. SHZ
AMER O-GleNAc M AR, 11X FAUE A
O-GleNAc %32 8 3 B Rl 2 A vTAT IR, sk nT I,
1 [} O-GIcNAc HifAk ) Western ElNiZE2» T E4T OGT 07k
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R AL I

Figure 10 Hexosamine biosynthetic pathway. GFAT: glutamine: fruc-
tose-6-phosphate amidotransferase; GAT: acetyl-CoA: D-glucosamine-6-
phosphate N-acetyltransferase; GNK: GIcNAc kinase; AGM: GlcNAc
mutase; AGX1: UDP-GIcNAc pyrophosphorylase

FURIE PN A — 2 R BRI, A DB ER B IR AL
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AESR, KRBT — S AR v ) 2 b g F T
OGT &P Rl s, N T e 18 i k.
42.1 £ 5% KM UDP-GIcNAc £14 69 & #iX 5
Walker /NHARIE T 1F FH26PER) UDP-GleNAce 26
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larization) [ AR 7%, gl A2 A FH i 9% 0l 25 80K ¢ 3 14
SRS, AR, WA RS, AR T
NI, RS S AN IR 77 1, A1) T “HREL”
Jerd. 9 eI AR B RR K IR, X R
CHREL” RNAR K T 21 56 ol i [T 1) R TR N
CHUEL ROV A Ak . XA R DA T AR U AR
FI e s o AR B AR I — AN — A9
H, e S5 AR E AR A, SEREKR, H
Faoe A, 9 CIE A BIR A2, i <
Bl RO, SEIN R HHE I R, LT U R E R
OGT 351 %2 (fluorescent-based substrate displacement
OGT assay)"', X TR A HRE R, ROEHM
UDP-GIecNAc 5T sSOGT 45 & 38 e 2l ¢
JEI A T Sk BTLAUE, 2 A 1) S5k BB A S LT i
sOGT HAWMEE, Bt AR sOGT W TRy
FANI 5T 1 % 1) S, A9 B9 S R A 2 ECh
1.3 pmol/L (B 11). ¥ RKARAEDO G ) UDP-GleNAc B¢
& UDP B BIFCT-47 (1) 0 UDP-GleNAc SR
sOGT W&, e SIARZK IR LK S sOGT
iy, /NG % ) Sk, RIR UDP-GIeNAce 5
PeIEARICH UDP-GIcNAc AU (1 i 25 5 B+ 43 AR AL
(UDP-GIeNAc [Mfi B4k 1.5 umol/L), 5t W24
LB AL sOGT 145 & ; UDP (iR e
N 0.8 umol/L, 5 LA R R K 4048 Fe A — 54,

XA 578, AEEST— A1 64416 MEADIT)
FaML AL ZEREAT 0 18, LA T I b ) SR B AR 5 ' 16 D U 71
AT GBI T b, 7531 102 AN B 1%L
A7 FH O PR i (R B LA e A T RE M 40 0F, R
19 ANMEAIAE 25 pmol/L HIIKE R %t sOGT fdiiki
HRT 40%, (HIEIXEE o> 1 IR B A7 W55 1) 4L (7] 45 Py
fiE. XA MHIFIE~10) ) 1Cs HEAT T W52, IAETRE
IRGON(E 12). K5 S 1 AN A A i Ak
T THEGE, RIVEAIH0 L 56 4 PR IR B X Lk,
ERET A K BB (cOGT) # AT — 5 I AT 261,

IRERI 75 AR A A 0 o 4 F T MurG
FHIFI ). BAR MurG B[R AE 4% T UDP-GIeNAc
VER SR, AE A P U o e i O (¥ 45 R B 8, BT LA
UL IE] UDP-GleNAc 456 HHASAELEAR KIANIRL, A
R TE A T A 61 77) B9 5 Heih

PbJE, 1R SO A 10 45/ HE T Tk, 153
TIEMEE RS Y 1, IR R A R AL
BT TIRR, W0 SRS T RILAE OGT 1iG ok
DL TG RT BBEACIR, A o1 5t 2 B I T — o3
BRI 1E DL Lys842 MR HMAFRIE L L &
Y, SR I SARIE SRR RI(X, 2 Cys9l17)RA:

1484  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

64,416 compounds

o low fluorescence polarization

B 11w T il L K OGT RAE sl

Figure 11
screening

Ligand displacement OGT assay for high-throughput

Cl

OH OH
s e
N
S
N o 9
SOGT ICsp (30 + 2) pmollL
NcOGT ICs, (53 + 7) pmoliL

SOGT ICs (26 + 6) wmol/L
NcOGT ICsp (10 +1) pumol/L

0
o<
N\n/o
O
cl
10
SOGT ICs (60 + 10) pmol/L
ncOGT ICs, 100 ~150 pumoliL

B 12 o pE s IR S A5 B R = OGT 1kl 41
Figure 12 Three OGT inhibitors found with ligand displacement assay
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Figure 13  Proposed double-displacement mechanism of carbamate derivatives
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Figure 14 Protease-protection assay strategy for high-throughput screening: protease prefers cleaving less sterically hindered unglycosylated peptide
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Figure 15 Three OGT inhibitors found with protease-protection assay
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423 & SRR S SRR M

Bertozzi /N RE T — PR oy 25 U IEG f 22 TR B
Wl € (azido-enzyme-linked immunosorbent assay, azido-
ELISA) il £ 5 (& 16)8). ZExX Rl s 5 kv, A
M&A BRI AR ALK UDP-GIeNAz 1Ey
OGT MJEAIKAR LA L) 2 (biotin) KK, AR5
i HISE AN 2R (avidin) B 1K) 96-FLAR I 12 A BB IR, 5
RIS WiE-FLAG & Staudinger 4% WV iy I
FLAG bR, )5 8 H B I %8 A6 9 1 (horseradish
peroxidase, HRP)Z% &5 1) FLAG Puid i rhnic. i bt
LB HRP NG YE, AT S OGT FRIAH X iiG .
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)8 (1)7E OGT HIEA SOVt R b, &S Ak AR FH )
PERL PR A2 WET Pk, AR /N 35 AN [\ )%
R BN AL TR 20— P ik i e, (2)7E R
FRIREE SR 4 R, OGT Al SR iR 5 4 itk 22 (1) Jis
w2 BARHETIAH OGT Rl it 5V 2 455 F A0 (1 gk
I A EAE FH B A [ JECRE 53 7 1) 42 I (holoenzymes),
E 2 R N B 3] BH X — R 1R 0 1 T YL 2 A e A
FUIEE A (3) W = fi B B BRI el B OGT v MR
SETTVE RIS T miE Ik B 4 AT OGT il 770 ) A B (4)
XITANENEAL OGT IRk B PE MBI B 7E -+ 3 Rk,
BT U A el R G SR R OGT s
20 O-GleNAc I DR IR A LA IR,

EE &I

E AL 1985 £ A FIiT T4, 2006 7 bW K 23
B3k 435 £ 5 4x, 2006 2] 2012 £ A LT KRF R R BGH B
ABHERE S FHE IO IR MM SR Ao
fa, dEmANPEHRFRXFNE ERIERE, L2HRH
&) A AEA 2 5 e K 2 W 6 B L.
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