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e AR R T ZNEQREFREI T XX —, T2HNAEHIA, O A FdE K
BERG BEILES 44 T ASH = AP £ R, AT, O-ABEASAR T2 8L A, € ML L &G 45T
T.AETHS, 5 MRS RFEN T IR EEMK, £ ZFOAEIMNEIEE F, O-N-TBL
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Recent Progress on Protein O-Glycosylation in Plants

ZHANG Yuegian'?, SU Xiao'?, ZHANG Geng'?, ZHANG Xueping'?, LI Xiaojuan'?*
(‘Key Laboratory of Genetics and Breeding in Forest Trees and Ornamental Plants, Ministry of Education,
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Abstract Glycosylation, including N-glycosylation, O-glycosylation, and glycosylphosphatidylinositol
anchoring, is one of the most important post-translational modifications of proteins. O-glycosylation occurs widely
in plant cells. It is not only involved in regulating protein transcription and signal transduction, but also closely
related to cell wall synthesis. Among various kinds of O-glycosylated modifications, O-N-acetylglucosamine
(O-GlcNAc) glycosylation which has specific structure is easy to be detected and characterized. Therefore, many
techniques have been developed to detect and characterize these proteins. However, the structure and function
of other O-glycosylated proteins still remain to be further elucidated. Here, this article reviews the research
progresses of different types of O-glycosylated modifications in plants. Moreover, it summarizes the advantages
and disadvantages of different technologies. Finally, the challenges and future directions in studying O-glycosylated

protein in plant biology are discussed.
Keywords O-glycosylation; plant proteins; biological functions; protein modification characterization
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Horr, WAL (glycosylation) 212 fie 2 2 ¥ 45 [
BRI EN L —, REHITUWEH (>85%) 8%
RAENEAABM N, E A AR s A7 AR BAZ
AL e BEORSF BTo BR E 0T B A A 1 32 B R A
T ey /R AP Jo DX o, A 22 ol B A A% i 1) VR
N, BEEE S 2 I B R R ER AR R A S IR O
B OHT ARG R Aol — P i is VBT B,
I AAERE E AN R FEDRE D B B BRE SRR 1
B =R N-FEIEAL (N-glycosylation) #2E
T HEEWLEE (glycosyl phosphatidyl inositol, GPI) & ,
PL S O-FEFEAL (O-glycosylation)¥ . 7EREYI4HAEH, N-
BEIEAABG V2 A2 7 40 P A I 38 8 ) DRG0 4 40
SRSV i bR AL s g S VT OE /I =N =X A= S
JEANE RV E A K ThRe, il N-FERAL B 2
557 A Jo 19 s oA R B s AT R R R o A R )
P, AR, N RIS A AR B KBS, &
PER R R E Y. GPI e B H K AEAEEY)
S L %) J5 5 A B B R AL, RS K B 1 o A )
JFREE R 1 /NP 32 R A 32 40 i 3 1T )45 5 i RN 4
HARE BT O-Bl R AR K A= A K 22 Bk R A4
MmREN 25 7 EREZREY BAESESY
FRE YDA % VOS5 2 Fh A B AR 2 R . B T LA
T E O DIResh, BIE S 2L v] DU
W E BARR T ORIEVE R, W O-FEEAL B . IR
HABNT 2 R AAB R 2 8] 5 & AEAH BLATE FH AR L2,
FEIN ] b A2 8] b S R s ) Dy et

TEEZ A, BRI EE 2 2%, FEEM
RN B, DL R 5 0 AR A 11 3% 22 U7 208 AN A
Ao RELERD ZR, BEGM0AA —ILFE
FRVRFAIE, A5 T A AL PR 285 4 S BR AN A i A AT i
WA A B FRAE, W AT D Re 2 i 55—
Wo EEERJLTER, ALY ity b
AR EDN )R R, AR 15
BB A RAE B R R B AL G o)
Mro7 A 3 N B, BRSeoK i R, P
Moy ERNE L SRBE DL KOK AR AR B IR B, B S R
A B A (5 B PHEAE — i, DURIT B AR
F S FRE™ s A G Tk DA IS T K&
FBERE, (BT AFAEXS R Sl P 2SR . AR RAE
JBRYE . EERARE T — R HOR, W& = 5
TRl 1) 0 T Jo i ) 2 B A e A B T I e
A, NI T KX O-N- 2, 2 FE 55 %1 1 (O-N-

acetylglucosamine, O-GlcNAC)E i H IER1E, NTE
Pt 2 4S 0w S ILS S C o S Vi DA Sl o V14
F1i O-FEHA B AR A T r] R,

VLA 2K O £7 38 18 SR N-HE 5 A A2 1 1) &5
FIMI DY REBEAT 1 L5, SRR O-Bl FEALAZ i 1) A1
RUFPFAMR G, JEIL R &R B O-FEFEA B 1
HIBT T Ja T e, AR ERIETT AL, O-Fi%
WABHAE SRR . SR E S IR R 55 5 TH
B = FE 2 AR, DR 6 AR AR R B &2
Zo PR, ASCUAREY)E A O-HEEAL B N A, 25
R T AHRBTFEHERE, I8 T H AT AFLE 0 A 2

1 PBEEMAHSSE
1.1 N-fEEL

N-JE S AS Ui 2 N- T 088 i V- B DL 3L
W o7 o 2 2 2 JIKEE 19 3L 7 41 Asn-X-Ser/Thr/
Cys(F o XA R 2 TR 2 AT AT & 2 1R ) H (1)
KA RRIE SRR, BT S R
FLIE] ) FLBEAZ 0 U718, ARFE LM 42, N-SR B IE
WA SRR EH R, BARIMAAR, =
SER R AR R B RN, B A AIN-T
[ G5 IAEAS R T 2 T A7 AE 22 5, AN A7 AE T4
WY Sk N-B8 0 . HORIUCHIZ: M R P i
R N- SR A G T H B AL N-SERE, IR Rk
T SER A ST AT N-SR 0 o A 6 20 N- SR B 1 45 7
MARRE NG, AR T#—P0R. HilC&fA
KEHFXS A FHEDP T, EFE R TF0, a2,
FRAERA, TKAE B N-F BB B T T T 5
A7 30 I I LRI T T K R ) N-HE A 1B
B, BEEOT, 5 N-BRERNE A R RE
PRI IR 3 R R R g B A, o A s B B
R4 7 S O S FH R 241 T 4 N A 1 1
(A2 R (E AN A BE LS FBAm P, FEARI RO, (555
TR JE AR AR SISy T R A T HEEH .
1.2 PEEMAEEAEZEE

35 15 e Tk UL e v e e R — P TR A% AR
W ARTE R R 7 30, 2 W B I R I A
55 1 o P i (1 S R R, WL b 1 H e
JEK i 17 % B85 i\ i R X012, AT R 15
it 5 ) 200 P 2, R R S T UL 4 A AR S
ELFE IR CIEMGAT « BRWEAZ Lo 25 AL 1 ey 35 i T JUL I
LRSI i O B0, FEAE A R, K 4> GPL 72 11
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B T2 B R S 1 FeT 7 A F- L 52 W (arabinogalactan,
AG)IHE— A&, 5] 44Dl rE I ¥ 28 R 2 1 (fasciclin-
like arabinogalactan proteins, FLAs)Z % CLANH 214
B 5L H, A7 14N FLA SR F B A GPIH € 45 1 3807,
GPIiE 53 H R M i & e ok, V2 Zikid
1L GPIA 7€ BG40/t 100, XUBSERE 7T R 31,
GPI4Hi € Fr 41 Bk 2 25 BUAFLA4ER (1) 52 o 1 5
JEEEAL BB . BEAh, GPIAE e B Mi/E N — B LY
PEEEAB M, 12 W5 5 4 09, g i BEAR 41
AR [R)%E 22 12 f PO I AR
1.3 O-PEE

O-Fl B A 2 B WL 1) 0 1% 5 18 1, il 2 B o
JUR B T I 22 G R B R R R e B B R R v 5 b
Y R O-HE 1 B #EAT B0, iR 5 22 J R B
AR AR BB PRI B, O-FEEAL B 73 A
HEAOMMIEFEAN. AR EORO-FELE
iR, 5 R I B TR AR N- O L R (V-
acetylgalactosamine, GalNAc); 1 7EAES 55 1 2L O-Fli 5
fegiivh, 58 AR RBERIE W] LR N- L2
7] %] (V-acetylglucosamine, GIcNAc). 7 i (fucose,
Fuc). H #&##(mannose, Man). i & fi#(glucose, Glu).
AW (xylose, Xyl). I~ FLH¥(galactose, Gal)~ B Hi7 1A #H
(arabinose, Ara)%"%, Fi 8 H R O-FE AL B B A )\
AN MR B 12 B GaINACHIRZ O g5 1), HRIEEA
—E BN, H AR LAY A eI SR R 2
FEAERN S H BN O-FE AL B R, O-F HEREIEAB IR/
YR B A KA, © Il A R L R R
R RCER AN N B H o ) 22 2 R BT 2 R B Ak
AT, O-GleNAciE i 2 —FaRs i E R S B
RO-PEHAB A, A HGIcNAc - BEE 1, HA
TAENERE R (R, H FT O & &I ETFO-GleNAc
{11 4= a5 IS ARy AR TR NTOR U IS N S -4 = D o]
MIEE 5 TAT, B ST ae e AR 25T
RIEHST, b, A — LR R E 1 B O-FE B A AR 1
TR & B BRI, tnO-TH Ee b Ar s
SHIFERFE BRI, e AR AR IATAE T Al AN
FKEE T, ELEED AR R,

2 EMERO-BEENEZIFIRE

TEFURL A, K% T (R OB S AL 1
PRI RS 210, 5 O-GalNACIE i FIO-8 115
B (proteoglycan, PGYHEIE AL 11 B /R B+ i 2l

1. JLTFra R O-FE FAIB I # A 2 s L5
B2, K2 HOREPOS 25 R 2K, b5 1E
ANRIB B A AR T AR A I B, 3 — DR K B
BT AR 73 3 1 R 23 O-FE I B iR 1% 2
R0, WTE O-GaINACEIR IR H A 21k 20F (A T
2 5 O-B BB 55 AN 45 s 4%, O- /B
R s B — el R R4t
SEWERCEE, DRI AME LR R AR AR AT A A7 AL
M &, O-GleNACI SR, 3 HLTF RAEH T4
Mk% i s A gk 1) B B s, BRI H TR O-
GIeNACIE i I FARKT RN « TEAEYIH, O-F
B EE R SPINDLY (SPY) M1 O-GIeNAc % 74 i SECRET
AGENT(SEC)/2& W F B 22 (1] O-FE AL AH G, A I7E
VKR E IR A R 5 M A TUR PR e,
MHEAL R B (R Ff R, SPY FI SECHE iy At 4 b s
BHIPHAO-FEAUBER 2032, H i@ AE/NFIY
BT S 2E I . SPY/EFH T 4% & X W) &
I RE S A% B 1 R AR O-25 N SR A A U I (12 2E B
(S, BEBEK P 1) 22 7 — e R E L& O-
FEPEEA B ) T RS . SPY MISECH) 1% 1 1 45 O-
GIcNACH: # B i 14, (H M35 A1) 22 Dhe A 56 A
[F]. SPYFISECIE IS /EH TA R ML A SN
T AR EFE, §F R, SPY N F10-GleNAc
MRS AE ST T AR 8] A= ) B p ok
7 HEEEEHS. RS LLO-GIeNAct& iffi 4y i,
BT HYE A O-GleNACIB i i 4% M Lo G .

1 6 AL 7 AR 55 55 9% 28 W D0 0 FH T b
Pz g FUBE IR A BRIB AR, (HIEH /N7 (2%~5%) I 4
W2 S\ R AEY) & U4 (hexosamine-biosyn-
thesis pathway, HBP)"), HBP/Z£UDP-GIcNAcHI M3k &
RS, MR A REACH ) — AR LR, S
(1) HBP HH DY AN S R SRR A S S AR AEIX DY A
AR S S, B 52 R -6 IR (Fru-6P)7E 75 2 % —
RN -6-B IR Z FE AL G L (GFAT) AL T 44k 9
] W % -6-T8§ IR (GIcN-6P). B J5 GIcN-6PTE L IEAiif A
(IR T 7 A2 N- T S JH 4 75 B -6- 2 (GIcN Ac-6P),
GlcNACc-6P 32 3| 4 i ) (AL A6 GIeN-1P. - GleN-
IPRAEPREFAAENR, 7242 85 5 O-GleNACHE AL I ¢
SEIEEYD . PR B2 GIeNAC(UDP-GIcNAC)®?, UDP-
GlIcNAc#E O-GIeNAcf i i 2 H (1) M — Bl Ak 4k, 18
Z—MJLT-Z 53 H AR SR R ARG
Hif&. UDP-GleNAc/ T | #i & BE. &R M5
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Extracellular space

Cytoplasm

TG .
(Gle-6P Glycogen synthesis
P (GRS L
~ Glycolysis - . (Fruc-6P
o CFAT1 l(/——Glutaminc
_____ G IC - — - =
e GleN-6P 1

: GNPNATI l Acetyl-CoA | Sl .
GalNAc | GieN&S-oP < — o M S U A
GALK2 ' PGM3 | [ |
@ah - | San . UDP |
GalNA¢-1P 1 (GleNAc-1P | |

: 5 ; Q)
UAPI (AGX1) , UAPI Wi : / |
UDP-GalNAcL—,UDP-GlcNA¢ — '
giinten ypel it / Proteln—O-quNA/c |
\\ ______ -:- ________ o1 e :
OH 1 . . eveling
”O/&/O (”) : ‘ O-GleNAc cycling COGA |
HOW\ o} @ : | Unmodified protein Gl II\I o
] oo Lo O \)é ________ i SR
N N

HO HC

B RN SRR AEY) & IR R (HBP) A, ZHBPA &R B FRGIeNAc(UDP-GIeNAc), UDP-GIeNAcfE N IRAi#E N O-GIeNACTE 7, 43 HI7E
OGTHIOGARIE T SE LA (415 ) O-GleNACE M A J 2l B4 &4 . HK: OGS, GPL: i 47 h-0-BE 2 A0 ; GFPTI(RFRGFAT): 4 &t
Ji- SR - O B I 1 4 # 1 GNPNAT L(HARGNAL): 2 %1 Bl-6- W BRN- LI F6 A2 g, PGM3(BFRAGMI): TR £ T %) B8 IE A2 A i, UAPL:
UDP-N- 2 I CURE 2 S AR AL B, GALK2: N- LB LRSS, GALE: UDPGFFLIE4 -2 17 7 A g -

When glucose enters the hexosamine biosynthetic pathway (HBP), uridine diphosphate GIcNAc (UDP-GIcNAC) is produced through the HBP pathway.
Subsequently, UDP-GIcNAC enters the O-GlcNAc cycle as a substrate. Under the catalysis of OGT or OGA, O-GlcNAc or deglycosylation modification
of protein occurs. HK: hexokinase; GPI: glucose-6-phosphate isomerase; GFPT1 (also known as GFAT): glutamine-fructose-6 phosphoamide-transferase;
GNPNAT]1 (also known as GNA1): glucosamine 6-phosphate N-acetyltransferase; PGM3 (also known as AGM1): acetylglucosamine phosphate mutase;

UAPI1: UDP-N-acetylhexosamine pyrophosphorylase; GALK2: N-acetylgalactosamine kinase; GALE: UDPG galactose 4’-differential isomerase.
Ell CHRREYIEIERZMHBP)FIE A RO-GIeNACEIR(RESH TH13]1122%0)
Fig.1 Hexosamine biosynthesis pathway and protein O-GlcNAc cycle (modified from the references [13])

P FVRZ S5 0 4 L P = A R AR s B, T b 9
MR N R E LR, &5, £ BRI
(O-GIcNAc transferase, OGT)AEH T, O-GlcNAc
Bl 3% 2 21 40 PR RS A B 1 O ) 22 SR B A R Bk
%t b. O-GleNAcHE AL B2 —Fhands . wliim
HRE, B-N- 4B & 5 O 8 (O-GlcNAcase/OGA)
A DU AL 25 B4 2R 5 O-GIeNACE i B9, 1 40 ffg 7Y
JF B I GleNAcH] 83T GleNAc & 4% B 3 4k N
GIcNAc-6P, Ml F- X AHBPIEHN (B 1)
EYHLF, OGTHI OGA WA &1E, Wifk T O-
GIcNACTEIR R IE S KA (Bl 1) OGTH = Fr A :
# 5 OGT(nuclear-cytoplasmic OGT, ncOGT). £k
Fi &% OGT(mitochondrial OGT, mOGT)A % % A
OGT(short-chain OGT, sOGT)™. ‘&A1 A A [H K
FE A ity (A 45 W IR AN B IR LR &5 & 25 A 3k, (H R R
He A i DU K HES 7 S AR, JPHIK B %=

S TR P 1+ 0| N o | L S N ) e D 2 N E N R
ncOGTHIsOGTE iz T- 40 fu BT A g %, T mOGTIA]
A R SRR RE [ 7 41, BT DA R AE T 2ok ik
R B8 HET, AT OGTHIEAR AL el o] /)
ik A2 - OGTHI =1 WYk EE & /7 41 (tetratricopeptide
repeat, TPR)Z5 435k 71 52 )P I BRI 455 P OGA
HIHFIEA : 258 OGA(nuclear-cytoplasmic OGA,
ncOGA)F4E 55 8 OGA (short-chain OGA, sOGA)P,
ncOGA A JIF 2 it O-GleN A /K AR 25 R SR 2
HiiZH B H QAL B (IS5, 1T sOGA Bk
ZHEARE RIS, b4l , neOGA 3 Z i i F-4H A i
ANZRIAZ , MsOGA 2 5E A T A i M AR I(K2).

3 HEYERO-BENRIINGE
3.1 O-EEMABIFATRRNABAESES
TEREY R ZAAE O- MBI R 11, A%
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TPR CDI CDII PPO

ncOGT

—_

466 496 697 828 997 1046
MTS
mOGT

sOGT

O-GIcNAc cleavage OGT-binding HAT-like

ncOGA

—_

60 366 393 555 715 916

sOGA

OGT ) = Ffr 37 7R 4R EAG P A 2 58 A it {4 10 &5 A2 38 (carboxyl terminal domains 1 and I, CDI/IT) A1 — AN R LR 45 & &5 i) 38 (phosphatidylinositol-
3,4,5-trisphosphate-binding domain, PPO), {H = U ik & & J7 %l (tetratricopeptide repeat sequence, TPR)J ¥ & % 5 SEE AT K AR . LAk,
mOGTZ I A ity F A5 28 40 44 #E 1] /7> 51| (mitochondria targeting sequence, MTS). OGA [ 5 B WP 784 1 2 3 sty HL A AH 7] /1) O-GIeN A 7K fiff li 45 14 33k,,
FPHIh BtA OGTES & X, {HsOGABR Z BRI AR i 2R 4L 8 () LWL FE Il 45 M 4ok

The three isoforms of OGT all have two carboxy-terminal domains (CDI and II) and one phosphatidylinositol-3,4,5-trisphosphate-binding domain (PPO),
but the different numbers of the tetratricopeptide repeat sequence (TPR) resulting in the varying lengths. Furthermore, the mOGT has mitochondria tar-
geting sequence (MTS) in the N-terminal. Both isoforms of OGA have the O-GlcNAc hydrolase domain in the N-terminal and OGT-binding domain in
the central part of the sequence, but the SOGA lacks the C-terminal histone acetyltransferase-like domain.

El2 OGTHMOGAT TR FIITFEE(RIESE CHK311E%0)
Fig.2 A schematic of OGT and OGA subtypes amino acid sequence (modified from the reference [3])

B O-WE BB MR TE EFERE D AN I B 1S 5 5 5
R REEEEEH. ERF I, AtACINUS
ST LB W) B HE R 1 5 1 [RNEY) , AtACINUS
1345 36 & A4 SECHI SPY /511 O-Fl AL 1811 , F0HE
O-GIcNACEI M O- 5 EERE AL . O-FE R B
MRS T AtACINUS/ T SN 3 5% i BT 455
ZR R R EE IR . HhAh, AtACINUSK IF
FEANHI N1 FLCH I 7 R 3 F1 % ABAE 5 £ i
5 Kl ABH T FI HAB 1 1) % 5% R 42 # MO O- B 2%
B ) A2 09, XINGEE B9 % FALL B I+ H3K 44
A L EE RS ATX1(ARABIDOPSIS HOMOLOG
OF TRITHORAX 1)/t S I {65 Kl FLCEE A i
W H3K4me3 (1) HI AL, B 252 madblma I+ 146, 1
ATX 1 IhRE 05 75 22 1E SECH# L R 4 56 K 4 O-
GlcNAcf&ifi. DELLAsZ 758 & 5 5 W i T,
2 B P15 S K X 25 1. ZENTELLA S
KILDELLAZ A% 7E SPY I1EH N AL O-A& %
WAL B, O-4 HERESL B IS T DELLAER M,
HARAE 7 5 AR E A AR, SR 7 R
AR A 3, B T Al AR K

AER, Y2 W5 R B O-F Ak W 40 B Y
WSS S HE BB, O-FEREABMRE A
Ve RA P RIEE T 0 BEEAE, WAL

B2 O-GleNACIE M /e, NTE s SSEy), £
BT O-H BB 2 5 0, WANGSE
PRI T O- 75 FEREA T 1L FE I+ A= P 8 15 5 10 1 5 AL
i, KRBT AR %0 B PRRS(PSEUDO-
RESPONSE REGULATORS)7E SPY A ] T % ik
KA O- 5 IR B M, PRR5 S SPY 12 511 R i
R, O-5 EERE AL I 1 75 PRRS PRV PR AT 4 5
P A G I AW IS S AT . SR, O-HE 3
AB i e 38 I A0 A BN 1R S5 A8 AR ELAE D, SR )
W E AR, BRI B EY T Z AW
B, HABMAL M5 O-GleNACHE b A T
HAR 2% IR /AR R R R, &2
JZAFTEA E R . A EAE IS B, XUSE e
FIFH &R R oR il & T R NN IR i e
H 168Ff O-GIeNACE M A G B 1, o 31
FhEE B O-GIeNAcB i B R IL &1 . FiH
K A TaGRP2 A O-GleNAc(SS74L s ) Fl i iz 1k,
(S1S207 fYEME , IX PN o (1) B — SR AR S5y 52 1) T
TaGRP2H HENW R E LML G, AW /N ETF
1t. KAASIKZR I, O-GleNAci& i i1 4
Ve B I A SR SR S A AR )8, 24 O-GleNAc
BT R B R AU 32 4 M G HR IS, 2R B
AR AR .
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3.2 O-HEEEIHS A AREE )& AR

20 B ph 22 BE AN 2 Bl e S R il a5 A (hy-
droxyproline-rich glycoproteins, HRGPs)Z1 i, -+
FEAE Y04 B B A Ji2 25 19 (extensin, EXTs)FF Rz 4/ 2
F.JE Wi [ (arabinogalactan proteins, AGPs)*), %
JHi 282 (Hyp)-O-Bul hiArrhs B4k A& 1 o DA AR R
oz Ao i %) T XA FH TR A 4 A 2 1 ) Hy pik
£, IR Rt B A R R AR E KIEER Y, fEH
SRR, EXTs o R A i A2 1) Hy p-O- Bl iz A 5% 2
A, BT R I, Hyp-O-Fil S AF A A AB 1 1
EXTsfe 8 5 A AV B 7R B A BR ik 2k Bk 4B
VRS, R EXTEZL M 2% . EXTs M i 1 h
HEM R B K E A E R REENIEH,
VELASQUEZZ; 5 T, Hyp-O-Fi 547 #3246 F 75
ZR (Ser)-O--FLHE AL & i /2 EXTs I EXTAH X &
BT R HE T8 D e I B ORI, 4 fuff FH 40 ) 5 e R
HRGPsHIAH 5% 25 [ (1) Hyp-O-Fi] Fi A1 #5140 5% Ser-O-
AN IR, AR R IR R K, ARER
AR, BRI, Hyp-O-Blhifr b
BB AR KRR B AE EXTs I — 45 113
SEPE, 4 EXTs(#) Hyp-O-Fil B AF g B A0 AZ R i 2k 50E
IR, EXTs & IE# 4TS, =W M S IEEG T
EXTs 5 HoAt 2 A BAH BLAEF , 2ETT 5200 1 40 i BE 1)
AR AL Hyp-O-Bil R R s B4 B 1 ) EXTs
Whe S RIRE M pEEH 7y KA HAEH, LREAS
I B EE R AR S RS, f bRl I, O-FERALAB IR IEIR
KRR EE b 52 25 A0 454 i 2 1 7E 9 1Y) HRGPs ()3
HMITRE, L0 EE I 5 45 K M) RE I 4EFF rh 9 05
HEMMO.
3.3 O-BEENEIREIEINEKELE

O-FEFEALAEERF Y I IR 5 A KR & AR
ST MR EE EEEH .. YT, HAGP
e FHE L FL [ (galactosyltransferases, GALTs) />
T Hyp-O-F-FUBEEAL B 1, R AEAERZ EAGPs
U, GALTs B PE R i sl il SR IS, Hyp-O-2F
FUPE AL B A BE IEH K 4. BASUSE YIRS [
T Hyp-O-2F FL bR e M B (Hyp-O-GALT) 3 K i
R IRARMR R I RAARFE AR AGP ) R E = 2 35 B
RS, AR R IR B E D REK
FEARRE . M B> B SRR, M AR
TR % . ZHANGSE K Blglcatl4a glcat14bXL
B RARMglcat] 4a glcatl4b gleatl4c= 5 537 k1

R R R IEIR . BRSO . BRIEAE
MR Z SIS &L, KAUREVWEAL 1 U5
Fegalt2 galt5 galt7 galtS galt9H.FE 3AFNK, K%
AR A KB R B AE 25 R /N FITE K 3% 14052 21 1 ™ H 4R
F, ek N A S A ROk, IRy ROR RE IR R AT .
O-GIeNACHE i 45 UF B 78 40 7 7150 /)N 229951 7
SRR RIEEEEH. AN, O-FER B IE 51
W 2 7 1055 UIAH 9%, O-F JEAAZ A5 1 Bl DR 2 A A
YN 5 B B Y B PA-TIL [R) 905 (1) 6 45 25 /K1 389, %
&7 H R E R EUR P, O-VESEAL B /& 2 FIE )
T EIEE K IE DI RE I AR R, BE A A ST TR A
WriR N, O-Fi AL B X Y A KK E 5200 2
CINEENR

4 O-GleNACIEIhE RHIFRIE

EORE AL B B B I AR, AATT— B4 e
HEMH R R R O, o s &R
PR A (>picomolar) )R AL 248 0] LLE L 2 M H
ARSI (R DV, X AR ZEETFHEMN “H T
I, RISe bl R B KR IR, PR 2
NN Ry AN S g =R G = S B cS2 DIN S WR D W=
AR B 1S (high performance liquid chromatogra-
phy, HPLC). %% tAnicyZ: Bl se B b Ik 1) AH € 15
%% (liquid chromatograph mass spectrometer, LC-
MS)ECFH G, TG Y85 G HAL T HOR, DA
FUIRAE 7 2 MpopEBE AL B I B AR S A BR70, ARTTT
2 O-FE R B A B & ERAL, bt &L
WARA, BRI AE Do HEAT R AN 70 # .- O-GleNAce
A R T I 5 ST B (Il GIeNACER BB R, o b
e, M HBA=EE WAV IR, B KER
AR TF R T 0 g AT RAE. BEER R ELR
TEBAR R R AN A | W TN DB S 1 e
B H KRR M A7 UK B X O-GleNAce2
MRS E. WA, CAM R AER e
BEIHLAL E 1 EAT RAE B, T 6 R O-GleNAciE2 1t A
ZAMOHERS B B A O-FE A S B A B R AEIE A fF
THE— BT

56 % O-GleNACcH H RAEY, 22 EE bR
ERARE AR 10VE RPN N 7. 34
K, LA B AL AR B AP IR AT [ B —BL)E [3+2]
R0 B R (AR Rl A 22 IR g R g Bl DYAS 22
FIAEP) IERE N, 45 Staudingeri®E 2. 4L 10
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B R PRI A B (copper-catalyzed azide—
alkyne cycloaddition, CuAAC). TCHIELIN B A
Fe & I IR N B S B (strain-promoted alkyne-azide
cycloaddition, SPAAC), LA AW Fi 75 3K Diels-Alder
S ¥ (inverse electron demand Diels-Alder reaction,
IEDDAEDAINV). B A 53 % b 8 247
BRI, BE RS FLAGH 2 &K A RE M R N
1) S Bk AR E B AR B E A7, RAEAR KRR
PR T TR 2 Bl R BE (B4 O-GleNAc) AR

THET . 5 bR 1 1 R T i Ml 8 T
A ARSI T, WUSETVRIF 9¢ ol Sk 141 4 15 e A4 1R
FREESEHL T 2 FhO-GleNAciE i & A A . 2
FrOothbrickae . RBERFR A, ~SREER
SRR WU B2 A A A W e AR RO o AR S A A
5 O-GIeNACHIZRALH B L 28 5 AR AN 5 1 e
PR Bl — e KK T HE, BEAAE AR a3k
R B o R AR A5 2 (I 0y T J BRIP4,
FERREARR), fEE BB BOR T, 2B BEOL

1 O-GleNACIEIREBRIFRIER AR
Table 1 Characterization techniques of O-GlcNAc protein

HH Jiik JS2 ] PRk ERBEN
Type Method Application Advantages and disadvantages References
Characteriza- Radiometric detec-  Stoichiometric analysis of O-GlcNAc proteins,  Although claimed to be more sensitive,  [81-82]
tion of intact tion and profiling of modification sites this approach might result in nonspe-
O-GlcNAc cific detection
proteins Western blot Quantification and site localization of O- This method is simple, but the speci- [83]
GlcNAcylated proteins ficity depends on the antibody
Lectin blot With appropriate sample pretreatment and Although it has strong affinity, new [84]
controls, lectins labeled with biotin or HRP natural lectins or synthetic lectins
can be used to probe O-GlcNAcylation with higher sensitivity and specificity
should be developed
Chemoenzymatic Chemoenzymatic labeling and enrichment of Comparing with the traditional [85]
labeling detection effector proteins in host cells, and analyzing antibody-based immunohistochemis-
the specific-site with specific enzymes try, this technique, which has high-res-
olution, can visualize the distribution
of O-GlecNAc proteins in cell septum
or organs
Metabolic labeling It can be indirectly tagged on O-GlcNAc Despite the successful labeling of O- [86]
detection proteins for detecting dynamic modification GlcNAcylation by some metabolic
probes, the labeling efficiency is to be
assessed
Site-specific MALDI and ESI Identify O-GlcNAc proteins, O-glycan types, It has been widely used to analyze [87-88]
characterization branching structures and O-GlcNAc sites oc- complex samples, but the complicated
of O-GlcNAc cupancy operation and high-quality sample
protein requirements should be taken into
consideration
MS fragmentation  Detecting the localization of O-GlcNAc pro- Although the mass spectra results are [89]
techniques teins complicated to annotate, it is accurate
and reliable
High- Protein microarray  Identify hundreds even thousands of sepa- As a high-throughput technique, it is [90]
throughput rately purified proteins at the same time, and widely used for large-scale character-
characterization detecting O-GlcNAc modification levels ization of proteins with high signal-
of O-GlcNAc to-noise ratio, but the arrays can’t
proteins generate straightforward sequence

Proteomics

Identification the modification stie of O-
GleNAc and quantification of large-scale O-
GlcNAc proteins

information

It can be combined with various meth-
ods in many areas. But the instrument
stability and experimental operation re-
quirements should be further improved

[91]
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fiFE N H B (matrix-assisted laser desorption ionization,
MALDI)AHL % %5 HE & (electrospray ionization, ESI)#%
iz T O-GleNAcE i d E [ 73 4 B £ eyl B
O-GleNAcE 8 F R AE 729, 8 B s SR 1) A
BTN EA AW N EmBEET S, AR
TR A Bt [N B A T AN alifh 85 [ b AT R AL,
4 5E O-GIeNACIE M 8 5 T # ot 4 2 A RERS 1
JE O-GIeNAcE i H AL UE B, R4 E O- 5Kk
PR IPNANEISIEIDE

5 BEERE

O-WEIEAAB I 52 B2 RIERIBI PR JE 181 2
—, H 1984 TORRESZ 15 I K MLO-H Fe Ak A& 115 LA
¥, O-FERAVAB A S 95 C 2 B T Bk ik
A, H AT 4% 58 Hi4 0002 FhO-FE AL &1 1) & E
R, AR, O-FERALIE N 57 2 N8
(IR AE B DIA OGP, TERED, R AR S
PR A KB EARR, O-FEEAIE i 2 5% T 1Y)
AEREE N Z SR, FNERWEEE R T E
BAEF . VFE PR O 8T O-fE 5L 1B 1
(IS, T H— LR 0 B 1 R R AR e R
BO-PESAUB IR LERE . SR, B AT 70 32 252 )
FAEA RIS AL () 71, IS I RE A 5%
RGO T, SR~ B TR ThRE . (HEX T
QAT R E R A A 1) B 05, AT T W 1 2 B R, o
R O-FEFAABIHTE R JRWE SR R %
AL ST TR = B 2 e, O-Fi s
LA s 4. (AR IR SE I A2, O-GleNAcE i N O-
PSS R AR T 2R R, H AT A
VIRIAR S 7 R BUAS T M it JE o N TR T iR
ANFRIZERLO-H B A B B A AERE ) I Dh e AR,
R ) 2 7 395 200 B s O S A A R AR st R DL
FH R A ThRE R AT SEm S A B 7L, R ZEA
W R T AR TN 1. IRANIR T O-H T AAB 1 1)
Thee A AR B SOR = 78— e FR B e A4 2= A gh
A=) 55 22 AU R FE R
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