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F 1. ZHEREBEEXS

Table 1. Related mechanisms of various oligosaccharide transferases
Organism Glycosyltransferase ~ Type Glycan Site
Campylobactre jejuni pglB N-glycosylation Heptasaccharide D/EYNXS/T(Y, X+#P)
Neisseria meningitidis pglL O-glycosylation Disaccharide BSAGVAY
Pseudomonas aeruginosa PilO O-glycosylation Trisaccharide N CPK S8
Haemophilus influenzae HMWI1C N-glycosylation Hex and di-Hex Asn(N)
Streptococcus mutans Pgf O-glycosylation Monosaccharide -
Helicobacter pullorum pglB1 N-glycosylation Pentasaccharide Asn(N)
Actinobacillus pleuropneumoniae ApNGT N-glycosylation Monosaccharide Asn(N)
Neisseria gonorrhoeae PglO O-glycosylation Trisaccharide Asn(N)

8 SAGVA * represents the specific amino acid sequence from position 63 to 67 of the receptor protein. —: none.

A T A e R DR TR T Bl FH S e A
BELH, A3 AT RE A th AN R 1 s 4L v 28590
2005 4, Feldman &3 i H 381K PgIB Ml Zm i 1
BRI AERETRNR 4 1 O Pl Mo 2 hl, A
NEW O ZHE-EHRMAY, XeHAMEA ]
P T2 BRI B R 2 W o T8 5 ) SR A% I
WIFE AT 46 00 SR 0 25 8 AR L B = 2 AR A i
P A B, [ IS L2 K SRR A I ) 2 1 SROBE A
FHARPGCT) E AR bR AR At 145
Sk

1.4 WEEZik

RE ] RE 2 A0 i h iR A T —,
W T ZREHFIZNRE, 25 TIFZEY¥1T 0,
5 RBESE G BRI LU AR BT . R, Bl
Bt . Pk R FAME Y TR,

AR A FC SR B SRR L mT S T v 2
RUROBESEAL , 20900 N-JEH AL A O- 14 Hapi Ak
o BRZA DI N-ZE RS i, 25 25 i
AL hHEE GleGalNAcsBac 15 Bl B 4L T 5
LRI B A s W] TESERER R BRRVET T,
CR 3 iR E NS RN INIES R B T RV
Asp/Glu-X-1-Asn-X+1-Ser/Thr (X-1, X+1#Pro);
JEAZLEY) O-JEFERERALDTIE R, B 2R B P BT 5

Wi B g P10 415 1B 2Bl O-Bii S Wi 5L i 422 1)
B E B FLIR TS "NCPKS'™ i Ser148 HiE iz
M, MR AR 2 SRR 2L Pl O-ZEWRILFL F M
(O-OTase) ¥ FEMH a2 Ml 4 75 2232 B R 2 0
BRIT 4 “SAGVA® Hh5 63 7 Ser FR L2,

R A7 AR P SRR T A R A g, T
F& X N-BEILAL A O-WE LAk A2 (R & (1 7R I
SRR, (R AT A N 2R R T A iR
Ty AR ROk, B0 A 5| A SRR B il
B S RO R A 1) 2 LR 41
1.5 Btk

VARG, R R 22 1 D A A W i
TR LA B BB S A I R L, AN, R g A
PRA A TE 2018 4 12 A 4E#% Jordan Russell ] BAIE
SRR O-WERAL, ISR 50T UE B BB 5L 7 i
Cbes-1864 K 454 i 7% 28 Al Iy Mg TR SRR 5 2 2
43 ff BE 1R 5G4 G A0 4y W6 B AT 4E R
A(CelA)H Ser 1 Thr FkEE R FSEH O-
BRI

A % BR 74 8 AlejandroAvilés-Reyes 55 7E
2018 4 3 A BNIFHIALEUE pefS TR 4L
bro B5G: LN BIL R PetMI it
B i P 22 1) S A4 i P fE TS ORI R S Ik

http://journals.im.ac.cn/actamicrocn



516

Jiajia Li et al. | Acta Microbiologica Sinica, 2021, 61(3)

PR IR, HETHIREER, PefS KU i
ROl PgtM2 Z i B 22 ) RAG T PefE 48°%
UDP-2FZLHEAT UDP-#%g BH ) NAD-HUAS AR H.
FEAL TS OB, EAT 2R s TN, S8
FAbRI L BT UAWE AR UM e i A A IR
B, It C R LPXTG ¥ 18 K i) )
T8 R 7 240 M B 1

WEILFE RS BB 23 DUF1792 H sk fE 1 BA T
2014 48 7 0 LT — MRS, 25
R O-RMEM A G . 8 WE L 2 R w4 s —
FRAH AL B R Fapl, #H A /¥4 Rhal-3Glepl-
(Glc1-3GIeNAc1-),-6Glef1-6GleNAc Y 3¢ 4 7~ B
&M . DUF1792 J&—Fh & J@ it p-mii i L% 7
fitf, ‘B AE S K Gle FRIEFE L E Gle-GleNAc &
MifY Fapl. DUF1792 25443 HAa B 4 2 % AT iR 2
G, BARA S BENERR GT-A 5 GT-B ¥
B BRI R I AT T 50 AN 25 g [l — 120

T4 S5 T 5 A R (A W S R i T A 4 ) T
PR PR, SEIUAE KT T v v e i T o i Ak
W, A AR ERE I R B
SETH TR LA SRR S SO 7 K

2 RBORE AT N A

IS RGN R A B A 7 s E RS I 2 &%
WK, LUK RO ARER RIRR , 2002 4, Wacker
U AR T HME AL (I BT Re Ty o X A
28 32 70435 1 A TR R e AR HLAT SR 2 AL Y 2 1
B R 1 — A Bs. SR, o
R B AR T R A AR R A 7 AR T7
BEEH, 2006 4, Sethuraman Fl Stadheim %5 A iE
SR AT0% I NG TP A B i S B i
It L3k SRR Y o7 B N2 R0 5 ) LA (A 1 A 3%

actamicro@im.ac.cn

PE, A BRI AR B XA T I 2 T A TR
PRV L M E e (12Nt 2 NE S DR R A P o
1L FL S A IR TR I R 1

PN AR EI I A R ORI AL C Ve
M, R, SRR A R 5L
Mo ARHEAE ) RIR], R 85 A
Gy R FET AL GE G 0 Z RS B S AT
WAL R G REE Gt . FETAEIN GG
(14 22 Wl 45 5 B v A e A R O 2 1 Ak 2
T ERAF R LA B E R b el an RSk
ARG, AR BRI 2Ot WAL, Hi
SERpRALAE LI, 1 e O AR A O AR ORI 20
2 W S5EA7Y, K205 E YR BURIE
J5 . IEARER . WA A S IR R R LA
LA SE IR J5 T PR IR SliAb S 7 W) o %07 AL TR
ZP, R . AR . BORIE, HAEFERZ S
FEUH AAFAEARY —E, MR BRI T H R AR
775 AN AL R G R R4S AT W A T
FIZE 1 BHE A B B PGCT (1R NI RER), %
FAUTAER AR RIERGEPEIA 3 Fikikdk
T (T gni B (R N | LG B 1 4 0 3 1)
B EEEAR G IR DAL ), SRR T s 2
AWML R 2 G, AL RS
RS BRI S T, AL, 8k,
FA = A G ¥ — R o AU A M SE1E
ST R ITERA
2.1 HHESIMERNE

EEr, 7E Tl MEEEJrm, aEHEAnR A
AARK BT EL; A Fh 2544 FLAT W 17 1) S o
Yo — il AREGRERE RS, HIEERME
F AR KA 55— . RIS
O T O BB H ARG . R RINE MLk



ZHERE | MUEW, 2021, 61(3)

517

RPN B e VS I RN 13 DS &L
B sk, Wiz BT . BTl
PR AR B FH R A A1 R e i e 7 A N LA
BB I AR RSB T RS, R R &
R, TEAERIGFREEAIMELRE, ATARE L 6/
WEVR PR FLIE, 6,6'- “MEVRFRFLIE A 6'-KDO-FLH
MESE G LR, 6'-ME TR R L L S
— ARSI, IF B =ik 30 g/L,
6"-ME R R AL R RE AL P I EE N 2 —, AN
R ILEE hRBIEEAEA, R 7EIE S
fife, PRUE—Fi b2 R B T B SR T R R

FELA, FIFIZ D ) A 7 20 HA e iy
VER BRI T 20 R S i E & . 2015 4,
S5 [E FDA HEUER FIAN T R 18 2-5 BEpiE 70, X
AR SR W] R B4 LIE 5 9k B i A 2 — (RT3 0
FDA: GRN No.571), T 2017 4E4RIM A 7
2.2 A EHAREERERENELZE R REY

A v B /R TE QR (B, pseudomallei) &2 B H iR
e A, HAG RSB PR R Ty, BRILAE
S5 AL B 11 R SR R TR U 28I R 1) B 2R AR 7t
Mgk 280, B AR A R, AR S
SO A8 SO S D v b L P
JEL TR B A B 1 2 TR AR AR 7, (BAAAERRE
P RO A e A RV S T s alifk )
MRS Y N R E R, Ha s H ™
AR, B LE SR AT . I,
2014 4, Fatima Garcia-Quintanilla %571 F 40 B 1)
WAL RGIF R T A5G, Hh AR 24
S RE A%, EOEH R A R
R, HEWE R Z waal (O-H)5iEE
B)FT weed (WERERE R ORI FF I SDBI A1k,
i/ SDBI kAL IR {11 ve B /R 8 IR TR R 3B

PR MR 15 DT R BORL . St PglB [
JEORL 2R Acrd BEDBORL, Zid Ni* SR (A il
L B M, 1) SDS-PAGE, Western blot, mass
spectrometry {FSE AcrA # B. pseudomallei OPS 11
KA G YR, AR T AR R T 2 U
EE2EE S, I S/ NRXT B pseudomallei
AR BRI 1eG SN ) ELISA FITE
B. pseudomallei WXL, AN [RINALH A9/ BRUAE T
SCEGERL: ML TR, BEEEY 1gG &M
BEWI, B. pseudomallei WG RIGH, SCH0H
PEEEY 1 ng AP AATE R . BRI AP 5256 LA
W E NS HA FIVEE ST B pseudomallei )9
HE P
2.3 FFR—FXE LS BT T MR AR S
P

RoE VARt O S VAT <
(Francisella tularensis)5| A2 1, IXFhEH e A ™
14 95 A2 o i AR R A AR AR, HAE T H ik
30%—60%. i, holarctica J& ¥ i Fk(LVS) % 4>k
AR IR T B PRI IAT ZE A 7, HHOE )8
BLIITIIAE SCRBIHE. [, 2018 4, Marshall
S5 NI AT N-1E B IEACKE: F. rularensis O-HL)i
SRV o 20 (00K 30 5 S A1 B T f e P AR R
GtExoA, il id— AU g & SR s il A e
TR BRI PGCT (N B IR ) &5 ZR 5 72
Hi, RS AR SZ IR 11 Exod SEKBORL . 4
B 7 30 B PSR O-470 )5t 22 Wl JBORE AN g bl B
TR pglB W Bk = K IAFF I CLM24 i3RIk,
ZRAH T . T8 Exod IFHIHSIAT 5158 8 A%
b1, FEEAREEY S F. wlarensis O-HU )5
R ERERLAL A S I E e | R
A, 1gG . IFNy &5 PBS 4. holarctica

http://journals.im.ac.cn/actamicrocn



518

Jiajia Li et al. | Acta Microbiologica Sinica, 2021, 61(3)

T AR LB R, 4521 R W], % O-Hi)st
Bl 2245 W0 v Al LB 1k b B o 0 R (F
tularensis Schu S TIFRE I, IF BRI L IR
FPPEFARVE AT B S B  F — A I AL ER
2.4 RTHEAES N-BEEAGR R BoRE S
HETTHE

2010 4=, Flavio Schware & \7ZF T N-FiHL:
o g A4 38 2o 1A N AR SR 25 B Ak S B I I DL AR
(GaINAc)sGlcNAc-Und-PP 34— ELK% N-BEEE .
BB T pgl B IR LU St A= 1065 Tl F)
HH (pglD, pglE 1 pglF)FI¥E#2 (pglC)RIFF I I ,
DA K s o 25 0 23 SR 36 R (gl , AT 51 A
GlcNAc-Asn #E# DI TE Bac-Asn %42, 774
SR B0 N-BEEERY 15520 T GleNAc Jf 4%
% Und-PP BEIEZA [, BSI-MS 4387 s il A4
77 1 (GalNAc)sGIcNAc Fl(GalNAc)sGleNAc N-F
PR AcrA BERIAIRGY), FSb-0-N-Z B30
JHie Wt b B BE AL ) AcrA R BUZ AP BR 2% GalNAc 5%
B, 1BRNAE AcrA BERY, HAHER > GleNAc
G, ), AR MansGleNAc, MEmAmk
VR HML A, 82T P B)-B-N- L ik 2 S A
WEAF B FEAE FH = A #54 I> MansGleNAc, 3
W — AcrA #HEF %, Hfidid SDS-PAGE /)
#r. MALDI-TOF MS % iEiZ 458 . 2% AR A
T A A B NSO A ] SR £ 1 Y T
6, IR TSRS B, ROk
PR B N (i A2 BT L AR RS H 4t
XA TR RKIBIT RFRIE R G, dEmd etk
Pyesy: b AR R RCR

25 TEXRBHES IRESEEHEER
Har, FFA4E 2B REATERE AR
B i) Ay A= 0 3 1 Bl T 2 K A B 2 1 E AR AT

actamicro@im.ac.cn

&M . A5 R IAFF T b i SR B Ak R AR 7 AR 2
IR N-RE RS — DA IR E S Bk
%o 2012 4, Juan D. Valderrama-Rincon 28 AAE K
PR T EAT T A R A TR, A
77 ELAZRE AR AR 7 A AR B NSRBI O 25
F4(Man;GIeNAc,), F I i 2L R 4 7% B 2K
I KA A% 3 1 o 12 P A3 sk DO b A%
WS RS I S LR ME AR G A, AR B PR AT —
BERR-N- AT A 18 Algl3 . Algld DAKH
TR Algl . Alg2. ik A 255 AT
TR SRR IL AL RS T PeIB, 5 BRI 5 7 2 Ui
FEEFPY, (3% () IgGl By Fe S5 1e HAR
SRS ON297 OBEJEAR AL AL (D) A OB A R il
A(RNaseA)TEH N34 ZARfgi . (D ANERKER
(hGHv) IR #5548 AR TE L N 140 AR A7 55 12 141 BA
TERIGFFR G AR T Sifihl ALGI3, ALGI4,
ALGI 1 ALG2 SSRGSk ™ A T g
P Man;sGleNAc, BB il 3 i 24 AR A3 Hr DA %
i 3 i 7 AR S UM — 30 MansGleNAc,
W5 51 AGRASHEER 1 OB AN bt pglB 1) JTORDKE B
BERMHLAS BRI A SR T, T R
JoTAH X 43 - JOT 5t RS 1 A A 36 IE R A R OB
Man;GIcNAc, R FHE M . BIR PelB RRIEIS
Man;GleNAc, H R 24 JE (L s CHUAR EE 11 i 7 49)
R TR s P AR 1 v e IBERAR  H
A XLy 1), HAEEE I FH T AR R R H AR (4
240 L TR PRI JR /s R 0 ) o Sk — 2D el
T BRI T = A A RO R/ NXS/T 52
RN S B4R TR OTase 284N

2.6 FATFEAEHE AR OEBENBBENBITHE

R 5 LA Wy = IO T i 4 A R A T (R 3L



ZHERE | MUEW, 2021, 61(3)

519

SE AL R Y SHuffle Rk, H& A 4%
5 ) 24 0 S e A i (DsbC) P A il £ A2 AL
OB, AT o Mol 0 A% R G A T R B LA A
XUETE [ E 2 BEfT . 2019 45, Ting Du %A
i FSUBRE 5% . — Bl s A 7 Ik S A 2 11 o 240
il B 7 T 4 2 -02b(hIFN-02b) #l A 4 K 3 %
(hRGH)™, 5 —Fh &% O-HFAL P B BHE ML .
B AR AL AL 5 S i N 2 KA N- i F: FLBE 75
W gmt s A WA B-1,3 E ISR RS 1 |
UDP-Glc(NAc)-4- 2 [n] 55+ 1) Jilf F1 48 ] 1) — i Ak 9
S S A . TERAN AR BRI S HEAT O-F
b, SRR RR AT AR S0 B TR X
GrF I . X T-Ag #EA TR SPERRRRIC . DG AT
Fl HPLC X A s ) J i R D RIS () e
AR WO W K T 8 2R 38 1R T M AR 2R 1 B
Frorpr A, a5 SRR B T RUSURL )7 vk R A i HE
PR A R S TEA K pOGO 9\ 1 Hh 1y i
FERNBEIEAL , B BN ST T — N R
RFA AN O-FEHNZ -1 BIIRYT
F, HE— 0 e SR LU AN e SR 5
S AL M FE AL RS MG 0 5 Z ik, SR HR B4R {1k ]
VAP RN 58 A SRR 1) A W T R ) SRS AS R T A
HWATE,

3 ANGERRE

FAT, K% 70%M N ZKIG)7 T TR RS
PRABMRY , I ELWE % A4 o7 15 R 288 28 52 e LR A )
WG, B ARG T R
AIHROE LTI . NIIRT PERE 8 A 2 AL
YA R A, (HEEE AN RS, A
FABIT AT R WA, 2 BT L 3h M 4 i
BFR B st Ty o NI, W20 T A Rid AR 7

ARG, M 2L sh P an e Lokt & 5t . B 5%
P AR . BRI K AE R

NI R PN R G, A Y BN
SR G2 B T ORI TR, B R,
DL AT B 8 1 5 R 5 BAA 15 R B AR
P B, HFRAUAAMEREE; R, AR RKAR AU ;
AN, Ao MG [FE, e —
XTH R LI R GE, FE R P00 S Bk b
BRGREE D, SRR T eI ah &
LG 2L G AL, MBI R G T A
AR E S Fred, AL, sk, B4
P B YRR

TR, AR IR SR A B 1 5 2w i Ak
B W R (NDP-) ¥ AU A S BEBE 5 1 2 b
W, DREHERERT . Wzy IREPERE . ATP
454 8L (ABC) ¥ 1z 25 11O ME 7 4% 15 AR 1
AR =R RS, DA A RR A+ — R
WERR (Und-P) AR AT MEEIA , 8 SEREEE Rl |
WEIERE R | e 55 22 1l o) [RR 2 0 s b
UESEUN W SR EY AN S S Iy Y
A PR3 AT 2 1 B R A R T AL B A9 1
M Wy EAREMESrEE, ReEn g
RS Z G A RRIE T & S E 2 .

SR AE Do AR 227 TH , TP A
RKRBVELEP{E . 2010 4F, Drouillard &5 o [&
VR PR R R 5 A% Wl R IR ) R AR KV IR I neudBC
BRI FRIBKF-, A7 B s T VR T AR
EHF R T 25 M st k5 2015 48, £H
FDA HEUHER P0G A B 2- BEpE SL L pE /R 22
g JLIC 5 Wk W 5 22— o S N 5 T : 2013
4F Jon Cuccui SF i@ — M EREH LSS
W fef P 8 1 SRR G HOR 1 PGCT (1 Py il 2 1)
B G B P S MRS W 2014 4R

http://journals.im.ac.cn/actamicrocn



520

Jiajia Li et al. | Acta Microbiologica Sinica, 2021, 61(3)

Garcia-Quintanilla % F F 40 B N-BEEAL LG R G
HEEGEN BB G R AN PGCT A T1E5E 1
X v 2R P I T Y R 2 % R IE s 2019
4, Ting SE FRUSRL 5, B T — AR
KEG, A A NS O 0-1 BbE
FNRYT Mo B A% N-WEBEARR] 5ok 86 1 7 I
2010 4F, Flavio Schwarz %538 i 1A KNG 5 1)
Ak 22 (BB 2 L™ 4E (GalNAc)sGleNAc-Und-PP 4
— B H N-BE&E A ; 2015 4F, Akkaraphol
Srichaisupakit 5538 12 PUFf FLAZ M 3 4 B il 5 il L
BRNE, FEE Lk A 25 S ihA B 0 SRS RS
itk PgIB JM N5 A% R % 2 H A A o,
IR AR A Y A 7 B R e
FER,

XF A% A U A S e b, ARSI T
I 20 TR B FL TR T8 6 28 L SRR 5 BoR 1)
PGCT JF & T Z R B e e ¥, HAe T A K
PR A AR P e i T 5 s 1
TR, ABAE ™ Lk S AUk 1A 7 JR 48 J T AT
RAETEZHEN . B YRR RS
5T B SR B, A DG S % A% il A FE ML T oy A
WREAEN, HEABmAAEEEZ, 24
AN BNA B R N Z ARG Hk, B
¥ A YR BL T AR AL SATEMT, BT
AWt = N BTN L e 2R A S AR R G 1 A
ar, PR VIRE BRI R 2 A A e O
NEEA FRilt— 5 00 B, Bk KR
FUHR SR T S g0 F AT T Y, i HX T A AR
FF Tk A v 2 e E i e s B2 dEH A R
(), TR, 76 E A 0okt BA = i S A T
A& 16 49 5 63 3o 1 R A i PRI B R4 7 i — 2P Bk
HA gz 5k

actamicro@im.ac.cn

Z % Mk

[1] Nothaft H, Szymanski CM. Protein glycosylation in bacteria:
sweeter than ever. Nature Reviews Microbiology, 2010,
8(11): 765-778.

[2] Nothaft H, Szymanski CM. Bacterial protein
N-glycosylation: new perspectives and applications. Journal
of Biological Chemistry, 2013, 288(10): 6912—6920.

[3] Helenius A, Aebi M. Roles of N-linked glycans in the
endoplasmic reticulum. Annual Review of Biochemistry,
2004, 73: 1019-1049.

[4] Valguarnera E, Kinsella RL, Feldman MF. Sugar and spice
make bacteria not nice: protein glycosylation and its
influence in pathogenesis. Journal of Molecular Biology,
2016, 428(16): 3206-3220.

[5] Aviles-Reyes A, Freires 1A, Besingi R, Purushotham S,
Deivanayagam C, Brady LJ, Abranches J, Lemos JA.
Characterization of the pgf operon involved in the
posttranslational modification of Streptococcus mutans
surface proteins. Scientific Reports, 2018, 8(1): 4705.

[6] Napiorkowska M, Boilevin J, Sovdat T, Darbre T, Reymond
JL, Aebi M, Locher KP. Molecular basis of lipid-linked
oligosaccharide recognition and processing by bacterial
oligosaccharyltransferase. Nature Structural & Molecular
Biology, 2017, 24(12): 1100-1106.

[7] Olivier NB, Chen MM, Behr JR, Imperiali B. In vitro
biosynthesis of UDP-N,N'-diacetylbacillosamine by enzymes
of the Campylobacter jejuni general protein glycosylation
system. Biochemistry, 2006, 45(45): 13659-13669.

[8] Sharon N. Celebrating the golden anniversary of the
discovery of bacillosamine, the diamino sugar of a Bacillus.
Glycobiology, 2007, 17(11): 1150-1155.

[9] Kowarik M, Young NM, Numao S, Schulz BL, Hug I,
Callewaert N, Mills DC, Watson DC, Hernandez M, Kelly
JF, Wacker M, Aebi M. Definition of the bacterial
N-glycosylation site consensus sequence. The EMBO
Journal, 2006, 25(9): 1957-1966.

[10] Azadi P, Heiss C. Mass spectrometry of N-linked
glycans//Karlsson NG, Packer NH. Glycomics: Methods and
Protocols. Totowa, NJ: Humana Press, 2009: 37-51.

[11] Young NM, Brisson JR, Kelly J, Watson DC, Tessier L,
Lanthier PH, Jarrell HC, Cadotte N, St Michael F, Aberg E,
Szymanski CM. Structure of the N-linked glycan present on

multiple glycoproteins in the Gram-negative bacterium,



ZHERE | MUEW, 2021, 61(3)

521

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Campylobacter jejuni. Journal of Biological Chemistry,
2002, 277(45): 42530-42539.

Bernatchez S, Szymanski CM, Ishiyama N, Li JJ, Jarrell HC,
Lau PC, Berghuis AM, Young NM, Wakarchuk WW. A
single bifunctional UDP-GlcNAc/Glc 4-epimerase supports
the synthesis of three cell surface glycoconjugates in
Campylobacter jejuni. Journal of Biological Chemistry,
2005, 280(6): 4792-4802.

Valderrama-Rincon JD, Fisher AC, Merritt JH, Fan YY,
Reading CA, Chhiba K, Heiss C, Azadi P, Aebi M, DeLisa
MP. An engineered eukaryotic protein glycosylation
pathway in Escherichia coli. Nature Chemical Biology, 2012,
8(5): 434-436.

Madec AGE, Schocker NS, Sanchini S, Myratgeldiyev G,
Das D, Imperiali B. Facile solid-phase synthesis and
assessment of nucleoside analogs as inhibitors of bacterial
UDP-sugar processing enzymes. ACS Chemical Biology,
2018, 13(9): 2542-2550.

Sun P, Pan C, Zeng M, Liu B, Liang HY, Wang DS, Liu XK,
Wang B, Lyu Y, Wu J, Zhu L, Wang HL. Design and
production of conjugate vaccines against S. Paratyphi A
using an O-linked glycosylation system in vivo. NPJ
Vaccines, 2018, 3(1): 4.

Faridmoayer A, Fentabil MA, Mills DC, Klassen IS,
characterization of bacterial

Feldman MF. Functional

oligosaccharyltransferases involved in O-linked protein

glycosylation. Journal of Bacteriology, 2007, 189(22):
8088-8098.

Harvey H, Kus JV, Tessier L, Kelly J, Burrows LL.
Pseudomonas aeruginosa D-arabinofuranose biosynthetic
pathway and its role in type IV pilus assembly. Journal of
Biological Chemistry, 2011, 286(32): 28128-28137.

Kawai F, Grass S, Kim Y, Choi KJ, St Geme 111 JW, Yeo HJ.
Structural insights into the glycosyltransferase activity of the
Actinobacillus  pleuropneumoniae  HMW1C-like protein.
Journal of Biological 2011, 286(44):
38546-38557.

Jervis AJ, Langdon R, Hitchen P, Lawson AJ, Wood A,

Fothergill JL, Morris HR, Dell A, Wren B, Linton D.

Chemistry,

Characterization of N-linked protein glycosylation in
Helicobacter pullorum. Journal of Bacteriology, 2010,
192(19): 5228-5236.

Hartley MD, Morrison MJ, Aas FE, Berud B, Koomey M,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

Imperiali B. Biochemical characterization of the O-linked
glycosylation pathway in Neisseria gonorrhoeae responsible
for  biosynthesis  of

protein containing

50(22):

glycans
N,N'-diacetylbacillosamine. 2011,
4936-4948.

Naegeli A, Neupert C, Fan YY, Lin CW, Poljak K, Papini

AM, Schwarz F, Aebi

Biochemistry,

M. Molecular analysis of an
alternative N-glycosylation machinery by functional transfer
from Actinobacillus pleuropneumoniae to Escherichia coli.
Journal of Biological Chemistry, 2014, 289(4): 2170-2179.
Hug I, Feldman MF. Analogies and homologies in
lipopolysaccharide and glycoprotein biosynthesis in bacteria.
Glycobiology, 2011, 21(2): 138-151.

Aebi ER.
Biochimica et Biophysica Acta (BBA) - Molecular Cell
Research, 2013, 1833(11): 2430-2437.

Wells L, Feizi

M. N-linked protein glycosylation in the

T. Editorial overview: carbohydrates:
O-glycosylation. Current Opinion in Structural Biology,
2019, 56: iii—v.

Faridmoayer A, Fentabil MA, Haurat MF, Yi W, Woodward
R, Wang PG, Feldman MF. Extreme substrate promiscuity
of the Neisseria oligosaccharyl transferase involved in
protein O-glycosylation. Journal of Biological Chemistry,
2008, 283(50): 34596-34604.

Musumeci MA, Hug I, Scott NE, Ielmini MV, Foster LJ,
Wang PG, Feldman MF. In vitro activity of Neisseria
meningitidis PglL O-oligosaccharyltransferase with diverse
synthetic lipid donors and a UDP-activated sugar. Journal of
Biological Chemistry, 2013, 288(15): 10578—10587.

Zhang H, Zhu F, Yang TD, Ding L, Zhou MX, Li JZ,
Haslam SM, Dell A, Erlandsen H, Wu H. The highly
conserved domain of unknown function 1792 has a distinct
glycosyltransferase fold. Nature Communications, 2014,
5(1): 4339.

Russell J, Kim SK, Duma J, Nothaft H, Himmel ME,
Bomble YJ, Szymanski CM, Westpheling J. Deletion of a
single glycosyltransferase in Caldicellulosiruptor bescii
eliminates protein glycosylation and growth on crystalline
cellulose. Biotechnology for Biofuels, 2018, 11(1): 259.
Sethuraman N, Stadheim TA. Challenges in therapeutic
glycoprotein production. Current Opinion in Biotechnology,
2006, 17(4): 341-346.

Silva EB, Dow SW. Development of Burkholderia mallei

http://journals.im.ac.cn/actamicrocn



522

Jiajia Li et al. | Acta Microbiologica Sinica, 2021, 61(3)

[31]

(32]

(33]

(34]

[35]

[36]

and pseudomallei vaccines. Frontiers in Cellular and
Infection Microbiology, 2013, 3: 10.

Price EP, Sarovich DS, Mayo M, Tuanyok A, Drees KP,
Kaestli M, Beckstrom-Sternberg SM, Babic-Sternberg JS,
Kidd TJ, Bell SC, Keim P, Pearson T, Currie BJ.
Within-host evolution of Burkholderia pseudomallei over a
twelve-year chronic carriage infection. mBio, 2013, 4(4):
¢00388-13.

Galen JE, Curtiss III R. The delicate balance in genetically
engineering live vaccines. Vaccine, 2014, 32(35): 4376-4385.
Garcia-Quintanilla F, Iwashkiw JA, Price NL, Stratilo C,
Feldman MF. Production of a recombinant vaccine candidate
against Burkholderia pseudomallei exploiting the bacterial
N-glycosylation machinery. Frontiers in Microbiology, 2014,
5:381.

Golovliov I, Twine SM, Shen H, Sjostedt A, Conlan W. A
AclpB mutant of Francisella tularensis subspecies holarctica
strain, FSC200, is a more effective live vaccine than F.
tularensis LVS in a mouse respiratory challenge model of
tularemia. PLoS One, 2013, 8(11): e78671.

Marshall LE, Nelson M, Davies CH, Whelan AO, Jenner DC,
Moule MG, Denman C, Cuccui J, Atkins TP, Wren BW,
Prior JL. An O-antigen glycoconjugate vaccine produced
using protein glycan coupling technology is protective in an
inhalational rat model of tularemia. Journal of Immunology
Research, 2018, 2018: 8087916.
Ochiai  H, W, Wang LX.

Huang Expeditious

actamicro@im.ac.cn

[37]

[38]

[39]

[40]

[41]

chemoenzymatic synthesis of homogeneous N-glycoproteins
carrying defined oligosaccharide ligands. Journal of the
American Chemical Society, 2008, 130(41): 13790-13803.
Schwarz F, Huang W, Li CS, Schulz BL, Lizak C, Palumbo
A, Numao S, Neri D, Aebi M, Wang LX. A combined
method for producing homogeneous glycoproteins with
eukaryotic N-glycosylation. Nature Chemical Biology, 2010,
6(4): 264-266.

Pandhal J, Wright PC. N-Linked glycoengineering for
human therapeutic proteins in bacteria.
Letters, 2010, 32(9): 1189-1198.

Van Patten SM, Hughes H, Huff MR, Piepenhagen PA,
Waire J, Qiu HW, Ganesa C, Reczek D, Ward PV, Kutzko

Biotechnology

JP, Edmunds T. Effect of mannose chain length on targeting
of glucocerebrosidase for enzyme replacement therapy of
Gaucher disease. Glycobiology, 2007, 17(5): 467-478.

Cai YP, Xu MX, Yuan ML, Liu ZG, Yuan WE.
Developments in human growth hormone preparations:
sustained-release, novel

prolonged half-life, injection

devices, International
Journal of Nanomedicine, 2014, 9(1): 3527-3538.

Du T, Buenbrazo N, Kell L, Rahmani S, Sim L, Withers SG,

and alternative delivery routes.

DeFrees S, Wakarchuk W. A bacterial expression platform
for production of therapeutic proteins containing human-like
O-linked glycans. Cell Chemical Biology, 2019, 26(2):
203-212.e5.



FAERE | MAYFR, 2021, 61(3) 523

Fundamental elements of bacterial glycosylation system
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Abstract: In recent years, glycosylation modification system in bacteria has attracted more and more attention in
both academic and industrial fields. Numerous glycosylation modification systems in bacteria have been reported,
the most representative cases are N-glycosylation modification system in Campylobacter jejuni and O-glycosylation
modification system in Neisseria meningitidis. This review systematically summarizes the glycosylation
modification system in bacteria to better understand this system and enlists the situation of the application using the
protein glycosylation modification system in bacteria. At the same time, we provide some theoretical knowledges

and examples for the design of virus-like particle-based vaccines where glycosylation is required.
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