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Applications of synthetic biology in developing polysaccharide

conjugate vaccines
YE Jingqin, HUANG Wenhua, PAN Chao, ZHU Li, WANG Hengliang

(State Key Laboratory of Pathogen and Biosecurity, Academy of Military Medical Sciences, ~Academy of Military Sciences,
Beijing 100071, China)

Abstract: The precise design and synthesis of carbohydrates with important biological functions and more
complex structures is a frontier in synthetic biology. Recently, a novel strategy named Protein Glycan Coupling
Technology (PGCT) based on bacterial oligosaccharyltransferases has been developed and widely used in the
biosynthesis of bacterial glycoconjugate vaccines, which are one of achievements in modern medicine due to their
effectiveness in fighting against infectious diseases. Herein, progress in developing key components for
manufacturing glycoconjugate vaccines, such as oligosaccharyltransferases (PglL, PglS, PgIB, and TfmP), carrier
proteins (CRM197, diphtheria toxoid, recombinant Pseudomonas aeruginosa exotoxin A, and nanoparticles),

polysaccharide biosynthesis gene circuits, and glyco-engineered strains is reviewed. Meanwhile, producing
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glycoconjugate vaccines through fermentation presents advantages in good product quality control for safety and
efficacy, low production cost, and environmental-friendly manufacturing. PGCT has potentials to overcome some
limitations of chemical conjugation production processes, such as complex purification and high cost, for
competitiveness with existing chemical conjugates. As an emerging technology, more technological innovations are
needed for PGCT. In the future, the directed evolution of oligosaccharyltransferases, the application of protein
nanoparticle carriers, the combination rearrangement of glycosyltransferases, and the optimization of engineered
bacterial strains with better metabolic pathways are expected to further promote the biosynthesis of conjugate
vaccines. The next few years will be an important and exciting time for PGCT, as recent technological advances are
being applied to the development of novel glycoconjugates, and ongoing large-scale clinic trials on the efficacy of
glycoconjugate vaccines will also demonstrate the feasibility of this technology, making the future of PGCT

vaccinology promising.
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Fig. 1 Core component modules for protein glycan coupling technology
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Table 1 Summary of carrier proteins used in polysaccharide conjugate vaccines
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FHRRE AR EAE R EE, &SRk Z AL G111
MR ENEAREN, HRIODAFEREER
T ZH AR AL PAMP, 75 16 56 K AR G 2% 1) [A) i A B
AALGE, DR RAT R S 2 1 o 250 5 A 4 51
RO HAR BT R 1 7 ATy S E R O
B TAEM 7 & RIETUE, B PR 3 2
FIVLP F o Gk g b5 87 7 3 7 RBD 45 A4 33 1) 22 K]
B ONUREE () HINT L8O 28 28 (SRR NS |,
o) S K T I B B AR 0 T e I e % Y. @il
AR ERIEE L, AN EEYUR . BT,
TG ED A (plug and display) & 4t I & [ Tag 1
Catcher W5 F 22 ik, REWE7Efl & KLk “Catcher” )
VLP 547 “Tag” WIHLIE 2 R 5 IR B 3Ly 3%
P 7 X S SR [RFE R DA PGCT B AR B G -
B hn, FATIE I 53 ) Fak & E RURL AP205-Spy Tag
(ST) . M PGCT $3 A ffill £ &5 B8 K i 2 B Pt Ji -
SpyCatcher 4 (SC-OPS), T B SCAHIST ()
A B BB, BRI ATHE 2 08 B R A VP B0RE AH %
B, M@YK RERZ G E, Mgl
BRL 7 A R B R R A e

EEBENARBARBR T, BRRE KRR E
49 K MUk A1, A [ A B A A7 7] 258082 1Y) 40 B
B CTBAHE R = RAKMK Tri 7 41, &b
BE % 1 2H 2 2 i 20~30 nm 44 K UKL (¥ 2 K S8/

N LGUKEAR T o Z K AA T DUTE K AT B AN
Fop AR R R &L, M PGCT B 1A F 3¢
R EAH R 2R, SRR RS AR Y,
KL T A “ 2R G " (conjugate vaccine)
B AWK ZHEL & H” (bioconjugate
nanovaccine) )58 K o X Bl SIS X T 450
] B A e S 2 B LR, B 3 ) e b
SRR, 040 e B R e TR A IR OPS, R i
I TR S T AR G T R A R g R T, mT LA
A RO AR /N BRI 2 5 B AR IR R B
(100% 5% ) AT H A B (60% 1735 ) o [F]
W, %7 & B8 B SR ik T DL e R A
FIRME R R LM, s AAAREAFME
HAHE A (LTB, LTI BMSTxB4), HeWs A 2kt
P2 A LR R — A AR Bk B AL B R
AN H F5 5 JE Ge2 H i e

R, BT A BORL BRI 9K 2 s A S
B, SR BEHA BT SR AT DL SE ISR A 2R S5 4
JAM RIEH %, SCHRFEM@ELE . B, Rl
SR S SC/ST AL, FEEAR Bk m DARE & 08 B AT
oAt 82 7% 77 L1 2 3k (SnoopCatcher/SnoopTag-
LRy SR DI i BUR N N S VR
K Z PR S5, BURE W PUE A g oK R
UES i EAge gt

4 ZREPURSG L R kst

F A2 T 5 R0 W 2 SRS 1Y) 22 0 45 5 %8 1)
B 3 R B L PR SRS S R SR . ELR
FEUk 25 R P AR A B0 2 R PUR & Og 12, BE
BTl CLROE 1 2 0 G Ok A A 5 K AT R gt
T ARIRRIE . BT JC T AT K BOR 2R D R 1
SERERIL, (HIE T EE A E H AR o 5 3T
T 20 AR RE . KRB R SR AR AR AL . R
2 SR EU A0 2k DR 2 A T L ol 0 I Ji A o ot
T BT, TR T e o IS T B 2R S AR
AR IR R TR S5 M DL IR 10 v B0 0 T %
KRRV, FELEWERS . SR FRE T H
Foft S 1) PR K R AN TE 4, H AT IR T 24 A B
P4 s iE S PCR TG e e KRR, DT
2 W B PRk DR 7 S 050 B A R X0 PR BT I A
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4.1 ZSHEESHREFZEFSMER

BRAEVFEGINT CEMT S, R AR
fift ST A I 22 B R 2R 4 S DR 08 1) A e T DL
ik e R 7 1 g R DR AT AL B 4y, I 43
 DNA U T71E, ¥R+ PR SE &0 &
(ribosome-binding site, RBS) Fl&& 1l 1 &5 5t fili #%
SEEETOE S A ThRe R AT A, SKBLE R
RN T E A S XA AR Y, 4y
JE IR L g, 5 AR R R v Oy AN RS B
HIJTVEAA LG, A BT 20 A AR ) AT R AE 1) /L o
1, FFReS @ AR TARE IR m Bt A Rk

Taylor & " F1] FH 1% 5K W £E K Jo i o b S0 21
3 7 S WA R V-G EE AR (gD 1 R E
EVERGERE, RS T W AT LR
SN . i BN B T B T AT B - P
i (R 10 A5 R HEAT G i AL, L 4 — AN S R R
15 F 4H RSO 5 B 5 ANAS [ i B2 1) RBS 33547 4H %6
T R A5 ) S E AR B LR I, N LW E
o 1) -EoHE 2R RS TR AR e 06 B v H AR SERE I &
R fEUCIEAL B, R PelB R G 2 R
HE5 SR & WA,

4.2 ZHEASHREREZKIERNE

HL b, BREDHEARKEL, % FA
KR REIL LB (glycosyltransferase, GT). il
BEAS U e O R E N TR B 2 MRS A
T ATRE. BN, GSK 2w RHIEEBA 2B 7 B K
B &AL 7 2 BEPUR g5 4, dlak N TR
wit, KM T MAERABI Z RS . Z2HE
SEME N PR S /ANR S, BB B b Bl P SR it
J7Z BRSSO AR, 7 AR I LIS A RE 8 A L
AR 2 P LI B B bk

AL, G PR ) GT il & % 5 K&
B, (EB S B AT AL SO Can A 22 R e
(NI, BUELAZAE PN T W R B A, FRE S
FEAR R Gl B Ho A B A e A, AT A £k 45 74 A T e
1. R, AL PRI GT L4100 b 5+
VERIAN;, BT = BT R R R S B SRR R
FB, GTIEH XL TR IIEE. N T ik
X—HER, DeLisa AR\ "7 R T —Fhi& N “Miik

Hom Al ek 7 B B i s s il AEN
Ui il A G AR S IR A S H AP GTHA A
JE,  IRAE C iRl & 9 55 1 Apo AT* &5 38U BT il GT 1)
G 7K G R 3, A T 8 B A D BE 8 AR 41 i
JiT b KRR KIS R, R IRER T A
EME . W FUE R Z TR AT T 98 AN HE LRI 1)
NI GT, JFAE K o 4T & JC 28 i 4k & (cell-free
protein synthesis, CFPS) H F| F iX L& 0] 75 ¥4 i 1)

NTHAE, fil# 785 A LR 6 7 1 5 v b
PURZGY) —— il Z R0 XD SRS th R R

G T SR A T 2 R DU & B R GT I EUE -

5 LEWkkEE

5T ] LI K i R B8 AR D 2 0 45 6 9% i i d
TAEE, SURRIEAFEDR R4 R T2, 2
PGCT $ A o & 0 FH O AF 78 S Y PGCT 7E %
AT S R BB T, R — A SR 2 HE
A2 G RS R A DS TR T R R RS B K i T 1R U
Rk HRXMITERFEAERZ )RR SME
B IR R AE K iy FF T Hh 2R 08 AT RE 2 52 A AH 5 1) AR i
WA FECCIE B G R B RIE A5 R K A
Al AE 7 2 SRR R, (H AR 2 BE A il A
Al N KA B 5 T Re < 5 W IR BE & g 1 & 12
MEAER, SEAEH 2 M4 ™ S EEA
FSG3E A% 0] e 5 1 3 TR R 1R PR 905 A O AR
REGEF R, PRI E AR E AR =& ™.

HAl, fECUE KA E TR EE. #25PGCT A
FERCR B L R S T, ARG T .
20054F, Feldman %5 ™ #4 T KJHF1E W3 110 62k
O-PU &R R R waaL IR R CLM24,  FHIT T 24
PUE SR IR T A FES:, NEREPUR SEAEAN
BRI T E IR YORIR, X2 PGCT il
BRI TREHE MR . [F)4F Linton 25 ' RER 7 WA 3t
[[ )il (enterobacterial common antigen, ECA) &
PR AR B — N A L RS T Wec A gl L B
FEE T B Pk CLM37. WecA [ B IE T ECA AR
J T B IS E O-FUR M N-Z B &% (GIeNAc) bk
BT MR A, Ae g 3 IR 0B E R i o gk
GIeNA i JF 41 B 2 4 ) SR A

TE NI PEAE B bR 2 68 G BURE 2 55 R 00 1 sk 7
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I, Alaimo % F Fl K% #F 1 O-9t JiE Al CPS 2 [ f%&
R B AR SO874 PN, HE— DM T ECA FE R Rk
B FE PP 2008 4F, Perez 5 MY 7E SO874 B Kk i
Tl SRR T waal JEK], B J§ Musumeci 55 Y S 4k
BERIR T wecA BH . AR BB\ FH A 1B SCE H P A
(clustered regularly interspaced short palindromic
repeats, CRISPR) %t [K %%k R4, £ KWt
W3110 FEE [ R 7T, I 2 A PGCT R 1Hl
LRSS, GRER, K O-HR
B B R R S M S T R R AR R e fe e |, (]
s kA Rk BECA B [H 7% 5 CPS 5 [A 1% J M 2% P& AIK
fifi % A IR Z M AR d =& . Wik,
AR B AR 1) 50 T e 7R AR A [R5 4l R 2
G50 S OB AR AT o T RS AR AR A

fEfE £ TR B R ool i, ar DOk
PGCT I i 7 B A B gt ik b, AMUBE IR
KETTHAEZR, AT 9k SR T 2 75 D1
F AR 0T i G B AU U4 . 2018 4F, Strutton
2 DI¥ OST 5K pglB #2453 CLM24 FE K21 F i
F T 540 R S B 1 BBa_ J23119 #% i %k . 2019
5, Yates ZiR It IEAZIRGG, 25 e AT B A g i
L[R5 )2 OST £ [ pglB %4 2R AT MG1655 &
RIH F, BHART W O-PiJif 2L R % 5 ECA £ A
%, A6 RS 3h 1 5058 J8 37 BBa_ 123110 £ 41 %
KB BLINARAT T K T AT B O R R A TR A
HRIAMIHEE A5 5 MR R A b B A A 2 58
HMRAE., XFNEESREMBAR, RARE
— AR ADEAR R (0 FORLRI AT, 5 SO R =R
ARG, KKWD 7 EAFRE R ATREM, N
M¥em T RENBRARENE . ZHRER, &
TTBIBAK: SC #4485 (1 AT OST 2 [H] pglL ¥4 # i ik
Bk Waals IR O-0 IR A RIS 1 355 8] 7% 1) K
Wkt TRERE o, M 7 XOnHF 4 TR B Wdlo-
tPSO1 MR, AN TGe N H Ao A 1 1) 2 B i ]
i, RIAT R Taek 2 s & i A=

6 ZdisEAGEAER (CFPS) 4~
EZiiaaE At

NT#—DREEGREY AN T A, &

R CFPS RGUME N—/ MM LR &, &
W T 4546 PGCTH ARG M EZHELS G W . ATk
Jo, Gk R AE A S B, AR A E AR E BB
FAG R B, IX Y GT I8 5 2 J6 2 M 22/ v DR A7 A=
FERTAR P K R B N-3% B EE R SRR iE A
RYAE CFPS N H %)™, DeLisa ] PAIER] =, il
T ) K A B o 4 B 2L AR A & S30 BRE A 4H 7y HAH
LA R B R R P, W Ingife i oST # H
bR 2 Wk, AT DUA RO 2 i 2 AT 5 AcrA B 5 A
BRI X  BR AR R e . B S
DeLisa fll Jewett A1 BA " ¥ & 7 5 4 S it i A5 B q
“—EE” HRHT R4 REE AN SR, ATHT
XT 2 P FDA b #E (0 8k 85 AT B B A ie 1 (an
CRM,,, flHIiD %), I HiZH AR A= 1 £ 4 5 8
I 420 [ B T DL S5 4 o 40 v 22 0 1 0 S PR B AR
X JE /N A e AW R R . Br T EE A N-HE
HARG, O-FEIE A RS0 HnT LLYE B4 Ak &R 1
P& H kAT . DeLisa [AIBA M FIH O-# 54k R G044
AAERT S N TnHi R TH R &, 3 —
WORTA MR E A RA ey R T TAA.

7k H

BV O NS &R WA ENT
WEE 77, 0B — D 3 B AL T AR A R
HE M ED KR MR, EWIEE R R &%
B H AT R — e A2, W H AR E A=W
PR, BRI A R R R O B
TCAF AT A R .

WM PGCTHE AR RN F,
HELAE LR LA 77 18 -

(D BB OSTM BT FIE  BAR 2 KIS
(1) OST &5t fife by A — @ IR X, (H2 ] DUEAS
BEE R A REEARNIKE, A HELZHOSTEM
AT LLBE B AR AT, SXORE ORI 3k X OST AN [R] 25 74
BRI B AR, A R — P S AN [R] 45 M A
THIHEW, AN TEEAGERER 202
G5 K6 VR 0 B8 0 0 B RGBSR A R T, AT R
FIEZE OST B 20 i it 22 5% 22 A &5 5 92 1 B9 08 B: il

(2) BRI E S R R E
(1) 8 3 B [ BRI A 1 Rl R R A U R

AR BB G T BE
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TENZ WA SR EEE, & REA PR
R 2 WA S R, REE N IRAE IR LN
JTRA BRI ROCR . G R RE P Rl B
HORUE A MHC 1 267> 745 &k, KA EE i w
TR B G 1) 95 L RE 06 O 4 I G B ) R SO e . U
b, N TR FGORBTRL, AR 8 G5 R 3R
St PSR SRR R R . BEE R E A
JiR G5 R RN Ty e B HE — 25 R AR AT 7E, AR ROR
N Tt (a8 A g8 KRBk Nz i A4 (153-50), B
SR H AT N TR A 9K B £ E N T A
PUR MR, HAE AT UL R AR SR, AT AT BAH
TSR ED G, . @R T
REI) 77 R A RAE PR, R 7 PR 70 2 3 21
KPR A b [FIFE, Bk B R DUR I R 2
ik, WEEZZMPUR, Hl& “LET K
B AR AT R 2 R PR R AT B S B SN, AT B
LR 2 ) R LRI

(3) ZHEEMRAM AN KT E A F
GT Al e, RS H A 5 2 WEDUR (451, e
FAH BT RE AL TT AR, I R F AR RO 4 B
NTEEPI%R, 22k D (0 R 8 K A B w0 1)
PR, WARJEAR . SR WA R SR
TR W E TR S

(4 TREEME R 2885 7w 4
B EMERT R RNTREL, RERA
PRI R LA E o E4EOR, CRISPR % [ 4 48
TR DNAF & AR B 3k TAE s )
PRI, EEAT TR bk 5 R 4 il R R
PEft 7 RAT IR, A B I BE L S AR R ik 5 3k R A
W Fe 85 & W7, I FEE H 27 8 2 [H]
M R A&, ] DLA LSS 24 > AL B 25 5k
BEVEEL T, W R R AR TR PR 8RR IR R O AR
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