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B E: [% %1 2 %% (foot-and-mouth disease, FMD);2 & 7 3 J% J% 7 (foot-and-mouth disease virus,
FMDV)3| &ty B 4. S5 @5 ai N T 2R RmZ—. IERENLEMES VPI 4 54
BEB 5| AR LR R 69 £ 2455, B VPl AR L E(5E G4 5 G ¥etr. SRBEBRTFE
(Corynebacterium glutamicum)t§ 4 & &4 = # 4k, LEHA AL Z kS mier . [B 6] A
A C. glutamicum £ 4 AR B HR R AN R & & 9% 52 8L VPL 895k &k, [5 %] 448 VPl 4
HE G B B 7). 485 e Fe C. glutamicum #9 5 B F R4 ikt 4R VP A B, 5 pXMI19
BARE A R E LR ¥ pXMJI19-VP1. C. glutamicum CGMCC 1.15647 ##k A F & ik VP1-6xhis &
B, FEaRALH BT, 5EHIFRGUTR). BEH A F N#Fairhib, B2 i
St —F 4k, KA SDS-PAGE #= Western blotting 3 R 4M VP1 & & ¢4 XA KA. %/e & A
9] 45 Bl BX %, J% 2R Mt X 38 (enzyme-linked immunosorbent assay, ELISA)R| & RAF & F & = 49 VP1 49 %
FEM. [4 2] SDS-PAGE #= Western blotting 54745 & & 8] VP1 %& & %&£ C. glutamicum CGMCC
1.15647 BMARAREL, K P BATHMAERE BT P it RS EE F 2. Asiimh b, i@
AT FE 4 5'UTR F 742 VP1 & @ N RABRO R TRt —FRSEG F2HTH A CspB 12
FAREI b kL, REERIE A, VP 42HUK B2 R M54 30 °C. 24 h, ELISA X3 &9,
AR T VPL T HFak b4t s. (48] AR ESREBERATE F R KA FMDV
8 VP1 &6, FAIREEERAA MG T ER—FREGT F 2, HFLFE FMD %Ia5 Bk Al f
A G LAY E T BRI ek,
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Expression and optimization of the structural protein VP1 of
foot-and-mouth disease virus in Corynebacterium glutamicum

CUI Sinan'?, JIN Lingpeng"?, MIN Yuanle'?, WANG Hao'?, WANG Yifan'?,
XIE Jiakang'?, LIU Xiuxia ", BAI Zhonghu'?

1 National Engineering Research Center for Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu, China

2 Engineering Research Center for Bioactive Products Processing Technology of Jiangsu Province, Wuxi 214122,
Jiangsu, China

Abstract: [Background] Foot-and-mouth disease (FMD) caused by foot-and-mouth disease
virus (FMDYV) is one of the major diseases that infect cloven-hoofed animals such as cattle,
sheep, and pigs. The structural protein VP1 of FMDV contains multiple sites that can cause host
immune response, serving as a target for the research and development of subunit vaccines. As
a safe production strain, Corynebacterium glutamicum is an elite cell factory for the production
of pharmaceutical proteins. [Objective] To realize the heterologous expression of VP1 in
C. glutamicum. [Methods] According to the gene sequence and function of VP1 and the codon
preference of C. glutamicum, we designed and synthesized the VP1 gene and then ligated it with
pXMIJ19 to create the recombinant plasmid pXMJ19-VP1. C. glutamicum CGMCC 1.15647 was
used to express VP1 protein. The protein expression elements [e.g., the promoter, 5" untranslated
region (5'UTR), and N-terminus] of VP1 protein and the culture conditions were optimized.
SDS-PAGE and Western blotting were employed to determine the expression of VP1. Indirect
enzyme-linked immunosorbent assay (ELISA) was employed to measure the immunocompetence
of VP1 produced in this study. [Results] SDS-PAGE and Western blotting showed that VP1 was
successfully expressed in C. glutamicum CGMCC 1.15647. Replacing Py promoter with the
synthetic promoter P36 increased the protein yield. On this basis, the protein yield can be further
increased by insertion of the 5'"UTR sequence and mutation of the N-terminal amino acid of VPI.
CspB signal peptide can be used to achieve secretory expression. Fermentation experiments
showed that the optimum conditions of shake flask fermentation were 30 °C and 24 h. The results
of ELISA suggested that VP1 could specifically bind to the positive serum. [Conclusion] The
VP1 protein of FMDV was successfully expressed in C. glutamicum CGMCC 1.15647, and
optimizing protein expression elements increased the protein yield, which laid a foundation for
the development of immunodiagnostic reagents and safe and efficient subunit vaccines for FMD.
Keywords: Corynebacterium glutamicum; foot-and-mouth disease virus; structural protein VP1;
protein expression element; fermentation optimization

I #%% (foot-and-mouth disease, FMD)j&—#  F87) Hk K 4 b B il i A 5 26 1 6% A B 19 28 11 1
1T 5 22 9% B (foot-and-mouth disease virus,  /Kf#J5 I TE AL VP1-VP4, VP1 JE K g5 it i) — 58
FMDV)5 1 B W W T4 . FRESEME N sr 2 B R vDE i 0 B s 8 30, APk n
EE Y EpR Y. FMDV JE T RNA R EED, — B0 82 20 0T 43 85 R T LA UK, Ao g i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



REUAGSE: DRDER B A E B VP A Z R IR B R ik & A 5429

PEESHRE VP1 B9 GH PR 8 B 1405
PRUHCEE X VP 3T S5t ke i A AIF 5 2 171 B8 28 IF. B
4 T R — S RO T S R Y Y
BRI R G FE B R I £ B bR SE B0 FMDV 2544
BEAMIMERS, HIFREEILINWFRL, H
PR RD, W T Rtk TR
Z PRI v o 2 AR

B @A AFF I (Corynebacterium glutamicum)
S — I AE A 3 v 43 B H Ok 1 T 2 A6 A 2 PG PH
R, RS 2 AR, DR g o
7O TN HREME ENEANTHRD, A
RETE B i SE (5 2 (R BUE AR I 50D, DA H.
A 6 I EE 1140 WA AR 3R DT REKS R385 I &R 1
T Hb A3 0 B M A LA ST AL T I Y ik T,
T S AEAE R Z R B RR 12 0 FH A R AR 7= sl e
KR 7=y g A e

EARMIERAETE 3 BB k. filiF
FIBIPR S &M . 5" B0 (S 'UTR)AF7E X % 5t
o 0 VR L B A R R g oc AT,
G-TUZfA ., SMEFL5H %", X F4EFF mRNA
45Ky K RNA By RN T4 EEERM, Wik
S'UTR RERLIH R (A i & Rk &', Zhou
LW &M S'UTR 7] LU mRNA JE A%
X TR PETT IS mRNA FoetE s [ &
om T HbRle, SEE A S N Sdan
PR E 4, R RGHERE, WinEA
Faall,

ARG FMDV 25# 8 1 VP1 & 3R 7
G LA K A5 SR AR AR AT 11 25 08 7 O -k 15
FEHFES) VPL, DISEE VP Hi 5 AR A R R
RN O RS B/ S PN D O & S e W . o
FrlAbt— R VP A= 8, B NE
77 1T B S BRSPS B R — RG4S 1 2R
I LN

1A

1.1 #&
1.1.1 =tk

Escherichia coli IM109 #1 Corynebacterium
glutamicum CGMCC 1.15647 N2 5 2% 17
Ce-AclpC N clpC Z& IBFRERHMR, Ce-AclpS
clpS % AABFMbR A, Cg-pXMI19, Cg-AclpC-
pXMJ19 Fl Cg-AclpS-pXMI19 K &4 pXMJI19
Jo R B B Cg-Pu3e-pXMJ19 . Cg-Pyze-AclpC-
pXMI19 Fil Cg-Prze-AclpS-pXMI19 K& E R sh T
Piss 1 pXMJ19 JFORIF#K. Cg-VP1. Cg-AclpC-
VP1 Fll Cg-AclpS-VP1 K &4 pXMI19-VPI1 Jfik:
MBIk, Cg-CspB-VP1 & A pXMI19-
CspB-VP1 ififaE IRk Mk, Cg-Puse-VPL,
Cg-Pi3e-AclpC-pXMI19 FI Cg-Pyyze-AclpS-pXMI19
HEA BT Puse 19 pXMI19-VP1 kLA 2
FIKH M, Cg-Puse-5'UTR-(1-4)-VP1 SN EAT NN
A 5'UTR 45 B pXMI19-VP1 ki ()48 H £
IEHRE, Cg-Puse-N.M-(1-4)-VP1 &4 VPIN
W FE SRS G pXMI19-VP1 Fiki i K 11 2635
PR o
1.1.2 Rk

pXMI19 AFIREAK, FLAU tac 153l F,
ARSI ERAER), pXMI19-VP1 2N pXMI19 & VPI
AL L, pXMI19-CspB-VP1 i pXMJ19-VP1
& CspB 5 5K, Puse-VP1 N pXMI19-VPI Ji3
B F W N Puse, Puse-N.M-(1-4)-VP1 K
pXMJ19-VP1 [ VP1 N Ui FEFRZEAS, Puse-
5'UTR-(1-4)-VP1 &y pXMJ19-VP1 #J SD JF 41 i
IMAARFR SUTR JE4 . 3R 1 A g BokL s iy
R 519
1.1.3 FERT ., NFFEHRE

DL2000 DNA Marker, DL10000 DNA
Marker ., FR#il14:4% R N VIR Hind TII, EcoR IFl
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Table 1 Primers used in this study.

EIE/Ep s 5191751

Primer name Primer sequence (5'—3")

Py3e-VP1-F GGGGAATATTAACGGGCCCAGGGTGGTCGCACCTTGGTTGGTAGGAGTAGCATGGGATCCA
TGTGGAATTGTGAGCGGATAACAATTTC

Puse-VP1-R GCCCGTTAATATTCCCCCGTTTAGGGCACCAGATAGAGGTACCCAGCTTTTGCAGCTCATTT

CAGAATATTTGCCAGAACCG
Py36-5'UTR-1-VP1-F
GGAGGACAACTAATGCTGAC
Pis36-3'UTR-1-VP1-R
Pi36-5'UTR-2-VP1-F
GGAGGACAACTAATGCTGAC
Pus6-5'UTR-2-VP1-R
Pi36-5'UTR-3-VP1-F
GAGGACAACTAATGCTGAC
Py36-5'UTR-3-VP1-R
Pi36-5'UTR-4-VP1-F
GAGGACAACTAATGCTGAC
Pis36-5'UTR-4-VP1-R
Pi36-N.M-1-VP1-F
Py36-N.M-1-VP1-R
Py3-N.M-2-VP1-F
Py36-N.M-2-VP1-R
Py36-N.M-3-VP1-F
Py36-N.M-3-VP1-R
Py36-N.M-4-VP1-F
Py36-N.M-4-VP1-R

CCCAAGCTTGACACTAAGTTATTACATTTATTATATGATTGGTTAGGACCACCTCACACAAA

CCGGAATTCTTAGTGGTGATGGTGATGGTGAGGCAGCGGGCG
CCCAAGCTTGACACTAAGTTATTACATTTATTATATGATTGGTTAGGACCCGACCACCAAAA

CCGGAATTCTTAGTGGTGATGGTGATGGTGAGGCAGCGGGCG
CCCAAGCTTGACACTAAGTTATTACATTTATTATATGATTGGTTAGGACGTAGGTTATAAAAG

CCGGAATTCTTAGTGGTGATGGTGATGGTGAGGCAGCGGGCG
CCCAAGCTTGACACTAAGTTATTACATTTATTATATGATTGGTTAGGACGTCCGGTATCAAAG

CCGGAATTCTTAGTGGTGATGGTGATGGTGAGGCAGCGGGCG
AATGCTGCCTAACGTGCGCGGAGACTTGCAG
CACGTTAGGCAGCATTAGTTGTCCTCCT
AATGCTGAGTAACGTGCGCGGAGACTTGCAG
CACGTTACTCAGCATTAGTTGTCCTCCT
ACCAACCGTCGCGGAGACTTGCAGGTGC
TCCGCGACGGTTGGTCAGCATTAGTTG
ACCAACCCTCGCGGAGACTTGCAGGTGC
TCCGCGAGGGTTGGTCAGCATTAGTTG

HANE . T4 DNA %40 . Primer STAR Max
DNA A&, TaKaRa 2Aw]; B EGET] &
FORLEEBGRTR &, Bt AE R A PR A A
JEORLIN PP ph 2 TR R 2w R AR 5 SR AR A
BAYR (F) A BRS F ;5 HRP-conjugated
6xHis (His), Proteintech /3 ) ; ELISA {56 —
i, EEEVRHEARAFA.

PCR 1Y, BHEEBIAARS AR A E]; KL,
i s —AEYBHA R A E ;. A2k,
RSN, @BETAES, TRNE s .

LBB #575k(g/L): & 10.0, FEEESZH
¥ 5.0, IG.CRH 10.0, NaCl 10.0; LBHIS
BRI (g/L): BEMF 10.0, B 5.0, MK

OZ R 10.0, SUEME 4.0, H &2 25.0, NaCl
10.0, ntyE-80 1 mL,
1.2 7%
1.2.1 EFREH

KGR IR 4. LBB B9 %L, 37 °C,
220 r/min £ R FR s A A IRPERFT R 55 57 561
LBHIS #5353, 30 °C. 220 v/min $EKESE . KW
MR FRR R A& R W B 30 pg/mL;
A 2 R IRAT 1 15 R R R b 55 R 1 T B R
& 10 ug/mL.
1.2.2 VPl FTiEHAMLE

DUFE O T 1 B R s i 45 F 85 11 VPL i B
IEER, M NCBI B M _F3REC VP AT IR)IT

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



REUAGSE: DRDER B A E B VP A Z R IR B R ik & A 5431

YOS5 TENO DR AEF5EH Ry VP &
W linker (1% linker 24 15 bp AU R 751
5'-GGCGGCGGCGGCTCG-3") % 4% 14 3 1
4xVP1, Xt H 4t fr 51T %6 (=%
Corynebacterium glutamicum ATCC 13032), &
D515 B PR R T 4 0 s 2 R A R W SR A
55" (Hind TINAT 3’ (EcoR 1), KL HE i 5
(Hind IIN)F0 3" (EcoR D)% 4% v e = F ik 3k
K pXMI19, FRf5 F2H IR A Tkl pXMI19-VP1 .
BT AL E. coli IM109 &2 2540, 78
WA RS RPN LBB FAR FE 5 FEFE 12 h
JE PR TS, BRI LT ARG R
O AL A5 S0 L A 1 ORL
1.2.3 VPl RIAEHKRIE

B O AL 1 TR pXMI19-VP1 Hi i 5%
ft C. glutamicum &3z 84001, 155K B HEE
Cg-VP1, 7 30 °CAM4 T FIH LBHIS #5573 4%
I 48 h, XA K R 1Y B IR VR #E 1T 1R 76 PCR B2
UE, RIS A S S ik VP p A KRR B L,
BEE Cg-pXMI19 Jy2s XL .
1.2.4 VP1 HK&

¥ Cg-pXMI19 Fil Cg-VP1 J3 AN T 10 mL
1R s RPufk LBB 85584k, 78 30 °C.220 r/min
ST RFRAR, 2R 2% A
10 mL (R EHiME LBB ¥, gkt
24 h J5F 12 000 r/min > 2 min WA B IR IET T
BT
1.2.5 HKphZ&anE

P AR AR E] 10 mL MAEER
ik LBB B33, 30 °C. 220 r/min £&/4F
Brgead 2, 2 2 50 mL B i) LBB K5 3L,
ffi%I1E ODgoo M 0.2, 30 °C. 220 r/min &FF
Fi3% 48 h, 1 4 h BU—IRFE I E ODgooo
1.2.6 EARETHMKL

# C. glutamicum PR 3E RS 3119 5'9E B

PRI (5'UTR) P A 48 5848 5 4fi A%l pXMJI19-VPI1
ki) SD JF 51 (5'-AAAGGAGGACAACTA-3")
Hijdii , 758 pXMJ19-5'UTR-1-VP1 Jiki—pXMJ19-
5'UTR-4-VP1 Jiki, HH S'UTR FAERITTE
PCR L5149+ i PCR ¥ #4554 S'TUR
JEHI VP R B, 435l VP 221 N usss 3 fif
R IR 2L NI & R (CCU) . Z & R (UCA)FI
5 5 MK AR (AGG) il 2 R (CCUYRE! pXMI19-
N.M-1-VP1 J§iki—pXMJ19-N.M-4-VP1 Jfiki , HH
) LR A i 3 578 5 | WA T3 PCR 523
1.2.7 EARIEEE

B VPl KRB YI(GE R ODgo M 10.0)F
12 000 r/min 5.0 2 min, 3 i, FHBERRE:
% PR (PBS)THUE K 2 ¥k, FFH PBS BB
A, FIH S DR (CTAE 1s, 158K 2 s,
It 9 min)o HCA TRV ORI 2 1 JBAE i
1T SDS-PAGE il Western blotting 43 #r . fifi FiI4H
R (His) "t 51T Western blotting & P47 .
1.2.8 FEAL K ELISA € NEREM

WA EE A2 Mralifh TR #IR W VP,
KL R E WA 300 mL & W, 7 500 r/min 25
0 20 min, FF VW, HEADIEN 150 mL
i) buffer A B, FE17E KRS BHE(700 Pa i
4 20 min). KEREE ST B AUBEEE K 7 500 r/min
B0 5 min, HCEVESHATAI, FIERERE A2,
B1 A TCHK A, ATV : 10 mL/min,
J£J7: 1.5 MPa), Ji#ih 1 mL/min, J&¥E EAE
oo BB 035 MPa, A, bk
5 AR, K A2 AN AW, Bl RJCA B
W, e 5 AR AT SEER R,
QR IUBTIB U=y NI o = o a0 B jve TR SR EL
otk BRESERUE, B A PR T 10%
1) B BRIEUEER AL BBy, IR 1 mL Bl
W, 1 40%0 B WK HAREE FIBem, Jfiss:
W 12 %8 1 mL RPEDEA . ] 100% B ik
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5432 WAEY

FIER

Microbiol. China

BRAE, URAE | mL PR . IR R RS, i 20%
ZEE B IR .

SERYTE A VP HUIRSE A6 M i 1) 4
ELISA %€, #44ifb)5 1 40%B ¥R E NI EE 1Y
A AT 100%B W B85 5 WOER 1Y 28 AR b
TRt 10 £5, £EFL 100 pL FEE, REAEES X
— AL A 2 LA 100 pL YEEE, 5
2 ML AL ARG R E K AR AR E T
37 °CHEFRA P I o WA 1 2 3 1 Bl Al
FH ELISA B RVEM 3 K, WREEInA—Piis
H, FFL 100 uL, 35 EEARCE T 37 cClEiRE
WA E 40 min, W E S A5 H ELISA ¥
BRWRVERR S K, VRS RIEINA P E i,
TAL 100 pL, BEJE KB AR & T 37 °CHEFRAH
HEE 30 mine —HUEH 4595 A ELISA U
BEWVER 10 R, Petss b m BfLAnA 100 pL
BaW, &b, 8K MR A,
E 37 CCREFFAMIMEE A 10 min, AL
Jei, SFBP e EERR AR HOm A ELISA £k 2k 8
o, 3L 50 pL.

2 ZEREHM

2.1 FRiX VP1 BE R E R IEE

HARAF RS IR VP A R B AT 4
e, BeHE pXMI9-VPL fiki . NI IE
pXMIJ19-VP1 FRLEL b A SR EARAT R, X
AL AR A AR T VR 21T 1RV PCR BRIk,
BEIR B RO R K S R NE 1A s, 4R/
5 AxVP1 R HAT . SRS R IR IR AT T 35
ik VP JExfAEKEOLI 2, X 55 4 B bk
Cg-VP1 Fil Cg-pXMJ19 474 K i<k nd il & ,
ZER RN, TEAERKRI Ce-VP1 A K I
TR, {H VP B A: K mid/ME 1B).
Cg-VP1 K ¥ 24 h J5 BURE#E T8 1 B3k 70 A
Western blotting 345 LK 1C fiR, 7E
35 kDa AbF 464, 5 VP FS R/ NESE, B
Western blotting 2571 507, 0k w41k
22 VPl RIETHHRUER

ik — PR VP AR, MRk
T . SUTR X, VP1 A N ¥ 2 iR

A B C kDa M L1 L2 L3 L4
bp M LI L2 L3 14 ¢ 45—

12}
10+ 35—

g 8r

8 6} o Cg-pXMI19 25—
4t = (Cg-VP1
2.
00 8 16 24 32 40 48 56

15— "

Time (h)

1 VP1 %t Corynebacterium glutamicum 4 < B9 820 & VP1 £ Corynebacterium glutamicum = B3R iA
A: Cg-VP1 FkkH 7% PCR 45 5. M: DNA Marker; L1-L3: 3 MEY)FEE. B: T4 E K Cg-VP1 Al
Cg-pXMJ19 A K ML PMELS K. C: Cg-VP1 £KiEH Western blotting 4374745 . M: Protein Marker;
L1: Cg-pXMI19 KEZHIFATEX it L2-L4: 3 RS

Figure 1 Effect of VPl on the growth of Corynebacterium glutamicum and expression of VPI in
Corynebacterium glutamicum. A: The results of PCR verification of Cg-VP1 strain. M: DNA Marker; L1-L3:
Three replicates of the sample. B: Results of the growth curves of recombinant strain Cg-VP1 and

Cg-pXMJ19. C: Western blotting analysis results of Cg-VP1 expression. M: Protein Marker; L1: Blank
control; L2—L4: Three sample replicates.
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FESNHEAT TARAL(E 2A) 0 ARBFFEH R Puse
BTG A ST, HETFRRIAST,
R AR5 RNA REBLS &, A BN EN
KB H . Rty G R 3h % 35 Bk
Piss-VP1, X} 54 H) pXMI19-VP1 Jitki i1 1 M2
PCR, Pyss (96 bp)iliid 514 Puss-VP1-F Hl Pyse-
VPI-R 380K A 1Y P S B PR, & [AJE
T 5L A E. coli IM109 FE FEIIE . 44 14
7% PCR FI 5 FSERGY) Pse-VP1 B fkitk A
C. glutamicum #F47 & R IEHIE, SDS-PAGE
F1 Western blotting 73 #1485 2 & B Pyse o 811 1)
FIBHA LT (K 2B).

AWF5RERM, S'UTR 7] 520 mRNA 445
F, BETMIRZ I mRNA fa g PN, AR 5EFE VP
A6 A 4 DASFE ) S'UTR A (G JLFP 5'UTR
FEXBIET C ¥ 10 bp ZIFERFEH); it
(1-4)-VP1-F F#1(1-4)-VP1-R 5|94 183 A
4 MpASIR] S'UTR [P 49 VP B, V)i
JFHEE A E. coli IM109 FFIFEAE . K E TR
PCR FI P45 53 IE#A 1 Puse-(1-4)-VP1 kL
bR C. glutamicum #5474 K R 263005 (& 2C)
FFIREUE, SDS-PAGE Fl Western blotting 43
Mras FanE 2D Fron . M Western blotting 455
Al LUIE S, A 5'UTR J5 03 4 R 363550
A FTR T Horp, S'UTR-2 ik 35 3.2 1%,
B, A S'UTR XA KAFBLA 2 H AN B 2

ARG FEN, RAZEN N 2 LR T
H 2% mRNA $78 77 A0, i 1 52 0 B R
G RPN R R R R A R L R R,
ARFFERT N Ui HEA 747 (O A SR A .
X VP1 N3R35 3 4SS 5 SRR 7 il iE 4 158
A5, SRHIPAE PCR RIS 140%F N.M-1-VP1-F/R |
N.M-2-VP1-F/R \N.M-3-VP1-F/R I N.M-4-VP1-
F/R 435 %} 3T (P). 3T (S). 5V (P)HI 5V (R)
1 AR Y HEAS B R Ve Y, TS & IR

0755 Pu3g-N.M-1-VP1 | Py36-N.M-2-VP1 | Pyy34-
N.M-3-VP1 il Py3-N.M-4-VP1 Jiiki. Fib A
E. coli IM109 Ff- ¢ 38 i . ¥ 181 7% PCR Al /2
2E LI IERAY Prse-N.M-1-VP1 | Py3¢-N.M-2-VP1,
Pi36-N.M-3-VP1 Fil Pyj36-N.M-4-VP1 Jfi i 55 1k ik
A C. glutamicum 47 4= 4 #th e & (& 2E)F1 &
IAERE, SDS-PAGE Hl Western blotting 347 4%
WK 2F fron . M Western blotting 285 5] L)
FH, N IR 5 S T R IR B2
B EES 2.5 544 . SHFER, N 3RE
AN ARG DL S T AN B
2.3 VPl ZAEKBMKL

Rt — A4 E VP RIA R, TERTII S
B SEA |, 245 P B 1L R BR TR R Cg-AclpC Al
Cg-AclpS FEA 15T, ik Tk vk F A 53
ZARALI) pXMI19-Pyse-5'UTR-2-VP1., 146k
R igmE, wmE 3A Fin, 5EEMNE
Pk C. glutamicum #H HE, #EBR AR YA KR 52
F—EREE RN . {H Cg-Puse-AclpS-pXMI19-
5'UTR-2-VP1 Fl Cg-Pyy36-AclpC-pXMJ19-5"UTR-
2-VP1 AR A —ERE NS (B 3B),
285 R B e 1 Tl R TR R BE A A T VP Y
221k . WK 3B Western blotting JK & 43 #7145 5 Fr
/N, Cg-AclpC i T R 2R 11 )7 i 5 i B T e 42
w2y 2.1 5. SR, A5 SR 7E pXMI19-
Pi3e-5'UTR-2-VP1 JFkr J&4ti I, 381346 A CspB
F RS RIS, T IR R,
H BB 1 Western blotting #5:0 , JK B /3B 245 SR
SN IR G5 R —3, MR E R Cg-AclpC [R]FE
AT DL o iR ik 1 (B 30).
24 BEHRERKZEHHRK

J I EFEAS TR E T pXMI19-VP1 2415
FER AT OUM VP B RA AL, WE 3 4
TEME06. 30, 37 °O)ib T REHAL:, 7E3 Fh
AFERHRE T, EREME 4A R,
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-~ Cg-pXMJ19 = Cg-pXMJ19
+ Cg-P,,-1676-1-VP1 + Cg-P,;-N.M-1-VP1
+ Cg-P,,-1676-3-VP1 + Cg-P,;, "N.M-3-VP1
- C = Cg-P,,-VPI E - Cg-VPI
= w Cg-P,y-1676-2-VP1 14 ™ CaPuNM2-VPI
-D s NP B——— Y[ = CePi-1676-4-vP1 5 [ = Cg-P;-N.M-4-VP]
12 =
[p— 10} 10+
SUTR SD [VPIJGRHS— rmB— - | el
o 3T(P),3T(S)SVEPLSVR) R 4| S 6l
SD ITNE — 4+ 4+
PITIC 2 ¥ 2 [/
L SD _—rmB 0 1 1 ! 1 I L | 0 1 1 1 ! | ! )
0 8 16 24 32 40 48 56 0 8 16 24 32 40 48 56
B Time (h) Time (h)
D
kDa ™M L1 L2 L3 L4 L5 kDa M L1 L2 L3 L4 L5 L6 g kDa M L1L2L3 L4 L5L6

2 RIETHMEX Corynebacterium glutamicum A H VP1 KA A EAREICHD
fenE K. SD: Sine-Dalgarno; rmB: kT Poc: HRAY tac 8T Pme: SHUASITF. B: JRsh 1k
1k )5 1 SDS-PAGE F1 Western blotting 23145 5. L3-L5: Cg-Puse-VP1 A 3 MEAT K. C: 5'UTR FF4IAL
Je B AR AE K T e 45 5. D: S'UTR J¥ 8 1LJ5 19 SDS-PAGE F11 Western blotting 73 Hr 4554, L3:
Cg-PH36-5’UTR-1-VP1; L4. Cg-PH36-5'UTR-2-VP1; L5: Cg-PH36-5'UTR-3-VP1; L6: Cg-PH36-5'UTR-4-VP1.
E: VPl N 38 ba sk Ktk e 4550, F: VPL N 3F8H k5 9 SDS-PAGE il Western
blotting 73 HT45 . L3: Cg-Pu3e-N.M-1-VP1; L4: Cg-Py3-N.M-2-VP1; L5: Cg-Py3-N.M-3-VP1; L6:
Cg-Py3s-N.M-4-VP1.B, D, F: M: Marker; L1: [APEXTHE Cg-pXMI19; L2: BHPEXTER Cg-VPI
Figure 2  Effects of optimized expression elements on Corynebacterium glutamicum growth and VP1 expression.
A: Schematic diagram of optimization of protein expression element. SD: Sine-Dalgarno; rrnB: Terminator;
Py.c: Constitutive tac promoter; Pysq: Synthetic promoter. B: The SDS-PAGE and Western blotting analysis
results of the promoter optimization. L3—-L5: Three biological replicates. C: Determination of strain growth
curve after optimizing 5'UTR sequence. D: The SDS-PAGE and Western blotting analysis results of the
5'UTR optimization. L3: Cg-Py3c-5'UTR-1-VP1; L4: Cg-Py3-5'UTR-2-VP1; L5: Cg-Py36-5'UTR-3-VP1; L6:
Cg-Py36-5'UTR-4-VP1. E: Determination of strain growth curve after optimizing VP1 N-terminal sequence. F:
The SDS-PAGE and Western blotting analysis results of the VP1 N-terminal optimization. L3:
Cg-Pu36-N.M-1-VP1; L4: Cg-Py36-N.M-2-VP1; L5: Cg-Py3¢-N.M-3-VP1; L6: Cg-P36-N.M-4-VP1. B, D and F: M:
Marker; L1: Cg-pXMJ19; L2: Cg-VP1.
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A

MLIL2 L3 L4 M L1 L2 L3 L4
10+ 75000 20000 r
_ 8r - . 60 000 o 15 000 -
=1 =
4 -+ Cg-AclpC 230000 y
2 Q Q 5000 F
0 ) { ) y i 15 000
0 8 16 24 32 40 48 0 0
Time (h) Q%&QO 850
Y ¥

3 ZHENRMEKBEAREARENEN A AFRZEERGERKIENESR. B: AR Z&E
B MR B N £ 35 Western blotting Fll JK B4 145 8. M. Marker; L1: Cg-pXMJ19; L2: Cg-Pyse-
5'UTR-2-VP1; L3: AclpS-Pyse-5'UTR-2-VP1; L4: AclpC-Py3e-5'UTR-2-VP1. C: A [FZZ AR H kA 3
iKHY Western blotting FlJK &3 M58, M. Marker; L1: Cg-CspB-Pyse-5'UTR-2-VP1; L2: AclpS-CspB-
Pu3e-5'UTR-2-VP1; L3: AclpC-CspB-Pys-5'UTR-2-VP1

Figure 3 Effect of different strains on growth and protein expression. A: Determination results of growth
curve of different strains. B: Results of Western blotting and grey analysis of different strains. M: Marker; L1:
Cg-pXMJ19; L2: Cg-Pyze-5'UTR-2-VP1; L3: AclpC-Py36-5'UTR-2-VP1; L4: AclpS-Py36-5'UTR-2-VP1. C: The
Western blotting and grey analysis results of the different strains. M: Marker; L1: Cg-CspB-Py36-5'UTR-2-VP1;
L2: AclpC-CspB-Py36-5'UTR-2-VP1; L3: AclpS-CspB-Py36-5'UTR-2-VP1.

A B wpa M LIL2 L3 c
‘o AclpC-P,,-VP1 30 °C kDa M LI L2 L3
= AclpC-P,,,-VP1 16 °C '
14 0 35— ==
15[+ AcIpC-PyVP1 37 °C 25— I '
15—

| | | | | 1

|
0 8 16 24 32 40 48 56
Time (h)

4 REMNEHRERREBRENEME A AFRNRESF P EKRAERMLGMELR. B: AR
B2 T M 35 VP i SDS-PAGE Fl Western blotting 43745 % M: Marker; L1: 16°C; L2: 30 °C;
L3: 37°C.C: AR ZFMT 2 WRIE M Western blotting 73 Hr 45

Figure 4 Effect of temperature on strain growth and protein expression. A: Determination results of growth
curve of the strains under the different temperature conditions. B: The SDS-PAGE and Western blotting
analysis results of the intracellular expression under the different temperature conditions. M: Marker; L1:
16 °C; L2: 30 °C; L3: 37 °C. C: The Western blotting analysis results of the secretory expression under the
different temperature conditions.
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530 °CHILL, 716 °CHI37 CHIZKMET, Ak
A2 BN R RR R R s, [FIAE B RIS
LAz 25, KBRS SDS-PAGE Al
Western blotting 73 Hr45 R UK 4B, 4C fiis., H
HE 4B HiNFRIL, FE4C ik, WLIE
3, FEAERSM RN RaE RN 30 °C.
2.5 ZFEHEZEK ELISA &1 VP1 5EMER

T E LGSR E 1 VP AU S BRI ek i
FHERAT PR 6 A I A] 4272 ELISA &l . #H
THEARBEBAC, TN AL 2R
# (bicinchoninic acid, BCA)K:M , B2 1 brifE
a0 BE R RE S VR Al AL 5 Z1 1 el o AR
FIFHLNE 5A Fi7Ri SDS-PAGE 0K EE 434, 155
WKl 5B s bRIEI 2R, £89195 300 mL 1) & %
WA FIHEHE M 0.261 mg,

HWFSE R4 ELISA B9 7 M VP
PURGE A IEER . I A 5T o VPL A4
PR, R 2 D HUSHITVE IR =S L Bl

A B

kba M L1 L2 L3 L4 L5 L6
50 000

60 8 40 000
45 'S 30000
> 5 20 000

S 10 000

15

2R PN IR . RIS 40% B PN
R EE & 100% B K PEM S W nY &
M. ATNE 5C HF B8 A e 4l 5 i 4l
X BT AH AT B S s Ak, SRIAACHIFSE R
FRASHY VP 0] 5% O B 1 B g 2 PH M 1L 35
PP R A RS

3 W55 #h

fEFRIE, FMD by [ 5808 il G 250
HETC & b 224 FMD KIG
T2 R PRI OIS B 4 B 9 W A7 16—
FE MR RKIE AR, kiR far, M
T LI R —F e AR . FMDV 1) VP1 2R
FIRBIEREREN G E, BARRMRE
JE A, J& FMDV % B iF i v i =225
W9 LB, 16 O & FMDV i 5 N s A s,
A 3 F VPLEHE N, BRI LA™
A AT B g2 g 2520

Complete
blank

Control 40% 100%  control

0 4 1 1 1 1 ]
0.0 02 04 0.6 08 1.0
Protein yield (ng)

10

El5 VPIERMFEREERNER A 2ifb/sE &R SDS-PAGE /M. M: Marker; L1-L5: ARl
EEEbRES, Hd L1 28 200 pg/mL, L2 4 100 pg/mL, L3 4 50 pg/mL, L4 % 25 pg/mL, L5 K
20 png/mL; L6 N VP1 4iife”¥). B: SDS-PAGE KEM MG hrtEiZk. C: WARIHMRUCH : BEBKAS LX)
HRZH@2 ML), 40% B IR BEN S SRR E F AR (2 SFL), 100% BIRGEDS R M E B2 L), %8
Ao N IRA Q2 L)

Figure 5 Results of yield and activity of VP1 protein. A: The purified protein was analyzed by quantitative
SDS-PAGE. M: Marker; L1-L5: Different concentration protein standard, L1: 200 pg/mL, L2: 100 pg/mL,
L3: 50 pg/mL, L4: 25 pg/mL, L5: 20 pg/mL; L6: VP1 purified product. B: Standard curve after SDS-PAGE
gray analysis. C: From left to right is: Eluent blank control group (two holes), protein samples collected after

40% B solution elution (two holes), protein samples collected after 100% B solution elution (two holes),
completely blank control group (two holes).
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A AIRNIR I R AR R B /MEE A i EATR
KEGWE 1, M TSI EY, HiE
FREF AR, B SR SRR R B, AR BRI
M TG R RIA RS, fENHE 2R
FHE T 9 C. glutamicum A4 =4 i 220
WA EAH . BMBER N SRy
FG BHPE B AR R 2R AT R A, C. glutamicum
HA B LA g 1, 18/ B N A Y
5] DACTAT B R i i 2 1 L A T Y,
PRUE R 11 BTE Pk

KN TIEAARBERIF P £ VP
SE AR, FIHEH TRETBCE FMDV 1 VP1
ZityE A T R IK, & SDS-PAGE Al
Western blotting %852, 1 3 > linker 5% 15171 i
f) 4xVP1 fETE C. glutamicum 3Nk, H
Y 2L 2 VR IB IO . AR TR AN K I R AR5
ik, dE—28E VP RIA T 28 BTk,
ARSI T VP 25 M) 8 I TE A A TR i
RAFE B AT Rk, JfHem TEARE
17,300 mL &R A4k 15 5] 0.261 mg &,
IR G [ A AT DAY 3 HAth SR 5 A A7,
HEEPUARY EE 4% n] AR 45 4 5 (variable domain of
heavy chain of heavy-chain antibody, VHH) , &3t
PEA B S R EEMEE T D (glycoprotein D
protein, gD)Z:*21

AT IR AFAE — ST 2 — IR R B ]
B, ik — B R E R SRR R, DAk
W2 R WA A | pH MBI S 5351,
AN AR IR ORI R T Prse-VPI
AT, AT RAE— 2% oA T A Ak o
AR, AW ERUE T VP 5% O 7 1 B
g B PHAME IS LR R R EZE G B 1, Hi R
2L B UE LSRR TE P o X A i R Y [ 8 [
FAAREEE X, AR ARSI E,
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