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Construction, expression and identification of mRNA candidate vaccine of HIN1 subtype influenza virus

XIA Sheng-nan'’,ZHUANG Xin-yu*, TIAN Ming-yao®, CHEN Lu-er’’,DI Ya-xin*", YANG Song-
hui*’, XU Zhi-giang®”, YU Tong”®, ZHU Guang-ze’, QIN Ai-jian', JIN Ning-yi® (1. College of
Veterinary Medicine s Yangzhou University , Yangzhou s Jiangsu 11117, China ; 2. Changchun Institute of Veterinary
Medicine ,Chinese Academy of Agricultural Sciencess3. College of Veterinary Medicine » JiLin University ;4. College
of Veterinary Medicine, Northeast Agricultural University; 5. College of Agriculture, Yanbian University; 6.
Affiliated Hospital of Changchun University of Chinese Medicine) ™ ™"

Objective From the perspective of mRNA sequence optimization and in vitro transcription (IVT) system
optimization, two mRNA vaccines against HIN1 subtype influenza virus based on hemagglutinin ( HA) gene were
designed and linked to three in vitro transcription systems (including different UTRs sequences) respectively for the
expression and identification of candidate vaccine antigens,and the optimal in vitro transcription system used for candidate
vaccines was determined. Methods To ensure that the amino acid sequence of antigen gene (HA) remained unchanged,
two optimization strategies were used to optimize the codon of HA gene.named JLHIHA and JLHA .respectively. They
were cloned into the skeleton vectors pPGEM-T7-Ha (UTRs from human a globulin) , pPGEM-T7-Ma (UTRs from mouse «
globulin) and pGEM-n3 (UTRs from human 8 globulin) , respectively. Functional mRNA was obtained by linearization,in
vitro transcription, purification and Capl capping treatment. A549 cells were transfected with Western blot and indirect
immunofluorescence assay (IFA) to identify the expression of target protein. Results Six groups of mRNA candidate
vaccines were constructed successfully, and all of them could express antigen proteins successfully. Among them, the
protein expression of the transcription system constructed with pGEM-T7-Ha as the skeleton vector was the highest.
Compared with pGEM-n3,the difference was signficant (P<Z0.01). Conclusion The design of antigen was feasible,and
the optimal in vitro transcription system was pGEM-T7-Ha skeleton carrier. The effect of codon optimization on protein
expression is not significant, which may be reflected in animal immune effect.

[Key words] HINI1 subtype influenza virus; mRNA vaccine; hemagglutinin HA; codon optimization; in wvitro
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TR R EROE B 220K 8 T E R R R R
AL B i A EE RNA, ARYE AR DA 4140
BG4 B2 BR 300 1 ~500 7 A
Y 29 J5~65 JT BT WBOR A 4 FhEER
R Hop A A B RURD C BRI A S, 2009 4F 2 H .
PRI T A HAND RS . AR 4 LR
PAEHZE AT HINL gy HA 425k d S0k 1 58 kA 3t
TAHEMAR, 2009-2010 4F, BB HINT 3 BOK # AT
B (pdmOD) GG H IR . ACHIND) pdm09 #
T 3 AR T x2S R R Y L A R R R
REER BRI B TR s R N AL A A RE
PHHT Y 7 1 A R A RO R T T B RS, B
o T 1% 1 1 UR R O W AT & K. P Ut B A AR
HINT fr 80m) i B B A & 20 At LA B X
COVID-19 mRNA ¥ i 76 % ik 7 Bij 7 10 78 i R4
BRI T AR LE., XEA B UKSE —K
mRNA L REH T A2, mRNA B A9 B AR
THEWBIF RS,

1M #5825 CHA) J& 375 5 41 X 9 8 25 10 O 4 M i gee
VA BB IR G A RS . HA FERR
FTE DA = RARBE R A X3R5, 5 8R40 A ) MR
iR 45 4 DA 908 25 1 AT 2 410 I F A S B S g
WP R B A BHLIBT HA 9 o AT ik ol A 4 By 1k
95 15 F AR AN, I T G50 1 Az IR AR
X (CUTR) 76 75 8 (1 B 6 35 DL S w2 i mRNA 19 [ i
Gl N Sy i B R s O 71 0B e - = A
5UTR A8 T8 E mRNA,3'UTR K J& XF B 7% 5L
KA B, Gl wT LA R E oo AR EREE 1Y
3-UTRM BB FE 1. AW 58 0 T 48 585 A [F ok
PR AR HEA R 5 "UTR Al 3 "UTR 5% mRNA &
PRRCR B 52 e, R g 3 B AR AR SR R G TVT-
pGEM-T7-Ha (UTRs 2k H A o« BRE H) . IVT-
pGEM-T7-Ma (UTRs K H R o 3K HE H) . IVT-
pGEM-n3(UTRs K& H AR BEREH) .

B GC & s ML U & & A B T4
B mRNA FaE P i HL i ARG S e I v, 4
I GC F it 19 75 AL 45 AL TF B 324 CORF) (14 %% it
TR FEBRIRAT . BA AR T () B 1- AR T
(m1W) B K AR PR AT R T & 1 mRNA 1 G847 85 %
(IR L N = o A~ O | i S8 /S U
mRNA et EE A R s R CHIER. &
IEFRRA— & A FRAEE TR IE & AT MRCE T
PERIE & A B E R IT M (AAG/TAA ™Y, R BF 58 %
P13k RS 3 F TAAA FIl TAA SRR AR L 1ET

XpEE R Gk 1 5 o, % B A/Jilin/JYT-01/2018
(HIND) 7R 3% 8% 7 9 HA e R b R,
W AR E ) GC X mRNA #1781k, I 1%
TF 3 PR S 5 3 G0 FH 1 42 TH0 R 3k IR 1 38 3k &, O
Ve A FRIB R R, O TR 8 mRNA L2 # 1 Bi Ji
BT R 5 4t T SR B L R S W g Y T e B E
HET

M5 %

1 ##

2 X Phanta Max Master Mix Fl[q] J& 5 2 fif§ 2 X

ClonExpress Mix W FH Fg 5% i ME 28 242 W) BB A BR 2
Al s BRI B N ) B Pac 1 .Nhe | .Kpn [ .Xho
I . Xma T4 H3EE NEB /A ; Jo AN 5 % kK & i
WO &l A KRR AR (b 5O A IRA ) T7-
Flash ScribeTM Transcription Kit # Script CapTM
Cap 1 Capping System W B 3£ [# CELLSCRIPT /A A ;
N1-Methylpseudouridine-5,-Triphosphate W H &
Trilink Biotech 24 F] s MEGAclearTM Kit Purification
Scale
LipofetamineTM 3000 Reagent #1 PierceTM ECL
Western Blotting Substrate %) H 3% [ Thermo Fisher
SN AE] s R pGEM-3Zf-n3 ., pGEM-3Z{-T7-Ma, pGEM-
3Z{-T7-Ha i 20 E BT T T 7> T 5 7 5 B e o 5
B B ARAT
2 Ak
2.1 54wt 5 &M A CE Design & it 4 =
PESIH) . s AR R R AR A IR A A S M. 51
AT KR 1, TRIZLE 38 Cla T
Pac | BgYIf A5 .
22 B ARBEY S A 40 LA
pVAXI-JLHIHA .pVAXI-HA L R #4## 4T PCR
P, PCR K& (50 pL):2 X Phanta Master Mix 1
pL B 1 L, I NS % 4 2 pl, 2 X Phanta Max
Buffer 25 pL, K% 2 50 pl., PCR R FE)F:95 C
30 s;95 °C 15 5,70 °C 155,72 °C 1 min 30 s.,3E 35 4>
G ¥R 372 CHEAH 5 min, PCR =4 4 CHAF. B PCR
UG AT 1.2 Y B AR B EEIC LUk L R I FastPure
Gel DNA Extraction Kit 250l & Pk 5 4li{k H i1 3 A
B AR BRI B . SRS RE D B il e 44
Cla I-JLH1HA-Pac I .Cla I-JLHA-Pac 1.

for  Large Transcription Reactions,
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Table 1 Primer information
5149 44 51411751 AR
X . - Product length
Primer Primer sequence( 5-3")
(bp)
Cla I -n3-JLHIHA CAGCAAGATTAAGCCATCGATGC
/JLHA-F CACCATGAAGGCCATCC
Pac [ -n3- GCAAGAAAGCGAGCTTTAATTA 1702
JLHIHA-R ATTTAGATACAGATGCGACACTGCA
Pac [ -n3- GCAAGAAAGCGAGCTTTAATTA 1701
JLHA-R ATTAGATACAGATCCTGCACTGCAGG
Clal-T7-Ha/ AGAAAAAATATAAGAATCGAT
Me-JLHIHA/JLHA-F  GCCACCATGAAGGCCATCC
Pac [ -T7-Me- CCCGCAAGGCAGCTTAATTAA 1702
JLHIHA-R TTTAGATACAGATGCGACACTGCA
Pac | -T7-Me- CCCGCAGAAGGCAGCTTAATTAA 1701
JLHA-R TTAGATACAGATCCTGCACTGCAGG
Pac [ -T7-Ho- CACCGAGGCTCCAGCTTAATTAA 1702
JLHIHA-R TTTAGATACAGATGCGACACTGCA
Pac [-T7-Ha- CACCGAGGCTCCAGCTTAATTAA 1701
JLHA-R TTAGATACAGATCCTGCACTGCAGG
2.3 TakumEs % LRy S 8K

AT %, W 4 KL pGEM-n3-JLHIHA
pGEM-n3-JLHA., pGEM-T7-MoJLHIHA, pGEM-
T7-Mo-JLHA . pGEM-T7-He-JLHIHA, pGEM-T7-
Ho-JLHA, HAKRR LB 2 oL, difk =¥ 8
pL,2X ClonExpress Mix 10 pl, 254,50 °C 30
min, WEE YT B R LR REE S S, £
EIEWE T LB Y W R (AT EHER) . 12
UTTRL HEAT XU V) 5 52 B RS 2 36 AR R 4 A R
2N R HEAT I T 4

2.4 FARBEKEALE FHIRIEHNERKEILHF
VLA & PR T AT G VI AL B, SRS UIR R L IR
WP N Y) B Xho | 4 pL, T 4H J& K (pGEM-n3-

JLHIHA.,  pGEM-n3-JLHA.  pGEM-T7-Ma-
JLHIHA. pGEM-T7-Ma-JLHA. pGEM-T7-Mo-
JLHIHA. pGEM-T7-Ma-JLHA ) 16 pg. 10 X

CutSmart Buffer 5 pL, 7K #h 2 50 pl. N &A1
37 °C 3 h,

2.5 ROPEEFE LB IR R R ¥ BRI
ot A7 Mk S e k. il T7-Flash  ScribeTM
Transcription Kit, i il A& A) B SRR R B ONI-
Methylpseudourid-ine-5'-Triphosphate ( Trilink
Biotech) %t UTP., % H MEGAclearTM Kit Purif-
ication for Large Scale Transcription Reactions & 7
St AT 4tk , R F Script C-apTM Cap 1 Capping
System #4170 W8 [ B, 5% & 3% 15 7= ¥ ic fE Cap-
mRNA, HAREE S MR @i 6.

2.6 Cap-mRNA 4k 9h# % m X % 5 A549 4
PL1X107 A /FL4E R T 24 FLAR , 5 40 i 25 B2 35 31 80 %%

BF, 8% % 44 iR %) LipofetamineTM 3000 Reagent Al
Cap-mRNA #ZBIAB S FE R 1 pL ¢ 2 pg 1 HA
RA) L, EIREE 15 min JFH AL AR A 4 22 55
7% 24 h YA L

2.7 Cap-mRNA #ft3aiE

2.7.1 Western blot BiE 2§ pGEM-n3-JLHIHA,
pGEM-n3-JLHA . pGEM-T7-Ma -JLH1HA, pGEM-
T7-Ma-JLHA ., pGEM-T7-He-JLHIHA, pGEM-T7-
Ho-JLHA ) Cap-mRNA ¥4 A549 40l 24 h )5, fiff
FH RIPA 40 A 24 f% W (100 = 1 i A& 13 6 40 441 51
PMSE) st 5r 2 a3 7% A 1.5 ml EP & H . A 5
X SDS Loading Buffer, 28 ¥ J5 U 4 #¢ 5 i 47 10%
SDS-PAGE HiJk, R FH I %% b B B i vh (9 25 13 5% B
B NC B E, 5% B As 7L = IR E A 2 hy fin A SRl
Influenza A Virus Hemagglutinin/HA $iT /&, = I %
H 2 hoJJH TBST % 3 ¥%%.8 min/¥; A HRP #5ic i
ISR Ig(H+ DA, R E 30 min, JEE)E W
[ i

2.7.2 [AHERPESOCILERAE 6 2 Cap-mRNA §4 4L
A549 Yl 24 h 5 5 25 40 M EROT 6 22 3R 1
W E 10 min, PBST %% 2 1K, 5 min/WK; H 3%
BSA 1 % I AE 30 min, PBST % 2 X .5 min/
W A SR Influenza A Virus Hemagglutinin/ HA
PR, 37 CHERE 1 h(l : 800 Fif) ., PBST Y% 3 ¥K.5
min/ Y MA Cy3 fric I FEHi % Ig(H+ L) Hi ik, 37
CHFE 30 min, PBST #Ei% 3 K .5 min/IK; il A DAPI
Yt WG AT A0 A% e 5, =R CE 3~ 5min, PBST ¥
2 K5 min/ IR, 96 B T OISR EE A .

& R

1 EARNMWERE

6 A EE 41 ik 4 PCR 4789 )5 #F 47 1. 2 %0 35 A W ¢
Jig LYK o B AR A5 A A TR /N ) B 3R R R B (Cla
I -pGEM-n3-JLH1HA-Pac I .Cla I -pGEM-T7-Ma-
JLHIHA-Pac [ .Cla [ -pGEM-T7-Ha-JLHIHA-Pac
I ¥/ 1702 bp.Cla [ -pGEM-n3-JLHA-Pac [ .Cla
[ -pGEM-T7-Ma-JLHA-Pac [ . Cla [-pGEM-T7-
Ho-JLHA-Pac 1 #¥51701 bp), Cla I Fl Pac T X
ity 1) 1 40 ok, 45 2 5 H B SR /N AT 9 R B 38
R B D), BRI AS RS SRR YRR
PR w0 T 45 SR Y IR .
2 EHERNAZL L E

2t Xho [ B U] 40 1 5 45 21 5 20 ook £k 1 1k
Y (E 2, F BoR/NS U AH AT (pGEM-n3-JLHIHA .
5373 bp; pGEM-n3-JLHA:5 374 bp; pGEM-T7-Ha-
JLH1HA:5 145 bp; pGEM-T7-Ha-JLHA 5 146 bp;
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pGEM-T7-Ma-JLHIHA: 5 155 bp; pGEM-T7-Ma-

JLHA:5 156 bp),

M DNA Fp&E#H 1 pGEM-T7-He-JLHA WEFY] 2 pGEM-
T7-He-JLHIHA XUH§ Y] 3 pGEM-T7-Mo-JLHA X fff Y] 4
pGEM-T7-Mo-JLHIHA X Y] 5 pGEM-n3-JLHA WEGH] 6
pGEM-n3-JLH1HA i ¥

1 EARMNEBNEE

M  DNA maker 1 Double digestion pGEM-T7-He-JLHA 2
Double digestion pGEM-T7-Ho-JLHIHA 3 Double digestion
pGEM-T7-Mo-JLHA 4 Double digestion pGEM-T7-Ma-JLHIHA
5 Double digestion pGEM-n3-JLHA 6 Double digestion pGEM-n3-
JLH1HA

Fig. 1 Identification of recombinant plasmid by double enzyme digestion

M 1 M 2 M 3 M 4
—
— —]

M DNA #x&E#® 1 pGEM-n3-JLHA Xho | M fEd] 2
pGEM-n3-JLHIHA Xho | ¥/ 3 pGEM-T7-Ma -JLHA Xho | Hfif
Yl 4 pGEM-T7-Ma -JLH1IHA-Xho | ¥ 5 pGEM-T7-Ha -
JLHA Xho | 4] 6 pGEM-T7-Ho -JLHIHA Xho I #H§1)

2 EHARNBEMIIEE

M DNA maker 1 pGEM-n3-JLHA-Xho I 2 pGEM-n3-
JLHIHA-Xho I 3 pGEM-T7-Ma -JLHA-Xho I 4 pGEM-T7-
Ma -JLHIHA-Xho I 5 pGEM-T7-Ha -JLHA-Xho I 6 pGEM-
T7-Ha -JLH1IHA-Xho [

Fig. 2 Single restriction endonuclease digestion of recombinant plasmid

1 M

3
bp

10000

3  Western blot 3&iF 6 £ Cap-mRNA HJ 3% &

TE 6 40 Cap-mRNA H7, 43 51l L % ¥R Influenza A
Virus Hemagglutinin/HA . N £ GAPDH #i{& Jy —
P, HRP #5ic 89 10 = 40 % 1gG Ht ik 4 17
Western blot %6 %2, Z5 R W E 3, Cap-mRNA # ¢
A549 A4S 24 h J5 X RTAG I B 6 B EH ., 3 A
WAL H K EA S EAR, L pGEM-T7-Ha 2
A% 1 R R R pGEM-T7-Ma 312 11 Rk Ik
Z ,pGEM-n3 B E AR B EMM. Hh ASHEA
R 43 Bt g 37 X107, H I IS {E A 63. 49 X
107, 52 o 455 S A B {00 55
4 IFA RIEEMEBNRE

A BRL Cap-mRNA B4 A549 41 36 h ) [
E M, DR VR Influenza A Virus Hemagglutinin/
HA $uiA R —4t, Cy3 FRic il P 5 Tg(H+ L) Hrik
/o710 il ST 1 v I (S
mRNA # 3 4 My 5 pGEM-T7-Ha. pPGEM-T7-Ma.,

pGEM-n33 Bl (A5 4 I 24 H 19 8 1 #9315, 95Ot
AR T R £L A X R A AG T 2 5
ka M 1 2 3 C M 4 5 6 C

100 e — — — — —
70
40
35|
1.5+ 1.5+
I * Kk 1 - lﬁ
T I 1 [a) d T 1
o 1.0 N a 1.0 *
< 1 ) 1
Q <
3 g
= 0.5+ L 0.5
]
0.0~ 0.0~
\'ed \ed \ed Q?’ Q,V' Q&'
N L
iR R & & &
AT A7 ™
< ,\«:2* /\,\x“
A B

M EHASTRHERRE 1 pGEM-T7-He -JLHA 2 pGEM-
T7-Ma -JLHA 3 pGEM-n3-JLHA C X8 4 pGEM-T7-Ha -
JLHIHA 5 pGEM-T7-Ma -JLHIHA 6 pGEM-n3 -JLHIHA .
A A, P<C0.05;" P<<0.01,

B 3 3RiXZE B Western blot 8l (A) 5 K K & WK E 5 #7 (B)

M  Protein maker 1 pGEM-T7-Ha -JLHA 2 pGEM-T7-Ma
-JJLHA 3 pGEM-n3-JLHA C Control 4 pGEM-T7-Ha -
JLHIHA 5 pGEM-T7-Me-JLHIHA 6 pGEM-n3 -JLH1HA
Notes: Comparison between groups,* P<0.05;” P<{0.01.

Fig.3 Western blot analysis of expression protein (A) and gray

scale analysis of reaction strip (B)

[GRETE

pGEM-n3-JLHA

pGEM-n3-JLHIHA
pGEM-T7-Ha-JLHA
pGEM-T7-Ha-JLHIHA
pGEM-T7-Ma-JLHA
pGEM-T7-Ma-JLHIHA

B4 HBEEENWEZBIIBNEANRE

Fig. 4 Parallel verification of indirect immun of luorescence
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TR R . ol T R T 97 R A T RO AT A ALY
FBe . B DA RGBT R B B & . mRNA P 1 F %
AR R G TE R Sk 2 — W7 3 T mRNA 254470k
(K . SIEG R AT EL . mRNA %2 i B A 58 1 B4R
B PR, 58 AL Y 4R 2 T 7 S I TE) P
HE A A LY

3'"UTR & mRNA 4 F 1 4 i P9 3l 77 2 1) 5 5
THRFZ— AR EN 3 UTR oMK E S HE
EMREAME AAREK 3'UTR i) mRNA HA # 5
f g 0 B 8 3 UTR 9 mRNA BHFRCE
BAR™ . mRNAJBI7H# A 3" UTR SRIET o F1 B
BRAE 0 TE HRL A B 2140 RN 28 R 421 4 i
BEUESE H A 5 mRNA =00 fg H5Y . 5" UTR
JE B[R] 3 35 B 20 7 1) ) 6 B 3 s DR T LA g i i 410 7
mRNA §BIPEREDS . AR 5" UTR Ml 3’ UTR
AFBAT T 3 Pk ik K BUA ) 48 1A b 2 1 s s 1k &
ERBHEDEELR, UL UTR N AR o« 3R 1909 2
RFRE A SRR AR R E &SR
WENE CR A G E O B B9 mRNA 7K S8 fin ] fig 2
H W R L 51 0 . mRNA B4 8 s mRNA [
R g0t SCHER[33-35 ] 4R 8 mRNA K42 =
SEUEMFHAL (E & GO R R E A FKFE /) #
o AR PR GC & AR A LK 91 8 11 3R
R IKPA i 2 tE— A B e g IR 56 R B0 IE

AWFGERIEE T 6 2 F 5 W PR AL TR B 4 R
i AR A B SR gl fk L i s N 3K A5 6 41 P B
mRNA, 4 A549 40 38 17 Western blot F1 (8] 4
PO IE M Y e R X HWEA, H pGEM-T7-
Ha.pGEM-T7-Ma.pGEM-n3 3 f#k{kny & 1 ik &
FEAE2Z 5, L) pGEM-T7-Ha 1k £ AR, H
BEUEBA T AW 58 §0 B 3 H 09 AT AT ML O mRNA BE
(B SRR TR A4 T S SR R B S I R G
BRI 2928 T LAl .
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