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Establishment of reverse genetic system to construct recombinant MV-S191

YANG Zhihui, PEI Jie,GUO Jing,SHEN Shuo (Research Division 1 of Viral Vaccines sWuhan Institution o f
Biological Product Co. Ltd ,Hubei 430207 ,China)

Objective The establishment of the reverse genetic system for MV-S191 is important for basic research
and measle virus (MV) based vaccine development.  Methods The genomic RNA of MV-S191 was extracted,and the
cDNA was obtained by RT-PCR. The GeneArt Gibson Assembly EX Cloning Kits was used to combined the 8 segments
amplified from the ¢cDNA. The full-length antisense genome of MV-S191 was amplified and cloned into pBR322 to
construct pMVS191. A gene of enhanced Green fluorescent protein (eGFP) was inserted into the region between genes of
P and M, H and L of pMV-S191 to construct pMV2-eGFP and pMV3-eGFP. At the same time,three helper plasmids of
pcDNA-N, P and L. were constructed to express nucleoprotein (N) , phosphorylated protein (P) and RNA-dependent RNA
polymerase (L) of MV-S191. pMV-S191, pMV2-eGFP or pMV3-eGFP were co-transfected into BSR-T7/5 cells with
helper plasmids by lipofectamine 2000. After 5 days post transfection, the harvest (supernatant and cells were) was used
to infect (transferred to) Vero cells. Results The measles virus vaccine strain (rMV-S191) was successfully obtained
by reverse genetic system. The syncytium formation was observed in vero cells under the microscope. eGFP gene was
cloned into pMV-S191 by seamless cloning,and pMV2-eGFP and pMV3-eGFP were successfully obtained. rMV2-eGFP
and rMV3-eGFP were obtained by co-transfection according to the same method, and Vero cells were infected
respectively. The syncytium could be observed under the microscope,and the expressed green fluorescent protein could be
observed under the fluorescence microscope.  Conclusion In this study, the reverse genetic system of MV-S191 was
successfully established,and the insertion site of foreign gene was determined, which laid the foundation for the research
and development of a new vaccine platform based on measles virus vector.
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(Paramyzoviridae) s JRIZ 97 5 J& (Morbillivirus) , A
B BE RNA R ALK A0 16 kb, i
LS 6 P a5 F A 1 A (N VB R L B
(P) EEFU A F (VD VRl G 8 F1 (F) | I R 4 F (HD
RNA K #i i) RNA R &8 (L) . HArE A F
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Fik T7 RNA R G B 317 9 78 K &, K18 tMV-
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Vero 2 il J5 WL ¢ & Ml 1A B9 B L, rtMV2-eGFP
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0 2 PR Z 96 3 AR 5 PR A6 ST o R R 9 BRI 06 B 1Y
BORALE JE 258 8L AR 5 TF & B — RS R 5
PE KRR 5 B AR &

MRE 7%
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DMEM J FBS Wy F 2 B Invitrogen 2 #l; EcoRI.
Xhol,BamHI, NotI, BsiWI 1 BssHIT B il # py 4] il
T 3% E NEB 2 #); 2 X Phanta Max Master Mix
(Dye Plus) & 1 H B 1 ClonExpress Ultra One Step
Cloning Kit Jog v F& 1251 & W 7 v ok Ve 2B W) B oAy
FR 2y &) s DNA Ligation Kit, HiScript II 1st Strand
cDNA Synthesis Kit & % 5% i 7| & Fl Nucleospin gel
and PCR clean-up B [l i35 & WL B H 4~ TaKaRa
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2 Ak

2.1 pBR322 # kA& & Ll pBR322 &k N
B, i3 PCR 474 £ BR #4451 TCR B (MU R
PUPEEERD o e BB AR W R R AR A T A
W HamRz J3 51 CE Sk 4% f2 B )7 51D & HdvRz J¥ 41 (T
T 96 995 25 1% W I 51DV O fil I 4 v e N
B Ak PCR ¥ 8 77 W 3% #, B 5 W B0k o 4 0
pBR322M(E 1),
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T7 TCR T7t
—
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T7 T7)aghi¥ T7t T7#ILT.
B 1 pBR322 HUHiETEE
T7 T7 promoter T7T T7 terminator
Fig. 1 The schematic diagram of the reconstruction of pBR322

2.2 sE&F RNA BRI #E#HFAMNF Kk T MV-
S191 M A DMEM 4 ¢ W %5 f% . 4 °C .8 000 g B0 10
min, B F3% . 18 QIAamp Viral RNA Mini Kit 1368
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dT FIBEHLT] P9 F 3 1 4 RNA 5% % 5 cDNA, DA
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Table 1 The PCR amplification primers for MV-S191

519 4 s BB (3) Bt g

Primer Primer Nucleotide
name sequence Position

MV-F1 ACCAAACAAAGTTGGGTAAGG 1-21
MV-R1 GTCAGCATCTTGGATTCCCTT 2167-2187
MV-F2 TCAACTGAAGGCGGTGCA 2014-2031
MV-R2 tTTTTGTCCGGGCCTTCT 4496-4531
MV-F3 GACGTGATCATAAATGATGACCAA 4401-4427
MV-R3 ATACCACTCTTGAGAGCC 6376-6396
MV-F4 GACCCCATATCTGCGGAG 6124-6141
MV-R4 TGAGAATTGACCTCTGATTGTAGT 7844-7867
MV-F5 ATGAATGCATTGGTGAACTCA T757-7777
MV-R5 AGTCTTGACTGTAAACCAAAACAG 9729-9752
MV-F6 AAAGTCAGTGATAAGGTTTTCCAA 9588-9611
MV-R6 ATGTAGCCTTTGCCTAAGAATTAC 11646-11669
MV-F7 GCTTCGTTAGTGCAAGGG 11532-11549
MV-R7 GCAACAATCTGTTTCGACGTG 13323-13343
MV-F8 ACAATCTCCAACGACAATCTC 13167-13187
MV-R8 ACCAGACAAAGCTGGGAATAG 15874-15894

2.3 pMV-S191,pMV2-EGFP #= pMV3-EGFP Ji %
ME = E pMV-S191, pMV2-EGFP FlI
pMV3-EGFP: (D ffi i 1 5% MV-F1/R2, MV-
F3/R4, LA MV-S191 i 5% 5% i 1% <DNA A #itk PCR
PHIIRE 2 N 4 kb B FBE. 8 I MEE 4%

G iR 7] & so e & pBR322M, 3K 3 pMV-S191-37-
Half A2 3R e fe, IR 1 5% MV-F5/R6,
MV-F7/R8 #& fAH R 7 2k # pMV-S191-5"-Half J5
R R E 2), (ORI 2 g1 (F FIE1H
SR 5, I LA 5 2 35 4L v B o
Be, PCR ¥ 3% 15 2| Wi 4> K /29 8 kb 19 kv B, # H]
Gibson JG %% we B i 50 &8 0 fE & pBR322M, i i
Kifir 4 pMV-S191 (|8 2), (3) Lk pMV-S191 H #
M43 e POM Z 8], LK HL L 6 R ] X 5] AN T
B B TARAL ) ATU-eGFP 3£ (18 3), I 78
ATU-eGFP i A Kozak JF 51, 3 5 4b 5 5 H 3¢
kLTI BsiWT A1 BssHIT XU VI 47 5 08 T H 4
A1 3 PR 4

R 2 pMV-S191 #1854
Table 2 The PCR amplification primers for pMV-S191

Nt 1-7834 Nt 7815-15894

PMV-S191-3’-Half PMV-S191-5>-Half

pPMV-S191

2 pMV-S191 FRfrt i
Fig.2 Construction of pMV-S191

MeV genome

rMV2-EGFP: ¥ (M| F ] s

Leader Trailer

Leader Trailer

& 3 pMV-S191,pMV2-EGFP #1 pMV3-EGFP J& #i #3 22
Fig.3 Construction of pMV-S191,pMV2-EGFP and pMV3-EGFP

2.4 pcDNA-N,pcDNA-P #= pcDNA-L #i B) Fi 42 4
E LI pMV-S191 Bk Btk . LI 3 thEl )
PCR ¥ N.P fl L 2K, MV-N,MV-P il it EcoRI
Al Xhol XL 1 5] A peDNA3. 1 (+), MV-L i i
BamHI Fl NotI 3§ YI 5] A pcDNA3. 1(+) @ik,
FIk NP FI L B 3 A B BURL A 44 28 pcDNA-
N.pcDNA-N Hl pcDNA-L,

x3 HBRKYESY
Table 3 PCR amplification primers for helper plasmids

keSS A3 TR o
Primer name Primer sequence(5'-3') Enzyme
peDNAN-IF - 5"-CCGGAATTCATGGCCACACTTTTAAGGAGCTTAGC-3' EcoRI
peDNAN-IR+ 5'-CCGCTCGAGCAAAAAACCCCTCAAGACCCGTTTAGS! Xhol
peDNA-P-IF 5-CCGGAATTCATGGCAGAAGAGCAGGCACG-3' EcoRI
peDNA-P-IR + 5-CCGCTCGAGCAAAAAACCCCTCAAGACCCGS' Xhol
pcDNA-LAIF 5 CCGGGATTC TAATACGACTCACTATAGGGATGGACTCGC -3 BamHI
pDNAL-IR  5"-CCGGCGGCCGCTCGCAAAAAACCCCTCAAGACCCG-3' Notl

ElL/EA S1FA(5-3") A B &

. . Y . ..
Primer name Primer sequence(5-3") Nucleotide Position

Gibson-MV-1F  ATGGCCACACTTTTAAGGAGCTT 1-23
CTGATTGTAGTGGGCCCTGAGCA
GTTTCCCTTTGAGACAGCTAGGAAC
GAACAACCAATCAGTTCCTAGCT
GTCTCAAAGGGAAACTGCTCAGGG
ACCAGACAAAGCTGGGAATAGAAACTTC

Gibson-MV-1R 7807-7854

Gibson-MV-2F 7794-7840

Gibson-MV-2R 15867-15894

R R

Note: The underlined parts are the site.
2.5 EWA#ESE BT pMV-S191,pMV2-EGFP
I pMV3-EGFP Ui K /N3 20 kb, 9 #Wr H #9 A
B S AR R AT R 7 BEE AT B0 L 8 Hind 1T
BEATEE VIR TR S RE . EEY)S BEAT 0. 8 V6 Ba Ul B Bk I
HLUK (LR 80 VL FLTK 3 h) o falf B B2 B 22 G40 MWL
.

2.6 JmAEEH W BSR-T7/5 i 1.5x10° /4L
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BAESHLBR T, T 37 “CHEFR 18~24 h JF i ATH: YL, 5
pg pMV-S191,pMV2-EGFP #l pMV3-EGFP i ki 43
B5 1.5 ug pcDNA-N.1. 5 pug pcDNA-N F1 0. 5 pg
pcDNA-LIRS) (B0 A 250 pl. Grace’s R 323, #
JinA 10 pL Lipofectamine 2000 5 % KB Grace’s
BB AW, e RS, B I CE 15 min J5 A 6
fLMR L 7E 37 “C 5% CO, % FIEE 6 h, BB
RAW . EH B ECH & 2% FBS /) DMEM K: 3%
WL TE 37 °C 5% CO, T HLLREIRE 5 d Ja B ik
R A R B Vero 40 M b 4k 2 15 5, W g%
20 LR 7

& =

1 MV-S191 EEANF

J T AE A RFE MV-S191 H 4 RNA J§ 91 J&
%5 NCBI € L& /9 B R 325 9 5 9% B v 7 41
(GenBank:FJ416067. 1) —%"™" , ¥ 8 RNA J2 #% 5%
[ cDNA 40 BN B P 3 Ca-h) s B B K/ 43 03] J2
2 065 bp.2 442 bp.1 723 bp.1 684 bp.1 844 bp.1 961
bp.1 673 bp.2 682 bp(&l 4A) ¥ PCR =¥k ZE/E T
AT IF A E . MF S5 R FRY MV-S191 T H &
FEZER L X & 4B T C9057A %78, H I B — B (K
4B),

Mabocdefgh

2000
ANt
mmgr&%ﬁc /9057A
B

A

bp

B 4 MV-S191 PCR ¥ # (A) R W5 (B)
Fig. 4 PCR amplification(A) and sequencing(B) of MV-S191

2 pMV-S191-3’-Half, pMV-S191-5’-Half & i §9 #4
BRETE

LI MV-S191 FE 4] RNA ¥ 5% SE TS RNA s
M 4B 1 ths| Ykt A4 H (MV-F1/R2, MV-
F3/R4 .MV-F5/R6, MV-F7/R8) , $ 3 K 4 K 43 i 4
Bt(atb.ctd.etf M g+h)#Efr PCR ¥4, 15 3] 1
FEBA B 29 & 4 498.3 407.3 805.4 355 bp (A
5A) . i F TG 5% v B AR & i R EL 2 R i 215 F)
pMV-S191 Fif.pMV-S191-5’-Half, %} *%f H Bt % # kb
Bt 3 X EEGI Y CRIER) . pMV-S191-3-Half 3 4~
R B 2 AL 4y B 38 A5 B 640,526,409 bp; pMV-
S191-5"-Half 3 4~ Fr BOE 3540 43 0 3845 3] 577,874,
489 bp(E 5B) . 45l HkHL 3 4~ pMV-S191-3’-Half Fl
34~ pMV-S191-5"-Half FH 5 B #4730 /3, 16 B0 J5
TE A Y s B 2 HOM R, — 20 CORAE

et e

i)
-
o\
<
&

oV
<

"
o\

<

&

o

B 5 pMV-S191-3'-Half #1 pMV-S191-5"-Half & #I
PCR ##8 (A) R ¥ 7E (B)
Fig.5 PCR amplification of pMV-S191-3'-Half,
pMV-S191-5"-Half(A) and identification(B)

3 pMV-S191,pMV2-eGFP #1 pMV3-eGFP & #i B9 #4
BRETE

DL R TF B B pMV-S191-5-Half, pMV-S191-
37-Half Bt B, IR 2 3|9k T PCR ¥4,
8% MVS191-fragment 1, MVS191-fragment 2 ¥ 4
B, KNG 7 854 bp A1 8 100 bp ([ 6A), %A
& 2 13t 47 A pMV-S191, B 1 v Bk ik 5 i
) b Wy 25 3R WK, pMV-S191 377 7E C9057A 5
AF . RPIZAL AT ARG MG I 5 A g (45 SRR
Jm) . MR pMV-S191 Bk KA, 8 i PCR
¥ pMV2-EGFP #l pMV3-EGFP 43 4% 1% 3 Bt 47
s (& 6B), fE P.M Z ], H. L Z & 4l 5] A
ATU2-eGFP fl ATU3-eGFP, Hk B FH ¥ v ke I 7
TEIBCI 7 1 B 1 5 R O A7 H 0l 3R 1% pMV2-eGFP
H pMV3-eGFP,

g2 N YD DNV D
R R R R

0P oS @ oo

VY O
D M Q‘h@\@bQéQ@&h

10000

A B

A MV-S191 PCR¥"# B pMV2-EGFP fl pMV3-EGFP PCR
B 6 pMV-S191,pMV2-EGFP #1 pMV3-EGFP [& fi 4 2
A PCR amplification of MV-S191 B
pMV2-EGFP and pMV3-EGFP
Fig. 6 Construction of pMV-S191,pMV2-EGFP and pMV3-EGFP

PCR amplification of

4 EBYIEELEE

JT 8 UE A pMV-S191, pMV2-eGFP Fi
pMV3-eGFP J5i ki (4 5¢ % 14 , ffi Hl HindII1 #F 17 5 i
Y1, Ho pMV-S191 BEGD) 5 77 248 7 A B B, KNG 5l
N 7037.4167.2517.2 079.1 718.1 051,678 bp (A
7A), pMV2-EGFP fil pMV3-EGFP B = A= i) 7 4
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REKR/AN 9l 7 871,4 167,22 517.2 0791 718,
1051.678 bp(E 7B). 3 ANFk: ARG H i F Bt K/
PIEWH -8R TR EE . AR ERFBEERAS,
AT B PR R

’L > N D
eﬂ“ e}‘\ & a& & &

&% «é“ & o T o o
\““ A2 &P 57 & B
bp wﬁ%:nxﬁ o @W 4'1« % ®% g‘\g Q&»,
bp

10000 10000
7000

4000
2000

1000
500

A

A pMV-S191 gt &% B pMV2-EGFP 1 pMV3-EGFP
it ) Pl % 4 5
B 7 pMV-S191.pMV2-EGFP #1 pMV3-EGFP B B i & E
A Identification of restriction map of pMVSI191 B
Identification of restriction map of pMV2-EGFP and pMV3-EGFP
Fig. 7 Identification of restriction map of pMVS191,
pMV2-EGFP and pMV3-EGFP

5 WHRNMESEE

H T RS HEARB W LA NP AL 3 Fhil
WIS 5T AR IE BE A B P i A% A% 25
(Ribonucleoprotein,RNP) VA iR i B I A 26, #%
M2 3 dh g9y, i PCR §7 89 4815 MV-N,MV-P fI
MV-L HE‘JHEX,ﬁ/J\ﬁv\ﬁIJﬁ 1 638.1 584.6 631 bp
(K 8A), ¥ MV-N,MV-P H] EcoRI Fll Xhol X1 ,
MV-L A BamHI il Notl XU 4] . i Y] A Bt 76 DNA
R EEE R 4300 7B = peDNAS. 1(+) . BREUCBH
S R I 25 R AR AR 4 Bl BRL pcDNA-N, pcDNA-P Fll
peDNA-L. 3 /™ B 5 kr 28 XU U] %6 58 , 34 78 1F 5 07
B H MR BLCE 8B . 2 W4 Bl Bk A 2 IE A, ]
TR s KR

A

A MV-N.PH LPCR¥# B pcDNA-N.P Fl L GG ) % 5
8 pcDNA-N.P#1 L @B R LE
A PCR amplification of MV-N,P and I. B restriction enzyme
of pcDNA-N,P and L
Fig. 8 Construction and restriction enzyme of pcDNA-N,P and L

6 rMV-S191.rMV2-eGFP #1 rMV3-eGFP % & &
S5 5 pg pMV-S191, pMV2-eGFP #l pMV3-
eGFP 5 1.5 pug pcDNA-N.1. 5 pg pcDNA-P #1 0. 5
pg peDNA-L 53t 2 BSR-T7/5 g rp 55 3% 5 d.
R F2 5¢ UG B9 BSR- T7/5 40 i FH JC B A Sk R P

B E Vero H 4k 2L 15 57 , i SL L 750, Al W48 3 &5
MR T B, 2¢O W 3L B T W% 3] tMV2-EGFP HI
rMV3-EGFP J&Y Vero 4l i F3A5 1 4 (0 9OL B (L il
rMV-S191 RNRXGEOTCE A (B 9. RWAHA T7
FLH Y BSR-T7/5 4 M B 45 % e FE 4l MV Il By 2
DNA [T fiE i 8% Pk K 3 419 75 s A B MV JEk e
75 ¢cDNA 7 P.M fil H.L K [0 A SMREE H eGFP
IR oI N SN

tMV-S191 tMV2-EGFP tMV3-EGFP AR

At

B 9 rMV2-EGFP #1 rMV3-EGFP B Vero 48 1R iE 1
ZEXAEAD
Fig.9 Identification of MV-S191,rMV2-EGFP and rMV3-EGFP
in Vero cells by microscope

woog
MV-S191 Sz v [ 55 — PR PR IZ: Do 25 1 92 1 bk L BE 5>
ik C G 50 A A, KR B AR T IR ERE 1Y
RAFFERBET R, A 30 RRIZ 218 ) 3R W [
FE KM LT N BRI 95 B 1 R BL AR 7K ST Bl 2 15 [R] 4
FEANWT 0 ToTE AR R A B e . HE TP R 9 T0A7 R
IZ PRI B A HLELA JRRIZ i 15 2 i bR &3 51 i —
FE R BN & DRI 2 R 1] 388 4% 27 5 R 6T IR 92 o 5 S5
DRI 20 3R A7 R L 11 9 728 0 2 AR A DT 2R A5 B 2 80 R
TR AR R R RS R B R B O
ABFFE X MV-S191 3 R 20 )5 & 0 A T b ik
PR TR 1) SRR 92 2 4 ) A7 7 L Ul B e AR RO R b R R
T A (CY057) , HIE— szff“”lﬂ%ﬁé*% ﬁz H A
fimifi T HEH, HEANZERES EELES
21 7 B DI B s i ko R AR i T}J'JIEJiﬁ 1A
THEAFN) L, 5 AL A, H 3 B
TR PR S L G T A e A A X A s R ) M
ANV HE AR R T DR P PR 55 L R AR A A AU L A
SIS XA S HEAT T A S8 AR R nT DA Sk 2R R
A7 20 RR 92 MR8 1 1 A SRR Y
A WFFE 38 3K pMV-S191,peDNA-N P L 4 Fft J5i
L BSR-T7/5 40, fE 4R 7= A= ) T7 RNA R &
BT e 8l T7 % 57 Az 95 75 36 [ 41 RNA {H i
T EEGEE TS VL L A 5 RNA B b ™= A4 i 75 8 A
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