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et scil R A R S A TRMEBE, Jtat 100044
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R BRI A ST, AR Se Wl A% 2R 1 A
R B AS Gk, a4 15.2 kb [
et BE RNA, #5707 10 M EER A, bt 11 Fhik
M, Ah 3 AR (G F AT SH). 1 ik
FEA(M), 2 P54 & F1(NSL FiT NS2) . 1 flt RNA
PATRF-(M2-2) A K 4 Floe 35 DR 4 %) &2 o i s
AR CHEERMZEKTEON. P. L M
M2-1)81, K58 £l 2 11 (large polymerase protein,
L)/& RSV i1y RNA &0, Jf HHEER H mRNA
Jnig i ke . 4% 8 1 (nucleoprotein,  N)-5 9 # 5
K2 RNA R S L5 BT BUZ AT, I C oK i X 5k
AR ok, 5 Wi H (phosphoprotein, P)i C R
A AR AR B dE R N AL, 76 P B MAEE1 R,
L B LIZES RSV HEEH ] RNA, FFUGK#E
mRNA & e . R EK (M2 ORF 1
protein, M2-1)XJ T 75 5k K 20 % sk (R RS IR AN A2 2%
W, AR B RE A BH Ik 7 L PR R AL R ) A
HYFESRZEBIG, DIERISE R ) mRNA 44k
HZH mRNAFL i, N. P, L fil M2-1 &2
RSV ZilhFT 1 4 Fhi)gesE 1, NARREGHEE T,
TE RSV WS nligtfe 2 b, W R A B e A
(helper proteins),

bk RNA 9985 S ) ot % 27 R 238 2o g
T PR RO B 3 P 4 B s 3 R 4 e tE cDNA 52
B, PAHEBRPMIREE . AEIRRURYNE cDNA LUK
f3E 2 RSV I, 75 A AR L6 20 itk (40 BSR T7/5
20OV s BHK-T7 i 45 ) sl 15 5 46 R ik
(MVA-T7)1214R4E T7 RNA BAHE, 5 SR
MG cDNA 53l 346 A/ T7 J8h 1, Fesk
PR SE R A s R R 4 RNA, Ff &b 5™
Az 1 L A R S R A B BT R AR A
(HDV ribozyme/HDV Rz)VIE|, 15 %] HAT HER A i
975 7 i (R 21 Bl S L TR 2 RNA, 7 1h 656 L g
BUEE FIBRLZRIR I N, P L FI M2-1 YR Bh &

HIEE T, AR AR —F, S8 mRNA §%5¢
FKik | BENALHMERELR, P AEEHNRE .
B, FIHZE AR FAEY RS S, il
PHEUE B RSV FERZH S ARTS B4 RSV
P, Oy 2 A6 Sl AR 3RS T
H RSV, FFaEh I T Anysi s 16 2 B R It
o 2 24 W O e O VA 4

RSV {88 I R ALK RSV 3[R 20 11 3" 3 iy &
[X (Leader) A1 5’3 FE bl X (Trailer) i 8, JH 44
- BEH ) cDNA Bt RSV s 156, JF
TE G i e BE PR A M 3L OR B RSV 19 3 A 1R (GS,
gene start) FIJL EI 2% 11 (GE, gene end))F 41|18, 715
FERMR SuEmA T7 B3shT, 3umiiEmA
T7 &k, AL 4] cDNA 7. T
SERARXT TR, T B SR R A A R L R A 2
20 S T A A 5 A AR SR A S A0,

RO EE N A A P ORF, TUHR A
W FAgR L AL, © R F RSV RYSEA ]34 Fil
NS1 & F1IhREZE A5 P24, R ULLL EGFP fE
R ARG FE, TFRE RSV AU Fz 0% 5 R 41 P& R
YA DA S

XA L e 2 AL RO s -
IR, AR BE R T R i, R4 RSV Y
L A BEAE A F T U 5 23 R 9 GS 341 T
UREL SR Z AT, WS BRI L S, AE L
FNFERERIG, 28 L BEBES I EFE A
1) GE Al & ILF S M L5 5%, [Xaf b
W L REWRBELE S TR GS FAIFF
GRS BRI L o, ST R 05 5 R A A S Ak
BERARREAR o PRI XU 52—~ fol 75 356 8] 201 W 422 R
RSV i 55 5 5 A 2217 5L DR 2 1 7 5 R 24 42 ol
A FLSEIE O, AT DA S A A 400 B i DR 2 kA 7
PRFUEON B PR 55l AR 1 3R B A R D) RE
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Figure 1. Schematic diagram of rescue and expression of RSV dicistronic minigenome. A: structure of RSV-EGFP
dicistronic transcription cassette. The synthesized transcription cassette includes cDNA of RSV-EGFP dicsitronic
minigenome and the flanking sequences of T7 promoter, Hammerhead Rz, HDV Rz and T7 terminator. The cDNA
encoding RSV-EGFP dicistronic minigenome comprises leader region, GS (gene start sequence), NC1 (non-coding
sequence of NS1 gene), ORF1 encoding nonfunctional pseudo-virus protein, NC2 (non-coding sequence of M gene), GE
(gene end sequence), GS, NC3 (non-coding sequence of NS1 gene), EGFP gene, NC4 (non-coding sequence of L gene),
GE and trailer region in 5’ to 3’ order; The encoding genes of EGFP and ORF1, respectively, in this transcription cassette
are synthesized in reverse complementary copy; The cDNA encoding discistronic minigenome and the flanking
ribozymes are transcribed by T7 RNP (T7 RNA polymerase). B: the resulting product of negative-sense RSV-EGFP
dicistronic minigenome following the transfection of pBR322B-RSV-EGFP, plasmid encoding the transcription cassette,
into BHK-T7 cells (not shown here) by T7 RNP. C: the transcribed mRNAs of ORF1 and EGFP by the co-transfected
plasmids encoding helper proteins. D: the expressed nonfunctional pseudo-virus proteins and EGFP proteins.
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JEkL MR SR DGR &340 B Omega
/5 ), EndoFree Plasmid Mega Kits Ity F Qiagen 23 F ,
YUK Lipo 2000 g Invitrogen 23w, T4 %3
fitiF1 GoScript Sz ik &0 H Promega 4w, BR
HlvER VIR H NEB AW, PrimeSTAR RAHEAI
KimR Ik Marker Y0l H TaKaRa 23 7], DMEM £33
FEPLUK FBS (4 MiE) B Gibco v w], 457
FHAEM ¥R Corning 24 W)™ i, SuperReal gPCR
PreMix (SYBR Green)ififl &4 H KA H] .
1.3 AKX EGFP K RSV SUM R FHBIH 4
CDNA FHEE & % 8

TAC A TN Al 3L G i gnts EGFP (1)
RSV-EGFP HUI 5z i 5L K 41 cDNA, M 5% 2
3 e 5'-T7 Ja 8 F-Hammerhead Rz (fsk
¥ i )-Trailer-GE(L)-NC4(L)-EGFP-NC3(NS1)-GS
(NS1)-Leader-HDV Rz (1 BIAF R M)-T7 411
-3, JFFiRER pUCST FikL, o EGFP ELK N
FCG i B A 1) B ) BN A, 2% R 2H BORL Al 44
pUC57-RSV-EGFP . | f] EcoR I #1 Hind IIIfE I
MK RSV-EGFP AL 2 cDNA Fufk ik
pBR322B |- #i15 5 2 ki pBR322B-RSV-EGFP,
[] B B — B B i R R R F 41 ORFL
cDNA, LUJAEH: 3'3imfll 3 46 A 1) Leader, HDV
Rz JPHIF0 T7 2 1k+, JFribE % pUCS7 ik -
A5 4 JFikl pUC57-RSV-ORF1, H:/h ORF1
RSV 11 NS1 K& PR 5E T3 2 5k X 2H 3 i i — 345 20+ A
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Y LR 1Y S e HAMNF S . A Hpa T A1 Hind 11T
F- 37 °C N AL pUC57-RSV-ORF1 #il pBR322B-
RSV-EGFP., A £ U~ : pUC57-RSV-ORF1/pBR322B-
RSV-EGFP 10 puL; 10xCutSmart Buffer 5 uL; Hpa I
1 pL; Hind III 1 pL; ddH,O 33 pL, Sz siAF
50 uL, ¥8%J, 37°C T H 4 h, &i%4: . L%,
I8k pBR322B-RSV I -EGFP, Bl &4 A ik
EGFP (1) RSV XU iz - 7Y 5 PR 4 2 53 1 Jo s
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Figure 2.

Transcription cassette of RSV-EGFP dicistronic minigenome.
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F 1. ZRRNHFELE BHK-T7 AR KA Fik EGFP B RSV MU F R 2 £ F A
Table 1. Rescue of RSV dicistronic minigenome expressing EGFP by co-transfecting pBR322B-RSV Il -EGFP
and helper plasmids into BHK-T7 cells
Plasmid/ug
Group pcDNA3.1- pcDNA3.1- pcDNA3.1-  pBR322B-RSV  Transfection
PCONASIN-0er . L-opr M2-1-gpr  1I-EGFP reagent/uL

Experimental Group A 1 1 0.5 - 1.25 7.5

Experimental Group B 1 1 0.5 0.25 1.25 8.0

Control Group C 1 1 - 0.25 1.25 7.0

Control Group D 1 - 0.5 0.25 1.25 6.0

Control Group E - 1 0.5 0.25 1.25 6.0

Control Group F - - - - 1.25 2.5

GoScript S &% sHiAF & Ui H i T RT-PCR., 1511414
EGFP mRNA i qPCR 5% F1 (589-608 nt): 5'-CC
CGACAACCACTACCTGAG-3'; R1 (705-686 nt):
5'-GTCCATGCCGAGAGTGATCC-3' , % it 9" 1
GAPDH mRNA [JNZ5|¥): FO (83-103 nt): 5'-AG
GTCGGTGTGAACGGATTTG-3'; RO (183-205 nt):
5'-TGTAGACCATGTAGTTGAGGTCA-3' (51¥1H
AR RIL A BRA W5 ). 58 qPCR K% :
1 MEHR: 95°C, 15 min; 40 PMEFR: 95°C, 105,
60 °C, 20s.
16 SitFah

qPCR 453, Sl CEM To (554,
FH 2-(AACEAFRE MR, JFdEd e T K i fr
Bit4rHr. P<0.05 M2E5H Bk

2 HERMAH

2.1 SHEFEEBLE EGFP &) RSV-EGFP B
7R s A cDNA K H E 4 R OB
pBR322B-RSV-EGFP R4 E

DL EcoR I il Hind 111§ pUC57-RSV-EGFP
il pBR322B Jiikr, ik . FAb S TR EL, 4R
% pBR322B-RSV-EGFP., f] Bgl 11 1 Hpa I XY
Y3 pBR322B-RSV-EGFP, 53] 4748 bp #1749 bp
[ 2 255 45T L A /NS T — 2 (14 3-A).
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PH M B B 22000 e J TE 5K
2.2 4uf5 EGFP [ RSV XU T 78 5k K 4 Jshr
pBR322B-RSV I[-EGFP WM EE K %58

Pk Hpa I #1 Hind T3] pUC57-RSV-ORF1
fil pBR322B-RSV-EGFP, Zififk . ik )ikt
B, #1415 pBR322B-RSVII-EGFP. % Hpal flI
Hind IIDAEGY) %28, 430904 5197 bp Y454 LA
J 1013 bp SR, &AM RN B — 2 (K]
3-B). FHMETE R P R IESE
2.3 FA[RIK EGFP WU S Y B R 20 iy 7R R
R eRik

J T ff A FRETBY R 15 RSV ORIz i 8 3k
KZHr EGFP RibZ )RR, FATH RSV 7
BENH RS 4 Rl B BORLHA T 2L gy, IF 540k
/b 1 il B SO A YL 21 T LA IE Y SR 4G
BN, EHEYYS 24 h, pBR322B-RSV I[-EGFP
5> M2-1 BTk A S0 A H B e s
%%, pBR322B-RSV II-EGFP S M2-1 ) 4 Fh
WP BRI LR 2H R DO, HARSHIAM
LR 1rikYs)S 48 h, pBR322B-RSV II-EGFP
Bk M2-1 A B Bk 9 e i AL i 9 384
R ME SV A1k, pBR322B-RSV II-EGFP 5
A% M2-1 1) 4 Tl Bly oo 22 L b (9 2 6 3R6 4
HREEZ, HR&HTIARMWERZO6(E 4).
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& 3. pBR322B-RSV-EGFP #1 pBR322B-RSV I[ -EGFP [RHIHIEGI L E
Figure 3. pBR322B-RSV-EGFP and pBR322B-RSV Il -EGFP identified by restriction endonuclease analysis. M:
DL15000 marker; lane 1: pBR322B-RSV-EGFP digested by Bgl 1Tand Hpa I ; lane 2: pBR322B-RSV Il -EGFP
digested by Hpa I and Hind III.
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4. RSV WUREFHEERERIIRIE EGFP BIFRIEFERE 24 h 7148 h)
Figure 4. EGFP expressed by co-tansfecting RSV dicistronic minigenome plasmid and helper plasmids in BHK-T7
cells at 24 h (A) and 48 h (B) post co-transfection, respectively (NIKON ECLIPSE TE 2000-S x400). Mini representing
minigenome, N, P, M2-1 and L representing helper plasmids encoding N, P, M2-1 and L proteins, respectively.
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MELESERATLUE Y, Rk N P L A
142 B8 J5 A 26 RO Ji2 - 78 e R A PR R e v
NET Bl T e M2-1 8 1 0% B BOR: , EGFP
A DAZRIE , (HARXT T4 M2-1 4 4 Ffvéili Bl SR 4
T, HFRIRBCEKIFEFEL
24 RT-gPCR E Bl EGFP mRNA /K

N T 24T M2-1 88 PO s R S R 2
t EGFP FA/KF 52 , 75 RS 56 B, 3¢
ITFIA RT-gPCR Al 13U {0k 3 K2 EGFP
MRNA F7K -, SERZE L i 7R, pBR322B-RSV-EGFP
S M2-1 1 3 Bl B sk e e A rh
EGFP mRNA 235 i 0T & M2-1 1) 4 Bkl
PR A Bk G YL e (P<0.05) (& 5). R, M
SRR M2-1 38 A (e R 5E s i A
L ZIIReXT RSV 485 H 24 WA K 41 1) 75
G S 30 2 A DA )3 e e s A F AR A

150 | 1
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5. RSV-EGFP Xiiif FHZ & FE A RYZ 5 EGFP
MRNA ¥ 3% KF (/5 48 h)

Figure 5. mRNA level of EGFP by co-transfecting
RSV-EGFP dicistronic minigenome plamid and helper
plasmids in BHK-T7 cells at 48 h post co-transfection.
Mini: minigenome; N, P, M2-1 and L: helper plasmids
encoding N, P, M2-1 and L proteins, respectively; NC:
negative control group. *: P<0.05.
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TR A e (I DU TR R o F T BUIR B -7
LR L T RSV LR 4 0 B SEAf 50, anSR4te
A L E T 3" Leader P4 ALY, ANASHFSY
H#) EGPF ORF {3 T~ — g i Jo o BE A 2R 1R R
M ORF WY T ilF, <3z ML X M2-1 &
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HOCHAE | A4k, 2017, 57(7)

1011

HyafE

SGERRBY, Y SO Sz - i R 4 o
5 AR B BUR LR YL i) EGFP 28 3Rk LLE &
Tk /b 3Rk M2-1 25 A4 Bl Jokz i, A REWLEE 3
IR, T H EGFP mRNA %4 stk
HIRIEAC, 5 4 ML, ZRAA1
FE o XN BN sz - B KL R A AE /> M2-1
EARER T, L EATRSEAT IR SRFA 2 4
ORF X, fHE% A IRFEA.

Fearns Fl1 Collins %53 {5 Ff] Northern blot %) /5%
Xt M2-1 BYEHREME SRR B Tl ise .tk
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%5 2 > ORF BUI s+ B IE I 4, M2-1 A
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2% b 3 S ) LB PR R) B e s 2 1k DUORIIE L 3R
G RERE S o TUFEL N, A Rk M2-1, 58
R Bl SR RN Iz~ Ak 28 5 DR 2 %) 7 e e 2 i PR
A R X Y o

AL T EGFP 5 KL IR 1 WU S
RUBLAH, MNEE B AT mRNA B Sk 3k T
HHVEM . JUHE M2-1 FESRRS FE A AR
FH ., P A U s i 750 5 DX 20 AT A — 26 iy
T RSV o w5 B PR 2H 5 s A 2 L A9, JFm]
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Construction and application of dicistronic minigenome of
human respiratory syncytial virus

Yuanbo Zheng, Xiujuan Zhang, Min Xu, Nan Jiang, Xianglei Peng, Yuanhui Fu,
Yanpeng Zheng, Tao Hong, Jinsheng He"
College of Life Sciences & Bioengineering, Beijing Jiaotong University, Beijing 100044, China

Abstract: [Objective] To clarify the role of nucleocapsid/polymerase proteins or helper proteins of human
respiratory syncytial virus (RSV) in rescuing recombinant RSV, plasmids of RSV dicistronic minigenome encoding
enhanced green fluorescent protein (EGFP) gene was constructed and rescued. [Methods] Based on the methods of
gene synthesis and molecular cloning, RSV monocistronic minigenome plasmids, pUC57-RSV-EGFP encoding
EGFP and pUC57-RSV-ORFL1 encoding pseudo-virus protein, were constructed. Then, RSV dicistronic minigenome
was further cloned through these two monocistronic minigenome plasmids and pBR322B vector, and identified by
the analyses of restriction endonuclease and nucleotide acid sequence. Following co-transfecting helper plasmids to
BHK-T7 cells together with RSV dicistronic minigenome plasmid, the function of helper proteins was evaluated
based on the transcribed EGFP mRNA by real-time quantitative polymerase chain reaction (RT-gPCR) and the
expressed EGFP by fluorescent microscope. [Results] The recombinant plasmid of RSV dicistronic minigenome
encoding EGFP gene and driven by T7 promoter, pBR322B-RSV I -EGFP, was constructed successfully. The
differential expressions of EGFP both transcriptionally and translationally occurred following the dicistronic
minigenome rescued by different combinations of the helper plasmids, which showed the helper proteins functioned
differently in the replication of RSV. [Conclusion] The constructed RSV dicistronic minigenome containing EGFP
gene is a useful tool for function analysis of the helper proteins, and the M2-1 protein, capable of elongating the
transcription, is confirmed.
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