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Fl4H Bh 24K pSFV-helper2 4 4%, &l f£ 5" UTR
VA N CMV 8T, 76 37 UTR R A
H LBV HDVr 7 2SR T 4 FloAs[m] (1)
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JEIEDR, A Y SEERAE S, FR A SERI7E /N LA A
13BN T K FRIE, Jus /N RS 75577 A i R
SEMEBUAA LA K 41 i 5 28 SN

1 #MR577E

1.1 A5 #HIK

BHK21 41 fig#k T % 5%/ F1fLi, 10 U /ml 5
B HEM 10 g/L 555 % ) DMEM K5 773 (Invitrogen
N FED)EEFE. pSFVIL pSFV3-LacZ Fl pSFV- helper2
(Invitrogen A 7)) 4 3& T SFV 1 [ 4 & il 1 #5044,
pSCTA. pSHCTA Al pSCA-LacZ & ¥y % 1 3t
T DNA Fl RNA [f) X Ih g SFV & il 1 4 14 .
pcDNA3.1 (+) (Invitrogen v 7] ), pFRT/LacZeo
(Promega, #iA& B- - FLWE 17 By 1 2 0k k),
pCMV-LacZ (K £ {1235 B- 1 FL B 17l ¥ R ik 2k
1A R AR S # AR AT
1.2 S|¥MAEZEER

I THIEEE T DNA B SFV 53 7841519
AL TR WA 1.

Table 1 Primers used to construct DNA-based replicon vectors derived from semliki forest virus

Primer Sequence (5'—3") Enzyme site
CMV IE promoter
F-CMV geeggcatgetagttattaataggtaatcaattacggggtc Sph 1
R-CMV catccgcecategttagecagagactetge Overlap
SFV vector 5" end
F-SC ctetggetaacgatggeggatgtgtgacatac Overlap
R-SC cagtgatatccaagatgagtgtgtctttg EcoRV
BGH transcription termination
and polyadenylation signal
F-SA ctagactagtctgtgccttctagttgecag Spe 1
R-XA ctagtctagaagccatagagcccacce Xbal
HDYV antigenomic ribozyme sequence
F1 ctagtgggtcggcatggcatctecacctectegeggtee Spe IV
F2 gacctgggcatccgaaggaggacgtegtegtecactcggatgggctaagggagag Overlap
R1 ctectteggatgeccaggteggaccgegaggaggtggagatgecatgecgacceca Overlap
R2 ctagctcteecttagecatccgagtggacgacgte Spe IV

Overlap, primer is partially complementary with another primer, foruse in overlapping PCR. Underlined, enzyme recognition

site. ) Annealed and complementary enzyme recognition site which ligated with vector.
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PCR, JFURLFZHURI DNA 4. #:4k. B4
ST RO ROTEAT, SR Gr k) |
1.4 DNA 3340k

DNA # 4% 21 }fy X H Lipofectamine™ 2000
(Invitrogen A ), 4% AL HIFE 7217, % DNA
LA 1.6 g/ LI )& e g 31 12 fLBCh i 70% ~
80% L)z BHK21 411, 37°C T CO, WK 7%, il
P T ZH T T RORL IS, A G 3k A8 A R A B 2 A
(BERBC1 01, L 1.6 wg), THiFE24h 1 48h )5
I3 VSR E A 8 7 S5 A 1 ml (BPRE IR G B).
1.5 SMNEEEFTIE RGN

X-Gal JEA7 G (B 754G M LacZ JE PRIk DL K B-
e FLOBE B B O MR € & 2> M LacZ K ik K P
(B-Galactosidase Enzyme Assay System with Reporter
Lysis Buffer, Promega /v w), 4 brifk 2k S M b
TR R RO AL 2 A Pl i 1 BT o). i 2 AT AU
R IE Kb 3 IRE S, HIFR 40 M A B (1) 15 53¢
B, BCFIME.
1.6 E4A R E FURL R #0240 B K2 T S N E

9 B L I N 2R 2R 500 mg/L 1] o ikt
H IR B (a-chymotrypsin), i 20 min &, MIA
LR LR 250 mg/L (1) 4 Ik ¥ (aprotinin) LA K% o-
JIR e L 1l SR PR B 2 S A R i Rk
BHK21 41 g LS 0 1L 5 20 99 25 0136 1 I s
T E . A B 40 R BIOAH > T — AN I P A
BEMURL, S8 73T B2 E R B R RO ARORE 5 2
DAA BRSOk v, /0 3 ISR, JFHIE
b T 20 55 B B )~ SA B A A R
1.7 {KP DNA SiZFR{kik & 20 e e & 4a

6~8 J& W Y] SPF ¢ BALB/c /)N B BE HL 7
A, A 3 2, TN BB RO DY Sk UL A v S
30 pg i B T PBS 1 1) it B DNA pSCAR-LacZ.
pCMV-LacZHl pSCAR(ZFHAA). /I B A: 4% Ja AL A
FVERS 15 pg DNA, 50 wl AR, vES S, SEEIXY
VST BEAT FRLI, WI-2002 WE ARSI XS
$4: 100 V. 50 ms, 6 ANk E, IR B T
AT 6 ANkt TaIBg 2 J o, 4L 2 Wk,
SV G AR, T 5 E s e 3 8 5 IR HE R
I, 3 B ys B, 28K 8¢ ELISA 75
JE G5 SN v R e, B B- AL T I
(Promega A ) AP, BRI ALY (HRP)Frid
(AR 1gG I 3T, pSCAR(ZEHAA) AL/ FIL i Ay
FIPEST I, DL Ay EIE3) 0.2 L E, PIN=2.1 4

PE. RIS /N BT SAL AL, HUBE, 40 i 20 B s
Jei > FHOMITT V253000 5 96k £ 40 0 ) 488 00 e B . L4
MIAnA 10 wl MTT (5 g/L), 5h Joi, FFLEMA
100 pl 10% SDS, 37 Cil W&, F 570 nm &b
8 S ALIIBOG R, R E(SH = L5 4P A
B / A4V A H.

2 & R

2.1 A REHIET DNA B SFV E 5 FHIKBIEE

ZIRF LT DNA R RNA (R E S H) 14
& pSCTA il pSHCTA ¥ 5%, ik (5L + DNA
MW r&EAE R AT ED T U
F-CMV/R-CMV Fll F-SC/ R-SC 115|441 & 58 s
PCR #4866 bp K J1 Bt (L7 CMV 338 1) B T
SP6 i )1, F-SA Fl R-XA 4 5|4 PCR ¥ 1
238 bp BGH ¥4 5x 2¢ 111 7 41 s e N S5l 1~ 48044 1)
Spe 147 ni, FJEERTEL R 4 8 pSCA. N L&
Fa 4 45519 (F1. F2. R1 F1R2) &l Bk
HVEE 5 Spe 1 RMEIF LBFRALIIEAK pSCTA F1
PSCA AHIE, FAJEEIIE ) v B 1) S 20 TR 2 i) i 44 k)
pSCTAR H1 pSCAR, BRIyt T 5340 3 #dk T~ DNA
(A T2RIEEAK, Wi 1a fEBEEERE b, M@ T 3
FlAH R 2T DNA 156174 Bh a8k, 23l 4
4 pSHCA. pSHCTAR Fl pSHCAR, 41/ 1b, LA
o 3 RS FEIN LacZ HI3ET DNA IS HIFRIE
Ak, 5l 4 4 pSCA-LacZ. pSCTAR-LacZ Al
pSCAR-LacZ, Wi 1a.

FAk, L Sac 11 W1k pSCAR-LacZ Ji7 Hi%
P gt T A4 i B R R 2.7 kb Fr BB TR
IE# A pSCAR-LacZ-del, Wi 1c. DL BRI E A
JTURE Y41 28 Tl 1) S5 5 R 410 5 Sy XA ) o P
2.2 0 DNA Sl FRIZHAE S RFRIEIMFEE
A KFERIFAR

& LacZ FEP (1) 4 B DNA 0] 7 %5 8k i
Pedffs, it X-Gal JR A7 G ik LacZ LA
Fik, PHEEAN MR EEE, RIFILT DNA ) SFV &
B AR RS RIB SN IEA. 4 FPIET DNA 52
TRIEBAE LN )G 48 h, X4 HEAT B- 2K HL
Pl AT, PR IR IB AN L RKF
EHLnpE 2, 5 pSCTA ALk, pSCAR ik At
RIK e T 3 %, R 1) pSCAR #itk B4y
SEUF (R S SR IR AN SE R BE ), e T 5
- RNA [ 5'H1 3" UTR B9 857 51 s i H 42 i)
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Fig. 1 Schematic illustration of DNA-based SFV replicon expression vectors and helper vectors used throughout this study

(a) DNA-based SFV expression vectors pSCTA, pSCA, pSCTAR and pSCAR; DNA-based B-Gal-encoding SFV replicon expression vectors
pSCTA-LacZ, pSCA-LacZ, pSCTAR-LacZ and pSCAR-LacZ. (b) Helper vectors pPSHCTA, pSHCA, pSHCTAR and pSHCAR. (c) pSCAR-LacZ-del
deleted 2.7 kb Sac Il fragment in nsP2-3 region from pSCAR-LacZ. CMV, cytomegalovirus immediate early (CMV IE) enhancer/promoter.T7, T7
promoter. TT/pA, BGH transcription termination and polyadenylation signal. HDV, HDV antigenomic ribozyme sequence.
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Fig. 2 Comparison of expression level of heterologous
gene in cells transfected with different DNA-based replicon
vectors
Relative expression levels of LacZ in cells transfected with four different
replicon expression vectors pSCTA-LacZ, pSCA-LacZ, pSCTAR-LacZ
and pSCAR-LacZ. Expression levels of LacZ in cells of 12-well
transfected with replicon expression vectors 1.6 g were assayed by

B-Galactosidase Enzyme Assay System 48 hours post-transfection.
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Fig. 3 Expression of LacZ gene in cells transfected with replicon expression vectors and plasmid
DNA vector (x400)
The expression of LacZ in cells was assayed by X-gal. (a) Cells transfected with pSCAR-LacZ. (b) Cells transfected with
pCMV-LacZ (Non-replication). (¢) Cells transfected with pSCAR-LacZ-del (Deleted 2.7 kb Sac I fragment in nsP2-3

region). All stained with X-gal 48 hours post-transfection.
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Fig. 4 Expression level of heterologous gene in cells
transfected with replicon expression vector and DNA vector
at different time points and with different amouts of DNA
(a) The expression levels of LacZ in cells at the indicated time points
after transfection with pSCAR- LacZ, pCMV-LacZ and pSCAR- LacZ-
del, respectively. (b) The expression levels of LacZ in cells transfection
with the indicated amounts of pSCAR-LacZ, pCMV-LacZ and pSCAR-
LacZ-del, respectively. B-Gal levels in cells (12-well) transfected with
the expression vectors were measured by B-Galactosidase Enzyme Assay
System. B-Gal standards were used to convert the readings of A 4 for the
ONPG assay results into nanograms of protein. ®—@® : pSCAR-LacZ;
H—N: pCMV-LacZ; A— A: pSCAR-LacZ-del.
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Y5 BRI R 107 A /ml, 5 37°CREFRAAFMILE
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(Reporter Lysis Buffer, Promega /A #)) 47 SDS- %
NI e vk (B 6), AT, B- FFURE T
il 5 40 0 P R4S T 7K P I . pSFV-helper2 4
5 ACHBh A, A 1 EE 2 R RORE AT A5 IR
getk, DAY o- BREEFLE B I AT A B E P62
DIk E2 R E3 T 0 AL R0, R AT —
SE [ 2 A AEL T 2 117) T 2 5 B ORI FH T8 i A
SRR YT BRI, LG DNA &)1 20446 25 1)
e JEE PRI RERIURE 23 A2 ph T 588 K [R5 R 24 i ™
AR AR RE, 0T REAT T P2 SR LAVEAL A B
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Fig. 5 Comparison of titer of recombinant virus particles
in cells transfected with different DNA-based replicon
vectors
Total virus titer from cells (12-well) co-transfected with four different
expression vectors pSCTA-LacZ, pSCA-LacZ, pSCTAR-LacZ and
pSCAR-LacZ and corresponding helper vectors pSHCTA, pSHCA,
pSHCTAR and pSHCAR. Virus was harvested 24 h or 48 h after
transfection and titer was assessed by statistic numbers of positive cells

stained with X-Gal 36~48 h post-infection cells (BHK21) .
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Fig. 6 Analysis of the expressed products in cells infected
with RVP by SDS-PAGE

A: B-Gal (Promega), positive control; B: The lysates of the BHK21 cells

infected with RVP contained no foreign gene, negative control; C: The

lysates of the BHK21 cells infected with RVP contained LacZ gene; D:

Protein molecular mass marker. Arrowhead indicates 3-Gal of expression

product in cells 36 h post-infection with RVP contained LacZ gene.
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AR EE, 3R B2 SR I 45 T B AL R RORE (1) 2 4
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High-level Expression of Foreign Genes In vivo and In vitro by Improved
DNA-Based Replicon Vector Derived From Semliki Forest Virus
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Abstract The design of DNA-based alphavirus vectors significantly improves the utility of these replicon vectors.
The DNA-based replicon vectors can be used in expressing foreign genes and preparing RVP in virio efficiently,
also in developing replicon vaccines and gene therapy vectors in vivo. The approach involved the conversion a
RNA-based replicon vector into a layered DNA-based replicon vector by the RNA polymerase II promoter and
transcription termination/polyadenylation signal transcribed replicon RNA from DNA. When DNA-based
alphavirus vector tranfected into cells, the first layer includes a eukaryotic RNA polymerase Il expression cassette
that initiates transcription of RNA in nucleus. Following transport of this RNA from the nucleus to the cytoplasm,
the second layer, autocatalytic amplification of the RNA vector corresponds to virus RNA replication cycle and
results in high level expression of foreign gene. DNA and RNA-based bifunctional replicon expression vector
PSCTA and helper vector pSHCTA were successfully constructed by replacing the SP6 promoter used in the
original system pSFV1 and pSFV-helper2 derived from Semliki Forest virus (SFV) with CMV promoter and T7
promoter, and inserting BGH transcription termination and polyadenylation signal downstream 3’ -untranslated
region (UTR). In order to obtain DNA-based highly efficient replicon vectors, they were further modified to
construct additional three DNA-based SFV replicon expression vectors and corresponding helper vectors. To
investigate the efficiency of foreign gene expression level by the four different DNA-based SFV expression vectors
and recombinant virus particle (RVP) prepared by cotranfecting with corresponding helper vectors, improved
DNA-based replicon vectors pSCAR and pSHCAR derived from SFV were developed. high level protein could be
generated using the new vector system by transfecting DNA into BHK21 cells and High titer of RVP produced by
cotranfecting with helper vector. Antigen genes were also expressed in cells by the replicon expression vector.
Additionally, reporter gene expression was observed in mice muscle following injection with SFV DNA vector.
Anti-B-Gal antibody response and cell-mediated immune response were induced after intramuscular inoculation of
the B-Gal-encoding SFV replicon DNA. The results suggested that highly efficient DNA-based replicon vectors
pSCAR and pSHCAR were constructed by modifying the SFV vectors. The improved DNA-based replicon vectors
enhance the utility of them, and can be developed as potentially replicon vaccines and gene therapy vectors.
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