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Abstract The Yellow Fever ( YF) vaccine, an attenuated yellow fever 17D ( YF-17D)) live vaccine, is one of the most effective
and safest vaccines in the world and is regarded as one of the bést candidates for viral expression vector. We here first reported
in China the construction and characterization of the recombinant expression vector of yellow fever 17D which contained the
proteinase 2A fragment of foot-and-mouth disease virus (FMDV). Three ¢DNA fragments representing the full-length YF-17D
genome, named 5’-end ¢cDNA (A), 3'-end ¢cDNA (B) and middle ¢cDNA (C), were obtained by reverse tramscription
polymerase chain reaction { RT-PCR) , together with the introduction of SP6 enhancer, necessary restriction sites and overlaps for
homologous recombination in yeast. Fragment A and B were then introduced into pRS424 in turn by DNA recombination,
followed by transfection of fragment C and the recombinant pR$424 containing A and B ( pRS-A-B)} into yeast. A recombinant
vector containing full length ¢cDNA of YF-17D (pRS-YF) was obtained by screening on medium lack of tryptophan and uracil. A
recombinant YF-17D expression vector containing FMDV-2A gene fragment { pRS-YF-2A1) was then censtructed by methods of

Received: December 19, 2005; Accepted: February 17, 2006.

This work was supported by Hua Han Bio-Pharmaceutical Holdings Limited and Livzon Pharmaceutical Bictechnology Co. Limited .
* Corresponding author. Tel: 86-10-67304344; E-mail: yguo @ tengen-biomed. com
FREVMHAERARLAINMEEL LR ERRA .

© PERERMEDHARTATIKSHEL http ournals



Xiaown Pang .2 2A A RN EMERARE 1TD A R kM 49

DNA recombination and homelogous recombination in yeast described above . fn vitro transeription of the recombinant veetor pR3-

YF-2A1 was then carried out and introduced into BHK-21 cells by electroporation. Results of indirect immunoflusrescence assay

{1IFA) and titer determination showed a stable mfections recombinant virus was gotten, whose features such as growth curve were

similar to those of the parental YF-17D. The results suggest that the recombinant vector pRS-YF-2A1, by introduction of

heterogenous genes via 2A region. is potential to be an effective live vaccine expression vector.
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Table 1 Primers used in construction of recombinant YF-17D expression vector

Primer Sequence of primer( 3.3}
Ia' cgeg geggeege ATTTAGGTGACACTATAG agtaaatcetgiptgetaatt (Boldface: Not [ )
1b cacegtal gaatte ctttece ( Boldface: EcoR 1)
2a geagacaccgectgegaltie
2b cacglagtacatticatgagt
3a ccatacatgecagatgitcitgagaaact ggaattgetecaa
3b cec clegag tggitttgigittgteateea ( Boldface: Xho [ )
4a geatacaaggitcagacgaac
4p* aaccategattcGGGGCCAGGGTTGCACTCGTCTCCCGCAAGCTTAAGAAGGTCAAAATTCAACAGC T Geat atgecacaagacateeccacticte
5al AACCCTGGCCC Cantcgatggticgaggegegegacgeageggipacgiactetgggataticeeactoe taagateate
5b cgeigeeeaacclolagegge

1: capital letters represent partial sequence of 5P6; 2: capital letters represent partial sequence of 2A.

1.2.3 YF-17D A HIE RNA XU H# 5 H
it Bl Xho | B§Y) pRS-YF-2A1 B DNA, B =401
22 B AR EBTLIES . 7B T X RNA M8
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BEE, or BIE 10 MR B HEIT A E B, HEAT 2 K
k. WELHRE L 0.01M01 BEFE O 80%
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ZERME MR, FEHELRENESERES, B
HIRGH PCR F=4 i 7 Y0 5 o1 B0 4700, 88
IWERAIT I AT L%,
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a’ 2 Yellow fever ITDRNA  ®
RT-PCR
kb
12—
6—
k-
Not | EcoR | EcoR | Xho | 2
- ) IS
A B
3 cDNA tragments of yellow
fever 17D
EcoR 1
[ —
C

BE1 #¥¥FPCRY M YF-1TD R B
Fig.1 Amplification of YF-17D fragments using RT-PCR
a: amplification strategy of YF-17D fragments using RT-PCR.b: RT-PCR products of YF-17D using 1 % agarose.
1: DNA marker kb ladder plus; 2: 5°¢cDNA (A); 3. middle ¢cDNA (C); 4: 3'cDNA (B).

Nat | EcoR |
a Nor | EcoR | P I— |
O r
Not |, EcoR V
Not |, EcoR |
[ W |
Not | A EcoR 1 A

Not | EcoR |

E iXhal ~_ DNA ligase \_/1
EcoR 1,Xho |
EcoR | Xho |
'
Norl A EwRl A

Not 1 A EeoR 1 B Xho | _‘ Xho 1
-l 1 1 « -]
v N k___‘f/
EcoR |
EcoR 1
R

Notl A C B Xhol Not | A ¢ EcoR | B kol
—1 1 - | |

‘\\-_——,_/ Transformation into yeast

Full length ¢cDNA clore of yellow fever 17D

1 2 3 4

2 2K YF-17D cDNA fH 2
Fig.2 Construction of full-length YF-17D ¢cDNA
a: Construction strategy of full length ¢cDNA of YF-17D.
b:identification of recombinant vector pRS-A. 1: kb ladder plus; 2: fragment A; 3: pRS424 plasmid; 4: pRS-A digested with Not [ and EcoR [ .
¢: Identification of recombinant vector pRS-A-B: 1: kb ladder plus; 2: fragment B; 3: pRS-A plasmid; 4: pRS-A-B digested with Xho | and EcoR ] .
d: identificaion of recombinant vector pRS-A-B-C. 1: kb ladder plus; 2: pRS-A-B-C digested with BamH] ; 3: pRS-A-B-C digested with EcoR |

4:pRS-A-B-C digested with Sac I .
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Not | Kpn | Nhe | Xho |
a - ¥ 1 L] Full length cDNA clone of yellow b
NS2B NS3 fever 17D ! 2 3 4 5
Kpn 1, Nhel
Not | Kpn | Nke | Xho 1 Kpn | Nhe |
Fragment about 2.2 kb
N52B NS3
¢DNA clone of yellow Primer l PCR
fever 17D deleting
fragment about 2.2kb 12A
24 l
RT-PCR
Transfomation into yeast Ai’;llu
Fragment containing
‘ NS2B 24 NS3 5, gene of foot-and
Nor | A iql" Yho -mouth disease virus

Recombinant yellow
fever 17D containg 2A gene

B3 224 BMESA YF17D REHEKNRE

Fig.3 Construction of recombinant YF-17D expression Vector containing 2A fragment

a: construction strategy of recombinant expression vector of YF-17D containing 2A fragment.
b: identification of pRS-YF-2A1 with 0.25% agarose. 1: kb ladder plus; 2: clone 1 of native pRS-YF-2A1; 3: clone 1 of lineanized pRS-YF-2A1
by A1 1 ; 4: clone 2 of native pRS-YF-2A1 clone 2; 5: clone 2 of linearized pRS-YF-2A1 by Af1 I . '

2.3 BAEREWXRNESR YFITD REAEBE
EXHmhpRE

B3 48h J5, A YF-17D RIE S H T B A%
WA (IFA) , KW BT YF-17D Fik A £ BHK-
21 PR REES S EME 4 FiR. AESA]
UEH YF 17D R R (RF L m) MR # L,
KPEH YF- 17D REHEER FHARABRTTR
HHERA.

M4 EERERECRMEL YF-17D REREE
BHK-21 #0 i o £ & ik
Fig.4 Detection of expression of recombinant expression vector of

YF-17D in BHK-21 cells using indirect immunofluorescence assay

2.4 BHAYF1IIDFREBEFTIAMPROEKME
¥oraitmERERE BHK-21 A, #

FHARKMLE ., BSs HEA YF-17D X ENX YF-17D
fEBHK-21 gif P ey Kk, 2R BR, E4H
FENAEKHMARREERBE YF17D E KB L
%, A% W ik 10" Lg PFU/mL.

100 1

101
-—Ei —{il— parent 17D
% 1 —&— recombinant
k=

0.1

0.01 T
0 1 2 3 4 5 6 7 B

1d

Bl s ®4 YF-17D % 8 K EAL YF-17D #E BHK-21
441 Jf B A e 2%

Fig.5 Growth curves of recombinant YF-17D virus
and parental YF-17D virus in BHK-21 cells

3 it

FIA R ARG 2K DNA SR
RNA R RBBE AR FZ 4. ABE LU, &R
FERMTHEK cDNA RIEA LIEKBTFE+ A
FRNENEARFERS ARATHRAHNENR, £
MERBNEARE _HANREERHEE HE

BEFE BRAEFTHREN2K cDNA MWEBRK
HEM, XTEEH TEAN LK DNA REE K
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BT At EE SRR R EEERE
MEB/BFIRE. B, A TXERE, 2RERHT
[ B BF 50 S A AL (9 28 o B P BB 4 B 4T SRR Y
FETY, XBE cDNA KB4 BAE 2K DNA
H—KEFH, K EERAEHTENER RS
BURHE., A3, XA ENERBR. EAERHT
DNA EHER W E MK E R A FERTEYN
DNA 2 LA RN R EE Ak Eo R EEREE
EE FEWREN FENETETEERERM.
J9 1 B 3% — [R B, Polo %5 | R B 6 DNA 5] IR E 4l
E—5Fa BT T _REEAFEENS KRR
P ol B [RHT, R BN T AR (YAC) HI
REL B K FF & & 48 D 5 08 I pRS424 P B &
K DEN2 cDNA, & Bl F| ] pRS424 {1 1E R
fF mMAREMHEETREEXEORE" . Hit, &
BR K pRS424 HEER MBS KA YF-17D gt
kI ZREM TR FREES YF-
17D RIXE A, AWK, RABESHAES
MERBRER ST ETFERESIMN RNA JBEL
RRMEWE MEZFEEE, EHAES.FF
REZEG MM AXKEST TEMFE, AKREEG
A OUER B ] LUA SRR MRS D SR 3R ig 4R
REMNEK cDNA B ES5AFEHE, TieR
EHBETENESE R L, REEREINERE
AR E5 ARREN L, #EE 5 55
EITEXEHANERBRESES, B FIMNEREE
KAOAAGIE RS TR TEFIEXBETEY
WARTERE, LSBT EES TR EE
K ETHETER AR . R AR %M A
A AMBEGEFAREAFE P EHRALEDZ S
B— A~ 4 B8, TT LT K18 5058 4 IE W 00 L
. BEREREEENNELESEEE RO
BENEL IIEEFAHEILFAINSARKEFY
HEIF IR RE D, A EEES AR
e SIAMFFI AT KIS Skb, R EES X &
T E 30~ 38bp T Y. BEARTEESB R
A 3T 8 77 w15 2 YL AR s R R i
M RT-PCR LK ABRES c FERAERS
WIS T EA, R IRERAE T P 18
e E EHRE A S5 A%, WA LGEMSI
ABERFMN (AWM R 24 FE)UTERE A EE
HEEA AMERE TEHFEARIHMB/.
SEUMRBEANARZGET , AMRER
AREFHATOREHFEMNEOKERE 24 R

B, EREBERGIAETR HEE R R E
BB ASRAE, WM H , PI5 Ui . 2A H B o[ i)
BB 6~T7kb WAME B, X RB 24 FEI®
REFYR-—FMARAKER, SHBENEFESR
KIS B T3 A B i E K 84 TR A8 B R
WA 2AMEER R, EGEHHALsI DA
Frhgk'™, HK AT HBEHEHREARER
WATATRAHRZBRHEARGENEHNED, L
AAFRIBREMIEEA, AT KT ER
ey m A,

AR FI A RT-PCR BB ARBREAFTFEN

CFRER M E S E 2K YF-17D cDNA JEiRA OB

EREEHKME 2A FBEMEH YF-17D 58
K EENEFRSHE RBAEAREENNELRK
H, H—-FMARA FEHARENEKMZ HiF
THPETE S 5 4 W2 AR 1 MR AL YF-17D + 4 # L
FZREMRIIWE, R EEREL K DNA
WREERHRRE M EREN T RS X W
BALRMHE— AR ZEETZH Y SHHMEE
(RAETBEE T 2.
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