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Construction of the Mini-genome of Duck Hepatitis A Virus
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Abstract: In this study we constructed and identified the mini-genome of Duck Hepatitis A virus
(DHAYV), for analysis of the functional and structural properties of DHAV un-translated region
(UTR). To construct a bicistronic of DHAV mini-genome (pRluc-fLuc),the ORF of DHAV was
replaced by firefly luciferase ( fLuc) gene through enzyme digestion and the Renilla luciferase
(Rluc) gene was inserted before 5' UTR. We also added the hammerhead ribozyme ahead Rluc
gene and the hepatitis delta virus ribozyme behind 3’ UTR. We transfected the pRluc-fLuc into
DF-1 cells,the fLuc gene expression could be detected at 8 hours post transfected (h. p. t. ) and with the
levels peaking was at 24 h. p. t. The results showed that the DHAV mini-genome was constructed suc-
cessfully and can be used for explore the role of UTR in virus transcription and translation.
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Table 1 PCR primers used in this study
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Solution [ %% .Nhe | . Xho] .EcoR | .Not | .
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DAB 2 3%, 18 B 23U 78 B 5 25N 3 R Bk
3R R & OMEGA 23w 77 il s DNA- [R]85
& A TRl A A Al A R & B AxyGen 22\ 5
Pt fLuc Z TP . Anti-LuciferacepAb Fl15¢ ¢ 2
Hitg A6 3 377 & (Dual-luciferase Report Assay syste-
rm 10-Pack) W H Promega 2 #@l; g 4 Ifil ¥
DMEME 41l jfd % 5% # (GIBCO) ; HRP #5312 1) % 4t
FIG Zht. WA PSR A A LD .
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1 B At X Y B AR A BR 2 A s pRLuc . PGL3 11y
H promega 23 1] s DF-1 41 ffil 4% 52 56 = R 47 ; pDHV
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514 4 F% Name

2 HYFEH](5'—>3") Sequence

Luc-Xho I + 5-TCCCTCGAGATGGAAGACGCCAAAAACATAAAG-3'
Luc-EcoR T — 5'-AGAGAATTCTTACACGGCGATCTTTCCGCC-3'
Rluc-Nhe | + 5-CTAGCTAGCATGACTTCGAAAGTTTATG-3'
Rluc-Pst | — 5'-CCCGCTTTCAAACTGCAGTTATTGTTCATTTTTGAGAAC-3'
5'UTR-Pst | + 5'-CTGCAGTTTGAAAGCGGGTGCATGCATG-3'
5'UTR-Xho | — 5'-CCGCTCGAGGAAAGTCTACTGGTATTATAG-3'
3'UTR-EcoR | + 5 -ATAGAATTCACTGTTGGTCCGCAGGTA-3'
3'UTR-Not | — 5"-AAATAT GCGGCCGCTTTTTTTTTTTTTTTTTTTTTAGGTAGGGTAGGGAATAGTA-3'
B-actin + 5'-CTCCATCCTGGCCTCGCTGT-3'

B-actin— 5'-GCTGTCACCTTCACCGTTCC-3'

RT-fLuc+ 5-TTCGGTTGGCAGAAGCTATG-3'

RT-fLuc— 5'-GGTAGGCTGCGAAATGCCCA-3’

TR g BRI PR FE D7 55 fLue 99 C R TR S 2 I s Riue i B 9OC RS 2 s RZ W+ — "3R8 LTS 14

The underscores are the sites for restriction digest; fLuc. Firefly luciferase reporter gene; Rluc. Renilla luciferase reporter

gene; RZ. Ribozyme; “+”,“—" mean the Sense, Anti-sense primer



P E S L A TRV ST 4 95 5 A R 4L 19y 611

44 27 |
1.2 7%
L2l BENAMEE  DUSEK pRluc B,

Fi Rluc-Nhel+F1 Rlue-PstI— 5| ¥4 3% Riuc g 45 3t
5 LA SR pDHV g 854, ] 5" UTR-Pse ] + A1 5/
UTR-Xhol— KB4, 91 DHV 5 UTR; Rluc 45 3%
A1 DHV 5'UTR H Befili & (Rlue. 5'UTR) . T g 34
H 9 Rlue. 5'UTR _EH5IA Nhel BV 5 FHF5IA
Xhol WY1 5. H5fh & R Brik g2 19T R4k, % ¢ IE
J&i % Nhel 1 Xhol f§ U ¥4l & R Be s b 51 pCD-
NA. RZ 34k % 52 IE# 1 7o B 4 4 4 pRluc. 5 UTR,

pCDNA. RZ # Kk &2 = % T 8 R 9% 5 % 1§ )7 5
(Genbank % 5% 5 AY705792. 1) iy FigARZE Al 4
.. L pDHV H#idk , [ 3' UTR-EcoRT+ #1 3’ UTR-
Notl— A 519, ¥ 1 DHV 3" UTR; ;=9 L iiF5] A
EcoRIEGYI; &5, FF 51 A NotIEE VI i5.. 4 EcoR]
1 Not 1 V) #% A pRluc. 5' UTR, & 41 Fi ki 6y 44 K
pRluc. UTR, LA pGL3 FEAH, LLG|#H) Luc- Xhol + i
Luc-EcoRl — §" # 92 5t 3 i i 15 & . fLuc, 1 A
pRluc. UTR, £ %5 % 1E i iy 24 4 pRluc-{Luc, H454y
NI,

pRluc-fLuc: | cmv  JHRZ Rluc

B 1 pRluc-fluc B EFRBEHRE
Fig.1 Construction of mini-genome of pRluc-fLuc
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Fig. 2 Identification of pRluc-fLuc by enzymes digestion

2.2 RT-PCR £7%E

L RT-fLuc+ 1 RT-fLuc— &5 ¥, ¥ pRluc-
{Luc Fl pCDNA3. 1 ¢ DF-1 4 g J5 $2 5t 4 RNA
#47 RT-PCR #0025 R WoR : 975 SLuc &85 A



612 )

E o 45 %

BEK L N 191 bp. factin B 2 267 bp,

RGBSR AT (3D .
1 2 3 4 5

bp

1.5000 kb DNA #H X} 43 F [t & 45 i ; 2. 4. pRluc-fLuc ¥

%t DF-1 40 fifg . RT-PCR 43 5 K& 9 fLuc #1 Bractin; 3.5.

pCDNAS3. 1 #: Yt DF-1 40 jfd . RT-PCR 43 54 M fLuc 1

Bractin

1.5000 kb DNA marker; 2,4. Sample of cell transfected

with pRluc-luc; 3,5. Negative control

E 3 RT-PCR #& %R

Fig. 3 Identification of fLuc’s and f-actin’s mRNA by
RT-PCR

2.3 Western blot #& il
¥ pRluc-fLuc ¥ 4t DF-1 4 il , Western blot
WSS R SR A 142 62 ku B4 (B 45 fLuc

FEAFISEMT S, Bactin fEANSEH, K/
N 42 ku,
ku
130—*

M. 2 A X 43 53 b 1 5 1.3 pRlue-Luc %5 4% DF-1 4f

Jd , Western blot 435l #z {Luc Fl B-actin; 2.4. pCDNAS3. 1 %%

Yt DF-1 4fiffd . Western blot 43 54& I {Luc F1 B-actin

M. Protein marker; 1,3 Lysate of DF-1 cell transfected

with pRluc-fLuc; 2. 4. Lysate of DF-1 cell transfected

with pCDNA3. 1

& 4 Western blot #; il fLuc 1 p-actin B T iX

Fig. 4  Expression identification of fLuc and B-actin by
western blot

2.4 RAERBRENBERAREBEERN
H¢ pRluc-fLuc 5k H 4156 9 DF-1 20 i . 450

A [ i 5 Rlue A1 fLuc #9378 M. 455 % B Rlue
M fLuc 976 24 h xRk EXE(E 5, Fikg
REW AP R RAS T W Fg £ (Luc W3 A
4,9 H oAl RLAE I 3] pRluc-fLuc i 5 P 41 78 DF-1
20 0 b ) I s R AE O

1.20E+05 -
1.05E+05 +
9.00E+04 |
7.50E+04 -
6.00E+04 -
4.50E+04 |
3.00E+04 |

1.50E+04 - T
0.00E+00 :

—=—Rluc
—+—fLuc

Rluc/fLuc

8 12 24 36 48 60
[} []/h Hous post-transfection

& 5 pRluc-fLuc 3775 g £k

Fig. 5 Expression kinetics of the mini-genome in DF-1

cells
3 93

DHV & —Ffoxf 4 15 A7 58 Z1 a8k 4e v A 80 2 1
RNA 9 5 . (H 2 B 104 T 12000 2 i 0F 58 B = T 58 19
RN RS F5 R G0, 15 50 09 40 M 5 37 7 i 48 DHV
PRSI R G — BB AT RS ELIE B X B T,
R4 [ 2 3 R IR 0] 33t A% 24 B R 78 8 7. DHV 41 Jifg
RFRRGM G T BSR4 R
G55 H F IR R NS R A B 3L R AR L R L 7 1%
200 it A R o B 1 B S AR A L A ST

ol 3o TR 4 295 #) FR7 PP 48, PRI S T LA S o el 7 3
DRI 5 A 4 4 DX % 9 2 52 o) A0 B R 2 e . H RTF
FEF WIS JIF 99 % 5 B4 i X & A WL ) IRES JG
Y. B AR IR 2R IRES JeiF k17 B 16
) RNA 55 35 4 1 35 95 95 3 L 8 BN R 3 W 1B
9o T R I 0 LA 9 5 55 . AR5 TRES 19 4514
AIBE . TR Ry RS T Y J2 A5 00 B R
ARS8 888 10 B B2 s 11 28 RZAFAE T 1 18 0 5 )8
R A Z W TR R8s VR E T HIR
FEA AP, HEZIEW A B DHV IRES f
T YL S IV 26 IRES B4 AR . i T IRES
S b AR T AR ) RNA 2544 78 J2 278 A
FAAEMIE LT & SR 5 2 B . B,
] A AR 3 PR 4L B 9 9% /% 5  UTR 45 /2 20 4E
HFfERPLH . HAT, B AREM E A I DHV [
3" g ) X A AR O WL R IR 5 — BE & 3 42538
SERG AG NS 0 B BT AR 5 1 RN 1T B A



4 T A TR T 48 57 75 a5 PR 4 110y 613

2 ANZEERERGTY L IR G AT LRI R A A R O IR
L AEATHE I 5695 8 3 UTR 4544 R BE 149 5347

ARG BT & A Rluc A fLuc BN T 1)
TR LRI 2] s Riue 7E 9 N 2 FE 1R 68 6% 5 Jn of: ff 1)
Sk fLuc 8 P16 15 Bt O AL 53 A0 3" 3 1 %
TilF A TIE i PR 2L 65 A F00 K5 0 1k 3 3k A 1 KT A
A RNA KR IE A T it N A R g a5, H
AT [ P A1 56 5 1T 58 55 B Bl 78 3k DR A ) 0F 5 oK DL
T8 A5 B O B T 5 95 1 L AL R 3k R 4
PEAT WA AR R UE W] T 3% i 3% IR 41 363k R G i vl 17
P, gt — B0k DHV 8 81 L AR 4 1 X 5
5K KR RE SRR T RIFIE 6 .

S 23K

[1] LEVINE P P,HOFSTAD M S. Duck disease investi-
gation [ M ]. Annual Report of the New York State
Veterinary College,Ithaca,1945. 55-56.

XJe S, ARG AES  TE E T R I B S SR L. o
% & .2002,24(10) :6-9.

PAN M,YANG X,ZHOU L.et al. Duck Hepatitis A

[2]

[3]
virus possesses a distinct type IV internal ribosome
entry site element of picornavirus [J]. J Virol.2012,
86(2) . 1129-1144.

[4] YAMASHITA T, SAKAE K, TSUZUKI H, et al.

Complete nucleotide sequence and genetic organization

of Aichi virus,a distinct member of the Picornaviridae

associated with acute gastroenteritis in humans[J]. J

Virol ,1998,72(10) . 8408-8412.

[ 5] TSENG C H,KNOWLES N J, TSAI H J. Molecular

analysis of duck hepatitis virus type 1 indicates that it

should be assigned to a new genus [ J]. Virus Res,

2007,123(2): 190-203.

DING C,ZHANG D. Molecular analysis of duck hep-

atitis virus type 1 [J]. Virology ,2007,361(1); 9-17.

HOENEN T, GROSETH A.DE KOK-MERCADO

[6]

F. et al. Minigenomes. transcription and replication

(10]

[11]

[12]

[13]

[14]

competent virus-like particles and beyond: reverse ge-
netics systems for filoviruses and other negative
stranded hemorrhagic fever viruses [ J]. Antiviral
Res,2011,91(2):195-208.

EMONET S E, URATA S, DE LA TORRE ] C.
Arenavirus reverse genetics: new approaches for the
investigation of arenavirus biology and development of
antiviral strategies [J]. Virology,2011,411(2) .416-
425.

ZHAO W,HU H,ZSAK L,et al. Application of the
ligation-independent cloning (LIC) method for rapid
construction of a minigenome rescue system for New-
castle disease virus VG/GA strain [ J]. Plasmid,
2013,70(3): 314-320.

LIU G,YANGUEZ E,CHEN Z,et al. The duck hep-
atitis virus 5'-UTR possesses HCV-like IRES activity
that is independent of elF4F complex and modulated
by downstream coding sequences[ ] ]. Virol J,2011.
8:147.

PALMENBERG A C,SGRO ] Y. Topological organi-
zation of picornaviral genomes: statistical prediction
of RNA structural signals [J]. Semin Virol,1997,8
(3):231-241.

DORNER A J.SEMLER B L,JACKSON R J.et al.
In wvitro translation of poliovirus RNA; utilization of
internal initiation sites in reticulocyte lysate [J]. J
Virol ,1984,50(2) :507-514.

GLASS M J, SUMMERS D F. Identification of a
trans-acting activity from liver that stimulates hepati-
tis A virus translation in vitro [J]. Virology,1993,
193(2):1047-1050.

CHARD L S,KAKU Y,JONES B, et al. Functional
analyses of RNA structures shared between the inter-
nal ribosome entry sites of hepatitis C virus and the
picornavirus porcine teschovirus 1 Talfan [J]. J Vir-
0l ,2006,80(3):1271-1279.

i AP



