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Adenosine triphosphatase activity and cell growth promotion of
Andrias davidianus ranavirus 96L-encoded
protein (ADRV-96L)
ZHANG Rui'? ZHANG Qi-Ya"*'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan, Hubei 430072, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Background] Adenosine triphosphatase (ATPase) controls DNA replication initiation and
host response switch to pathogenic microbes. Recent genomics studies on aquatic animal iridoviruses
have suggested that they share a gene encoding ATPase. Here, the function of the core gene in
iridovirus will be first elucidated. [Objective] Andrias davidianus ranavirus (ADRV), which belong
to the family Iridoviridae, is the viral pathogen of mass mortality in Chinese giant salamander—the
world’s largest living amphibians. In order to identify virus gene and test the gene expression effects
on virus replication and host cell, an ADRV gene, ADRV-96L was cloned, expressed and function
analyzed. [Methods] Sequence data were analyzed using PredicProtein software. pET32a/His
ADRV-96L recombinant prokaryotic expression plasmid was constructed, and the protein was
expressed in Escherichia coli DE3 using IPTG induction, purified by Nickel Resin and eluted with
imidazole. ATPase activity of the purified ADRV-96L recombinant protein was measured by the
production of inorganic phosphorus (Pi) using molybdenum blue spectrophotometry method. Stable
transfected cells were constructed and characterized. Then, the effects of ADRV-96L were analyzed
by one-step multiplication curve for virus replication and estimating the growth rates of transferred
cell, respectively. [Results] The multiple sequence alignments provided that ADRV-96L was
characterized by the presence of the conserved AAA-ATPase (The ATPase associated with a variety
of cellular activities) domains (20—159 residues) that contain Walker A and Walker B motifs, and two
highly conserved arginines. The recombinant prokaryotic plasmid expressed a 52 kD fusion protein
containing ADRV-96L, and the protein has ATPase activity 4.68 U/mg. The results show that
ADRV-96L has no measurable impact on the ADRV replication, but it has been shown to promote
cell growth. [Conclusion] Andrias davidianus ranavirus 96L gene (ADRV-96L) encodes an ATPase
that is involved in cell proliferation and growth.

Keywords: Andrias davidianus ranavirus (ADRYV), Virus gene, ATPase, Enzyme activity, Cell growth
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1
1.1
1.1.1
ADRV DNA -
Escherichia coli Top10
E. coli BL21(DE3) pET32a(+)
pMDI18-T TaKaRa
«C )
1.1.2
Taq DNA EcoR 1
Hind 111 ( )
T4
( ) DNA Marker Protein Marker

IPTG
Sigma
Ni-NTA His-Bind
Novagen ATP
PCR
Bio-Rad
Hirayama
Beckman
Syngene
LB (Luria-Bertani) (g/L)
5.0 10.0 100 pH7.0 LB
LB 1.5%
1x10° Pa 30 min
LB
50 °C 50 pg/mL
1.2
1.2.1
(Andrias davidianus
ranavirus  ADRV) I ADRV
ORF 96L (ADRV-96L)
NCBI 7 ADRV-96L.
Rana grylio

virus 16R (RGV16R JQ654586)
Ambystma tigrinum virus 96L (ATV-96L.  AAP33264)
(Lymphocystis disease virus-
isolate China 209R (LCDV-C209R NC_005902)
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ClustalX 8
ATPase
(AAA-ATPase)
1.2.2
ADRV-96L.
PCR F (5'-AA

AGAATTCATGGAACAAGTACCCATAAAGGA-3')
R (5'-GAGAAGCTTAATCGTCCAAGTCCGAC

TGG-3') EcoRT HindIII
ADRV DNA (
[2])
PCR PCR 10xTaq Buffer 2.5 pL

dNTPs (2.5 mmol/L) 0.5 puL MgCl, (25 mmol/L)

2.5ulL (1 pmol/L) 0.5 pL DNA
1.0 L. Taqg Polymerase (1 U/uL) 0.5 pL
25 uL PCR 94 °C 5 min 94 °C
10s 55°C30s 72°C30s 35 72 °C 10 min
PCR 1% DNA
EcoR I  Hind III
pET32a
DH5a PCR
pET32a-96L
pET32a-96L DE3
200 mL
LB 37 °C 250 r/min
2 h ODgoo
ODeoo 0.8
0.4 mmol/L  IPTG 24 °C
10 h 1 mL
4 °C 2 000 r/min 10 min
12% SDS-PAGE
1.2.3
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=1:10 ( )
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SDS-PAGE
ATPase
(http://www.njjcbio.com/)
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13:4:4 ( )
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Walker A

ADRV-96L  :20 SIDTDLGGTKLVVIGKPGSGKSTLIKALLDSKRHIIP————VKAKAEMGSKKSW
RGVI6R :20 SIDTDLGGTKLVVIGKPGSGKSTL IKALLDSKRHI IP———-VKAKAEMGSKKSWL!
ATV-96L 120 SIDTDLGGTKLVVIGKPGSGKSTL IKALLDSKRHI IP———VKAKAEMGSKKSWL!
LCDV-C209R :20 STETDIGGMKTTVIGRPGSGKSTLIKSLTASKRHLTP~—=—TTAKN-LLDKMSW
ISKNV35L  :17 —-DDEMGGMKLIVLGKPQRGKSVLIKSTTAAKRHTIP————LALKN-VDPEHSW
GTPVA32L  :13 SLITNPFRTALVGGSGSGKTAYLLSLESTLVEKYKHT-—=—KYVETKGNKKADM

Walker B Argl Arg2

CMDNAKMENDKEVRALFKNGRHWNVLVV TANQYVMDLTPDLRS : 159
ICMDNAKMENDKEVRALFKNGRHWNVLVVIANQYVMDLTPDLRS : 159
CMDNAKMENDKEVRALFKNGRHWNVLVVIANQYVMDLTPDLRS : 159
CMDDSKLFCDKMVMDLEFKNGRHWNTLVIVASQYVMDLKPVIRS : 158
CMDNAKMENHEAVMDLFKNGRHWNVLVI TASQY IMDLNASLRC : 153
LL.GD——KQTKSSCLLDFLNHGRHLNTSTTLLCQTYKHVPINGRT : 151

CCATPase6 :16 GIPLIATATALPWVLYPTSSSRWINNRLITIQGWF IN-——=FTPTTQLSLNMG-FAVPLWLATVIIGMRNQPTVALGHLLPEGTPIPLIPVLITIETISLFIRP: 154
DRATPase6 :16 GIPLILVAMLLPWLLFPAPTSRWINNRLITVQTWLTG-——=FTPTTQLSLNMG-FAVPLWLATVITGMKNQPTTALGHLLPEGTPIPLIPALTTTETISLFIRP: 154

1 ADRV-96L 7

Figure 1 Amino acid sequence alignments of ADRV-96L with 7 homologs from other species

Walker A Walker B Argl  Arg2

Note: Walker A and Walker B: The highly conserved motifs; Argl and Arg2: Conserved arginines.

2 ADRV-96L.  SDS-PAGE
Figure 2 SDS-PAGE of expressed ADRV-96L
M IPTG -

Note: M: Protein molecular weight marker; IPTG: Induction
protein expression; —: Uninduction protein expression.
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3 ADRV-96L.  SDS-PAGE
Figure 3 SDS-PAGE of purified ADRV-96L
5 10 20 40 60 80 100 120 160 200 250 500 (mmol/mL) Us .

Note: 5, 10, 20, 40, 60, 80, 100, 120, 160, 200, 250 and 500: The target protein was eluted by stepwise elution, using differen
concentrations of imidazole (mmol/mL); US: Unpurified supernatant.

A 96L C B bp M P 96L C N
- I NnNNn _

2

4
Figure 4 Agarose gel electrophoresis
A RNA B PCR ADRV-96L .96L pcDNA3.1-96L C pcDNA3.1 M DL2000 DNA
p DNA N

Note: A: The total RNA; B: PCR detection for ADRV-96L gene. 96L: pcDNA3.1-96L transfected cells; C: Empty vector pcDNA3.1
transfected cells; M: DL2000 DNA Marker; P: Positive control, from virus DNA; N: Negative control.

RNA cDNA ADRV-96L 2.5 ADRV-96L
PCR DNA GSTC
pcDNA3.1-96L. 2 pcDNA3.1-96L
ADRV-96L pcDNA3.1 pcDNA3.1
ADRV-96L ( 4B) () 4
ADRV-96L ADRV-96L
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9 —
—e— pcDNA3.1

8L -4 pcDNA3.1-96L A

Cell number (x10%)

1 (d)
pcDNA3.1

5 pcDNA3.1-96L 1-4d
GSTC
Figure 5 Growth curves of GSTC cells that were stably

transfected with pcDNA3.1-96L and pcDNA3.1 from 1d to 4 d

ADRV 2 GSTC
pcDNA3.1-96L
pcDNA3.1 48 h pi
(Hours post infection)
( 6) ADRV-96L
3
[25]
[26]
DNA
z-o‘ -4 - pcDNA3.1
oo —e— peDNA31-96L
75
70
D% 6.5
g 6.0 -
S 55t
— 50
45
4.0
351
3.0 1 Il 1 Il 1 Il 1 Il .
0 4 8 12 18 24 36 48hpi
6 ADRV  pcDNA3.1-96L.  pcDNA3.1
48hpi GSTC

Figure 6 Growth curve of ADRV in GSTC cells that were
stably transfected with plasmids pcDNA3.1-96L and
pcDNA3.1 for 48 h pi

ADRV
ATPase ADRV-96L
ATPase
(dUTPase)
(Thymidylate synthase) (Thymidine
kinase)i?”%
ATPase (301
ATPase
7.47 U/mg
ADRV-96L
120 mmol/mL
80 mmol/mL
60—100 mmol/mL
ADRV-96L
ATPase
[31-32) A32L
ADRV-96L ATPase
AAA-ATPase

[33]
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