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ABSTRACT 

The role of motif n (DEAR AsPw-GlulK,,-Ala.,.7-Hi 1~~ ) of Japanese encephaliti virus (lEV) NS3 protei n on 
RNA binding activity was studied. A point mutation was introduced to the motif and the RNA binding activity of 
each mutant protein was analyzed. Truncated form ofeaeh protein with a His-tag was expressed m Escherichia coli 
BLll (DE3)pLysS and purified by metal affinity resin . Asp-28 - and Glu-286 was respectively substituted with Ala, 
AJa-287 was replaced by Cys. Gly. r er. H is-l8X was mutated to other 19 amino acids. In lotal. 24 mutant proteins 
were produced and anaJyLcd. AL resuJts, all mutants showed quile similar RNA binding activity. indicating that 
motif n uf JEY NS3 is not related to RNA bimling activity. The same finding was reported for hepaliLis C viru c 
(Hey) NS3 protein, suggesting lhe s imi lar structure of NS3 [lrotein in tlavivirus . 
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INTRODUCTION 

Japanese encephalitis virus (lEV), a 
cau 'ative agent of 'entral nervou~ di 'ea ....es such 
as meningitis and severe encephalitis, belongs to 
tlle genu., offlavivirus of the family Flaviviridae 
(Kun et al. , 1998). JEV has a positive. ingJe 
strand RNA genome of approximately 11 kb in 
lengtl,. The genome RN A is translated into a 
single polyprotein precursor, which is subsequently 
proce sed into three structural (C, M. and E). 
and seven non-structural ( S I, NS2A. NS2B 
NS3, NS4A. NS4B . and NS5 proteins. 

Base on sequence alignment. the flavivirus 
NS3 protein belongs to helicase uperfamily 2 
(SF2) that can be subdivided into three fanlilies 
(DEAD, DEAH and OExH (Gorbalenya and 
Koonin, 1993). The NTPase/RNA helicase 
domain of tlavivirus N 3 protein is a member of 
DExH family that has seven conserved motifs 
O. ra. D, m. IV, V and VI) (Fig. I). along with 
NTPase/RNA heIicase domain or hepatitis C 
irus (HCV) NS3 and vaccinia virus (VY) NPH

II proteins. These conserved motifs are thought 
to be involved in RNA binding, NTP binding. NTP 
hydroly is, and RNA he licast! activities 

(Caruthers and McKay, 2(02).ln particular. Motif 
[J of DExH prole ins is one of the most important 
sequence motifs presumably involved in NTP 
hydrolysis. In particular. the histidine moiety is 
well conserved among OExH prot ins and i 
thought to participate in the linkage b tween NTP 
hydroly is anu RNA binding. In this study, we 
targeted amino acid substituuons in motii'll (Asp
Glu-Ala-His. DEAH) of the recombinant JEY 
NS3 protein and compared the RNA bimling 
activity of wild anu mutant proteins. 

R~cently, important role of the conserved 
motifs, incluuing mOlif II, in the enzymati 
activities have been demonstrated for som 
DExl-I prot ins by amino acid ub titution and 
X-ray crystallographic analy. is (Mancini et al., 
2007; Mastrangelo et al., 2007; Sampath et aI. , 
2 6: Xu et al.. 2005; Utarna et lIl.. 2000b; Gross 
and Shuman, 1995). Particularly, the conserved 
motifs of HCY NS3 protein bave been 
extensively studied by both mutational and 
crystallographic analysis (Warde I ef 01.. 1999; 
Cilo ef al., 1998' Heilek and Peterson, 1997. Kim 
ef al., 1997; Yao er 01., 1997). From the analysi . 
of HCV NS3 protein . it is shown thal motif 1 
(GxGKSfT) involved in NTP binding by f nning 
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Structural ProteIn! Nonstruclural Proteins 
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NH2~ ,""P·R-A H DEAH ~ -F- H -T-G H·R·GR-R ~ COOH 

Figure 1. The structure of the JEV genome and conserved motifs in the TPuse/hclicase region . There arc :.even 
conserved motifs presumably respons ible for NTPase RNA binding and RNA helicase activities of the 
lEV . S3 protein. The amino acid residues. substll uted in this study, are also shown. 

P loop w iLh ~ ph phate of NT P . Motif lJ 
(DECH). in close proximity to motif I. has been 
shown LO bind to Mg2+ and assist in orienting the 
Mg2+-ATP sub~trale for ATP hydrolysis . Motif 
III (TATPP) is tbougb to funct ion as a switch or 
hjnge region to couple confonnational changes 
involved in NTP hydrolysis and unwinding. 

The role of motifs VI (QRxGRxGR) is 
controversial among DExH proteins . Motif VI 
in rhe HCV NS3 protein is thought to be critical 
for ATP hydrolysis but not R A binding. wh ile in 
some DExH pr tein is thought Lo be critical for 
RNA binding. Although the function ofeach motif 
is predicted to be s imi lar among the same family 
of helicasc. in facI the function of amino acid in 
the motifs wa ' slightly different among the 
proteins. Therefore. the function of am ino acid 
in the motifs of the DExH proteins may be 
different from one to another. Yet. no mutalion 
or X-ray crystall graphic analysis of lEV NS3 
protein and its relation to RNA bind ing acti\'ity 
has been perfomled. In this study. we analyzed 
the fu nction of each amino acid in motif II 
(DEAH) of lEV NS3 against RNA binding 
activity. 

MATERIALS AND METHODS 

COllstructions of NS3 expression plasmids 

The expres. ion plasmid ' were constructed 
as prev iously described (Utama e t 01.. 2000a; 
Ulama et ai .• 2000b). Brietly, a cDNA fragment 
derived from Japanese JEV ·train Ja00566 wa 
amplified lIsing the primers 5'TCG ATT TCC 
AGe GCC ATC GTG CAG-J ' and 5 -ACG TCG 
ACT CTC TTT CCT GCT GC-3' (generated 
restriction . ites are underline). The 1.4 kb PCR
amplified fragment was digested with El.'o RI 
and SaIl. and subcloned into the corresponding 
restriction s ite of pET-21 b (Nnvagen, Mallison. 
Wl) . The expression plasmid encodes amino 
acid 163-619 of the mv NS3 prolein with His
tag at the C- tenninus . 

EXI"'eSS;UT/ and pl/rificatio1/ (J( NS3 protei/l~' 

Exprcs. ion and purilicalion of NS3 proteins 
.... ere performed as reported previously (Utama 
et al. , .2000a. Utama ef at.. 2000b) . In bri f . the 
expressi n plasmid t.:on taining JEV NS3 genes 
was lran)}formed into E. coli BL21 COE)p ysS 
(Slralagene. La Jolla. CA). After the TPTG 
induction at 37 I1C for 3 h. the cells were collected 
by cenLrifugatiun (1200x.f(. 20 mm). The cells 
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were resuspended in buffer B (10 mM Tri-HCL 
buffer (pH 8.5), 100 mM NaCl, 0.25% Tween 
20) and disrupted by sonication on ice. The soluble 
fraction ofthe clarified cell lysate was mixed with 
TALON resin (CI ntech, Palo Alto, CA). After 
gentle mixing for more than I h at 4°C, tbe resin 
was collected by a brief centrifugation and washed 
by buffer B containing 10 mM imidazole. Resin 
bound protein was eluted with buffer B containing 
400 mM imidazole. Purified protein was dialyzed 
again t dialysis buffer (10 mM Tris-I1CI buffer 
(pH 8.5), ) 00 mM NaCI, 10% glycerol) at 4(1C 
overnight, and stored at -30°C before used . 

Sit -directed mutagenesis 

Site-directed mutagenesis was introduced 
to DEAH motif of JEV NS3 protein by 
QuikChange Site-Directed Mutagenesis kit 
(Stratagene) according t the manufacture' 
instruction . Two partially complement 
oligonucleotide primers were 'yntbe ized to carry 
the desired mutations. The nucleotide equence 
of the entire coding region was determined and 
the desired mutation was confirmed. The mutant 
plasmids were transformed into E. coli 
BL2L(DE3)pLys ,Lhen expressed and purified 
similar to tbe wild type protein. 

Asp-285 or Glu-286 ill motif II 
(D28SE~K(lAH) was ub tituted with alanine, and 
the resultant mutant proteins were designated 
AEAH and DAAH, respectiv Iy (Fig. 1). The 
Ala-287 in DEAmH motif was ub tituted to 
Cys, Gly, or Ser to produce. respectively. DECH. 
D G IT, or D H mutant. The H is-288 in 
DEAH 28H wa mutated to other 19 amino acids 
to produce DEAx Illutants. 

Preparatiol7 of substrare and RNA billding 
assay 

The n p-Iabelcd ssRNA fragment was 
synthesized by using plasmid pSP72 (Promega, 
Madi on, WI) as templatt!. In brief, the plasmid 
p P72 was linearized with Bam HI. and used as 
a template for in vitro transcription using the 
Riboprobe System-T7 (Promcga). The RNA 
tran cnpt was extracted f 110wing manufa ture' 
instruction. and purified by spin column Micro 
SELECT-D (5Pnme -7 3Prime Inc., Boulder, 
CO). The RNA was diluted in RNase-free water, 
and used [or RNA binding a ay. RNA binding 
assay was carried out in 20 fll of binding buffer 

Annale Bogorienses n. . Vol. II No. I, 2007 

containing 25 mM MES (pH 6.0) 2 mM OTT. 2 
mM MgCI 1.25 units of RNa in (Promega),1 , 

0 .32 fmol o-rthe labeled ssRNA and the purified 
NS3 protein. The reaction mixture was incubated 
at 37°C for 10 min, and 5 III of loading buffer 
(100 mM Tris- HCI (pH 7.4), 5 roM EDTA, 50% 
glycerol, O. I% xylene cyanol, 0.1 % bromophenol 
blue) was added to terminate the reaclion. A 10 
fll ofmixture was analyzed by 10% native-PAGE, 
and the labeled RNA was quantified by BAS 
2000 Image Analyzing System (Fuji Photo Film, 
Tokyo, Japan). 

REs LTS 

Expression and purification oj the truncated 
.lEV NS3 protein 

A cDNA orresponding to C-terminal 457 
reSidues of mv NS3 protein was subcloned to 
pET-21 b vector and expres ed in E. coli. Tbe 
recombinant tmllcated protein was purified by 
metal affinity resin as described in Materials and 
Method . After introduction a pint mutation 
resultant mutated protein was expres ed and 
purified in a similar with the wild type protein. 
SDS-PAGE analysis of the 1 Ilg ofeach purified 
NSJ proteins showed mostly single band ofprotein 
which has S4 kDa molecular weight for all wild
type and Illutant proteins(Fig. 2A, 3A, and 4A). 
oincides with the estimation by sequences 

analy is. 

Mutagenesis oj Asp and Glu in DExll motif 
of .lEV N 'J protein 

. To analyze the tlmctional significance of the 
Asp-285 and Glu-286 in motif II (D28sE2R~AH) 
of Lhe JEV NS3 protein. an alanine subslitution 
wa introduced to each residue . Botb mutant 
proteins (AEAH and DAAH, boldface represents 
mutalion posilion) howed RNA binding activity 
mostly identical t that of the wild type protein 
(Fig. 2B. Table I). It is suggested that Asp-2HS 
and Glu-28fl are not ignilicanl for RNA binding 
activity. 

Mwugenesis in the x residue o/the DExH mot!! 
oj .lEV NS3 protein 

We then inve tigated the effect to 
ll1utagene is of alanine residue in motif fI 
(DE~~7H) f JEV NS3 protein on RNA binding 
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igure 2. SD ·PAG analysis (A and RNA binding activity (8) ofwild-lype and mutantJEV S3 (AEAH and 
DAAH) protein . (A) Purified JEV N 3 proteins ( [ ~g/Iane) were subjected to I O%·PAGE and StaiJ1Cd 
with oomassie Blu~. (8) After RNA binding reaction, I 0 ~I of mixlure was analyzed by 10% native
PAGE. 

M :::I: J: J: ]
(kOa) ~ V C w ~ J: J:UJ 

c c C Q 	 8 C ~ 
~97.4 .... 	 ~ ~ W
.!.. 0 QC Q 

66.3 	 ~ PrutdD .. SIRNA--.. 

complu 


... -- - -
42.4 .... 
30.0 _ 

"RNA -~ .,......... .... 4 

(A) 	 (8) 

Figure 3. SDS-PAGE analysis (A) and RNA binding activity (B) of wild-type and mLltant JEV NS3 (DECI-!, DEGH 
and DESH) proteins. (A) Puritied JEV S3 proteins (lllgilane) were subjected to IO%-PAGE and stained 
with Coomassie Blue. (8) Aller RNA binding reacLion, 10 )11 of mix.ture was analyzed by 10% native
PAGE. 

activity. The residue was substituted with Cys. MI/lagenesi~ if His in the DExH motifofJEV 
Gly, or Ser. 0 'CH, DEGH and DESII mutants NS3 protein 
(boldface represents mutation position) showed 
RNA binding aClivity similar to that orthe wild To elucidate the significance of histidine 
type protein (Fig. 3B, Table 1). It is suggested residue in motif [J (DEAHm ) of JEV NS3 
that A-2 7 is also not essentlUl for RNA binding protein, His-288 was subslituted with all other 
acitivity. amino acids (Fig. 4A). The re ultant mutant 

proteins demonstrated different level of RNA 
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binding activity, ranged from 54%-100% of that RNA binding activity. but was not essential for 
of wild-type protein (Fig . 4B, Table 1). However, the activity. Thu , all residues in the motif II is 
no protein lost the RNA binding activity, thought to be not related to RNA binding activity. 
suggesting that the His residue had effect on the 

a:: ~ Q !Ill !- ;>- U 0' 0 ~ ..J ~ 
(kOa) ;:j ;5 ;:j < < ~ 

M ~ ~ t5 ~ t5 I&J ~ t5 ~ g ~ I&J I&J< ~ I&J ~ M
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97.4 -66.3 --.. ~--------~------~~~-42.4 -
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I4RNA-. 

(8) 

Figure 4. SOS-PAGE analysis (A) and RNA binding activity (8) of wild-type and mutant JEV NS3 (OEAX) proteins. 
(A) Purified JEV NS3 proteins (I ~g/lane) were ubjected to lO%-PAGE and stained willi Coomassie 
Blue. (B) After RNA binrung reacti n. JO,.u of mixture was analyzed by 10% native-PAGE. 
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Table 1. Effect of mutagenesis in motif n of JEV NS3 protein on RNA binding activity 

Motif II of .lEV 
NS3 

RNA binding 
activity (%)* 

DEAH 100 

AEAH 100 

DAAH 110 

DECH 100 

DEGH 100 

DESH 100 

DEAR 75 

DEAK 75 

DEAD 57 

DEAE 69 

DEAS 72 

DEAT 80 

OEAY 86 

Motif II of JEV 
NS3 

RNA binding 
activity l%)* 

DEAC 74 

DEAN 54 

DEAQ 86 

OEAG 87 

DEAA 74 

DEAV 89 

DEAL 61 

DEAl 82 

DEAM 66 

DEAF 100 

DEAW 97 

DEAP 88 

*The activity of wild-type lEV NS3 was set as 100%. 

DISCUSSION 

Based on sequences analysi ', NTPaseiRNA 
helicase domain of JEY NS3 protein i. a member 
of DExR family RNA helicase, which ha e at 
least seven conserved motifs (I,la , II III IV, V, 
and VI) (Fig. I) (Gorbalenya and Koonin , 1993). 
The importance roles o/" the conserved motifs in 
the enzymatic activities have been demonstrated 
for orne DExH proteins . Part icularly, HCV NS3 
protein is the most investigated among DExH 
proteins , either by mutalional ana[y is or 
cry tallograph ic analysis (Wardel el al ., J999; 
Cho eta/. . 1998; Heilek and Peterson, [997. Kim 
et al.. 1997; Yao et af., 1997). However, study 
on JEY NS3 has not extensively carried out. In 
this paper, we present the study on the 
sign if icance of mot if [I (DEAH) of the JEY NS3 
protein for RNA binding activity. We found out 
that all amino acids in the motif were not essential 
for RNA binding act ivity. 

HCV NS3 proLein crystallographic analysis 
showed that His in mOLif II (DECR) is located at 
the lim ofthe interdomain cleft between domain 
I and 2, facing a si de chain of the G in in the 
motifY1 (QREGRTGR) across the cleft (Dwnont 
et al., 2006; Caruthers and McKay, 2002; ho 
et lI l .• 1998; Yao el al.• 1997 ). Based on this 
structure, histidine residue appears to be essential 
for coupling the ATPase aCLivity to polynucleotide 
binding. Consequently, mutation of Hi res idue 
of Hey N 3 (Wardel et al., 1999' Heilek el uf., 
1997 ; Kim et a/. , 1997) and vaccinia virus NPH
IT (Gross and Shuman, 1995) proteins resulted in 
a functional ATPase and RNA binding with RNA 
unwinding act ivity, similar LO our result. In 
conclusion, the function of His residue in motif 11 
of DExH protei n may be affected by many 
factors or may be context dependent. 

Altbough a number of . tudies on DExH 
protein have been performed. tllis is the first 
extensive mutational study on JEV NS3 protein. 
Our result demonstrated that all amin acids in 
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motif II of JEV NS3 protein were not e sential 
for RNA binding activity. These findings are 
different with other DExH protein; cystein 
re idue in DECH motif of HCV i nol essential 
for RNA unwinding activity (Heilek and Peterson, 
1997) . In thi study, however, we performed 
mutational analy is only in motif II. Since the 
function of amino acids in the motif, a') well as 
functional roles of con erved motifs, may not be 
independent, it is imponant to analyze the effect 
of other motifs substitution of JEV NS3 protein 
to elucidate the overall enzymatic function. of 
lhe protein. 
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