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OB DLl or R B R E A, R R W S S R R A 1 2 A 3% 5 UK iRt 1 (valacydlovir - hydrolaselike,
VACVase-Like) B A MBI T (RSFEEMIR. (F5 0K, BSIREE M. SR, SREUKME. RN I =R S5 3T i Fi
3N, JEMEE T KRR GR AN SREN], BT AARE T REEAS, HRWB TAREEA. SERKEE &AW
BIESIE. Bk, BB FSRE KA, HAMAR AL, BT &R, ERX A E A TR, A R
A RUR SE I BE A Y AR . AT 45 SR T NAEY) VACVaselike IR FUIREEE MERIE B, AiE— PR EEEM RN
(1 D Re ANYE LB SR Lk 4 o

RBEE] RIS TAKMRE: GRS ol KR

Bioinformatical Analysis Of VACVase-Like Gene From Several Plants

. . . h
Bade Renguf"d, Li shuangH, Wang ShaomengH, MaYongH, Hasi Agula—
College of Life Sciences, Inner Mongolia University, Inner Mongolia Key Laboratory of Herbage & Endemic Crop Biotechnology, Hohhot, 010021
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Abstract Base on the Arabidopsis thaliana and Ricinus communis, The physical/chemical properties, conserved domain, signal
peptide, trans-membrane domain, leader peptide, hydrophobicity/hydrophilicity, the secondary and tertiary structure of the proteins
were predicted and andyzed for valacyclovir hydrolase-like (VACVase-Like) of severd plants by bioinformatics tools,
phylogenetic trees were constructed. The results showed that most of these VACVase-Like proteins are structura stable except for
Theobroma cacao, In all these VACVase-Like proteins, have signal peptide, leader peptide, trans-membrane structure hydrophobicity
/phydrophilicity domain, and similar to composition and structure, belong to the secretory protein, but the subcellular localization
analysis found that exist and functional are not the same position in the different plants. The result of the plant VACVase-Like studies
may provide very valuable information for experimental research and application development and theoretical basis for further sudy
of the relationships between mechanism and function.

Keywords VACVaselike, Bioinformatical, o/ hydrolase

i i (Vaaciclovir, VACV) 2 SIEIRSAY)  JUF 585 B E i TR L2502 1R 4 D 1)
KYURTTEAY), CRPEE TR ZE R Wi 858K I VACVase LLZ & B R AT 14 25 (1%
RIARZGY), e —FhRe B m dedibilsn, ABTE H R o- 2 ZE TR N R 21T K il (Lal et
"M L-HEmREE. 5%+ N (Sephen et a.,  al.,2008), CHFFEE Y] VACVase At 2 (/K it
1993). ¥ (de Miranda and Burnette., 1994). /Ml f& & & 5 (Valaciclovir) 1 4 B & &
(Burnette and de Miranda., 1994)Z AN IIEI &  (vaganciclovir) . 5% £ 5% 5E (zidovuding) « %8 JK
1& /K i (valacyclovir hydrolase, VACVase)ivi  (floxuridine). 75 {5 (gemcitabing) S HLi 58« $1L
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AT (Kim et al., 2003; 2004).

VACVase /& o-Z & MRER /KGR, BT o/p 12
IK RIS , AEKAFAER 264 T RE K ARACE -
RAEMRIMNBES . ofB 78 KA BE S AL HE & (1
fEime . Bely. Loty 8L R AL
V7K SR RS, oK B 3 I S5 MR e
8 % B FATHIIT B K B o BieBIERL, A
B B FERERIAFATIN. ofB KAREEREDS S H2K
B FR A — AR BITE PR o5, AR B = E
TRAFI) ZAR A — R (L E R IR
FRER KA EIR)ENLT B5 B, MRIEVRIL) LT B efE
ENLT B7 BE L, ZaXH R R IR REE WA T
Ja—A B BE L, TEATEYT B 450 ORI IR A
% —PE(Nardini et al.,1999).

TENARH, VACVase J& /K i AR Hr i =5 i o &
WHEEE, 1 291 MEIERA N, VACVase
TE AN 400 R R s ARk, AR
Jfi /(Caco-2 cells) 735 FilEFfatith, TEAE.
B R R B, RO . R Rk
FIKENGY, UE AN A 521755 T A (Puente
et al.,1995). HHl, VACVase 3K RG4S
BAHRWIE, EMEDENEIEE, ERVEE A
TERE, A ORI A B2 DR TR S RO &
B, WA EAE ) VACVase-like 3 B A% T 1% 51
DA BTSSR 7 4 ARV I SR B K Pk
R E90K. B, Sk, 548
¥ Je = SRS AT TN 04T, N R — i T %
HE R SR MR AE FE AR A 1 2L A T e RT AR FH ML 42 it
HEMLER.

1 &R 55
1.1 VACVase-like F4k 1 5 i3 #r

F| A Protparam {E 2% # HE  HT W
VACVase-like ZEH 8 P ALK 1), HEY) 14 4
IR FRALH B T &K MELO3C009679P1 1) 398
NGRS, BI1E 440 UL L, R TFII 2 T EHOK,
4 56.2111 kDa, #f/Il MELO3C009679P1 73 1 & f%
/N, R 44.7561kDa, it H AR A IR T ] ml AR
e lit, HRByArfaem®En, ®HINW
VACVase-like & A E A 51.30%, FaiE a4k
>SA0%AEEE . KT ) VACVase-like & [ 1S5
IKPEREAT 04T, RIBR T Hi%& . vl IR, FLEE IEAE
bbo FHRVINTUE, SRMIABATIE AR /E-0.2~+0.12

Copyright © 2015 5" Publisher

Z BN R IR, B RE A BE AN T
-0.5~+0.5 FE AW PR FERR (115, 2010), Ui
I ix = R VACVase-like & & B /K & .
1.2 ¥ VACVaselike KERFFHI RE K LR
MBS

NT R MR, Y14
VACV ase-likesi: [K] 1) 72 Gt A 14 2l 5% F 8 25
M 57325 (distance methods) H (1941 A7 AH 43235
(Neighbor-Joining, NJ)/5i%, XJVACVaselikets [
BT AL 8, @i B 259504 (Bootstrap
Analysis), *4Bootstrapf &K, T T
HULE R AR, RIS, i ss
BRW, BEES T EAETE AN A AR
W IXAR AT BE & VACVase-like Sk ik i b 22 18] (1) g 5
P2 7 S TE A A2 b e FE AR <P AT S 800, gk AR
(1) AT SE VR I8 M 57 6 3R V25 (discrete character
methods) 7 1) 73 4h—Fiid dtid, B K {1 £03%
(Maximum Parsimony methods, M P)#4 % [k AL B
BHTIAE. FiEIIMEGA 6.0 B ARG kAR
(K1), ik ZE el —E 3R, EMF
R, fETEEME L IVACV ase-likek: K 5 ik /&
m RN, T R, R
(AT1G64670). f JIN(MELO3C009679P1) 5 H At AE47)
I EIsRGOR REBUE, HHLYIIAE R T 4
B, AHAE S SN AT PO FR I URE (155 2 [R5 A
Rl BEFIEEE, KREAIEBES. HAirmA~EE L
T TR I 8 A /e B R s B AR =, (R
e EsEG R Rl
1.3 VACVase-like 3E/&i K 1 H 241

T 2R R K SE A R K A 1 43 4T, W TR
DB 0 3R T () R R B 1Y /0 AT - R ProtScale
FELE T B XY 14 > VACVase-like & 318 7 41 1)
SR PERB K AT IO, 25 SRk 2 fros. BERR
M IR A ST m R A RN 45, RFH
B K Ve, R R RN AR B N-4.5, REJHE
IKPES R, SRR YRR 7> A1 151 o SREAR AT,
EE R RS I B I AETE B R 1B K ORISR K X,
[FIREF 5 20 IR 8. Fi AT, AT, B,
Bk BEL KT, EHET . FAAE NS INIE
B KT 0T, 45 SR B LR I35 47 7E B 2
(R ER 7K DX AN K X (F e LR I I 43 b 45 1
ARALTR) o
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# 1 B VACVase-like 9 380RE FR AL R 2% (R P (1
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Table 1 Analysis of amino acid composition and physical/chemical properties VACVase-like in plants

LibL HRYS AN @) AT RkD) FHLS IR PREREC) BT

Species Accession No. Mo, of amino acid Molecular weight PI Aliphatic  Instability index #i1E
(@a) (kD) index (%) GRAVY

B X 002518915 476 33.631 5 9.24 90,88 42.58 —.056

Ricinus communis

i I, XP 004143839 476 53,142 1 %50 &0.68 51.30 0,005

Crewmis salivis

i & XP_(H22TOR9E 476 53658 1 8,95 0439 4524 0,003

Vitis vingfera

CICIE | EOY 23882 477 539791 892 97.42 3881 0012

Theobrome coe

A XP_(02304581 476 53.633 1 895 9393 42.86 -0.039

Populiss trichoearpa

t EMI10313 463 523940 9.18 93.26 40,18 —0.033

FPrimus persien

i XP (MM309537 460 521154 875 B9.30 44.54 0,003

Fragaria vesea

K XP (3535395 4910 54928 6 8.92 93.08 44.69 0,020

(rlye e mox

W = XP 004495509 489 556315 9.14 008 45.23 0130

Licer arielinum

] X 4244657 470 53.628 3 91 97.21 4804 —0.020

Sofancm lycopersicum  XP_HEM245454 449 505747 875 91.40 43.26 0,020

T NP 194145 408 36,211 1 9,10 92.37 45.05 0.128

Arabidopsis thaliana  ATIGS4670 4659 534278 9.30 &3.04 41.52 0,149

Ao MELOICIHISTRTPL 458 51,4422 R.65 90,85 48.59 0,021

Cuenmnis melo MELOZCHSGTIP] 398 44756 1 686 #4.52 4387 —0.181

M NP (4323 291 325425 9.20 BR.A3 25.06 0,242

Hore .-.'rrp."f-ﬂ.-.'

1.4 VACVase-like 155 Jik F Sk i T #0207
SEkEmAREZIKETHTHESEARDN
PSR ) N-R i 2R 751, 1 15~30 1M
B K. — AN A IE Bl = 3 AR S S A
TR C KR, HE/INrTaER, 29
FEAITIRIAT i, TS S IR EZ IR X — B Re e
B d e S KT . EESRKEI ST, e
FRER A FGE N R . TS S R A R S S
JREE I AE VIR (EUBE, 2008). FIH SignalP
4.1 Server {EZLHKAE, fd FHMIZ ML (NN)FIEE B /R
A RAB AL (HMM) PR R 25 A1 B JRR A 400/ T 22 2 IR 7
TIRE S IRFTTEN B, 45 R 2. olrd 7+ A1 B
) max.C. Y {l#& YES, I HIMAEESS SRR
AR5 0.671. 0.468 Al 0.510, Jf HAFELEH

Copyright © 2015 5" Publisher

RHIRFOIAL S, TN REE Tl e, HEEY)
(1] VACVase-like 2 5L 751K FH [RIFE (1 J7E w2k
1750 HT, S RWIRBIEAHE SR, HEN T e
T uE A,

SRR B AEE A N-3—BOR ) 20~80 M Jk
R (1 ik, OPR$EIZRE (transit peptide) 2% 5 [71 /541
(targeting sequence), ‘& A& B AL MR A R EE A
JR N-3if5 5o 32 B2 1E WA Al Itk 2 IR (O
A Arg fl Lys) & B8N FEE, BB FEH
SRR RE 77, K ICRE VR IR 8 e — N
g EEFE A s FR L E TR (& E
&, 2008). Ik, @ SRR TR, X8 R )
BEA AT AR ML A0 i e 7 B — 5 IR Lo
FIFH targetP1.1 server(Emanuelsson et al., 2000; 2007;
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96 —— EMJID313
3 — XP 04309537
XP (2279898
XP_O02518915
EOY 23882
10— XP (04495509
—— XP (04244657
09— XP 04245454
NP 194145

— XP_004143839
100 —— MELO3CDO5TETPI
ATI1Go46T0
MELOICO096TOP]

P 1 VACVase-like JEF S0 B8t 4 i, A sy
L 000 8 H

FE BTOXP_ 004143839 T ENXP_002279898); 0] nf & (EOY-
23882), BEBXP_002304581); BE(EMI10313); TLHE(XP_004-
309537y, A EL(XP_003535305); M HE S (XP_004495509); #F A6
(XP_ 004244657, XP_004245454); 1L FENP_194145, ATIG6-
4670); # IL(MELOICO0STSTPL, MELOQICO096TOP]); B #E
{(XP_002518915)

Figure 1 Phylogenetic analysis of VACWYase-like genes family in
plants, and bootstrap analysis was conducted with 1000 replicates
Mot Cucuwmes sava (XP_004 1438390 Vi vingfera (XP_002-
2T9R9R), Theobroma cocan (EOY2IRE2) Papulus mrichocarpa
(XP_002304581): Prunws persica (EMIN0313); Fragaria vesca
(XP_004309537); Glyeine max (XP_003535395), Cicer arictinum
(XP_ 0044955007, Salanum fvcopersicwm (XP_004244657, XP_0-
04245454, Arabidopsis thalimma (NP_194145 ATIGA4670);
Cucnmis melo (MELOACO0STETPL, MELOACOODG TP ) Ricimas
communis (XP_002518915)

Nielsen et al.,1997;)7E £ 3 A Xt B R AT 40 i I 22 Jik
& 7 S AT P, S5 Rl 3. S5REE, ERR
VACVase-like fE1E FIREEH, 5@ AL T b 42 A
WA{E>~ 0520, HWEEAN 5 %, I
VACVase-like fE1E FIREEH, 5@ AL T b 42 H A
MME R 0.901, HAI{E N 3 K (AIMEEIX 4 Ldiff >
0.800. 2: 0.800 > diff > 0.600, 3: 0.600 > diff > 0.400,
4: 0400 > diff > 0200. 5. 0.200 > diff),
CmVACVLO02 A4 Wi 245 5 K ] B Ko
1.5 VACVase-like 5 5 5 1 35 i TRIU AN 23 HF

5 JIE 435 135 (transmembrane domain, TM) 2 i
20 M4 B K B TR FTE AR o W8 TE, S M
WorF 2 e K XA BAE R, s R P4l e e
ST i RS HH T 5 G T (B R DA, 2007) . B
TMpred fll TMHMM Server v. 2.0 75 £& 814 7] i 37
ML EE T A E PR VACVase-like F1 N VACVase 44 %

Copyright © 2015 5" Publisher

PR 7 4 1 5 T 25 445, PR FH TMHMM Server v. 2.0
TELR A AT UE IR &S R et . 45 R EIR (B 4),
LFE I+ (NP_194145) & A VU 5 IR e, 55— i%
JERZTE AN 16-40 fr 2 202, AN EIE N A
PSR TE A 219-242 figd BEIR, HIR N RIS 28
ZANES R E M 291-308 1 ZFERR, AH R4 EI
W SEVOANES EUZ e A 347-365 i R HLHR, HIIEP
FEESL . EERE VACVase £ [RIFE A DA #5 R 45
i, FHAEEREIEE 22-40 frEIERR, HEAbE
RPN s 5 AN ES RIS IE M 199-221 f 2 IR, HHE
RSN 25 = NS IZRTE N 326-344 1 Z FE R,
PR AN BIREE P s 58 DY A5 B M 347-365 7 Z A
IR, HHIE N RIS . 5 H B R VACVase-like 2
FPBIREAT /30T, S5 R 20 I8 A P R AL R
FEAEARUESE 75 5 RAEE B T RE %
1.6 V.4 ffa e fr B AN 53 A

MV 24 Hf 7 A A 8 5P ER 1 B A P ) A A
W) B AR AE R R R D) RE I 47 . A WoLF
PSORT(Horton et al., 2007)7E £k 73 #1 &1 5 i 4
VACVase-like £ [ 193040 i 5 Az AT F500 A 43 47,
ZERLH, FUEG T (AT1G64670) 1 /S 7 8.0, 1)
7T (NP_194145) 7% % 4 3 P () 0 (L AR, BRI
Ji J5T R I SR AR B 43 A 4 ) 9 5.0 F 4.0. B
(XP_004244657) 1175 5 1545 53 10.0, HkI¥I7E 40 f i
155> 9.0, FEMEMRPINAES 9.0, HE/ESH
U A A T &5 R 5. el RE W,
VACVase-like & FALEA [FFEA P AAAEFUR FE DI Re T
R AR
1.7 B HE R KSR TR 534

0TI 22 TR 1Y) 2 B T S0 K A R R T i
R AR AN, g, TWRsE
2 (AR, TR AR e i gk, dE—0n
TIEATEERREM SR . W ZHEEHE o
WRNEAN B-Hr 2, SIANEA BEA . EAREERITCAL
% i . VACVaselike & 1) — 91 &5 ¥4 AR SCHI A
CFSSP(chou& fasman secondary structure predinction
server) (Peter and Gerald, 1974a ;1974b)7E 2% & 43t
ATTRN, TS R T, a-lR iR BT S
/o U N U SR < I o= N L =
VACVase-like & H AL TG, T a-tR e -4 &
Je g BB T, S VACVase-like
B ) S KR [RIRE (R 23 AT o0, 38t i
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Table 2 Transmembrane domain prediction of the VACVase-like

protein from plants

Hfh A PERLERRE R 4
Species Accession No. Mo, of trans- Score
membrang
helix
EE B KP 002518915 4 4157
Hicinus communis
g XP 004143839 4 4308
Cucumis salwis
Tl XP_00Z2T9E98 - 4 605
Vitis vinifera
AJ Ay EOY23882 4 4963
The oliroma coeao
ER NP 002304581 4 455]
Papulus trichocarpa
t EMIT0313 4 4743
Priveus persico
T XP 004309537 4 4333
Fragaria vesea
KE XP 003535395 4 4141
felycine mux
I XP 004495500 5 4879
Cicer anetinum
i i NP 004244657 3 3732
Solanwm Iycopersicum X' 004245454 4 4170
TR NP _194145 4 4021
Arafidapses thalione ATIGET0 3 3603
At . MELO3CO0STETPI 4 4301
Cucnmes melo MELOICO09aTIP] 3 4120

ML R0 CUE Y, 18 SR 5K A BT
P L EE B R B, 1iRH VACVase-like 2 [ 4 5 1)
AR F M ) R EE AT RE L B — 5 B AR
.
1.815%Y) VACVase-like & H I = K TRIWAN 53
Mr

EHR =R EM2REORS AT ERR
RITBIREM =R, RIEE AR R
fill bdt—Atse, Pr8 Y MR SIS (A 45
W5 2 o S A B R R E e 2, P E R
TR 5 0 B TR ) i SR A AEAT TN A AT, X
BRI AR RA — B, —RRAMNKE
% (ab initio) < £k & £ (threading) A1 [A] Y5 & A1
(homology modeling)3 AT J7v, &R AT

Copyright © 2015 5" Publisher
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) = 4E S5 BEAT Y L. B Swiss-Model
Workspace 7t £ 43 # T. A (Johansson et al.,2012;
Guex et al.,2009; Schwede et al.,2003), X}l FFAl
EEJRRIY) VACVase-like # 1) = &5 # it 47 [R) U 2
i, 352 Swiss-PdbViewer(DeepView v4.1) i f4 &
R, GEREW, 5N VACVase 1 =45 bk
L, EREALEG T VACVase-like 2 Tl C-7K i
e— /N ol KRR B A5, AL B
RERH—4H 8 MBI KL, B ERF
AT FAFIS AN o SR E, N-ii il 20 1) 2 L R i
RFAFWNZSS ofp KRG 2L, s
SERSE ofB KA B S I SR I S M REAE, o/
KA Tl A B 1) = A 5 A 4 XA S T DA N A 2
Passa s —Le Fr B, AT DUAH M AT RE K. AN
VR S5 R 50, ERAIHU R 7+ VACVase-like £
HRAEIRT A5 5% AR TR T 5 R IR
B ITE 50%LL b, BTSSR 2 SR R M3
B o P % P (The Ramachandran Diagram) 3=
R EEARMWRHEEME, ST =Mek
Ui, MO IR AATETE o MMy MEN T E R
GRS, 8 TR LR
Swiss-PdbViewer 7387 Tl 145 5, 38347 Psi(y)
FARN Phi(o) 1A, BT RER PE At AU 1 25 44 3
5 BRGEHIMAH R S & 3. B 7 s X
R T FRAR ) Phi(o) AT Psi(y) M A X8k, 1Tk
X IBANBN R R A G E X B (0 R a-1)E, Lo
FORIONE a-1RTE, BRI B-HTE, ppll RAREME
P8 1) o THOMU 1) 5 1 R 1 2 1) 5 W P A 5 A e B T
R R AR FE I 1 £ (>90%) & 75 #R AL T 3% 0 [X I,
L TR AR IIAE B A XA, )[R AR Y
Sh TR AT EE
1.9 HEYIVACVase-like® H KIRSF 5047
FIFHAEL T. B MEME Suite version4.7.0 (Bailey
and Elkan., 1995)7; 7%} 6% VACVase-like 5
17 7 27 (motif) 74, 7E5EA> VACVase-like & )i
H ol R3] 5 MRSFEF(IEER 3), N-uifEA[FIAE
Yo AR S e i, (H N-S R R R Rt S
TER of B K BT B 4508, C-om W)= BE AR ST, A2
—A o/ PrB/KMEFI LSS N, B AMEY R
X (1)o7 B LA R (] 8), 3 BZ A R S e 7E kbt
T s FE RS, Uil VACVase -like &P A
ik B EEAER. @R
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PredS calle output for user sequence Prothcale output for user sequence ProcScale culput Tor user sequence
4 Hipkwob. ! kyie & doolittle — 4 Hphob. / kyte & doolittle 3 Hiphoh. / kyie & dooliile
3 3 2
. 2 2 " h
1 1
5 Mﬂ §s \« LIV n 'l‘ fw @r%
1 1 rﬂll v 1
-2 -2 -2
-3 = -3 =+ 3 -+ 1
50 IOEI'ISIJ Iﬂl}"SD 'H}IJ 35040“50 SD IDﬂ ISI}ZN 150301}350400450 5“ lUﬂ lSU ZUU 25“
Position Position Position
A B C

B 2 SO, 08 97 VACVase-like LA VACVase 50 28 F5 PR 50 00 2% bt f i o ok it 4

i A HUFE(XP_002518915): B: HEL TR (NP_194145); C: A (NP_004323)

Figure 2 Hydrophobicity/phydrophilicity prediction of the VACVase-like proteins and VACVase from Ricinus communis, Arabidopsis
thadicoea and ¥V ACYase protein from Homwe sapiens

MNote: Az Nicinus communis (XP_O02518915); B: A rabidopsis thaliona (NP_194145)% C: Homo sapiens (NP_OB4323}

Suppmip- KN Eediction | i oereorkal Sepeencr Sijanala-M prredict i (b s sk Sapein
T wporn & oy ¥ wpor [ sgoan & seong ¥ soom
10 = Lo
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Semale- BN predicnion (edk merearis ) Sedencs
1 noee & score ¥ oo
1o
LER I
L os LY =
g ik - 1
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oo SIHEHITTD IIIIIIII||IJl|IIIII|tIIIIH‘II‘HTITTII‘lIFI'ﬂTI'I’II‘I'I‘I"I‘I‘I‘I‘ITI'I‘r
WVANT OIRIVT B RL LTS8 P THYFRAOPFAMA FOTEVTEA EVAHIVOL GO TIECEHRAVLE [ FONE.
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Position
C
B 3 J0leE 9F R SR VACVase-like EH A WACYase B B RTE S BE A9 THUE0 #0-0 By
e C L I W S S S (B 5 SR A v (8 SR a0 S0 (8 A BORE (XP_002518915); B: LR FF(NP_194145);

C: MNP 004323)

Figure 3 Signal peptide prediction of the deduced VACVase-like protein from Ricinus commuis and A rabidopsis thaliena and VAC-
Vase protein from Homo sapiens

Mote: C score: Primitive cleavage site score; 5 score: Signal peptide score; Y score: Synthetic cleavage site score; A; Ricinus communis
(XP_002518915); B: A rrr!u'-rh,-p.-u’.: theedicneer (NP _194145); C: Homo sapiens (NP_O04323)
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Table 3 Analysis of conserved motifs of VACVase-like protein in plants
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