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Modelling of partial structure of human cytomegalovirus PUL97 protein and drug-

resistant analysis of new non-synonymous mutations

FANG Feng-qin', XIE Qiong’, ZHANG Yue', MAO Ke-zi', ZHANG Li', LU Yi-de'. HUA Li', CAO Guo-jun',

JI Yu-hua'

(1. Department of Clinical Laboratory, Ruijin Hospital, School of Medicine, Shanghai Jiaotong University, Shanghai 200025,
China; 2. College of Pharmacy, Fudan University, Shanghai 200032, China)

Abstract: Objective To preliminarily explore the 3-dimensional modelling of partial structure (329-572aa) of cytomegalovirus
PUL97 protein and elementarily analyse the possibility of drug-resistance of new non-synonymous mutations.  Methods
Nested PCR was employed to amplify 776 bp fragment of UL97 gene. And some non-synonymous mutations in it were found
by sequencing. After that, the online server of SWISS-MODEL and other related softwares were used for modelling and
optimizing the partial structure of wildtype PUL97 protein based on the alignment mode. Then, the modelled structures were
evaluated and screened by various classical indicators or online servers. Finally, the best structure was obtained and
employed for preliminarily analysis of potential drug-resistant possibility of non-synonymous mutations.  Results The
finally-screened model was Model A based upon the template of I YDTE and the alignment file of L1. FASTA. The whole
energy of the structure was the lowest, while the prediction result of ProQ was on the top compared with the rest. Using the
method of molecular docking, the potential binding sites of ATP and GCV were found in it. And most important, the
mutation analysis based upon the modelled structure and positive/negative drug-resistant mutations confirmed that this
structure was reasonable. Finally, the newly-found mutations ( namely, point mutation C518Y and combined mutation
E517G/C518Y) showed some evidences of having the possibility of drug-resistance under the benefit of the above-
established system. Such evidences were the significant differences in structural information before and after mutagenesis.

Conclusion The above-described system of PUL97. structure modelling and mutation analysis is the valuable and alternative
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method for preliminarily predicting the possibility of drug-resistance of new mutations. It is more convenient and quick, and

can be regarded as the screener before experimental verification. However, the accuracy of modelled structure itself is the

big prerequisite for successful application of this system.
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Ml E Sz —, E AR HCMV F RS % & 1K 90%
Db R HEEXHEEGRAERE. HE, &
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HCMV AD169 #,Jfdi it 25 9 i i F & , KIE RER
H/H HCMV JF 5 IF 5 i 25 i A0 X . & 58 1,
HCMV 2 A EE KK 8 Z — (230 kb) , A 52 & 7
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2003 E R4 O AH ARGZLEM PULYT Jo 3 i) o AH #%
MRS EE A AR B S R B A R 1 244 DR
PR (329 ~572aa) I =445 M1 — P B KR, H L
Sk B Al 43 47 I 18] SR 28 A8 1 i 24

1 ME5FE

L1 ARACRTR KAt

L1.1 tRARE: ARSI A, S5 ULYT
PCR " ¥ By 5 A 1 000 {33, ifii RE45 2 545 I WU ¥ 19
A A 200 4y, XBARA FEORA LBEE X
o BE 2 e it R F <8 B= Bt 1 I T 40 B A 5 AR AR
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A SRS X BOT AL 445, B Anolea  Gromos
Verify3D, Anolea FTEHFEE RIS R
B,y MmAESINEAEROITERE, ER LK
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Fig 1 Non-synonymous mutations found in UL97 gene at the position of 517aa and 518aa
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Fig 2 Three optimal modelling structures selected from a group of
structures modelled on different alignments and templates
A: LA LL FASTA g L& %F 3CfF, LA 1YDTE Sk 85 45 i 85 8 45 49 ( Model
A); 45 4 fif %4 : 329-572-UL97-1 YDTE-LI. FASTA; ProQ i il &5 2.
LGscore 4. 197, MaxSub 0. 344; B: LI J3. FASTA g tb ¢ 3C £, LU
L1YDTE 2 #5 #7 f9 85 2 45 5 ( Model B); 45 ¥4 &y & . 329-572-U197-
1YDTE-J3. FASTA; ProQ Fi#ll &5 R : LGscore 4. 152, MaxSub 0. 329;
C: LANI.FASTA N He b 308, LA TekiA BB AU B 254 (Model C) 5
5 4 . 329-572-U197-1ckiA-nl. FASTA; ProQ il 45 % . LGscore
3.960,MaxSub 0.254

2.5 FI) B % H 0 S5O0 R L4 R R B 3 ]
Y ERAEHITOEMG S N T RIF LS
fy AT S, ) R0 A T 25 4 O 45 55 7 (M460V 1L K
H520Q ") Fiif 25 % 56 5 % 4 (V354A1)) 15 1
PN HEXT B, Sr HF R R R RS M5 A
(BIELSHER JLEE AP RERGE. Q8%
D) RAEESE LB (E4), NE4A/B
AEN 354 MEAEBASER (V) ERRNEAR
(A) B, B3R =7 RS BHEE K4 B E K
A S H AR AR TS T2

M — 250 B (B35 B A i 25 s R A DL R 3 R B E
R X RREMKERE) R, ER= DT HMEH
SERMEETREHLNEEMUE, XA HESE
THERRENEHERREY & T Hi 2554,
W R B AE R SO R AR SRR R A T 2
AT REVEAR X, HOF WA R b — D B AL 45 45 A T
B FERAERERERE . MR EBR
HRAE, AT AR A R 8 X F o B i B S W A AT B
L EM MR A HE, A K LRFC LR s
PR EA LKIESE T C518Y 5 5848 M i 245 45

H3 PULY7 EARMEMLN Model A 5/ 53 F ATP/GCV iy
Xt

Fig 3 Docking results of PUL97 local modelling structure Model A
with small molecules ATP or GCV

A: Model A 45/h5rF ATP (3 8 B 0t 4E 2 B0 A 75 535 B Model A

/NG T GOV MR B A8 Y, BERECKHAXES

RO P A R ER A K A GCV 8l ATP 4 75 i B

OHRECHEXTFERUTFAEAERFAESARAEHEDHLE (L

KN 244 M EHER)

B4 HHEADNERNARETABERERTHEDH
Fig 4 Analysis of drug-resistant possibility of newly-found mutations using finally-screened modelling structure
AB AL XARE(VISAA) MRERMEENFERX L C.D M EF 45 Jy it 25 #2655 R4 H520Q M1 M460V RAF R I5 M4 M {5 BT
G .HA 1. 54 % & BE IR A RE CS18Y MBK-G R (ES17G,C518Y) MRBAEEMFEAMN L, RANKEITATH BANELN
AU ECHEARECHAR(R I AEEER(NHFIMNEER) KT NE S RER S EEERT A O EEE L MIER
WHE;EATHFBRAFT I EEERNEE L RERTHLE,
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BIRS R LA R BB B AETE

02 AT 1k, B A B A ST R Y i 2
Wi, REKW(FERMBORE) KK, H
FERNIBOAHESE, FEFEEBROFEREE X
Rl EARK O THAMER DN, BEH
B J7 v (R B R SR DI ) %o it 24 5 DR A 0 00 4 1
HOEREWHFENEE, 2 -MAERKRZHAMNEY
Wl gy g, {HR, R ARAR IR F 5 X T 56 E A9 i 24 A1
KRETERENTERERASL, YHAFHRE
o 5l PP B, 0 % L 25 M AT VR A4S 1 B B AT
ARG ULST 3% IR it 25 3% B 4 M 4 H Ah A HCMYV
WATHRAS 0 (55 WO R A RIE & 4 4 % F1 1C50
250 ok B A X T BOURORE R 80 - AS94V (30% ~
34.5% ,10.7) . L595S (20% ~24% ,4.9 ~11.5) .
M460V (11.5% ~ 14. 5% ,7) ,H520Q (5% ~ 11. 5% ,
10) .C592G 1 C603W %), MMIERTHI KB 5T, H A
HCMV Ji47#k i UL97 3Bk 6] X R A i 50% A (W)
FEAMGE, MXEHFART S FEEREZEA
XEHN, XTFAMERWHRLE A, TELEBTKE
FY B[R] A6 S8 AR Y F LR LR E, B2,
R B4 1) 38 10 75 SR AR 68 J AT R A 2 0 i 48 2
—Fp U B UL A i, X B R AR SR X
AEM I, AT B B KRBT TR, T
H, EmEBENEHERERS , THTITEVHA
ik, AEE KWLM E. B, R KNWIFLE,
WS ELE B AR RUR A RLES A B R X R R
A 5 T 2 3 BE4E 3 AT SE R B, BR T AR K R
KELBRWIENE B L B TR,

MR - E R XM T ERNELER
H KA ERIE, WFHFRESB =441
LRI T REAH L ; BD 6 I S I VR 8 22, 5 — R
MW, ME RSN EE T BOHE M =445 AR
KR, XBAT _REHMHNMEBLMEEFR,
HAmESFHEBEERANER(ETEAREEMNTD
REEf 2 5 R R 4 R HEM K FE) ,PDB &
FRAR R T I B L R & R AE P15 B SR K I B EE I

A 5 R 46 75 2 P M A0 T S A O G, Wl B
1% BL S5 4 R B 1 () S R B 6

fH R PULYT 2 [ R R 4 e K9 A 2 J&, PDB
B rh gL 5 PULST B 15 51 [ R R 1R &, R
£ 10%~20% o {H 1, FATA LAR 4 /BLA 19 J7
KT 4% T R X — B B 4 i R M T O (0 5
mit e, OSWISS-MODEL Stbr i/ & T =
FLEMFROEERE; Q2 MIRFH S 51
X R S BR bR R BT 4 B BE L AR
@SWISS-MODELZA £ x4 £ J5 19 45 44 i1 45 1R &7 1 4K
L R4, [AIF AUTODOCK 4% {4 i 6 X 455 #8145 4 itk —
BARAL ; @ % FhiTAG IR %5 85 UL & SWISS-MODEL B #f
TG T 4R , B B 5 /0 2 1 24 M 0 K 4 A T S
R M T R R T AR, I, 250 R Wt s
AL 547 LA e B o b O S0, O 45 B 69 400 45 b T i
AR B T ouh 5 A R HE T 00 A6 TR 25 4 B B A%
o (B0 T 55415 B s R SR i S I R
A, S HTAT TR, RATHIME ,BE% PDB & o iR
15 B89 R 83 0 B BEAR 55 PULST 1 51l (7] U B 1) AR
BE, B BT 25 4 07 07 B 2 A8 18 N IE 7 R
.

40, PULST K [ MY T BB 1 A0t o 45 iy B2
BT - EMMEE, PUL9T £ HCMV [ IhREE A,
HAB M BN G, A KER 707 M EER,
N B (KR 1 ~328aa) X B M N E M AE
B eh A X (329 ~ Xaa, BA& R 4> 200 2R 8 5 , 5 AT
BEZE 459aa) T E EE A ML, B A X4 KX
1T IS 0 B B BR AL VR SRR B e 5k . DLt 4 4, i
KSR BRE EAFAE ATP Z5 838 . C 3% B4k A BE 8L IF
BMARBYHR, SMLRASBEHZXREES
GCV MB ML E %, BR, EREE GCV E S
K, NRAFEX— KB, EEMT C 534 5
fir , X S (A R H AT R4 TREMIB B, HAT, EWM
MEERIAN CHfFE GOV AKX, RIATEME
BN 329 ~572aa(] ~ X)), BHEELET
MR R ATP %54 30, i ELAR 4% Michel 255" f W &1,
PULY7 EHVI/VI Wi A A B SRR IX 7, #E
AR RER GCV 4 & KR, H, MBLAE 15
VR R B M B SRR, BB B B X R AR AT B
A& T ATP # GCV WA A MR (REHFZ R A
HRABREL X — M) . MAFRBEAMET L
BT HEREAE N RS M — B AR, X R
BRI A WETE— E AN . H 3 Model B
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CHATP MEG AR, HAEE GCV /4
B, FE Model A th BFRET MR, 55, o F 3T HEEK
2 BR AT LAX /NG TS AR fT o B2 3
BaAaEEs GOV HEAERMEERZIALVHNT
C ¥, M HX S MR 5 B B Uk W9 it 25 06 S A 2 AR M
o A, PULYT RAER ML 5 /N0 F Bt
BB AEHITT L. HERD EARMERENER
T HEMEMEHHREAHESEHEERE LR
BT S 558, B HESREHRATS
M 25 RE AN W) B B Y& B S {5 B, i B X g
ZE R RHE R B A 2 AT BB B R sk G = A&
(C518Y;ES17G +CSISY)th B T B Z M L5 H{E 8
B, REEME ALBRELCEAREEMAS
WESC T CS18Y i 25 Fe ko

LR  EERRERBREZRBE, BELUE
T ERTEEMERE, BT 6N KK RS
B R T R B AN AR v M A
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