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Molecular Dynamics Simulation of E6-protein in HPV Type 16, 18
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ABSTRACT Objective: To search for the key regions used as protein-ligand interactions by simulating and analyzing the E6 protein
structure of HPV16 and 18. Methods: The HPV 16 E6 protein was used as a template for homology modeling of HPV18 E6 protein, the
crystal structure model of HPV (18, 16) E6-protein was studied by molecular dynamics simulation. By analyzing the microscopic loop
and the macroscopic motion, we study the similarities and differences of structural changes of HPV18 E6 and HPV16 E6 in aqueous
solvents. Results: The results indicated loop in the N-terminal region played a role of “gatekeeper” that could mediate ligand, water and
ion in the process of protein-ligand interactions and reveal the changes of the conformation of two proteins in aqueous solvents.
Conclusions: The movement mechanisms of HPV18 E6 and HPV16 E6 in aqueous solvents, as well as the role of loop that acting as a
"gatekeeper" were elucidated. Meanwhile, these simulation results interpret the changes of the conformation of two proteins in aqueous
solvents and provide theoretical basis for drug design based on two proteins.

Key words: HPV; E6 protein; Homology modeling; Molecular dynamic

Chinese Library Classification (CLC): R-33; Q75; R37 Document code: A

Atticle ID: 1673-6273(2018)04-610-06

PR — MR TR AR TR
R RBTTERZ 0T HPV16 E6 ML F /34T , X ] B

YN

R

o}

AF KI5 % £5 (human papillomavirus ,HPV ) J&—25% 8 kb
KNP T IEERTE DNA R EE, S a8 A 3R HE S Rh R 4
JIt, v AR HPV Y5 5% AT 175 & JR80E , b DL HPV 16 il 18 St
h 90 Yol LB S BRI AP, B A ook S s
FERARN KR CHPV R A B KL AR, HiEmil
HPV BGR BT SR Bl V2 8 5007897 B

HPV-E6 i AR RS AR TR AT A, I HRERS
el Lk R A 3 AR S A T DL AR T, R e,
IS HEAT RNA T4 2 KB LSBT /N o355 07 A6 B6
BENE TS, SR 0R p33 WK N5 HPV SEAHE
BN A AN T XL Z BRI E6 YL T I REXT T
HPV PR A M AR R 28 G2 . R, 3R W] E6 M Thpet:

EENY HPVI8 E6 ff A7 it , 7 303 5 [F] J5 # 4% (homology
modeling)$ A, F 4 Fif HPV18 E6 4544, %40 Fah 712
(molecular dynamics, MDD , 38 10U 1Y loop PR 247 Hi1%2
S (3432 3 /ATl 5T T HPVI8 E6 5 HPV16 E6 7RI I3
BTSRRI RIR] . 3T HPV18 E6 45#4 R Lhth i 245 4 fifi
TELL SRR O AR 25 i TR T SRR

1 MR 5

1.1 #84

HPV16 E6 5 HPVI18 E6 2 1 J5)¥ 45k H T GenBank %43
JE (ID:AHK23256.1 il AGU90423.1),HPV16 E6 [Fiik %54k
H T PDB %4/ 2 (ID : 4XR8W)

PEFE I - 53252 (1990-), Wi LAFFE A  WFFE 5 ) - A WAk~ 5 531 A= 477 , E-mail: hyacinthus1990@163.com
o TR BANR (1965-) 18 A= S0, 208% W52 07 10 - A= 25 , E-mail: maocq@home.swijtu.edu.cn

Olcks B #9:2017-05-23  $23% H #1.:2017-06-18)



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol18 NO.4 FBR.2018

- 611 -

1.2 ik

1.2.1 EFEE#E  HPVIS E6 2K [ 1Y 45 44 B AR AT L 1B
K5 HPV16 E6 1YF AL & T 50%, HoW[RIEA N, 5
H ,Malecka KAPEE A SL55 & I — R 5% T HPV E6 A il 1
B E G Y+ HPVI18 B6 [RIREA VEM , UlIH P & FE 45 A 1S 1)
FNFIFEAR AR, L HPV 16 E6 M7 AR , SR F Modeller9.
16MLL HPV16 E6 /E AR HPV18 E6 #EAT [l Y5 A, 4y it
100 #5570, fifi i} ERRAT2MHEATIT 43, 43 d5c s A 2 11 B ik
B PP A3 22 X Sl fit FH AT Lloop SAPLAL, A2 il 10 AMEEHY, [F]
FE ERRAT2 1143 fie i (19 26 (B 16 4%, R A Rosetta #E47 fig i i
M, e/ MESE VSR ] 1bfgs_armijo_nonmonotone , /) B {15 1%
4 0.001, 4 1 10 4544 Rosetta Scorel™ 75 43 f1 A 26 5 -
B Rt RE FH ERRAT2 47 [% 8] (Ramachandran Plot )" ¥4 T
FEARTTAL

122 SFsh AR XHHEA HPVI8 E6 BRI DL K i
5P T HPV16 E6 fifi i GROMACS 4 F R (hA
5.0.6)" HEATor ¥ B i 2E B, SR IR O KUY Am-
ber99SB-ILD"4x J51- 71377 , R FH S MAERA i1 TIP3P /KAERY, &
FRERN TN ET, GRS E A% SR E
1.2 nm @A GURET DAEAR AR R AR g il . XX
ERITRE R S/ MbE, TR BB . XTREE e/ MER Y
1K B HEAT A (NVT, Number of particles, Volume, and Temper-
ature), EBIHHN 200 ps . B (NPT, Number of particles,
Pressure, and Temperature )15 BTN Ins, 1E AL AR
IR (FIH52 By 30 ns BARSE U Z gk plie 3.

L3 BiRSHTE

B B SR 247 A 22 (RMSD) , Ca JiL 1 F 24 7 A ik 7%
(RMSF) fl 8 H i 71 5% 242 (Gyrate ) Y i | GROMACS 431
BAUEMF(JRAS 5.0.6)F1 Python Pandas #Huit5. HIEshF
B 53 M (PCA) 58377 22 0 Hr i bio3d™5¢ i, B iz s i)
ST MDTraj ") BR824 Bl T4 Mat-
plotlib, = 445442 2R H VMD #1 Pymol 584

2 BREE

2.1 RIRRRSEREM

i F HPV18 E6 (1) i RS54 AT , R FH R ER A% 1Y
TR IR A HE, 8 id BLAST $#R k95 B 0 ik sty
HPV16 E6 it (PDB ID:4XR8_F)f KARLLE N 59 %, [EBf —
N REAR A H R SAE /Ny F 256 SOl R Ss tE
PR AT [ PR A, A (945 ok F ERRAT2 #E479F47,
ZERE 1.Aa, MEHR] LG & IR 3T 5 30,60 LI K
50 JEI I S IR IR SEES A BN AR A HE, IR = 445 ]
LAV 09 & 30 30 5 60 B~ B AL T35 11 1Y loop B IXH, i
SILRERILIT S 150 A FIACRASE 1 S5 B R AR 2540 R 7B
T T B, (HIZ XA TR R O, B A5 I 454
X35, H R E5#0° loop 31, A B AT E , MUK 4y i
ZENTEARBIRL A K . S ILIRIRIL TS 60 X I IE Error
value /)N, i LAEA T2 ZE IR 5% 375 30-40 £ A 60 437 1 i
17 loop ik, PLAb)E FARALTL AN Al 1.Ab, AT L)L & 81 loop ¥£
AL I HEARITE 43 TR , Overall quality factor B3 A 25 #4111 90
EER

a Overall quality factor**: 79.195 b Overall quality factor**: 87.671 ""‘K <
A 1 B | e o 5'.:'
\ D5 e
% ‘o i
) 8 | o
3 = 909, .
Foo% ] [ «:ﬂ 99 ‘ :' :
s I 2 959, 7 AL g
Egs%hﬁ i ) o ’ u“ i | i
t I If | E
| I il il | | 5
i I I T I 4
18 W) (798 L (TR - :
20 40 60 8 100 120 140 20 40 60 80 100 120 140 ST
Residue # (window center) Residue # (window center) o P
Cc Overall quality factor**: 87.248 d Overall quality factor**: 94.074 o0 k
. o
= - § ‘
g 9% _ il 3o -
Ess% i o n mg osnfl—— -
‘ 1 i ‘ T o
‘ | il “ L “. A il T 180 ° 80
i R | IOl i ¢
20 40 60 80 100 120 140 20 40 60 80 100 120 = A
Residue # (window center) Residue # (window center) Giycine Favoursd Glycne Alowsd

[ 1 A. ERRAT2 3143 & (a HPV18 ElIREIT S ;b LOOP ISRAU IG5 ;¢ HPVI16 BEBHR/IMLITS; d HPV16 RELEHI1T 5 )B. FiKE

Fig.1 A ERRAT?2 Score (a. Homology Modeling Rating of HPV18;b. Rating of Optimized Loop; c. Energy Minimization Rating of HPV16; d. Crystal

2

L%, feei
430.152, %A ERRAT2 431 L& FAH kL
ZHEIEA BT E, RAILRRIEEE 60 4bAY Error Value {H 7+,

#E—2L K H Rosetta #£17RE 5t He/)MUE , Rosetta #2417 JLAp
RE e fme/ MUY T 2 (B S R 07 A TR TN R AE
JH AR R A R AT 4k B Sl F B9 1bfgs_armijo_nonmonotone J5
2, R 2 A0SR 2 AT 8 FH — YR BV AT 52 1R i e /N
INE T JE BT 53 1092.863 R [N

Structure Rating of HPV16)
B) Ramachandran Plot

PNEN=N=]

RE = /N2 RIS

/MEJE 4

ey =N =]

Frig i w MU RCRIE T et it i/ MU R B 45
FA SR AT AR RESR FH 5 BE fE et fre/ M i gt AR
REREBIE b, TS B DA A PHARL i SO ASE AL 7 5 28 T ey

A% 5785 T Error value 99% (JL[El 1.Ac), {HZ5 A BIHR 451 ER-
RAT2 4387 AT LA BRI RE A7 B 0] 15 BE RIRE A, oA
RERTREER/MEZ AT 4 R (ILE 1.Ad),
TRE R/ MEZ TR RE e/ ME X, BUe AT R 1 454
A e Je ik

PNN=NI=)

HEELHX



- 612 - DREMES#HE biomed.cnjournalscom Progress in Modern Biomedicine Vol18 NO4 FBR.2018

V1], 3¢ i SR FH 28 LA L LR L PP A3 RS AL R 4 HPV 18 E6 2544
FRL PR EIPE/r W 1B, HorpoAe bR a3 03 beta
Y& X, 22 Hp )R A3 AR A7 FIRBER 43, A7 L IR i a5
AR FIRHERR AT, AT LA & BT (9 S SR R 3L 07 F Fe iy
DI, 2 KRR A% 0 X3 &7 5 AT, A58 ) o 2630
Bl ARZE R B T4 R, BT LA F J 2 5%
2.2 HPV16 E6 5 HPV18 E6 4 loop TR #f

¥ HPV18 E6 5 HPV16 E6 Wi # 1 fi JH Pymol #1745
¥ et i VMD SR, g5 3N 2,

loop B /

[ 2 HPV16 E6 #1 HPV18 E6 Z#E B L5 (& . HPV16, 1 A
HPV18)
Fig.2 Comparison of Three-dimensional Model between HPV16 E6
and HPV18 E6 (Blue: HPV16; Orange: HPV18)

H & 2 AT LLR B 2 4 AR AR LR R 59 %, (HR%
IREEATAARL, B3 — A 24> o IR R SS A F4%, Ak
5 5 E6AP &4 MM p53 &S &, BN — 1T 25259
ZEA RS P, HPVI16 E6 5 HPVI8 E6 % () 22 51 F A~
loop FRIXI, 254 EWIMIFY loop AT HPV16 E6 KT,
Zefl loop PR (& loop A, HPVI8 E6 30-60 v &), Jéldxsh& 0
ASMARTRFIS . 47 loop ¥F(loop B)AHLL loop A I B 45 A
i XIS, RIS 22 (T REA TR T RE . loop A RIS AR 15 BT
A S WO AR A A T4 3l 1 2 E R S AR T
RIS shA Al — 255 .

H T HPV16 E6 kst & HELAE &) (HPV16 E6,
E6AP, P53 =K )Y =445 ,HPV18 E6 [R] A1 T2 i A i
4 (R AR AT R AR B N AR 25 5 5 B 52 XA T 437 2
HSHEARZE A IEHR AR L, A T Hi4E loop A 7E HPV16 E6 FlI
HPV18 E6 SHCiR%, & ik firh loop A A= 1724k, AT T %
R I B AR RIREE T AT R T & R T 7E AR
SEAIRA T RS, NI o] UME R85 & S5 M52 shiflal . 7Rk
FHARLUE TRATT & el A 735 75 Wi 22 (RMSD) 43471 (1€ 3Aa), 43
W3R R EE B 3R 5254 Z R AR (LB e, 45 S nf&l 3B,
T LUK B8 HPV 16 E6 FEASHL R RMSD MR TAE
{H %97k 0.2nm, 1i] HPV18 E6 fi4blid Frft RMSD A X} 45 b 55
K, B#A 30 ns i FE it RMSD — ELAR T (IR A o 7
L 15 nm [5FHE AR, #i78 HPVI8 E6 7E/K 77
HHXT HPV16 E6 A7 5 R F G A5k o 4 UK S5 47 i AR (1 Jo it
LI X HPV18 E6 7 B K[ loop FRAHIC . ik, FAT 1 — 2 64T

BJ7 k& (RMSF) 2341 (] 3 Ab) 2575 ARk 50 «

2 (rl_rrei)z
RMSF= \ —1

1 F T 3 AR R — BT ZI R SRR S LU, T R
AF I, 35977 MR k& T LA SR R AE S R TR R S AR AL UL RS 18] P9 A58
Sl SRS B 1 I 2 X, AT P T LAY B 2 B
HPV18 E6 [P~ loop ¥z gl A% HPV16 E6 ¥4 7, 4351
ERAMIRIL T 25-35 B X8, H5 R sh s Eyh
0.65 nm, /= T2 [ C sy TCAAS M X3, [R]BF ip T Be X 3
A5k S5 HPV18 E6 5 HPV16 E6 25245 72 i85 AR AL Ak,
AHICHE o 43 BT AR LR SR TR AT BB TR R AR 2k 25 IR B B &R
PUF, X3 loop ¥5 & A T — & BRI A3 25 A 21
TR AT AEE I EAAR 25 5 RN 15 2 (B A8k . Katia Zanier™46 A
Ml M HPV16 E6 5 E6AP & 54 S IR 4544 e & 3 1R 7
41 31,32 5 E6AP J= A Gk B R MIEIEN] TiX— Wi, AT
TR G AR IBIL , 2 — 25 X IR AT SR AT, A3 BT X
WA R E TR S R . B TR SRR, AR T
JEELATHT UG S B ST 300 WA AR BRETT 4387, 45 A A
% 3B,

SRR 7 =% A Baker-Hubbard 2 X P S 58 EE &7
B, WETET L& BIE HPV16 E6 £15 Cys30 AR T 5
GIn35 |- YRR T B T4 A Uk A 2R, i Rl S B LAY
HPV18 E6 BIRIIEA XA O™ Az, 38 i BT 1Y) 4347 vl
PLR I Cys30 1 GIn35 {32 T loop FRIGHMI, #i3 = [a] REfE 1K
AR AT 75 loop F942 A3 sh 7 SUFNSE FEIRE I, AT AR
HAASHS R P I A 8 AR Bk o TGz 9 Te30 1= A2
JEFAN Ne28 b ) U T B iz , V& 3k B W SV A A e
(7 A 38 A EL 3 e BRI T Toop BRIRIMN, HOT AR HPV16
E6 —FE2TE LS I R 25 loop PRASHE FERS , A S0 KA
BhYEHE, I3 HPV18 E6 48 %07 B ¥4 5 iR ki e R &l
3C,

38 bR 43 A AT LA loop A 3R AE HPVI6 E6 L) K
HPV18 E6 2k Ltk &4 TR KRB ek ZE , Horh HPVIS E6
i) loop A BRAH L HPV16 E6 loop 3k 4k T W RIZIfiz 5, 5
JREE > HPV16 E6 nf LUJE iife e =8, 1 HPV18 X Al fiE
F HPVI8 E6 5 HPV16 E6 Z X/ FHudth iy 22 7.

2.3 HPV16 E6 5 HPV18 E6 #&#id e P &ML 547

i — AT AR YB3 3K, WAL R R AR A 4
FRARHEAT 30T . 1 Se R T 45 SR E AT [l % 2142 (Radius
of Gyration ) 7317 , %2145 2 T JoT £ ) LABAE R4S A6 [ it
SRR A, PR, [ 5% 2l A B i S E A Sl Y " AR
BT S M TE R, MR AR

Rk

mIEEEAR T LR RN R AR BB, hE 4 /TS
N &I HPV16 E6 SR MR 5T E , 1 HPV18 E6 [
A2 W REAG, B 2.1 nm BEAIRE 1.6 nm, PLIAFERE R R
EATEE RS, o TG B AR

W B R A 4, K HPVI8 E6 |42 3=



DREYESS#E biomed.cnjournals.com Progress in Modern Biomedicine Vol18 NO4 FBR.2018

- 613 -

BN LEU28-N - ILE26-0
mm CYS30-N - GLN35-0
ILE26-N -- THR22-0

10
— HPVIG E6
— HPVIBE6
0.8
£06
8
2
E 0.4
0.2 by M L
0.0
0 5 10 15 20 25 3¢ 025 03
a Time (ns)

035
Donor-acceptor distance [nm]

04 0.45 05

—— HPV16 E6
—— HPV18 E6

0.25

40 60 80 100 120 140 160 03

Residue

A

Donor-acceptor distance [nm]

B

B ILE30-N - ILE28-0
. VAL33-N - THR31-0
TYR34-N - CYS32-0

035 04

[& 3 HPV E6 3K 4& loop 7347 : A 75 1R 12k (2 B9 5 RIFZ(RMSD ) ;b 5 iK% (RMSF) ); B S A A E S (c HPV 16;d HPVIR); C S5 HT
(e HPV16;fHPV18)
Fig.3 Analysis of key loop of E6 protein: A Backbone Root Mean Square Deviation (a. RMSD; b. RMSF); B Occupation Ratio of Hydrogen Bond (c HPV
16; d HPV18); C Analysis of Hydrogen Bond (e HPV16; fHPV18)

2.2
a HPV18 Rg bz.a — RgsX
21 HPV16 Rg — RgsY
22 — RgsZ
2.0 o4
1.9 2.0
3 -
E1s E
= E18
j=2}
& 1.7 g,
1.6 1.6
1.5
14
1.4
1.2
0 5000 1°°°°Ti;]5§°(° 8 20000 25000 30000 0 5000 10000 15000 20000 25000 30000
p Time (ps)
4 EEEESH
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