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Construction and Analysis of Three-Dimensional Graphic Model of F and
HN Protein Monomer from Four Newcastle Disease Virus Strains
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2 College of Resources and Environment, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract ; Two isolates of Newcastle disease virus (NDV) recently prevailing in Guangdong Province were
collected. The whole genome sequences were analyzed. The 3D (three-dimensional ) structures of F pro-
tein monomer and the C'end of HN protein monomer of GM, JM, LaSota and F48E9 were successfully
constructed by homology modeling and MODELER program on SGI Indigo2 IMPACT10000. Comparisons
of the whole 3D structure of F protein showed that there were no obvious differences among these strains.
The results also revealed that F protein was composed of three main parts, the head region, some B-plea-
ted, sheets and the neck region consisted of a B-pleated sheet and «-helix motif whereas the stalk region
mainly consisted of a-helix motif. Comparisons of ASA and fraction of NDV F protein showed that there
were five lined B cell epitope peptides and eight conservative antigenic determinants sites. It also showed

there was a notable variation in spatial structure of the head region of F protein, with 36 residues differ-
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ence between GM and F48E9 and 20 residues difference between JM and LaSota. The study also showed
that the C'end of HN protein monomer of strains GM, JM, LaSota and F48E9 were identical and mainly

consisted of some B-pleated sheet and four a-helix motifs, in which antigenic determinants sites were

highly conservative and had only four sites variation among these strains. This indicated that the variation

of the NDV antigenic made the development of new vaccines NDV inevitable.

Key words :fusion protein; hemagglutinin-neuraminidase protein; homology modeling; solvent-accessible

surface area ( ASA)

k% ( Newcastle disease, ND ) SRR Sy IF P 4
TR E AN X IE , &2 HBT 3% 9% B ( Newcastle disease vi-
rus, NDV') 5| 32 48/ 1% B HAh 85 288 1) — ol =g B2 422 i 1
1LG%5 , SRR AL TR AR &, 2 e H R E TR
AT RS 2 — L [ 1926 4B NDV LU
K, NDV CLfiE 9 A~ T 20 10 A 11 283505 1 Sk P Y.
ARV NS I8 BLE) NDV 5 B 52 ik S LA NDV
PR R B e 7 R v R PR A 90 0 A AL R B 00
FEARWTIEAL . Hu 2556 11 AR 4 RIS 37537 43 15 5]
() NDV SEATAIRIE 73 AT , 45 SR e B X 26 0p B MR AE A%
PRS- L5 1 RTE SRR XA 1.9% ~9.9% 1)
AR5, 5 I RNA 38.5% ~ 41.2% )78 5. Choi
5T Lee 251 © b s [ A 35 185 11T 7 £k B X6 A0S 1
17 NDV BRI, R GEK B 73 s X 26 7% & 1A N
S3 B NDV & T~ 22 AN [] 1) ik R .

H I, BiiiG ND 1Y 32207 A7) S e b 55 1 2
Hrpr D) LaSota F1 Clone30 4555 895 v i i 1, {H
T NDV Febk AR 2 , 75 ) 22 580K, 45 ND it
MR PRIME"™ . BFFE 45 SR W], A B NDV 98 15 2% 1 114
KN K F A HN H L2 FE A 7ENLIA
P NEOR AR R SR E O B R MEH]. HN 2
TEM R A= G ad R bR U 2 AR WA T, T F 2
Z: 591 518 E40M A F AR RS R 2 AR
4924 NDV [ 4p P B D, % F 2R 4 A
HN B A THUR S S a6 1 g fdtdz NDV iy 722
S A H R S AR B H AR 2
PR NDV Hf 5 GM #R(SREERR) F1 IM £k (5580 DL
NDV % 1 84k LaSota FIARESR EERR FASEO 1) £ 1 hn
FEN AT FEE 5 B A e h b1 k2R
ML P AR A (9 5 X3k 4 > NDV 38k F 8B H
(FIEMIRIE 33 ~ 105 i fi1 171 ~454 {i7) 5 HN # 4
C i 1) 25 [R5 A A TR L. i SRR 22 My F
BAU B, 71 4 4> NDV 3bkiY F 35 HN S E
BRI T B I AR AT S 3% 1T AR ( Solvent-accessible
surface area, ASA) , JF4R4E ASA Fill F 25195 HN &
I R LIS B 20 A FI S BEAR Z AT I 22 ek

1 #MR57FE

1.1 NDV g F ZG%0 HN ZEEH&HELEREF 70
S SEBRFT

GM £k . JM #f | LaSota #k J FA8E9 k F & 1 Al
HN 8 [ (1) gt 35k H 7 5 Fn e S )7 91, 2 L%
Iﬁ"ﬁf?[“].

1.2 ND S5#% F EARN=4EMEE

K FH InsightIl 2443 ( Version 2000) [ MODEL-
ER /7 A7 IR BCEE. B Ay 5 AR T BIO-
SYM/MSI 73 F 40 & 48 i B35 HLJE SGI Indi-
g02 IMPACT10000 &% T {Eu;.

T ME T ML GM PR JM fk | LaSota fk K&
FASEO fk F H [ Zs [ 4540, 28 VeI T 85 11 i &5
F %8s e NDV F 251 (PDB %5 4 165G, 43 HE
N 3.30 A) fE B R AR. X A S 73 S
R 284 N IERR IR IL ) 2 A R Bedl i, e A1 43
XN F AR F2 BRBC(33 ~ 105 (20 5L0R ) A F1 K
B, #5 75 R M [R] K B 3L R 17 510 A B4 49 il ik )
94% F197% .
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F 1 MODELER 78 J3 I [ Y5 AR i 4 AR, Bt GM
Pk JM #k LaSota ¥ J¢ FA8E9 ¥k HN 2 [ C by 2d SLFR
B 1Y) 5 ] 25 /). 38 B, 1 Joe 45 A A 8 4 v NDV
HN EH C o (Fr By Sk i B, kA 124 ~ 577
{37 IR, PDB 45y TUSX, 38R A 2.70 A) K%
ZHEA,SHEHEA S AR GM k. JM £ | LaSota
Pk K FASES #k HN i [ (1) 2 5L 1R 5 4 s 2 AR~ , AH
LIPEIRF] 96% , W] JRUERLEE HN Z544 (1R A -

1.4 FEAFMHN ZEAZEEMLEBEURER LK
B ASA 3 #7

X} GM £ JM #f LaSota # f FASE9 tk F 2 1 il
HN AT S A o B 7 A 3 58 7 1 35 °F-
Jr i 22 (RMS) | DAFRSR 23 W) 2544 1) 22 57, (W] 3
5 4 > NDV &k F 83 A HN 25 9 54 ASA
P SRS RN AP TR
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FA8E9 ¥k F 2 IR i 2 [A) 4l 4. DA ST A2 (] 44 5 0
A FE AR ZE R 2 7801, Sk
SRERAEH T B — e B R AL, R E R — K
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XX 4 ADHERR F 8 A28 R 4540 24T & T LA Fig.3 Model of three-dimensional structure of NDV HN protein
GIMTIE AT e B, LAy s ) A5 R AR A AN DR AR T monomer

R F R AT A KA
(F4).
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Fig.4  Superimpose model of three-dimensional structure of F

BI1 GM bk FASEO B F 28 (540 T = de2s i) 2 big i e protein monomer from GM strain, FA8E9 strain, JM

strain and LaSota strain

Fig.1 Model of three-dimensional structure of F protein mono-

mer from GM strain and F48E9 strain

FIS  GM Bk JM bk LaSota b B FASES bk HN 2 F145 7 =4
; 23 [B) 45 4L 1) 7 N

E 2 IM#RYE LaSota ¥k F 55 94 T = 4E2s ] 45 4 o fi 8 Fig. 5 Superimpose model of three-dimensional structure of HN
Fig.2 Model of three-dimensional structure of F protein mono- protein monomer from GM strain, F48E9 strain, JM

mer from JM strain and LaSota strain strain and LaSota strain
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2.3 FEASFRENMELANZEEHLEER

ASA ZRG 43T RW], FEEEHBA S A4k B 41
Mg BB, 43 0 P1:68 ~75 {8 LR ; P2:100 ~
105 (4 MR, P3:171 ~ 183 (& 3Lk, P4.375 ~
380 o & IR ; P5:438 ~454 (i s 3Lk, Hp P1 P2
i F F2 WA, P3 P4 i F FLAE A7, PS D F Fl
BN KT T8 HR2 X & A ) — B iS EIX L.

F & H FEIRE X MU R I E I
FRAL R EARST. BR T 5 N2k B 4 fi R A2 ik, GM
Bk JM #k  LaSota #k &z F48E9 #k 4 4~ NDV kM F
EHEZRDIRA 8 AP E LA (72.74.75 .
7879 171 343 F1388) , ixX LA i & LA AR SF 1. 56
T2 RLFNEE 343 40 2 AL R T F AR E T
JER DR R X 5, B F2 BT 22 i K DX FL S S5
C A &bz mR X, 3% 2 M7 i Bl Z8IE iR 5 175
FIX, S 5RO R
FoE F P A m a5 n 2240, % F R A Yk
FE A E A .

IR L5320 4 #k NDV (1 F &1 33 ~ 105 fif
SUHLTR H B 72 1 84 ~89 {3 2 ] A LR FF 41 &5
JEPRSY , b2 72 (3 2 BE R R X F A i ik
FERRRZS BT A HEAE . 0 F1 8 [ AT L3

SR Fr B AR X E S F1 i 22 i &

T P IRAN ) 53 A LA O 3 (T R v pR
RS 7] A S 3R T P i 39 ) B i AR AT S o B A T kL
AT B, GM Bk Fl FASEY #k . JM Ak Al LaSota #k .
GM PR FN LaSota B A7 AE 25 5 8 K & HE R 5% 1 73 | A
36.20 F139 (1 ~#£3).

2.4 HN EESFRENRMLASNZT BEEHLILER

XF HN 28 53 F R mH i o S w58 5 & 3L, HN
HEARMBEAL 5 FE L P A 263,287 321,332,
333 345 347 350 353 472 479 478 513 514 521,
569 401 ~443 [X15.

X GM # 71 FASES #k HN £ (1) ASA FlIr] & Jy
BOHFAT IO AL, AT Z B R 4 A s R ok AL 2=
SRR, 43 3R 256 £37 (GLY/ GLU) ,266 fii (ALA/
ILE), 293 {3 (LYS/ GLY), 495 fii (GLU / LYS)
(#%4).

X IM #k 5 LaSota #& HN 2 1 ASA Fin] & Jp
BT R L, EATZ I8 A 4 A2 HE R 5k ik 22
SERAC, AR 218 £ (ARG / GLY) ,269 i (SER /
ARG) ,293 37 (GLU / GLY),495 {ii (LYS / VAL)
(#%5).

®1 F48EI th5 GM %k F ZEEMAN TR REAR(ASA) EREEHNERE
Tab.1 Notable difference residues of ASA and fraction of F protein between F48E9 and GM strain

FASE9 ff GM #f FASE9 Ff GM #f
(VAT ASA/A® Zi; P ASA/A® ig e ASA/A? Z\iﬁi e ASA/A? Zi;
ILE_350  134.272 0.703 ILE_350  63.2  0.332 [[THR_310 118.453 0.676 THR_310 142.184 0.827
GLY_ 293  55.851 0.685 GLY_293  28.98 0.377 | LYS201 121.040 0.529 LYS_201 172.701 0.689
GLY_ 254  61.029 0.639 GLY_254  31.393 0.345 | LYS_ 446 160.547 0.701 LYS_446 193.725 0.874
ILE_407  116.903 0.654 ILE_407  71.515 0.385 | GLU_340 79.189 0.430 GLU_340 104.673 0.612
PRO_36  117.631 0.712 PRO_36 78.305 0.469 | SER_437 53.752 0.400 ASN_437  92.029 0.589
ILE_235  158.460 0.788 ILE_235 111.091 0.561 [ ALA_39  47.675 0.356 ALA_39  75.229 0.545
ILE_432  98.007 0.557 ILE_432  56.51 0.341 [ ASN_294 51.249 0.330 ASN_294 82.892 0.523
ALA_402  75.525 0.655 THR_402  65.407 0.447 ||ASN_68 102.700 0.585 ASN_68  142.472  0.779
MET_371 119.424 0.595 MET_371  80.964 0.388 | THR_385 57.870 0.394 ALA_385 62.562 0.591
ALA_75 85.927 0.724 ALA_75 61.737 0.518 || PHE_314 96.303 0.437 TYR_314 152.991  0.635
LEU 91  119.578 0.599 LEU91 75.953 0.396 | SER_336 72.032 0.543 SER_336 98.467 0.748
ASN_245 108.148 0.631 ASN_245  67.515 0.440 || ASP_198 63.408 0.363 ASP_198  93.995  0.590
GLY_365  83.869 0.836 CLY_ 365 67.864 0.649 | GLN_183 75.661 0.362 GLN_183 116.566 0.602
GLY_ 244  65.381 0.644 GLY 244  46.053 0.470 |[SER_60  52.607 0.401 SER 60  86.797 0.663
ASN_187  99.870 0.557 ASN_187  69.484 0.389 | VAL_179 146.478 0.511 VAL_179 198.911  0.786
ASN_257 119.633 0.687 ASN_257  86.112 0.521 ||SER_409 55.386 0.435 SER_409  98.509 0.731
THR 311  99.269 0.583 THR_311  65.412 0.421 ||ARG_100 95.622 0.417 ARG_100 174.117 0.732
LYS_374 120.904 0.587 LYS_374  98.888 0.437 | ASP_342 72.418 0.416 ASP_342 126.091 0.732
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Tab.2 Notable difference residues of ASA and fraction of F protein between JM and LaSota strain
IM LaSota #k IM R LaSota #k
(OAEH ASA/A? Zg{ (DATH ASA/A? Ziﬂi (OACH ASA/A? Z\iﬁi (OACH ASA/A? 25&
SER_261 88.058 0.644 SER_261 56.125 0.402 || LEU_343 114.761 0.564 LEU_343 83.369  0.407
SER_265 76.614 0.566 GLY_265 33.126 0.344 || GLU_82 89.637 0.496 ASP_82 53.087  0.344
ARG_421 162.180 0.654 1LYS_421 89.567  0.438 || ASP_33 70.796  0.332 ASP_33 102.936  0.483
SER_60 85.350  0.672 SER_60 59.339  0.460 | GLU_104 122.686 0.668 GLU_104 144.284  0.838
THR_58 100.850 0.642 THR 58  64.731  0.434 | LEU_230 122.190 0.607 LEU_230 148.620 0.781
GLY_180 64.848 0.684 GLY_180 46.265 0.488 |[GLY_ 313 39.973 0.359 GLY_313 55.999 0.536
VAL_179 146.095 0.685 VAL_179 118.608  0.504 || ASN_257 117.588 0.648 ASN_257 141.526  0.826
VAL 329 85.188  0.519 VAL_329 56.180 0.343 | SER_278 58.740 0.426 SER_278 87.649  0.635
GLU_196  90.869 0.490 GLU_196 58.939  0.321 |[LEU_418 86.891 0.451 LEU 418 126.452 0.662
PHE_314 121.900 0.552 PHE_314 84.278 0.390 |[SER_328 95.343 0.636 SER_328 131.587 0.876
%3 GM ik LaSota tk F BAMBATRRER(ASA) £REHMNHKE
Tab.3 Notable difference residues of ASA and fraction of F protein between GM and LaSota strain
GM #k LaSota £f GM Fk LaSota £f
(AN ASA/A? Z\g (VA= ASA/A? Z\g (DACS ASA/A? Ziﬁi (VA= ASA/A? Z\g
GLY_267  58.433  0.637 GLY_267 28.115 0.313 || VAL 326 81.439 0.535 VAL_326 58.827 0.384
LEU_343 143.455 0.711 LEU_343 83.369 0.407 ||GLU_82 84.157 0.494 ASP_82 53.087  0.344
VAL_179 198.911 0.786 VAL_179 118.608  0.504 | TYR_412 169.936  0.729 TYR_412 211.229  0.880
VAL_329 98.599 0.619 VAL_329 56.18 0.343 ||SER_373 46.921  0.342 SER_373 66.503  0.49%4
SER_261  90.394  0.667 SER_261 56.125 0.402 |[LEU_418 90.413 0.510 LEU_418 126.452 0.662
TYR_314 152.991 0.635 PHE_314 84.278 0.390 | LEU_295 59.578 0.319 LEU_295 83.616 0.472
GLN_183 116.566  0.602 GLN_183 72.889  0.363 |[SER_364 38.493 0.314 SER_364 58.748 0.472
GLU_414 110.452  0.539 GLU_414 57.247 0.301 |[ALA_75 61.737 0.518 ALA_75 81.555  0.676
PRO_70  140.662 0.851 PRO_70 91.413  0.623 |[ILE_407 71.515 0.385 ILE_407 98.393  0.544
GLY_265 53.138 0.566 GLY_265 33.126  0.344 ||LYS_387 149.934  0.665 LYS_387 186.211  0.833
ALA_39 75.229  0.545 ALA 39  43.846  0.326 || ASN_ 240 74.291  0.417 ASN_240 89.347  0.587
ASN_296 126.033  0.745 ASN_296 86.307 0.533 | ASP_247 93.165 0.528 ASP_247 126.569 0.716
ARG_100 174.117  0.732 ARG_100 124.842  0.521 | LYS_181 180.842  0.653 LYS_181 209.742  0.842
ASP_430 119.711  0.734 GLY_430 50.903  0.525 | ASN_192 58.175 0.337 LYS_192 118.186  0.565
SER_60 86.797  0.663 SER_60 59.339  0.460 | SER_278 52.807 0.398 SER_278 87.649  0.635
MET_69  110.349  0.587 LEU_69 75.792  0.391 ||GLY_104 61.128 0.600 GLU_104 144.284  0.838
ALA_385  62.562  0.591 THR_385 60.451 0.409 ||LEU_230 99.615 0.510 LEU_230 148.620 0.781
LYS_ 252 131.236  0.607 LYS_ 252 80.976  0.428 |[SER_328 75.810 0.572 SER_328 131.587 0.876
ALA_378 119.840 0.966 ALA_378 98.476  0.788 | ASN_257 86.112  0.521 ASN_257 141.526  0.826
0 0.

GLY_243

69.970 .762  GLY_243  50.789
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F4 F48E9 k5 GM # HN EE AT AT R FREFR(ASA)
Tab.4 Notable difference residues of ASA and fraction of
HN protein between F48E9 and GM strain

FA8E9 Ff GM #f
(AT ASA/A? Z\g (A ASA/A? Zg
LYS_ 495 150.284 0.718 GLU_495 80.233 0.435
ILE 266 113.741 0.690 ALA_266 50.598 0.517
GLU_256 74.621 0.455 GLY_256 44.010 0.614
GLY_ 293 33.925 0.372 LYS_293 122.070 0.628

5 JM #ik5 LaSota #k HN ZE AR F AT KRR EFR (ASA)
Tab.5 Notable difference residues of ASA and fraction of
HN protein between JM and LaSota strain

IM £k LaSota #f

. nJ K . K

IALH ASA/A? o DIE ASA/A? -

B S

ARG_218 134.382 0.611 GLY_218 23.727 0.311

GLU_293 108.382 0.582 GLY_293 33.155 0.366

LYS_495 149.988 0.717 VAL_495 82.147 0.512

SER_269  40.971 0.336 ARG_269 122.998  0.525
3 itig

BK A B A R YE R 8 A T R ARG M fa e Ty
[N S R U R LR VA g i s g e Wiy L1 L5 i I
VI8 H 5 42 fh 2% 17 1% 38 AR 1 35 1A 19 20 A %% U0 AR
X YU - PUIRE A YT B SR A 1) T 8 6 K ik
FEEAE S 1) N ER. AT H R S R AT i
SUTH] AR AR AR A 5 A (/)1 38 2 A LA R P 2 5 0 vk
YR - PrikZ BIEK B AE AT & AL 5 K A
HAEFXHUR - YUk A Y8 G RE Y vk,

ASA BB R T Lee 21 Xif 4y 1 T 19 52
SCCHFIREF R 1.4 nm. ARSCR AT LA YR
MY e R EE T GM Bk L IM £k | LaSota ¥k
F48E9 ¥fZE 4 4~ NDV HE F & (3 33 ~ 105
P AEFERRANGRHE 171 ~ 454 (4 KPR ) #1 HN &£ C
vty s [ 2544, IR B BRI 5 , 25 A i 1 45
FIEAT T S5 ¥ DI BE 1 43 A, il i T B AALIEDE % oy
FHRAUFBE, 1155 4 4> NDV B8k F 85815 HN &
F BB ASA, JFHR 4l ASA T F 25 5 HN &
F B R T BT B o0 A LA R A Bk 2 18] F 8 A
HN & [ pybe i 22 540,

Wi EEH RS T LR . L5 &
Pk LaSota 15 NDV Hp&ifk GM Fl JM #R7E F 8 H 3R
PR FAFAE B SR B 22500, bR 3R 75 0k FABE9 5
NDV BFFE#E GM Al IM #:7E F S E R mdr)a B
AAEE BRI ZE 9, XA 1l 6e 5 85045 75 R 1 e

FNBE ST S5 A W R S A g

T = P AL 3 (5 FH 9 NDV 2 s bR 46 1 &
( Maktesuar) JHYUUUI % (BI) f1 IV & ( LaSota) , &
115 B AT E PRAT A FE VID B35 4k 75 5 NP 91 4
TEJ7 A R 22 5. AR ZE AT LUE 5
Hi B LaSota k15 GM [ IM 45 J) B bk 1 = 20 45 44 A B
25 5. PRI e R 7 A 2 R R 5 R 1 U A
AR EH RN K A B B DA R L R
RESE AR AN ] i PR R dnk 8 s B 1) Mo, {H X 75
B 22 1 sl B E I D E B

B3k

(1] Hafe hREEmAIM] st dE ol b At
1997 .1-10.

(2] #EH. REZEFRERTHRII]. PEES,
2002, 24 (4) :4-6.

[3] MILLER P J, DECANINI E L, AFONSO C L. Newcastle
disease: Evolution of genotypes and the related diagnostic
challenges [ J]. Infect Genet Evol,2010, 10(1) :26-35.

[4] HU Beixia, HUANG Yanyan, HE Yefeng, et al. Avian in-
fluenza virus and Newcastle disease virus (NDV) surveil-
lance in commercial breeding farm in China and the char-
acterization of Class I NDV isolates [ J]. Vet Microbiol,
2010, 144(1/2) .82-86.

[5] CHOIKS, LEE E K, JEON W J, et al. Molecular epide-
miologic investigation of lentogenic Newcastle disease virus
from domestic birds at live bird markets in Korea [ J].
Avian Dis,2012, 56(1) :218-223.

[6] LEEEK, JEON W J, KWON J H, et al. Molecular epi-
demiological investigation of Newcastle disease virus from
domestic ducks in Korea [ J]. Vet Microbiol,2009, 134
(374) :241-248.

(7] SAIF Y M. @&fiz: [M]. H#R, &, Kibh, %
11 R, dEa: o E Ak Biit, 2005:5-9.

[8] LIU X F, WAN H Q, NI X X, et al. Pathotypical and
genotypical characterization of strains of Newcastle disease
virus isolated from outbreaks in chicken and goose in some
regions of China during 1985- 2001 [ J]. Arch Virol,
2003, 148(7) :1387-1403.

(9] EZF, % B, o SCHh , 55 B e B 5 e RETIAR 14 l

M HE ] AR A K227 4z, 2009,30 (2) « 112-

114.

% B, 5 E AT T BT R HIN N S E TR

MBI R [T ] AR R AL R 24244k, 2009, 30

(4):90-93.

[11] JEEGE. BB ss GM RRAN IM BREE R 21 73 M b 4

KIEHLL cDNA sEBEM A [ D], J7IN AR K

2,2007.

LEE B, RICHARDS F M. The interpretation of protein

structures ; Estimation of static accessibility[ J]. J Mol Bi-

ol, 1971, 55 :379-400.

[10]

[12]

[ZERE %2 »)



