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Sequencing and Sequence Analysis of S1 Spike Protein Gene from Avian Infectious
Bronchitis Virus Proventriculus Strain Isolated in Qingdao(SD/97/02)
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Abstract: A pair of primers were designed and synthesized according to the reported S1 spike protein gene se-
quence of IBV . The viral RNA of SD/97/02 strain was amplified by reverse transcription-polymerase chain re-
action{ RT-PCR . The amplified product was analyzed by agarose gel electrophoresis, all appeared a fragment of
1657 bp as expected. The RT-PCR product was cloned into pMDI8-T vector, and then the recombinant plasmid
was sequenced . The result suggested that it was the S1 spike gene of IBY . The recombinant plasmid was desig-
nated pMDQXSI1 . The sequence has been published in the Genbank, and the accession number is AF193423 .
Sequence analysis showed that the S1 gene has low G+ C content at about 37.0% . There existed several RE
cleavage sites such as Hind ITl. BemH I. Bg! NI, Sacl and Sell, but have no EcoR I site, which is 0" _rent
from that of other strains . Its homology compared with other IBY strains was between 87.02% and © .11% .In
the site between 154 and 429 of this S1 gene is a highly vanation region. The S1 protein is composed of 540
amino aicd residues after the gene was translated into amino acids, the pl is 8.24 . In the inner of the protein
there have 18 Cys residues. The sequence of the cleavage site between S1 and S2 subunits is HRRRR, which is
different from that other IBY stmains{ RRF/SRR) . Three high conservative regions were located at 169-181,
230-250,485-506 amino acids residues . Comparative analysis of the antigenicity of SD/97/02 with that of other
strains showed epitope disappearance in 320-326za and 390401 aa, two strong epitopes appeared in 325-345aa
and 379-389aa; in 438-444aa, the epitope which existed in other strains of IBY (except ZJ971 strain ) disap-
peared ; end the antigenicity between the amino acids residues 53-65 became weak .
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B S1 EEBR G+ Co% RS, Y 37.09% , ELE Hind I, BamH 1, Bgll 1, Sacl 1 Sall {185, % EoR 1128, 5
Hith ik FETETE 87.02%-94 21 % 2 A, T2 154 - 429m b AWEM TR BEAR HEEEENE . BT
WISl EOm SO-MRERAN, FR A8 M. EEARAMIFE 184 G, E S1 5 2 BHZ A B 54
HRARR, X 5XFH 1BV B (RRF/SRR)F —# 7 = KRB EER 7 % B £ 169 ~ 181as, 230 ~ 250aa, 485
~ 506an; 5 AT BTN S SR, YT HRAY 320 ~ 326aa [ 390 ~ 401 as S AILIH AL 4, T TE 325~
34528,379 ~ 389%aa 4h NI H 0 T RIRAOPLIA T 1 3 438 ~ ddan 4b, Hoftr 1BV 35 85 (B 20071 8641 ) R FEEE MBI IE
7 s e AT B R I 5 5 7E 53 ~ 65 (IR BEIRHURtE SRR LI B %0,

iR 1BV B3 E bk S) PR BORE  FF 94
PE S HS9852.65%9.6 MEHRRIRE A

BEAHISERFRE(BVETERRER
(XM B £ 7% % B ( Nidovirilaes)) [V, 2 TR B2 F
ARmERNNREZRR ., ZRESIEYH™E
fEHE , R LSRN 3 L 0o, TR S AR
BV H FRAFMBNET-SIDE RN, BREEM
T KRR (249 27. 6kb) R IFHFMB M BT,
BHmERT BV 895 — - LT R4, BY
BEHEEMHMHER,FREA™4 TREMHEHSAER I
B AR R B HBLE E R, A R B Y
FETRAEMBER, mPEN 1995 FE0%, BT
— LA B T 2 B4R AF B0 X8 St Y, —
o A ER R IBV 5| R sk
Wi B A AFARIM A, WA E S A WIRE .,

BYHERAEAEEN=F - SE2BEAH(S).
BERES(XWEES. M) . EXTEA(N), %
BEAEHERRSRBRFEANERN .S 182, H
S| WRA N FREN TR, LBEESRK
%, U AT SN RN S A A
56,81 EAE SEBERE, B £ p ik
MmEmE s, ERGTSIFAEFNEEEY
ThEE, MM S| EH R HEANTREREN. T
BLHERA . MNUEMHRRE. EAREFMY
7L W] E R BUR E B R A A IR IR F T R
AEAESMMBRE CERTOHNRIES BW
WhBERREY, R FEENHRESL
A HENEZREN S| Z2EFF . RAMNFFK
W BF9E R B B RPLE

1 #HE#IAFE

1.1 SI¥igitfaa

F]f NCBI FJ 34 Genbank F B BLAST ¥k {4351 &
By BV S| EEFIMAT T RIS LL 8, B 4
FFEIEME AR RS9, b 531 (SILDfF S1 &
BRI T A RTEY 2 40m b, B4k RIS 2 FE 7

MRS 1003 - 5125(2001 104 - 0377 - 05

REHEESRTFHRER, AR T RFEAL
FHE 4 : CTGAACAA, X EE R LA BB 1 $h M B At
P3R5 1 T S2 WRAI R A A, R R AR
5F. FIMRFFIIT

SI1  5"-GCAAACTGAACAAAAGAC ( CA) GACT-
TAG-3'

SI2  5'-CTT( AG) CCATAACTAACATAAGGGCA-
3

(FE:BESN(CAHER N EN CEX A,
RIF:(AG)A A B G, ZES |4 b LA A R Ay L4 th 3L,
WS | ARHREL B R FE a3 RNA, 5]
PEEI RIEERE K, X5 P RmeGT s,
BB T 8 ERHE TR )
1.2 SD/97/02 ¥ IBV S1 EEMIER

BAEHER RS, SRS BRER R
T RE~EF 10 BB E—~40h SR E TR,
By, Hifk—~ BB RNA—~> S5 3 —PCR—~ B KR 2
HbRERH&MER 42C 1h, 37C 50min (A M-
MLV RT),PCR B & X, U CHEH Smin, K5
94°Clmin, 47°C 2min, 72°C 4min, 47 40 T, &
& 72°CEEff 10min,
1.3 ERNEBRMNRE

[RIEEHE CRRIST, HE PCR PE 9 PEEE A, pMDI8-T £
{4 (K 4 9 ( TaKaRa) TR )
1.4 WMF

EAEFEY (TaKaRa) TRARMEHET, A
3 ABI PRISM™377 & g shil %, @i L @A 5140
M13-47 F1 RV-M 347 X =) ¥ Ff, #4 /5 2 P %1 84 [|]
BHEE— ¥ ) G, il 3 | SRR g i
A EATHER S B R FTR B S1 R P
1.5 FEIaH

&SRB B B9 FE S #1 NCBI M3k | Genbank
B IFF AT R R oL, 48 )5 Fl DNASTAR %45 74
YR HET .
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2 &R

2.1 SRRt ENEERNIER

217 Goldkey $XiFH03E BY 43 171, 5145 S11 #4012
AEHRE ELE 4 U EMER R R T4 F5],
“EWN Y RKNBEERERE, ARG B,
HeEER5 I ZMEE D B, M— M SR x5
M G + CHIBAR, (L7 35% ~ 0% 2 [H, X2&F

G+ C%RLILTE 36% £ 47, J5 Fth & PCR 178
PIERERT R E, R S RERET B0 EN
Z—s
2.2 S1EEFARFAHAE

SD/97/02 & S1 B F-4 3 A A S H Ay
FERFFIIE 1(3ZF5 B 835 Genbank HEHt, i
M5k AF193423),
2.3 TS

TFa RS R RN, A B4 s EE R

ATG TTGOGE AAGTCA CTGTIT TTA GTG ADC ATT TTGTGT GCA CTATGT AGT GCA AAT TTG TTC GAT TCT.GCT AAT AAT TAT GTG TAC TAC TAC CAA AGT GOCTITAGGCC W
M L G K S L F L ¥ T1L CaALCS A NL FDS A NNYVYY ¥ @G § A F R P
TCCA ASTG0A TOS CAT TTGCAA QGG GGT GIT TAT (LA GTAGTG AAT TCC ACT AAT TAT AGT AAT AAT GCAGGT TCT GCA CCTCAG TG ACTGTTGGT GTTATT AAGGACG 240
P N G W HLQ GG A Y 4 ¥ ¥ NSTMKY SENHNAGSA PFPQC TV GGVNYI K D
TC TAT AAT CAA MGT GOGGCT TCT ATA GCT ATG ACA GCA CCT CTT CAG GOT AT GCT TG TCT AAG TCACAATTT TGT AGT GCACAC TOT AACTTTTCTGAA ATTACAGIT 30
¥Y N g 5 A A S5 |1 A M T A PL QG M A WS KS ¢FC3S A HCNTF 3 EI1I TV
TTT GTC ACA CAT TGT TAT AGT AGT GOT ASCGOGTCT TGT CCT ATA ACA GGC ATG ATTCCA OGT GAT CAT ATT COT ATT TCT GCAATG AAA AAT GGT TCT TTATTT TAT AA 440
F ¥ TH LY S5 S§ 65§ GsSC PL TGMI FPRDPHIR IS A MEKNGS SLFY

TTTA ACAGTT AGC GTATCT AAA TAC CCT AATTTT AAA TCTTTT CAA TGT GIT AAC AAC TTC ACA TCT GTT TAT TTA AAT GGT GAT CTTGTT TTT ACT TOCAAC AAAACT A 58I
KL TW¥Y¥Y S v 5§ KY PMNF KRBS35FQgQ €% HNNFT 5 %¥ ¥ LN GD L VFTSN KT
CTGAT GTT ACG TCA GCAGGT GTG TAT TTT AAA GCA GOT (A OCT GTA AAT TAT AAT ATT ATG AAA GAA TTT AM0 GTTCTT GCT TAC TTT GTT AAT GOTACA GCAC AL GAT - 66U
TD Y T 5 A G ¥ Y TF Kk A GG P ¥ NY NI MKE FKUYLAYFVY NGTaAQTD
GTA AT TTTG TGC GAT AAT TOC CCCAAG GGT TTG CTA GOC TGT CAA TAT AAC ACT OGC AMTTTT TCAGAT GGC TTT TAT OCT TTT ACT AAT AGT ACTTTAGTTAGGGAL AL T
¥ LLC D N 5§ P KGLELE ACQTGY WNTGNFS DGFTYPFTHNS TLYR E

0 TTC ATT GTC TAT OGC G AGT AGT GTT AST ACT ACT CTGGOG TTA ACT AST TTC ACT TTT ACT AAT GTA AGT AAT GCA CAG CCT AAT AGTGGT GGT GTTAAT ACTTITC B0
KF | ¥ ¥ R ES§ § ¥ NTTLALTNTFTTFTNUYSENAQ PNISGEE VNTEF
ATTTA TAT CAA ACA CAA ACA GCT CAG AGT GOT TAT TAT AAT TTT AAT TTGTCATTT CTr AT CAG TTT GTG TAT AAG GCA AGT GAT TTT ATGTAT QGG TCTTAC CACATT - @l
H LY 3 TQT A QS G Y¥Y YHNTFHNLSFL §QFVY kR A S DFMDYGE S5 ¥ HP
AGT TUTTCT TTT AGA CCA GAM ACC ATT AAT AGT GGT TTG TGG TTT AATTCC TEGTCA GTTTCT CTT ACT TAT GSA COC CTA CAlG QGA GGIOTOT AAGCAATCT GTTTITAG 1M
$ C S FR P E T I W 5 GLWTFMNMSILS ¥ S LTVY G PL QGG C K ¢GS8 VF
TGGT AAGGLA ADG TGT TGT TAT GCC TAC TCT TAT AAT OGC CCA AGS GCA TGT AdA GGT GTT TAT TCA GOTGAA TTA ADC ATG AAT TTTGAATGT GGA TTGCTGGTTTAT & 1210
sS4 K A TCCY A TS Y NGPR ACKTGY ¥5 GE L S MMNTFE CGL E VY
TTACT ANG AGT CAT GGC TCT OGT ATA CAG ACT AGA ADG GAG CCC TTAGTA TTA ACG CAA CAC AAT TAT AAT AST ATT ACTTTA GAT AAG TGT GTTGCT TAT AMT ATATAT |53
¥V TKE S H&6 S5 Rt ¢ TR T E PLYL TQHNYMNMNIYTL DECVY AY NITY
0GC AGA GTAGOC CALGGT TIT ATT ACT AATGTG ACTGAT TCT GCT GCT AAT TTT AGT TAT TTA GCA GAT GGT GGG TTA-GCT ATT TTA GAT AOGTOGGGT GOC AIA GAFrGT 140
G R ¥ G Q GF I TNY TDS AAMNTFS YL AXDOGGEALLDT §$G6G 4 1D
TTITGTTGTA AAGGGC AGC TAT GGT CTT AAT TAT TAC AAG GTT AST CCT TGT GAA GAT GTT AAC CAA CAG TITGTAGTG TCT GGT GOC AAT AIAGTT GGCAITCTTACTT 154
¥YF VY YK G5 ¥ GLNY Y KYMNPCLCDVYVNQGRFVYVYSEG GNI VG 1L LT

CT AGA AST GAM ACA GGT TCTGAM CAG GTT GG AAC CAG TTT TAT GTT AAG TTh ACC AAT AGC TCA CAT OGT OOC AGGOUT 120

S5 R N E TGS EQ YV EN QFY ¥ KLT N 535 HRUBERERHIK

B 1 3Ds97/00 Bk IBY 51 BAF 7 E R TS A E R T
Fig.] Sequence of IBY 30/97/02stmun 31 gene and its deduced aming acids sequence

2.3.1 SD/97/02 #k IBVS1 FEHMEIE R H 5 H s
IBY BHRMFEIEE S 7 S1 RE P, £ %R
BT H 7 2 A-27. 6% (45771657 ), G-20. 3% { 337/

HEHENHEREIER.
2.3.2 SD/AOT/2 B IBV S ER—BBE F
DNASTAR HE938 A ThEE, 447 T AT 4 6, WH 2,

1657),C-15.7%{260/1657) , T-36. 495 ( 603-1657) , iX
— R MEMEES BY JLE—. ILEESHE
HEEHN G+ CHrEaRE D,

*TiZHRN S1 ERMBUI ST R
HFE Hind I, BamH 1, Bgll 1, Sac 1 #0 Sal 1{ii 5,8
X EcoR 14 83 % FEHEAS S1 HEYS Genbank H
fis IBY #Hk S1 EEHAY RIBHEAE 87.02% ~ 94,212
B, 7656 154 ~ 420 ABEMTRK , ZBkE AL

FEFKME L IR ZIAT 1. MEEBRAFERING
K, XL RREFES RS, X 534 BV Bk 5E
=—%,

S1 EE 1 540 MEEMAERN, FBAN 8.24,
HESHASHFEIS T Cs, ESI 5 2 EHZH
KB EIfi % HRRRR(W VM iy FHBE— 1 R
ErtHEREEBREELEEAE, E=1
EE ) F TR ERF: 169 ~ 181aa, 230 ~
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Fig.2 Some characteristics of IBV{SD/97/02 strain)S1 protein.

250aa,485 ~ 506aa,
2.3.3 SD/97/02 ¥ IBV S Hflt BV (b7 #r
(B RLE 3,07 W, SD/91/02 k5 KT ek tT b
Hofhsr EEEAE ERDERM S A — TR,
WEFIRET LA EH R E R E &R AR gy sk, B
1BV D4l AR E 4 B8 EREFH, 1BV HI20 Ak
B 7 = A o W B A R, ML R O 28 E R R0
RER EIFEHK , IBV Bean N3EE 5 — AR R,

T T T T T T T T
0 # ™ &0 S0 40 3 W0 MW 13

3 1BV ¥ S1 BB EHER
Fig.3 The phylogenetic tree of 1BV 51 gene

IBVZ 74+ B W TTH UM B0 AR B R i)
2.3.4 SD/97/02 ¥k S1 R S H FHHFEI TR
¥ B NE 4,% SD/97/02 BEE SI BEB HES
29, 7 320 ~ 326aa J& 390 ~ 401aa SEHI LR A
TE 5%, MFE 325 ~ 34524, 379 ~ 389aa LW H B TR 38
ROTL IR AV + 5F 438 ~ 444 fir , HABF R (B 1BV 2J971
#HR NS RE R BY #5)85 -1 1
R RO, TR MR BR P A 7R 7 53 ~ 65 (Ui
HEBMRFEESHFHRAELLH BT,

| — 14 T T T T T T T T T T T T T T T T T T
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=3
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FE 4 1BY S0/97/02 Bk S1 8T A THL M LA b7
Fig.4 Compartive Anulysis of the Antigenicity of 1BV SD/97/02 strain

3 iFig
IBV # S1 | Q —H# A RS R P Ad &
MBS S RENHSUEE X, 58

BEREARE EEORENESTER BVE
W MR RT R A, S| REM TR WHEE

W BHT AR S A AR A, R RN NE
BR(EARFEAFERER), REX SI BH, 3
TR BT a8, BhF S AP R — S
124 M B 1BV BB B g IR SRRl
AT T SD/97/02 Fak S1 HEH R I8
{5 5, BIFFLE Hind 11, BamH [, Bel 1, Sacl #1 Sel I
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fI 5, B EoR {68 X SEHRENFHR. &
ERFFISREREERS. R S1 BEAH 40T EE
BRARL, FH AN 8. 24, EEEBRNTEAE 181 Cys
(FE IBVS1 T, Cys ¥ 16 ~ 19 28] ), T Cys A
ER_mE EHEE Cys FHTRSFHESE
BANTHL, £S1 52802 R
HRRRR,i% 5 K £ ¥ BV H#k (RRF/SRR) F— ¥,
EB B E T 0EETF SN R-X-R/K-R,
ZE5 BV S ERUEIMAHEY. ENDVH T
FEYRM AN R F8E TR, FiFk
WAL DI BV S B, AR EFELR T
I,

A1 SDI7/02 PR E BB ¥ 5 5 Ganbank
BEFFIHT T HELRN, F = KBNS R
B R 5T 169 ~ 181aa, 230 ~ 250aa, 485 ~ 506aa;
Wang 5 M HHEEE S1 BE M 240~ 255 (W EE
BFX, RITMERE S BT, €5 24 U/
AERL,SD/97/ R R SHMEHRHELET — 1
EM(Al), XEEH S| BEEMMEESTEE A
AR —EEe.

BHERERE AEFECHFELE R
SHMRFINHERB—AERREIEFESTSE
RAFIINEN, AXE—FH TR BV, XABEKE
BV (WHAA W X 24E Tk, MHS1 EAMSE
SEERET BV AN, B{]:E 4 RT-PCR
BA VBB T SD/97/02 #kf9 S1 BL[E I8 3 dll 1 4k
BT HEFEFT), % SDY7/02 #k S1 HEFEFIME
ZROTENMTER, ZERSHE BVHNERE
K AHERETER(S-HVRIEHRKHER.

EXFHFEREMFT R, P — 4 (2397
B E R TR A BY, X S1 BHEAFEIILE
#H,8D/97/02 $k 1BV SR FEHM SIL EAMNE
FORK, XL HEFRFEOBFREN S FEYE
ERpEEAHEEEE. LEmRENEamEdE

MR RERE R MR —BJL M RER G, X P2
REMEMFEREREED S| BERRE L HER
KBTS 438 ~ 4 Man EH P HAMBFERD T — 1%
i, ERAUMEBERT LGN S| EARESFEEWY
HE, /R EITIRABTE.
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