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Abstract: This study was conducted to detect the single nucleotide polymorphism (SNPs) of BPI
gene in partial coding region in ninety-eight Sutai pigs, and to predict the effect of mutation on
BPI protein structure and function. PCR-SSCP/RFLP combined with sequencing were used to de-
tect the SNPs in exon 1, exon 4 and exon 10 of BPI gene, and bioinformatics approach was used
to predict the physicochemical properties and structures of original protein or mutant protein. Re-
fer to the cDNA sequence of BPI gene, six SNPs existed in exon 1, exon 4 and exon 10 of BPI
gene, with three synonymous mutations(c. 24A>G , ¢. 54T>C and c. 522C>T) and three mis-
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sense mutations (c, 433C > T (Argld5Trp), c. 1060A > G (Thr354Ala) and c. 1151T > G

(Leu384Arg)). Three missense mutations had no influence on the physicochemical properties,

signal peptide, transmembrane region, glycosylation sites, secondary structure and tertiary struc-

ture of the BPI protein,but led to the change of its phosphorylation sites or the existence of other

potential function sites domain. The result of Western blot experiment indicated that there was

an target band at 53 ku. It was obvious that expression of BPI protein in ETEC F18-resistant

group was significant higher than that in susceptible group. The base mutations in exon 4 and exon

10 of pig BPI gene affect protein function in one way or another, which may have an influence on

resistance/susceptibility of the pig disease.

Key words: pig; BPI gene; SNPs; bioinformatics; protein structure and function
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Table 1 Information of PCR primers
IR /RS F1¥F31(5'-3") (A= B/ C Y/ bp
Primer name Primer sequence Position Tm Products length
F.GCATCCAATTACCGTAGTC
P1 AhET1 59.3 249
R. TCCTCCTCTCTGCACTCTACT
F. TCAGGTTGGTTACCGCAGAG
P2 i i AT 4 62.4 200
R:ACCCTGTTGATGTGGCTTCT
F.CCCAACATGGAGATGCAGTTC
P3 Sh T 10 57 445

R:CAATGAATCAATGAGCACACC

L3 SMERESN
B SEA ] DNAMAN 5 70 r SNPs {7 i .

x2 EQFMTBETNT EREXMIE

U] A AE 2 35000 R AR o B K A2 i Je BPT 82
(4 45 k4 R D BE » B S B 00 2 M O ik L3R 2.

Table 2 The method of prediction about protein structure or function and related web sites

145 T g

Protein structure or function

o0 PO 41k S AR O R A

Predicted web sites and related softwares

5T AR T

Physical and chemical properties of protein
T Ki%a Disulfide bonds

{55 Ik Signal peptide

P X Transmembrane region
O-H Fe 1k A7 A O-glycosylation
N-H# e AL A7 & N-glycosylation

W R AL A7 &5 Phosphorylation

Yy HE X 48 Function domain

T %5 Ky Secondary structure

=2 45K Tertiary structure

ProtParam (http://web. expasy. org/protparam/)

Scratch (http://scratch. proteomics. ics. uci. edu/)
SignalP4. 0 (http://www. cbs. dtu. dk/services/SignalP/)
TMHMM (http://www. cbs. dtu. dk/services/ TMHMM-2. 0/)
NetOGlyc (http://www. cbs. dtu. dk/services/NetOGlyc/)
NetNGlye (http://www. cbs. dtu. dk/services/NetNGlyc/)
NetPhos (http://www. cbs. dtu. dk/services/NetPhos/)

SMART (http://smart. embl-heidelberg. de/)

Anthepro & H /30 ¥ 4 & T Garnier J7 3%

SWISS-MODEL (http://swissmodel. expasy. org/)
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K s 3 AT 25 BB . AA GG Fi AG; 3. Ah i F 10
Rl 3 AR [R5 % AATT ft AT, M. DNA # %
4 T 5 S AR ME pBR322 DNA marker

1. Genotype AA and AC in exon 1; 2. Genotype AA,
GG and AG in exon 4; 3. Genotype AA, TTand AT in
exon 10, M. pBR322 DNA marker

B 1 BPI%E-F 1.4 1 10 PCR-SSCP/RFLP 4 #f

Fig. 1 The PCR-SSCP/RFLP analysis of BPI gene in exon

1,4 and 10
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Table 3 The SNPs analysis of pig BPI gene in exonl, 4 and

10

BPISMET GUBfis MO B
BPI exon  Mutational site Base change Amino acid change
N e c. 24 A—G [A] X &A%
Exon 1 c. 54 T—>C [l X &A%
bR 4 c. 433 C—>T Argld5Trp
Exon 4 c. 522 C—>T [ S5 A%
ST 10 c. 1060 A—>G Thr354Ala
Exon 10 c. 1151 TG Leu384Arg

2.2 BPIERZMMINENEYEEEST
2.2.1 BPI & A # AL R # BP1 2 A 4k
PR 43 B 1000 25 S & 0], BPL JE 85 (1 7 41 CR H
GenBank B4 % . NP_001152779. 1) 43 T3 K Couss
Hisas Noso Osr1 Si7 5 73 T i 2924 53. 36 ku, J5 7 5 4k
7627, P SE L R pl O 9. 69 .71 1 F i AL FE £
M) 82 I R AR SL 8043 51 A 32 4, BPIER &
20 PR DL S LR, Horh Leu & & fe i (13, 3%0)
Trp Ml Cys & e (120D, & & BRIk A ik i o6t 2
1% (PyD) FlG 2 e 2 B2 (Sec) . 85 1152 v B U7 % 48 ik
B2 & B 8 I8 15 15 B ( Aliphatic index), & %
Leu.Ile F1 Val 41, o] LI R & A 5 vk A 0F
¥R B iZ BPL & s 8 4 100. 56, R HE A
IR HEE M. AR R 2 (Instability index)
32.70(<C40), & W] BPI & H A @ . B P kK 1k
(GRAVY) 2y 0. 108, Ut W] iZ & H Bk P8k . 3 F
AR TR (5 5 0 FRAL MR R R AT e R B (R
D EA R TR VIS SR S BRI AR E R
BUA B ST 35 5 K M s R R AR AR L 28 S Y BPI
EENR R E N REEREA.
2.2.2 TR AE T IR B R IX 4G R IR 45 A T

T &5 R0, 3 Fh oA A BPI | H Y R 7E
b, 5IRE A g A . H TMHMM Serv-
er v. 2.0 Wil 3 Fh 27 M BPI 2k 1 & PR . 5 15 12 i
Bk 1, B BN T 12~34 L& iR, 5 5 R
P I 25 R 58 4 — B0, 3R WY 3 2 58 AR 37 g JF A X
25 5 45 g 3 BSLRE TR

F5 R WA N i 10~ 35 37 2 L R 1) i

AR X, A 5 5 KBE E N T S . AR
5K JATEL T B SignalP4. 0 il 5% BP1 & (14155
JIK S FE LA AHT 70 A LR L I Bk T #2802 155 7
NN FEAT 53 H7 45 5 B B DI A7 05 3 Y d5e KA
(Y-score maximum) g H| W, 2 N b E HE L S
-2 {H (Means-score) K H|Wr . & S SEHE KT 0.5,
W53 W8 - FEEAE 5 K. SignalP4. 0 FWil 3 Ff
AR BPT 8 1 05 5 KR 8L, 3 Fh o€ 42 71 BPT &
HIFETEAE S AR Y B R 0. 698, S SF-J4{E 2y 0. 947
(>0.5) . 3 HB PI AL mi #FAL T 27~28 (AR . 5
JE R TR 25 T A —
2.2.3  WEEAL RS R A A7 A1 T i3 X 3 A
BPT 978 2R (119 O-Blf S Ak A 2 000 % B, 35 F7 A
24 ONEILACAL SN 5 A N-WEILAL AT 5 FLE 3L 1k
V7 T 5 Y —FkE . Thr25 F1 Thra38 (1 O-% 3
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X4 BPIERHEHERSH

N4 A0 08 1 4 514 0. 662 6.0, 716 3.0. 500 8,
0.503 4 DA M 0.528 3(HJRF 0.5, FHX 5 4-fif
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Table 4 The physical and chemical properties analysis of BPI protein

PRALE B

FEH 2 A Protein type

Physical and JREE Argld5Trp RAERIEH  Thr354Ala RAATIE R Leu384Arg RATE N
chemical property Original protein Mutant P Argld5Trp Mutant P Thr354Ala Mutant P Leu384Arg
sy FHE/u -
) 53 364.3 53 394.3 53 334.3 53 407. 3
Molecular weight
PR A5 HL A
9.69 . 64 9.69 9.73
Theory isoelectric point
Jig ¥ P 45 K
S 100. 56 100. 56 100. 77 99. 75
Aliphatic index
A E R
32.70 33.05 32.70 32.70
Instability index
psE P
0.108 0.116 0.114 0.091
Grand average of hydropathy
= Potential — 152, 155, 160, 161, 174, 177, 199, 211, 319,
@ g Threshold — 358, 392, 483 fii).5 4 J & MR (Thr8, 37, 51,
R & . . R
o 219, 354 i) F 2 A~ & R (Tyrd3, 72 {z)ﬁﬂ%
N5 —
g—; R TE MBI AL B8 (B R T 0.5) (4. &k
8
S5 H ‘ Hh I \\Ml\l \“H H H | ||HH| HH\I\ | P Thristhla KA D 5 1 Sersss il 14
1 | | | | | 1l
0 23 |
Q 0 50 100 150 200 250 300 350 400 450 Thr354., ﬁzﬁ’ﬁ;,ﬁgk ?A%EE’JW%M@E‘ %EEE
FHRRFH I E Amino acids sequence position TeE—.
B2 BPIEBM O-EEN AL S = T Serine —
Fig. 2 Predicted O-glycosylation sites of BPI protein - g | ‘ T;,er%r;;gg —
= = ; Threshold
g1 8 |
— RER [l | b
= Potential — =g ; Bl
@ 5 1.004 Threshold &< ‘ ‘
SRS Z ([ W
%?0_75, _EG L IHL‘ Jl I\’Ll‘ 'H"“N H. ‘ .
é_,l-é . 0 50 100 150 200 250 300 350 400 450
= 0.50 B IR F 5 B Amino acids sequence position
% 172]
% S 0251
g 4 BPIE QBB L AL AT
Z 00 50 100 150 200 250 300 350 400 450 Fig. 4 Predicted phosphorylation sites of BPI protein

HHRFHIIE Amino acids sequence position

B3 BPIZEBM N-EEACAHN
Fig. 3 Predicted N-glycosylation sites of BPI protein

BRI AL p5 T 43 AT A B, BPL JREE A H A 19
A 22 F 1R (Ser93, 98, 106, 111, 115, 134, 139,

2.2.4  DIREAL A5 DX I F SMART i jil] 5%
BPT 2 1) D e A7 5 X3, 25 2 32 22 AR ST ) B ik
FVTE TR 2 R P J7 T8 R 43 A JELER R 3 e o A A
EEMRT IR I 58 & — 3 BB R AT 2 D EER 4
38, BPT1 (N s {57 X 380 A1 BP12(C S 5 X 80D o
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AR AR (7 T 12~ 34 L2 FE i) . iR
B TE I et 7 7E 3 1~ LCR(Low complexity

£ 5 BPIEAMIsEETN

Table 5 The prediction of BPI protein function domains

region) , ] 3 o AR R (B T LCR X, if 77 7E
A VA T RE A X3, AR (S BUILER 5 Fk 6,

I fiE X 1 Function domain

EHER
Prote; LR SF 10 T BE 3 TRAE 1 T BB 3
rotein type
Conservative function domain Potential function domain
JE & 4 Original protein 5 I X, BPI1 #i1 BP12 LCR

Argld5Trp RAEREH

s 5 X, BPI1 fi1 BPI2
Mutant P Argl45Trp

Thr354Ala 228 B &

5 K X, BPI1 il BPI2
Mutant P Thr354Ala %

Leu384Arg 2845 RITE 1

B 1X . BPI1 I BPI2
Mutant P Leu384Arg

LCR,BH4,WGR,ZnF_Z7,1G_FLMN

LCR,BH4,WGR,ZnF_ZZ, ArfGap

LCR,BH4,WGR,ZnF_ZZ, Ar{Gap,IG_FLMN

®6 BPIZEHEBEMINEEER

Table 6 The information about BPI protein potential function domains

TEAE 1Y D BE 3k 2R IhRETE R
Potential function domain Definition Gene ontology
BH4 Bel-2 [&] 8 X 35 4 Z 5T R, GO 0042981
) BARSFIY motif, FE S5 polyA BAEWE K
WGR R 45 4 X 3k
B DLk W 1 5 A 8
ArfGap GTP [iff (ARF) #0768 H X 5 GTP ffi ARF {23 GTP Bk f#4E R . GO:0008060
FERIERARLEAMN GHEEEEA,
ZnF_77 LA % 8
- FE TR RO 2 55 8 F A EAE AL 454, GO 0008270
IG_FLMN 4 22 B G BR AR D) AR X 3 2 5EA%4,G0:0005515
2.2.5 BPI % H = 8] 25 #4 # i FJH Anthepro Fa) 4 B 1 O 5 DR R R AR — 3K

BT 83T Garnier J7 75X BPL & Hi#F 17 9%
AT , 25 SRR WY, 3 B R AR R AR (1 I A5 T
¥ 329589 o B2E (Helix) , 31 %51y B*ﬁ%(Sheet) ,
179 6 B % 4 CTurn) A 20% 9 F 1 2 1 CeolD) #i 1
B ZREER TR L) 5 R e A —
SWISS-MODEL #2 #f2 [7] J5 £ £5 4y 7 BPI & 4
) = A5, B C AR o IXRT N oK sty X485 4 & AH
oL FFIE B IR TR Rl A R D AR A T B
29~482 MHEBMR A M. 5 PDB [ B E 4l 2
R 1bplAC2. 40A) AR B ME Hy 64, 1% . i ik LR
PIRCHEME A 3. 06e-167, HEAY T 2 17 43 0 & & W47
BREr QMEAN f Z {8 R — 0. 95, % K04 I A5 . 158 B
% BPIE A NEEEN ., 3 P48 R E A1) =94

2.3 Western blot 3745 R
Western blot {5545 5 8.7~ (K 5) .7 53 ku &b
KI LA BB [FIES AT LU SR i BPT

2 PR

Bl 5 Western blot 3 #7f BPI E &I A H B A
HRIEER
Fig. 5 Differentiation expression of BPI protein between
resistant and susceptible groups analyzed by West-
ern blot
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W & B BPT & EH M4 F = 2k 53,36 ku, 55
Western blot 246 2% 5 3 A8 — 3,

3 %W it

KT BPLE A 45 058 K B, N 52 3 1) BPI
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456 PR ILMRAL I R AR 9. 0~10. 0 1Y Bk
P . R A LR A A AN RN
ity PR P4 2, 2 I 7 35 Eb Mk S JE IR ik 3 /> 16 4>, C g
R VR L ED L R R 3L &2 2 AP R 25 5 BPT
W2 e a1 S R 1 DN TS N AN UIE R e il E R i)
NEREATRE., ANBPLEA =4/ 745 8
7~ C AR XA N R i X FE B A o BIER 1 AR
AT B I &, C A um X A N K vy X 45 44 4E 5 AH AL
FEIE BT FRER I« AR AR, B & 200 DR IEIR A2
A9 N R XA C R i X R Hra] 21 A 2 HE R 1 i
XA, A 56 o %% BPL & B 45 #4 F1 3 A
HEAT IO 43 A & B BPT 2 3 Ry kA B Ak M BT
Ur 5 S DL S E R R 4 O 5 AN BPT B A
AT AR (E e o BRER B 3T &) Al &
Fa CEE TR MO 5 A BPT AH{ML,

W 5 Ak RN B I Ak EL A AR W R DL AR 1 o R
Je B A R A A M e 0 B T R A T L) el R
VAR | B B A DT A A R K T R A
BB R T 2 B O RS TS AR
FH T 5 R R 5 300 L DNA B 45 6 0 5]
775 BAR FE R A AN A K R A A6 AR B 9T T A
BPI JE P AEIA 26 4~ (19 4 Ser,5 4> Thr )
J 2 A Tyo WTE M BEBR AL AL, T Thr354Ala 58745
BEEDT 1A Ser™ 1 14> The™', 0] G852 i 21| 4
SEAQH R A A AL 32 SR A R A 1 Y
N 3ty H A LR I FFAE P 51 R Asn-X-Ser/ Thr(X f{
RATAT —Fp L BR) . H I WH AL A 52 e 5 02 43 1 1Y
SE R RN RE - DT 52 M AL A X 7T D8 A I 2 R
[F] i 2 R ] S B Se g i A R R R
% g £ BT 5 1) HIV gpl120 7 i b Y 55 H &%
L SR DA SR ¥ A IR T R A A AR STTE
B BPLEE H P 3 R A 7 B EA A 2 (2 A O-F
FEACAL R 5 A NBERAR A SO IR 456 8 H 0 4h
o BT 85 Rk E  Hoh Thrd38 £ T o #8€ (Helix)
I, Thr25, Asn233 1 Asn304 £ F M i -1 & A
b X A A B BE B AL R RE 235 BPT 555 J5AH 5C

Gy PR ERGRE .
T i 02 25 [ BT 43 b B ST AF AR 1Y T RE

A7 322 AR ST T Rl Bl R0 15 75 ) 1 S8 95 5 T K 43 #
PRSP IV REEUE SR AR AE Wi 8 — M E A KR A
A AN B3 R [R) 1) T B X8, 2 B A O PR X3k
wHARN FEAZMMABERNIR. A5k
B3 Bl s R AZ, B ArglaSTrp £ T4b R 1 4.
Thr354Ala 1 Leu384Arg v T4ME T 10, KB
#E— 2 KB M BPL A TR 2 SR SF Y gt BPTL
(N ¥ X 38) Fi BPI12(C ¥ X 38 , Argl45Trp RAF &
A 7E BPI1 X 3, Thr354Ala 1 Leu384Arg R 4A% k&
AAE BPI2 K, BF50 & 3. N K i X B A7 BPT Y
S A I MR ORI LPS 3 S C R g X
AL E 3G R BPT A Fe0E M o DL R 3G 5 AL AR 240 B 50 93 19
JHELAE R B O e 58 AR W] RE 5 AL AP B )
A ¥, K. T. Christopher £ B 58 % 3L, }% BPI
FEDHES 4 F1010 Ab 7 HY RELP Z8ME 59T IR
1) 2 &M A O X i — 2 U] iZ BPI 2 H R 57 1)
AL T BPI & 0y EEE 6. B 2 Ak, A B
GEIRTE 3 PR AR TR I rh R T — S AE 1 T g B
I GTP B§s & B X 38 ArfGap H14H 22 T 4 9% Bk
HEHYBEX B IG_FLMN 4, GTP i G E 0 5
Ras A& G HH o WHEELS A, 0 LIS H GTP i
T o A 25 DG DA A6 B 4 A0 o AR 1 AR Y, & 15 5 5
T3 IG_FLMN X 30 HILAA f) o 8 8 42 46 2 — 7 1Y
YERT . A TR 4H A I 7E 95 KA RE IR h @t s 7 KI#F
R 0 U SRR R R AR R KB BPT A
XoF 95 R W A1 4 B0 B K 0 FF B FLS TR Bk 1 SRk e
AR R BARAEM . JF BN KB FF R F18 1 bk
Wit e 5 BPI RN EpE Rk & FHA
S8 ] i A R 86 1 3 Western blot 43 47 & B . 5
RAEDUMERS Y BPT 8 1 4R35 & m T HUR A X
H— Ui F18 KIGFF W5 BPI 5 By KRB K1
AEBVNRFR . MGG 8 78 750 A8 HEAR rp A
W BPT 3N g i X 2 3851 i — 25 R BUAEAE T 4h
W4 R 10 1y 3 AMHE RS T BPI R E H 2
B, T — 2D FRATTHE E A 0 7 3 670 S Ao i R B PR 3
IR AN A TR BT 09 52 0 L O B R T bR g Y T
I o B LT 0 4 AR R s R

4 4 g
A 57 % Al PCR-SSCP/RFLP J5 i £ i 4 %
BPI ZHEAIBEF 1.4 Fl 10 154 6 4 SNPs, Bl 3 4~
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] XA (. 24A>G Fll ¢. 54T>C i TAME T 1.c.
522C>T P FAMNET O F 3 A4 LRAE (e, 433C>T
(Argld5Trp ) fii F 48 B F 4, c. 1060A > G
(Thr354Ala) #l c. 1151T> G (Leu384Arg) fii T 4p
B 100, DIREA A XI5 & B . BPT & (A7 7 2
ARSFYIfig s BPILON 3 X 380 Fi BPI2(C g X3
Argld5Trp €45 % 4= 78 BPI1 X 4, Thr354Ala
Leu384Arg 5748 % 4 7F BPI2 X J, X 3 Fh 4k X 28
AR WA BPT 2R 0 BEAL P 0T {5 5 K L 25 RS 45 4
WEEAC DL 8L A B = = A5 H R 5 B R AL 7
14 IO B A A G A V8 7E D) BB AL A5 DX 38, DT 52 )
BPI E A I EE. & Wertern bolt 5 3iF, & 3 BPI
A TN 53 ku, KM F18 K #F 14 4 2
B BPT 8 11 20k i W 2 8 T U A .
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