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RURRRG XM E =R I B M ZZATRE X Rk
RESEMEBAALESEQRIFIES T

WAY B NEF KET FEA
(FHAE IR FHk AR 130062)

B E. [8 6] MR X3 EAFH (Actinobacillus pleuropneumoniae, APP)®T 5| & % #94% e 14 J)
JEAH K, AR bR T ERIMA. S5 2 APP AR AERFTHE—F, BN TF—
= JRAK B 4535 £E W & (Trimeric autotransporter adhesin, TAA)RZ % H & M0 L60 ET2 5 H BT,
Z X 2 464-2 574 ZILB(BD3I) 5] RIRA WA 4956 F KARZ ZAEA , A2 H o fTLE S M IR 20
L BRkgn, RXEE TAAENRARR, Ml amasyegssza. [55] REREA
4t TAA Z 6. X BD3 & &, HRMAgEmy, did bz Rk BD3 ¥4 6%a it
s w ., #ME¥ cDNA XERBIZEOQEBRT Y, TEME &For. [ER] ERiESHr
HAFE BD3 £ Aty AT R G e IKEL, BB BT IATAINA &E 14 TAABD3 X 55t
AR LEA R G, M cDNA AT N5 Bkt KA 5 9. AW1E LFo R TiZA7)
55 R BNR A E OGBS D AR, BIRmILAHEE LA ANty £, 5 E
AEAEFRK, ZEAOES-100aa A —NHKERE;, TE_REMAMH o Bt BIFE;
Z &6k 82-362 aa A A E—A G & E o BH 45, f£515-552 aa LA —A TSPL X 3% (4t dn B
HAREG 1 A ELRIKR). [48] 5 TAA %30 BD3 &40 HIALAES 1 HMEAI, A TAA
FEW LA LR tm e R R B Hmh, A B T8 APP £ oE 44 69 BRALA .

KHIR: MIRM SOREATH, ZRARAHERME, 456%48

Functional region expression and its binding protein analysis of
trimeric autotransporter adhesin in Actinobacillus pleuropneumoniae
BAO Chun-Tong JIQun LIU Jian-Fang ZHU Ri-Ning LEI Lian-Cheng”

(College of Veterinary Medicine, Jilin University, Changchun, Jilin 130062, China)

Abstract: [Objective] Actinobacillus pleuropneumoniae (APP) causes porcine pleuropneumonia,
leading to great losses for the pig industry worldwide. Adhesion is the first step in the pathogenic
process of APP. The newly discovered trimeric autotransporter adhesion (TAA) is an important
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pathogenic virulence factor of APP, and the 2 464 to 2 574 amino acids of TAA stalk region, named
BD3, plays an important role in the bacterial adhesion. However, it is still unclear how APP combines
with lung tissues. We express the stalk functional region of TAA, screen and analyze its binding protein
in swine lung cells. [Methods] BD3 protein was expressed in prokaryotic expression system, purified,
then incubated with swine lung tissue protein. The binding protein of BD3 was picked out by
co-immunoprecipitation and analyzed by mass spectrometry. The cDNA library was constructed to get
the sequence of the binding protein and then the bioinformatics method was done. [Results] Mass
spectrometry analysis revealed that the peptide sequence of the binding protein, and the blast result in
the database showed that Keratin 1 was the binding protein. cDNA library was constructed to know
the sequence of swine Keratin 1. Bioinformatics analysis showed that low sequence homology of
Keratin 1 existed between swine and human and it was a separate evolutionary branch, different from
other keratins of swine or human, Keratin 1 had a transmembrane domain at 8 to 100 aa and the
secondary structure mainly consisted of a-helix and p-fold. It contained o subunit of G protein at 82 to
362 aa and a TSP1 domain (thrombin-sensitive protein type | repeat domain) at 515 to 552 aa.
[Conclusion] The finding of Keratin 1 that is in swine lung cells and binds with BD3 of TAA, lays
a foundation for researching the mechanism of TAA adhesion to lung tissue, and has great significance

2017, Vol.44, No.12

to understand the pathogenic mechanism of APP specially colonized in lung tissues.

Keywords: Actinobacillus pleuropneumoniae, Trimeric autotransporter adhesion, Binding protein
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5 —2, IRE RN 2 B 98 20 T BUR AL Y
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= BK F E B 2R (TAA) S 222 G P
SR A BEHE T 1, AU S A
) B4 A A, SO T 1 R S A W R Y T
S, HE T A B i S 0 R e e A v
FEMEP. TAA 19 C S BS AR E S5, N
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IREM R, hT2EME Bk . A
I IR TSI AR, I H2ERI T 4
Tl TAA I RPRIARLE R, RILZEITE TAA
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SERGE A HARISE AL, TAA 255800 BD3 Xl
Tk Rz 20 HAT BV RS RIS b, ACSiae
JERFRIEAL T TAA 253 A BT AERY BD3

A, B MEEER, @ e IiEm
Al T HHE GBS E R, fRig o
XTI S5 & E AR E . (B R HIEH P8R
A1, DRI e R i CDNA SCIE A AR B S 1  [R
FEAN R BEYE SR, WY S AR 4 & & 1 AR T
R PP TR AT AR5 L2 e b, X T4 1 i
TAA ZERE IR A0t R AL A B
1 MRETY
1.1 JRAL. EHk. K

PGEX-4T-1 %A B Pharmacia 23 ]; pMD18-T
4 H TaKaRa Al KH I DH5a #1 Rosetta(DE3)
FEIR TR FR A0 % /A7 T80 °C,,

45 HISK AR ()8, LT AR
1.2 FZRFIFLER

BRI DI Sal | F EcoR 1, L[R5l 1
MEl ExTag. dNTPs. IPTG. X-gal. Amp %Ity
TaKaRa /A w]; DNA Marker I [ KA/ ] R 14
. BB OXOID A+l ; Glutathione
Sepharose 4B [ Z4fifk. 41 #1 Time Saver cDNA
Synthesis Kit i#77 &% [f GE Healthcare /] ; Protein
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G Agarose 1 H 3 = K /> ; AxyPrep Plasmid
Miniprep Kit Bk B0 & A KBRS AL
PR ; TRIZOL B{FI A Invitrogen A+,
St GST-BD3 2 11 £ Sk hi A A SLI IR A7

PHS-ACT W&, LR AR
G BLLHL, SORVALLPico 2A+H]; Fluor-chem
SP (8900)%E i i f5 4r Hr Z 5t , Alpha Innotech 2%
Al IR EENL JY92-2D, TICH 2 BT
50T, PCR AL, #ZME1ME(, Bio-Rad AF];
SDS- 5 I 45 ok e v Dk 1 B R DK RTER A0 A3 Dot B
i1, UNIC 4],
1.3 BD3 HHRIEE

PIASLEG = (A7 & BD3 JEN B K%FT % DH5a
PR, FFRERES [#)(BD3-F: 5-CGGAAT
TCGCAAGCAATACCGTCAG-3'; BD3-R: 5-GCGT
CGACTTATAAGCCGATTTGAAGTG-3)%f BD3 %t
1T PCR 474 . PCR WA Z (25 pL): 10xExTaq
buffer 2.5 uL, dNTPs (2.5 mmol/L) 2 uL, . Fi#
5147(100 pmol/L)% 0.2 pL, BD3 HFtk 1.5 L,
ExTaq fif(5 U/uL) 0.2 uL, ddH,O 18.4 pL., PCR
W &&F: 95 °C 5 min; 95 °C 1 min, 48 °C 30 s,
72 °C 1 min, 330 /4MEH; 72 °C 10 min, U5 pL
PCR =¥ 1% AEWHEERC LIRS, WIER A& KN
DI H B 3L R

¥ Rosetta(DE3) itk 15 DL 1%5%445:5 5 mL
EFRCEE R RPN LB Witk R, 37 °C,
180 r/min K555 7%, #4218 AxyPrep Plasmid Miniprep
Kit UL ISR, XU Bk E T Ecor 1 Al
Sal | A4, HU5 pl U520 - 55 AR ) o
A 1B B BE I LUK 53T o
14 ZERFZE544K

X} GST-BD3 fili & A TR Gk Ko 2
Mraifh, FARSZIG#ERAES WCHR[S].
15 JFEphtHLR 2 ERAIREL

BUEATAENNE, PR PBS VW DRl
TR SEGE, S BV JC B 5 5 T By iz
ZUET 50 mL 208N, AL SREFENOKE S

WHEEHAH E 25 4 °C. 3 000 r/min &
L 10 min 77 13, RIS B2 iR
RO A 43 T2 4URD 4 i 4 4P v 2 % T Radio
immunoprecipitation assay (RIPA), T Uk/KIES &AM
TR, R DR 100 W, #EE S
5 s {5 15 s, AR 30 min J5 IR A LA 96
(PMSF), HZAMMEREY—RE . K 5T
JEHIH LR T 4 °C. 12 000 r/min &.0> 10 min,
NI IE R BB EP BN, )R
=20 °C PRAFTH. B AR 14 SDS-PAGE i
RGeS
1.6 wELNERELEESES

TETA ) 5 4T 1.5 mL EP & rh 25 AR
[FIRE S (R 1), HIREE 1. H121% 1 2.5 mg.
2P0 2 pgo BAAPATHES E TUOKIRA BT,
4°C, 175 r/min H K. WHEEFIMTE 4 °C.
2 500 r/min B.0> 2 min, /OISR FIEQER, WTH
T/ B, HARENZ H Protein G agarose). {i#
A1) PBS 1 mLAR VBTN 5 W5 2Bk i,
A 20-40 pL 1) 1xSDS-PAGE Hiik I FEZE AT
F kO
1.7 HEHBRRES

X} SDS-PAGE LK AR A4 SE (LS5 HT EA TSR
TANDEREE B2 R 24 2 R A YR
R\ E)UEFT ABI 4800 Plus MALDI TOF/TOF %:/5
8 B O AR B A TR R BT A BT o 1 5T 2
FE R LT BR BT A8 SURE(PMF) . T35 24 (PSD)
PR B TS, A5G G N 28 B0 A F AR
BT

x1 HERMIIR

Table 1 The list of addition components

Component 1 2 3 4 5
Tissue protein + + — = =
GST-BD3 + + + - -
Polyclonal antibody + = = = +
GST - - - + +
Protein G agarose + + - + +

Note: +: Added; —: Not added.
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1.8 CEEHIMTIE K ik

APP 5b I B AT Bh SRR 2B A5, JF
L HieEel, A8 1L APP Sb i Yk 5 1Y
PR AE mRNA AR, 2 B8 SCRR[8] 48 i % sk
PCR &/ cDNA, 5 pMD18-T k&G %L A
E. coli DH5a 524G, FRAFBHM: 7ope, 15520414
JHiE) cDNA ST
19 FHEEHRBEERNTES S

R TS AR A 0 K BE P 91 5% B A KR AR
SIS, EEOCEASTIR S, HERIXT A
gyt Y. FliEs¥: 5-AAGTCACTCA
ACAACCAA-3'; TNiif514: 5-GTCAATGAAGGAG
GCAAA-3', A T AW T (i) B A FRA w
Bl LABRASH) cDNA S FRE AR , ik P
TR, PCR VAR Z (25 ub): 10xExTaq buffer
25 uL, dNTPs (25 mmol/L) 2 uL, . FHEIY
(100 pumol/L)%& 0.2 puL, cDNA CEH#E 1.5 pL,
ExTaq fi#(5 U/uL) 0.5 uL, ddH,0 18.4 uL. PCR [
i 44%: 95 °C 10 min; 94 °C 1 min, 48 °C 40 s,
72°C40s, IL30MEH; 72 °C 10 min, PCR™¥)
25 2% R HEE RS LKA . K PCR %72 0 FHIE I
BIFRAE 37 °C. 180 r/min {HIE 15 18 h, FRAFH
W, AR R IR A A BT RSN, 4R
BHMRT .
110 S$¥MEEZSTERY

i FHAE Y/ DNAStar H' MegAlign HIiE,
ClustalW J7 4% R [A] 54 . DNAStar HiY
MegAline IHREZ: ] CK1sw #EfLF . HR4E ExPASy
B AR AATINRE, #8658 CKlsw Z P41,
BOARAF B VEAG R FHA . AT, /i
R ZH AN AR RBCEBR4S 2R ; fi1] DNAStar
[¥) Protean THEEMTIFFNIBKM:, STEL Ml
Wi, CBS 1 TMHMM 7 2% 5l %5 {4 43
CKlsw & [ MAEES X, [/ GOR #1T7E
28 R sER T, MyHits PEF T8 (S5 B 5 )
Mo Smart Fl EXPASY £ 28 43 b 4 44 TN % 2 1 1
ZEH TS

2 BRH54hr
21 TAANRERBIFTIE. 4ifk

DA = AT a7 BD3 ZE KT
W AR, 28 PCR ™3R5 K/ME 300 bp 22
£ BD3 HRYEEH 7B, fFAHUg R 1), &
fbJ5 1) Rosetta(DE3) B #k £ 2 ¥ £ 0.8 mmol/L
IPTG. 25 °C KA 6 h MRAER AL IR
FiKJ54 Glutathione Sepharose 4B li {55 Fl 24T
alifk,, 7€ 39 kD Ab 35 HUH K/ N—20 B 1 5507
(F 2), BB e REh4ifk i HIWEE A BD3,

bp 2 1 M bp

2000

1 000
750
500
250
100

300

1 BD3PCR %[

Figurel Analysis of BD3 PCR

#: 1. 2: BD3# PCR ™4); M: DL2000 marker.

Note: 1, 2: PCR produelt of BD3; M: DL2000 marker.
kD | M kD

—97.2
— 66.4

443

-

- : —29.0

- —

—20.1

2 SDS-PAGE #:ill GST-BD3 & B £k, B ik &
Figure2 SDS-PAGE analysis protein purification of GST-BD3
TE: 1. 4ifb)5 GST-BD3 1 ; M: k4Tt Marker.

Note: Purified GST-BD3 protein; M: Low molecular weight
protein marker.
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22 5 TAA REX &S RIAMEL EHHIFIE

h TAEFIHN GG E AL, HaERA
4ifbiy) BD3 M T RZriEyiik, JE
REHITUERY 7 RS T BD3 45 & & F1(& 3), *f
VKIE 1 s R os, ZIKERR THBLE RS A 1
BuikdEsE . 755 ) GST-BD3 &4, 7E 66 kD
Ab R BRI B AT D0 R, IR AR BR T ORI REAEAE T AL
BUER S, ANEETF M, HILnTgefE RS
GST-BD3 M4 G M. RS T G &
TEHT, AT IG IRAS I K B P 91 28 B ds 2 48 - L
X, MR E/R, Keratin 1 24 BD3 nJE
Es5 (8 4).

D M 1 b) 3 4 5
97.2 —
66.4 — [N, wiA
03— W o O
L d -
29.8 — .
. Besalite
20.1 — [N
13— e ey

3 SDS-PAGE #ilIEHEELR

Figure 3 SDS-PAGE analysis protein interaction

e 1 R R SERE B M e SLUTVE I s 2.
A WG 8 S L TE SN ; 3: aliAK)E 1Y GST-BD3 2515
4. 5: XJHR4A.

Note: 1: Immunoprecipitation with adding rabbit specific polyclonal

antibodies; 2: Immunoprecipitation without adding rabbit specific
polyclonal antibodies; 3: Purified GST-BD3 protein; 4, 5: Control group.

Keratin 1

Number of hits
s

0 - m - -
0 100 200 300

Protein score

4 MIERER
Figure 4 Results of Mascot search

2.3 JERMLHL LSS EH WIS
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FIIEEF I, FEAR I Ry 5 A 72548 20 BT o
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T cDNA %, BT Sas i kB4 51288 A 500%
MIORSFIX R, BRI iZ )75
(ISR PN S 14, TS 5e0E cDNA SU%
s R B, BHM Ry, SRECH T,
FEHU i RNA [T RNase-free H,0 #F 50 f5)5
W e B e 2l g, 25 R WoR & Hh 86.6 pg/mL,
OD,60/OD2go {4 1.91; ODoso/ODyso {4 2.34. i
BliZz RNA HEH . IRTGYFREAR, Seisbkr,
R Aol A2 v BE Sk, AR T —25 cDNA U
Fgdt, ASSZEo T cDNA 8544 1500 RNA & 5
2905 ng, BRUEMAERAEAR AT 10 uL/s pg
RNA. B3Kf50 cDNA YRR B H L2 K
FFi DH50 J5, e 3545 513 BRI Hvk. XS
FRIRR AT AR FARET 514 PCR %58, 72 ARtk
A 45 M1F 200 bp Ab B BEBHYE ST o 4Tz 1) P
PR AC b st 4R R I A ) N /AT Y, 3R AS
R AR IR T
232 BHAAFEEETNEHOT: WHREN
SEEANZTTIRIT SV TR . Fh o [R5
Mr A AL AL 3BT (K] 5-8). 4551 BoRFh A%
fiR— A 31.5%—39.2% [, HoAh A 8 1 —2cik
£ 42.4%-59.9% 2 ], T —PRhh A —2
AL, X S5MEAMHAL RS A K, [FE
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Figure 5 Homology analysis of CK1sw with swine keratins
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Figure 6 Homology analysis of CK1sw with human keratins
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