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Cloning, Expression of Bovine Tracheal Defensin in

E. coli and Its Antibacterial Activity and Tissue Distribution
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Abstract: The study was conducted to clone bovine tracheal antimicrobial peptide gene (TAP)
from bovine tracheas, and recombinant bovine TAP protein was expressed in E. coli. Its antimi-
crobial activity were determined. In addition, the tissue distribution of the TAP gene in bovine
was investigated. The mRNA of bovine TAP was cloned from tracheas of Holstein cow by RT-
PCR. Based on the analysis of the sequence of bTAP and the codon preference in E. coli expres-
sion system, the bovine TAP gene was synthesized and inserted into vector pET32a(+) to con-
struct plasmid pET32a(+)-TAP. The plasmid was expressed in E. coli BL21(DE3) cell by in-
duction of IPTG. The recombinant fusion protein was purified, and determined by SDS-PAGE
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and Western Blot. Antimicrobial activity of the recombinant fusion protein were measured by fil-
ter paper method. Tissues distribution of the TAP gene has been demonstrated in bovine by RT-
PCR. The full length cDNA of bovine TAP was consisted of 114 bp, encoding 38 amino acid resi-
dues. Western Blot results showed that the recombinant proteins were expressed in E. coli with
molecular weight of 24 kD, exists in soluble form and accounted for 52. 1% of the whole bactera
proteins. A single band appeared in Western Blot detection. The content of 0. 115 pug « pL7" of
the purified TAP protein had antibacterial activity against bovine Sta. Aureus in vitro. Bovine
TAP mRNA was widely expressed in the tissues of bovine, such as throat, lungs, trachea, small
intestine, liver, heart, oral mucosa, and it was micro-expressed in the nasal mucosa, lingual mu-
cosa and almost not expressed in the skin. The results showed that bovine TAP protein was highly
expressed in E. coli, and can be used for transgenic dairy cow which anti-mastitis and developing
the product of genetic engineering in future.

Key words: bovine tracheal antimicrobial peptide;expression;antibacterial activity;tissue distribu-

tion; mastitis

WA= 3L IR 58 30 H S H s I AR W iR e 5] L T
Horr 24 50 26 (9 FLAR 9 S Hh 4 8 (08 2 BR 1A (LA T ]
FRA A D g1 H R R 22 il R Z K
—HWEE RSB AL AR, Tz A
R EA —EIERPOR ARk T bk FL” K it 2
PR A5 fe S N 2R M B Y 28 St TUAR () . PR, % 4
Ay e B R AU ) HL IO Ak B A R
S UEIN:N R i REEIN I EVINIR N
A BUSAS K R s T HLE PR S A2 B — g B [
1Mz J A TR R 2 A BT T JOR 66 PR foff LA A o
Bl E R 2 A L B 5T I X FL IR 48 SO 1 19 Bt
PE AT AT 7 i B A At BT R] S S T 2% B i FLBR R B 8T
AR SR AL EO R Bk, PLRAE — 2R AEE T
AP AR N IF R IS BT REIE MR B 2k, 5 A
PR 156 K f e MR A M o A <. HRTE kA
I R IR 5 B BE A P B8 K 2 A R R Tk S
T MSI-78 K Y& F ¥ protegrin () IB-367., Dia-
mond 5551 YLE 2R I AR B BE 1 R A0 rh & B —
KpBitER, sk TAPY, B A% 34
TAP HA ZFBim Dhaes  if — 20 58 & 45 B
PRI FIRZ ARG A0 =) a0 LPS J i
WILR T o 259357 . Goldman 255 & M4 TAP
EE RS PRSI RE R WG . 4 TAP B & 2 A
SPRFF L ANE S AR 5 B S RE AT
WAL B F R a LB TER L o ks, Ya-
rus 555 I SE ST AR FLAR h 3k 4 TAP B /B,
T 5 5 R BH M SR 2L v i Ak o B B B A L
G P EZH bTAP, 2 TAP 1 FAL I A 58 F0 kA

AR R BE T A . AR AEC A R
B HE b O R b E £ BT 3H A TAP JEP 47 5%
Rk EUEE A A TAP BHUE L. JFH RT-PCR
MITEE RIS T TAP JERAE 4 H 0 534 . oh
Wi e 2 TAP H BT FL IR R 9575 32 Bt e R4

1 #MBE5FE
11 #F#

KIGFFH DH5a.BL21. Staphylococcus aureus
I PR 43 B Wk FRMERE S. 305 F % S5 06 % (R4

pET32a(+) M E#H F 10 E - (7 Ampicillin, 5§
Bk (SMOW A Wz A= 9 IPTG ) B Promega 2y
#) ; TRIzol Reagent Wl H Invitrogen 2\ 7l s AMV iy
Bk R AR 2 ] Ni-NTA gifbif57 & H Qia-
gen; Anti-His tag mouse., —#{ Goat anti-mouse IgG
%y B Santa Cruz Biotechnology /A ) .
1.2 PCR ¥ #4354

H4E GenBank b2 &KW TAP FH ¥ 5
(GenBank & 3% 5 :NM_174776) )W J§ Primer Prem-
ier 5. 0 B MF T4 TAP W54, P1:5'-CGG-
GATCCAATCCTGTAAGCTGTGTT-3" (& A
BamH | B 5, P2:5'-CCAAGCTTTTACT-
TCTTACGACAGCATTTT-3' (44 Hind 1Y)
BEm) s ¥ 18 5 Bt 114 bp. Bactin 514, P3:5'-
GCACAATGAAGATCAAGATCATC-3", P4: 5'-
CTAACAGTCCGCCTAGAAGCA-3', ¥ 14 Fr Bt Ny
173 bp.
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1.3 K& B RNA 925 RT-PCR ¥ 1 &
TAP £ H

FREPEMAEIHAEHA 1.2 g £ A
T AR %M%E%ﬂi,ﬁu/\ 1 mL TRIzol J&%7,
i TRIzol Reagent i 7 & 16 B $2 B & RNA, Bifig
B R VKA DU L RNA

PR IR B RNA 501t 7] £ d B B3 St B eD-
NA, RH 10 pL RT Rk & :2 pl MgCl, (25

mmol + L"), 1 xL 10 XRT Buffer,1 L. ANTPs(10

mmol « L"), 0. 25 pL RNase Inhibitor (40
U« ul 9,05 sl AMV(5 U = u1.70),0.5 ul. P2
(25 pmol « L") ,RNA 1 L. /il RNase Free Water

%10 ul. RT W B F:30 C 10 min,42 C 15
min,99 C 5 min,5 C 5 min, RT ¥ HEZEH T
PCR 4, R 50 uL PCR JZ itk £ :10 pL 5%
PCR Buffer, 10 pul. ¢DNA, 0. 25 pL Tag (5
U ul ), P1(25 pmol « L) Al P2(25 pmol « L)
% 0.5 pL. i ddH,O % 50 uL, PCR K i f ¥ : 94
CHiA 1 2 min; 94 C 30 s,59 C 30 5,72 C 30 s,
30 MEH ;72 C 10 min, PCR =¥ 1. 5% 3 g
R T8 HL DK A T

¥ PCR 7= ¥ % #2 3| pEASY-T3 # ik, ¥ 1k
DH5a, 32 BUE R £ BamH T fil Hind [l X EFY] )5,
TR B EE I M UK S8 o S0 O PRVE Y s B TR E L v
AW TRREOR A BRA W .
1.4 ANIERERNER

BT KW R IR RS A %01 ot R
N T AR H B B4 TAP 3 | 2 R % 14
T GGA B R Ko AT W 2% 35 & 4810 0% & 1
GGC.E R A% T AGG Il AGA Bl CGC Al
CGT., M43 H NPVSCVRNKGICVPIR
CPGNMKQIGTCVGRAVKCCRKK, & A 6 72
e IR, XS 43 T & 4. 12 ku, VKRN B
B _EiE Y TRBEARA AR AR
1.5 pET32a-TAP 7£ E. coli BL21 B3R X

¥a B B B S pET32a(+) #iik [H]
I SURG D) J5 % e, M pET32a (+)-TAP H 4 #
. KR g AF 1 R RS AL E. coli BL21 4. ¥ T
50 pg e mL BN H R RN LB ARk .37 CHs
7% 16 h, PEEUE AL 2~3 mm [ 1 €6 BB 7%, 5% Fh )
5 mL LB AR FR Y, 37 CHRIRG R, HE
HH JFORL R AT XU D) %5 e PCR %€ .

1.6 EHATAPRAEZEAMNIE
¥E

W i 2H 3K R AN S B AR pET32a(+) 43 il 5%
b1 £ W BL21, BRI A 3% .37 CHR G o K 5
Fr. BWEEFRYILL L 2 100 7 KE5FE 3 h & ODgo o 1
ik 0.6 B, A TPTG EZE K 1 mmol » L', 4
ZeaEgR. EM 1 h 2 mL WL B0 RIR,
B U R 1206 W 4 SV 5 R 5 %6, SDS-PAGE %
FEFRIRGEOL . AR IR S5 R E IRk .
1.7 EATAP MEEBEHN DT B4 LS Western
Blot £ F

30 CL IPTG iS5k 5 h J5 » B D UCKR # 14
TUVE B h 22 vh U 07 B8 P I T A L B O UR
£ 1 QIAGEN 2 w3 71 & vl W1 5 #4744k
AL RO 1.5 mL B A A4 AR H R Bk
JR W, %t 4l Ak i B i FT SDS-PAGE %€ .

DL IR 2% ) i SDS-PAGE, 2 ¥ % PVDF
& ¥ —3t Anti-His tag mouse # B 1 000 /5., 5
BER W 2 hy ¥ — 3L Goat anti-mouse 1gG # B 2 000
i HRER N 2 h, @) ECL k2= &0, B3 85,
1.8 EAZERKENNE

¥ Bradford(1976) it % T 3 52 W5 J7 15 0 5 Rl 5
B EREE L DU TE 38 AR AR i .
L9 EHATAP MAZEANEEEMNERE

FETCWE 5T ¥ AR 5 i py |4 8 1 TAP
WM EIE AR b SR BIR 0k I e f 20 R
FIX 4 # S, 305 A IS . BHPEXT B 0.1
pge pL "THETEER N 0.1 pg - pL 'S
2 BPEXT Bl Trx-tag 88 H . B A7 1Y 4 # 6 b
HERK S. 305 3R T 5 mL HFHEW .37 C,180
remin” 'YRGHFFE 12 h, W 0.1 mL ¥E3FREMA T
BIRBAE AR b RN TS R ME R T A 2
CE TR IR b A b 37 CH53% 1 h AR5 &

FE AR i R R 8OR

1.10 4 TAP EREHBLARERH S RIE

SrRINAER N 10 S A28 B R I RNAL S&
JG VA Bactin NS G SEY 1 TAP 3EH .

E Rix K SDS-PAGE

2 & R
2.1 H#TAP EEFF

ik DNAStar #5453 87 0 7 45 8%, & B4
TAP 3£k 114 bp, 524+ TAP(NM_174776) #
o MR 10020, BEBZSE 4 TAP 3L,
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2.2 SDS-PAGE H ik #& il 4 #f
2 IPTG i 37E 24 ku AL RIB I T — 5 Hr
SR EAT (B D, 5 5000 AR X 4y F B i — B, &0
et B8 AR A 2 1 mmol » L
) IPTG,30 C,8 h, % BandScan 5. 0 # {44 #r,
HARARB R GEELEAM 52. 1%, B EA
HEAPDERIFRRIERE D @Rk,
ku M 3h 4h 5h 6h 7h 8h 9h
“EEERE
45.0... e i
o I W=

25.0= i ) G &
i B e .

1 30 CARFSHEMNRERER

Fig. 1 Expression results of different induction time at 30 'C
2.3 Western Blot [z 7
Western Blot & (& 2) J5 ¥k i 4 H 83— &
AT NS BIE A — 2GR S I E A
NEAHMER. BB AT PIRIE 20 ku 245 TAP
H K 6 A E B AR A TOR AT R S 38 24 ku
MfGEE . HIEB A2 T REZAN 4 ku,
ki M

116.0 | #=
66.2 =

1
45.0 -
35.0 =
25.0 p—

2 3 4 5 67
18.4  we—
14.4L.

M. 3 H BRI 705 B AR v 5 1. 28 BORCE 5 2. T AL ORI R
Vo33, MU T 4. 2L F55. Western Blot £l ;
6. FHAE XS 1 5 7. 94 X iR

M. Protein marker; 1. Induced empty vector; 2. Non-induced

recombinant plasmid; 3. Expression products of pET32a-

TAP induced by IPTG; 4. Purified product; 5. Western Blot

test; 6. Positive control; 7. Negative control

2 EHAY TAP EAKIRKIE. 4L 5 Western Blot 46 i

Fig. 2 Expression and purification of recombinant bovine
TAP protein and Western Blot test

2.4 EHATAPRHSZEAREARENERE

FI ] Bradford 34 i 15 46 fk (1 B 41 26 (W R
1.65 pg « pL ' 4E KB4 R WNE 3 Fron: 0.1
pg e pL VENEEHER 0.1 pg e pL BEH K (SM)
0.115 pg « uL ' F1 0. 165 pg « pL ' 4lifb iy T4 K
F1 2708 24 5L AR B0 T <6 T B A — 0 A AR
a1 5 A His-tag AR 48 B9 80U 8 B3 M)
FER . B REWEAREALAIRE 6.

Amp=0.1 pg+ pL "MEAFNFHER;SM=0.1 pg pL 'Y

BERZ X I =8H His tag iR B = #IEE A

Amp=0.1 pg =+ puL ';SM=0.1 pg * pL ' ;Negative control

=Empty vector protein content His tag flag

3 AERERN TAP EHAREEAMNFEENE

Fig.3 Determination of activity of TAP recombinant fusion
protein

2.5 4 TAP EHLAHRKIRIEA

WniE 4 Frs . TAP 3 DAE A IR0 | fili JE L 03
ZIN IR <O JUE R I T 286 B v AT 0K A G B
Bl R VA B 3R 08 FE B IR IL T AR A . X
YL A TAP JEP 9 RA A — & BSR4k

1 2 3 4 5 6 7 8 9 10

B-actin

LA s 2. Bl 3. KA 4. /N5 5. B 6. A 7. & 2
M55 8. B2 k5 9. O I 510, 11 2

1. Throat; 2. Lung; 3. Tracheal; 4. Small intestine; 5. Nasal
mucosa; 6. Liver; 7. Lingual mucosa; 8. Skin; 9. Heart; 10.
Oral mucosa

B 4 R A RT-PCR#&7 TAP ER AP ARALPRRIE

Fig. 4 Tissue-specific expression patterns of TAP gene assayed

by RT-PCR
3 3

3.1 BRI ARR A B ) A T ah i A
(9 — S PRSP 22 K BAT BUAN T L O 35 A1
AR . B AT B R oY 2 A A
UNUIE EN S IR S RYE 1 ENOE SR SIS A
5 A 52 T2 R B Bz 20 M e BE T T IR
(LAP), fEl b B M A2 8L T i B By Al 28 0 HLH:
Fk H/NRE AT HUSRY AT Y (R I E R A
AR ACEARAE 52 A4 FL R b B A0 g b R Gk BB A
U B YERE B & DEFB1,BNBD3, BNBD9
I BNBD12 ¥ 76 4 FLHR sp ikt
3.2 AREVIRKE T PR —m, 2—KR
A FEIRE Y S 1 /N o T 2 K A AE TR R
AU T A T A0 KT Ah S IR AR B e
BB AR R I B 2 . A B SEUE S R
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g b A F55 4 TAP, H 40 MK+ j8 2 8 4
I A TR R RS S A TR A Y AT O e AR U R
il 1 BOE A% T «BONF-«B) i % 3 i1 TAP ) mR-
NA £ ik &, Diamond %3l i3 i 3% 4 #r &
BN R e L QU NS D N DS I e R )
4 085 u, HA g v H 2 A A o B E AR
RT-PCR W52 45 & W], 4 TAP JEPRAE 41k N
HAGE R ZRE, AR Ouellette 51745
AHABL, Ouellette 55 % BE B 48 2% 7 3F 46 7= 40 i (nonmy-
eloid celD) i [G 40 e (Paneth celD) /N b Rz 40 i o0
AR fEE KB TAP S 4 i hAff fE 4
UM TR IR R AL R TP R B E B .
T AE B2 JR L R 2235 L 6 45 38 Al Diamond 26 #5
RIRGESE LR AT R B AE T TAP Rk &E T
JiHE I A4 TAP EEmE MM L. o, A
IHEN 4= TAP BERTEAS R AH AR TA 1 22 5 rl ie 5
REA —E KRS Rk 5 R E G A
—EMRR . AR G AT IR R Gk S 4% fik ok
R R 4 TAP LR TE WAL R 50 FE I &R 58
RS EHA R RIS AEFEHEN 4 TAP 7241
JE R G Iy T R A B
3.3 ORI R A R L 4 3L AR
P R R R B — e W2 e . 5 R W A FLR
REVBUREA 150 ZFp, Hdr, 48§27 k7
R EEBUREZ — HWATRAE 5% ~50%, K7
M AF BRI KR, R HRE R, — Ty T e 4
B A AL Yk 5 o — J7 T2 4 A B ORI T T Bt AR
R T 77 L2 Tk AR E ) IS VA A A Tk EL IR
RS AR R R Ak xR TAP
HFRIRE AT, L EHWEIE RIS H R E
HIEH BB G M BFE R4 TAP S 4 HE H X
F KR AR REOSE S HEAEA —EN
MR, X5 ERRES L F 4B KA
W =EFLRR A LU 3R L IF % 4 0 T/ AR I A R B A
AH 5 A 4 ) 7 A0 — 2. Diamond 57 38 & B
A=A R IO 0 T IR B A W B Y B R g A TR AR
M. B 4 TAP BB AT IR S 30 30 I R 0 i
H AR R AT IR A ST . Joel 255 BF 58 & BL1E 4
5 A FLIR L A TAP By 3Rk 7KW
BETIEESH.EE TAP ERAEF WK RS
Z A B R b ] 5k, PR AR R R 3 kR F
FEIEFE P R A AR I ARSI H R A
3.4 iz AR AR B S s s AR S AT D Mg 26 S A I 44 i

SESh A S SRR P BR . (R AR BT K AR
SR AR D R ISR A o BRI T BB R Y
Tl A A 7= FLE B L8 9 B YA 9 T N .
oy F AW AR ARSI R B BT IR 808 T R b
JUK I TR 3y 4y sl 2 I AR B T R 2 R AR
fH T B B2 A A X 4 F i HA 3~5 ku, H T
22 R P il 5 R 3R 38 284 R B AT AR G 338 A il 20 %o
) R A R X = NN S v - g 1
IR BT KA 0 Tz BT RS W ELsh )
P TR IR R T % 4 T L L TR R I A R R RS
T S T A A T AR | BB AR R — S ST 98 4 it A
AGVER . PR . 3 a2 PR TR T B e ek v H
8 S5 R Ao LA A% 3R R R &R BE AR FE — o B BT
TGP SUPRAR AL 8 KO- 1 8 77 ) R (AR i — 2D IR
ARSI, A5 Tk BBk lon Al ompT 2
G KA R E. coli BL21 Bbk, B A & B
I PE RIS R T7 5 31 F 19 pET32a(+) Rk (K
Z Ll i A B s TAP IR HOE W T IR 3 k
ARG WK S T n] v A SRk K R A i
P EA R O MR B R SR 50 %,

L PR AR o F R 2 4 ku, TR B R
KA pET32a(+) H B FRIE M 109 2 H R 1 i
AR (2 20 kw K 6 N ARRAREYT X FELE
SDS-PAGE Hi K 8 R M G E A K/ANY 24
ku, HWEASMARE DM G RIS T
FER YRR E M T HL B AN T R KL &
SDS-PAGE 73 #r it 125 5 %5 .

4 & it

WENFIE T A4 TAP JED L A8 K FF A 2k
KB THHALS TAP EH. REHRA —E M E
T A BRI I PR A iR R B TAP SR
IIATAEAE ALV S A L 7R A 0 I R G AN AL R 4
FOB R AR B R R ILP AR A .
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