BB E 22 2018,49(5) . 897-906

Acta Veterinaria et Zootechnica Sinica

do

i: 10.11843/j. issn. 0366-6964. 2018. 05. 004

TLRS EFE B FXEBEENLEHES
A KB UFESE E. coli F18 i X &

BAAE BB R KF R ER B R
L MR YR S EOR B M 2250095 2. VLIRA Pl 57 AR HESR 58 TR OR BT 58 P M 225009)

# E: BAAESITHIT TLRS K5 3+ X B B A& i X Wr 54744 F18 KIHFF s bud: i s 454 . 4Bk 58 1 56 A1)
H qPCR Fl Western blot %l 4347 77 TLRS F:FAF F18 M FF TR Bt 78 i1 A0 8% 8 75 K e 403 A7 % /N i AL 4 (- — 48
s ) i i 22 R 3608 AR E MU HAE W15 B 22 0 i RO 6 R BG5S R Gk #fi 8 TLRS ZE K0 3 3+ X,
CpG & K HAEFITT 0 3 A0 9430 TLRS JEP Jig 3h F X B 381 5 TLRS SE7E F18 K FT A Bt T A UK
T W AT 5% /Nt AR R ek K BB AH G . A5 SR R0, TLRS KR SRR W A7 8 + e M= m a8 b
mRNA kK435 B 3% (P<<0. 05) Al B 3% (P<<0. 0 i TAEHUE R ANMA s i 323k, B+ 36 5 Fi s i 41 41
WU R 1 350K T B3 THUPE4H (P<<0.05), TLRS B:FE S 3 7 XA & 2 4 CpG B 16 MMEHTTHE. B 3
TR 24 CpG B4 6 4~ CG i 5 H #Ab AKFEXF TLRS 3L R Ay 2k B — E MM ER %0 S THFER T
Spl 45 & MO T X, ARBFREE R R TLRS £ K A R B KFH F18 KIGHFF HE Mtk A ¢, HARK A AT
[T F18 RIGHF BB s TLRS P 5 31 ¥ X5 2 4> CpG B 255 6 > CG AL s WAL BB 48 W& M TLRS 5 K
3R o IF d5 2852 W W 73 A0 88 X0 R A T A 4
KW : KM s TLRS BN H AL s KIGAT I F18; #0314 43t
i E 4329828, 2 KRR RS A XEHS: 0366-6964(2018)05-0897-10

Relationship between Methylation in Promoter Region of TLR5 Gene and
Resistance to Escherichia coli F18 of Sutai Weaned Piglets

DAI Chao-hui', FENG Hai-yue', ZONG Qiu-fang', WU Sheng-long"?, BAO Wen-bin'**
(1. College of Animal Science and Technology, Yangzhou University , Yangzhou 225009, China;
2. Jiangsu Engineering Research Center for the Reproduction and Healthy Breeding of Boar ,
Yangzhou 225009, China)

Abstract: The aim of this study was to investigate the regulation function of methylation in pro-
moter region of TLR5 gene on the resistance to E. coli F18 of weaned piglets. The differential
expressions of TLR5 gene and protein in small intestine (duodenum and jejunum) between E. coli
F18-resistant and E. coli F18-sensitive Sutai weaned piglets were detected by qPCR and Western
blot, respectively. The core promoter region, CpG islands and their acting elements of TLR5
were determined by bioinformatics analysis and dual luciferase reporter system, and the correla-
tion between the methylation degree in promoter region and the expression of TLR5 gene in
E. coli F18-resistant and E. coli F18-sensitive Sutai weaned piglets was detected and analyzed.
The results showed that expression levels of TLR5 gene in duodenum and jejunum of sensitive

individuals were significantly and very significantly higher than that in resistant individuals (P<C0. 05
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and P<C0.01), respectively. And the protein expressions of TLR5 in duodenum and jejunum of

sensitive individuals were significantly higher than that of resistant individuals (P<C0. 05). The

core promoter region of TLR5 gene included 2 CpG islands and 16 acting elements, the methyla-

tion level of the mC-6 site in the second CpG island of the promoter region had a certain regulation

effect on the expression of TLR5 gene. The site located in the core promoter bound by transcrip-

tion factor Spl. The above results indicated that TLR5 gene played an important regulating role

in the process of E. coli invasion, whose low expression was conducive to the piglets’ resistance
to E. coli. The methylation of the mC-6 CG site in the second CpG island of the TLR5 gene pro-

moter could inhibit the binding of the transcription factor Spl, which inhibited the expression of

the TLR5 gene and ultimately affected the resistance of weaned piglets to E. coli.
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AB208697. 2) #% 3+ TLR5 # I qPCR B| ¥, Lk
GAPDH RN Z X B iy B 1 R B #1738 — 1k,
[ i 5t TLRS J& B 4 % 15 51 S 3l 7 IX 9 PCR
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Table 1 The primer information of amplification sequences
e 5191751 (5'—>3") P /bp iR KR/ °C
Name Sequence of the primer Length of products Annealing temperature

TLR5 (gPCR)

F: GGTTCTCGCCCACCACATTA 123 60

R: GGGTCCCAAAGAGTCGGAAG

GAPDH (gPCR)

F. ACATCATCCCTGCTTCTACTGG 188 60

R: CTCGGACGCCTGCTTCAC

TLR5-P1 F: GGACTAGTGGTGGGGGTGGGGTTCTGCTTC 2 000 61
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-P2 F: GGACTAGTGCAAGGCATTGTTTCCTGTCAGG 1500 59
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-P3 F: GGACTAGTGTTTCACCCCAGAGCGCCAATCCA 1 000 66
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-P4 F: GGACTAGTATCGTGCTCATAGGACAGAAACG 750 62
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-P5 F: GGACTAGTGATCTCCACGGACATTTG 500 60
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-P6 F: GGACTAGTGGCGCCTCAGAGGAGCCTCAGGG 200 60
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-P7 F: GGACTAGTAGAGAAAAAGAAAGGGTTACCTG 100 60
R: CATGCCATGGTCCTCCCCGCCACCGAAGTAG

TLR5-B1 F: AAAAGAGAAGGTAGGGTAGGATTAT 157 56
R: CTCAAACTAAAATCTATCTAAATTCTAAAA

TLR5-B2 F: AAATGTTGGTTTGGATGATTTTTA 258 60

R: AAACTACCTCCTACTCCAACCCTAA

qPCR fRFEE & 514, P1~P7 23 BICRIE 2 7 XOR [R] X B i 4 36 5 149 . Bl 1 B2 43 SR T8 35 7 IX T AL A6 /9 BSP 5]
Y1 PL~P7 o B RS | 0 R A T 153 AR IR N UTEE Spe 15 Neo T MABYIAL A

qPCR represents quantitative primer; P1-P7 represent amplification primers with different regions of the promoter region, re-

spectively; Bl and B2 represent BSP primers for promoter methylation detection, respectively;Italic letters in the upstream and

downstream primers of P1-P7 represent the restriction enzymes digestion sites of Spe | and Nco |
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1.4 TLR5 77 KW #3175 F18 KEF+FEH B0
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6 3 BEEEA 5, ] Trizol 3 K42 F18 K Mg kF B4
BtV B AU A IR OR W 5 A4+ A8 i A R
4 RNA, I 2L 126 FF A8 4 %8 i # Pk A1 Nano-
Drop-1000 ff 5 A% R Wl 7 ASCRS: TS RN (1) 4l J82 1 v
BE.—70 CIRAERE . L RNA HBEAETT cDNAS
10 pl B9 KRR & P % 5 X gRT SuperMix ]
2 pL, & RNA 500 ng, RNase free ddH,O # 2B &
10 pLo W 4525 °C 10 min, 50 ‘C 30 min,
85 °C 5 min.4 CI_-FF,
1.4.2 sZEP92)G%E & PCR ST E B PCR
M R B AL cDNA 2. 0 pl, | F#EBI W
(10 ymol + L™)% 0.4 pL,2 X SYBR Premix Ex-
TapTM 11 10 pL, 50 X ROX Reference Dye [l
0.4 uL,RNase free ddH, O %= 20 ”L,Ekﬁ\ﬁjiiﬁ
BH3ANEL., PHARF 95 C 3055;95°C 555,60 C
34 s, 3k 40 DEER Ny T AT YT EG 2 ) R S 1 L AR
PCR ¥ My 25 5 R AL 215 B EAT I it 2 1
O M. BARFRER .95 C 15 5,60 C 1 min; 95 °C 15 s,
60 °C 15 s, FIH 27 ki F B Rk R,
1.4.3 Western blot /3 #f PN i FR U B 5
FH BV 1 P B0 R & 4R U 2L B L B BCA R
A& bR AL & [ BK O, SDS-PAGE (B T4 4 Bk iz
VKO ZA 210 L B FURE SRR R 10 00 Vi BE BRI
120 V B H Yk 90 min, Blotting(Z&FHEIid) : & A
¥ %) PVDF R CRINME Z 9 S0 5 . 5 A Pk
AT IEEN I, 422 0. 1 m « cm ™ * 19 &0 A 5 1 )
i it — i TLRS5 (1 ¢+ 400) il Bractin $i Fk (1 :
4.000) , HRP $uiA Ak 50 GHAR 8 A 16 B b 10 9t
T ZHUHE W 1 2 3 000 FiRE) . gractin FHHAER
1.5 TLRS BEhFRBEMERTHSH
MRS TLRS J: H 4 J¥ 4] (GenBank % 5%
5 NC_010452. ) #R I S IR 7 45 LUF 2 000 bp
A AR 38 o BT U A S A (R D FE 3T
Ui X 5 50 AT U LY 3G N [ X Be i R 3 R B
H4 PCR 934 7 ¥y 47l KA DN, 2% TE 8 19 326 000
Bk . XHRIERY 6 X5 AR 514 PCR ™ ¥y k47 [0l
Wealifl . SR J5 A pCpGL-basic AR BEATBUEEY) (Spe |
5 Nco 1), FEVIIE R: PCR 7= ¥)/38 £ 1.0 nEes
10X Cutsmart buffer 5. 0 pL,Spe [ 1. 0 pL, Nco |

1.0 pL,ddH,O %2 50 L. 37 CHE§YI 4 h, FIH
PCR [l W 3050 & 4l 1k Bl U0 7= 4 Jd 5 T4 3% H6 il ik
FTHEHE SN BB A5 R 16 “C Rl i, 1% 3 7 W e Al Ik
ZASAN ML BW23473, HITCHt A R AR LB 55 57 W
220 v+ min ' IREESR 1 b IRA S FORE R BT
B2 .37 CHE IR . PRI S BEFE R 5 h, BEAT W
PCR K¢ LUK 25717 1 B 04 181 8R4 00 1w P00 1, 3000 286
sl Y 5 —3 F. CTCTTTGTTCAGCTCTCT-
GTTT. T#es ¥ AHR PCR &5 /9T W5 19 . %
UE Y 3 2H TR A T A AR B 5 R BORC A B2 43 53 i 44
—2 000 bp-pCpGL,—1 500 bp-pCpGL,—1 000 bp-
pCpGL.,—750 bp-pCpGL.,—500 bp-pCpGL,—250 bp-
pCpGL F1—100 bp-pCpGL,

IPEC-J2 4 FH £ 10 %0 if 4 13 1) DF 85 3% i
B AE 12 fLAR P B3R 550 &% 5% CO, 1y 37 C
TR FRA . FR K 2 80 % B f 7 P 4l 2RIk
O3 ANEE 9O KM TLK SR Qe 40 fiig . 48 h
J5 AT RUHE G 2 M A W #2420 IR ™ A 4 B &
VLT R AT . XX R I PE A 0 25 F I IX B
i 1f BDGP #& ff Chttp://www. fruitfly. org/seq _
tools/ promoter. htmD il TLR5 3£ H 7 3 T X i #%
DR s X, F A Alibaba2 2% /4: (http://gene-regula-
tion. com/pub/programs/alibaba?2/index. html) X} %%
TLR5 F K A% .0 J8 3 F X A7 7% 5% IR - 45 & 5
I3HT .

1.6 TLRS B3 FX CpG 5 HAELF mRNA X1
T

F] F MethPrimer %% 4 Chttp://www. uro-
gene. org/cgi-bin/methprimer/methprimer. cgi) il
W M4 TLRS Be 3 87 X #) CpG &, F0E A
Bty 1000 bp, Ul Z 8 BE : CpG BRI K E =
/100 bp, GC &8 KT 50%,CpGo/e KT 0.6,
N TR TLRS FePH 3 3+ X B ALK F e H
mRNA Rk AH S » LL IR KBt o 5 R B0 R A A =3
i 21 DNA S i 56 4 %}, 56 F) Hl EpiTect Fast
DNA Bisulfite Kit i 7] & xf & K 26 2547 0 A7 FR £h 5
&, SR J5 FI AT MethPrimer 144 3 T i 91 28 .43 iR
A 5 1 ¥ 51, % 3 PCR 51 4. ] ] PyroMark
PCR Kit #t# £ # 7 PCR 9" 3, M6 5 J 25 L.
PyroMark PCR Master Mix 2 X 12. 5 pl., Coral.oad
Concentrate 10 X 2.5 pl, MgCl, (25 mmol - LY
2 pL, Q-solution 5 X 5 pL.,Primer F/R £ 0.5 pL,
WA R #h 5L AL 5 B DNA W 2 pl. PCR W AT
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1.7 SitaHh

fdi 2 250 5 i 1 4R 2k IR 3R B A X KO JF
NS 3N GAPDH g i Ak 3 R 3 35 K S0
FH SPSS 16. 0 % {4 $2 4k /) 2l 57 A A ¢ kg 55 43 At
TLRS5 K& K 7E B A AU AL A (R b ) 3k 22 5
FH AR 77 223 M 07 1 CANOV A) 4387 3 3 1 X A
[F) DX B R0 ' 28 g 0 1k 25 S . R b R 3 A
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2 & B
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FIF qPCR #:3 7 TLRS % K18 8 KW 09415
PUPE 5 HURA B H AU ) FRIRE O a5 R R B
+ =38 I h BURZH A A TLRS 2P mRNA 3k
IO 5 2 T4 (P<<0. 05) . 7625 J 4H 40 b i
JRLAME W TP (P<<0. 01) (] 1A) ; West-
ern blot 45 R W], BURAH iy TLRS 1 £ kK
B B THiEH (K 1B) , 8 1 Image ] X A
S K B T AR TS . L TLRS S5 N2 prac-
tin (1 PO AR VR S 0K BEAE , T 0BT A4 K B {8 1 7 2
B 5E SR L 1, 6 2R AT AE X S B b R
TARRA NS i h BUR A AR TLRS B A H &
R34 i 3 T hi e 4 (P<<0. 05) (] 10),
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A. The mRNA expression level; B. Western blot; C. The relative protein expression. .

same as below
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A

@ 47K Resistant individuals

W RIS Sensitive individuals

25 % Jejunum

%, P<C0.05, % . P<C0.01, A

P<0.05, % x. P<C0.01, the
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Fig.1 The expression of TLR5 gene (protein) in intestinal tissues of E. coli F18-resistant and sensitive Sutai piglets
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2.2 KM TLRS B3 FX CpG BIIERTHS
ARG 1S4 A W WA &R G M0 R
BF WU 4w 2 TLRS £ 9 52 3 F X FE 3)
FIX CpG 8BV RAEH . I8 sh 79 1 A 3t 1k
Prrai R WK 2, 5 sh X A A A S Y P g
IE A A B AREG U IE . 2 4 CpG X Bty 14 1E #
TG F WIS A M 25 R UL 3. 3 B F —2 000 bp
X BR8P B 3 S X 4L, H —1 000 bp

1 2 3 4 5 6 7 M

A

A BETISI Yy 04 2R s B T4 IOl DD 4
DNA %t 73 i 2 s v

; C.

Sb 5 P HE AH 25 S N B 25 T — 500~ — 250 bp Al
—250~ —100 bp &b, ji5 3h T 36 Pk B 3 B U0 A
—500~—250 bp fl — 250~ —100 bp X I N ¥ 7F
TE R 45 0T 15 R 5% 5% 52 e AR KL It B R R T
—1 000 bpX Bt s sh+ X3, ek 1 3 Bt
TLRS5 E:H A% 0 a3 8l X s 43 0L 5% s 4R o7
A EWE 13~62 bp., ¥ 255~304 bp Fl_I- i 864 ~
913 bp. & 2 4> CpG & .16 MMEH T (& 4.,

1 2 3 M 4 5 6

bp

258

WAL S| P 3 25 28 Fovh 1~ 3 fU3R CpGl.4~6 {3 CpG2. M.

A. The amplification result of promoter fragments; B. The digestion result of recombinant plasmid; C. Amplification results

of methylation primers, in which 1-3 represent amplification of CpGl, 4-6 represent amplification of CpG2.

DL2000 marker
B2 BohFHEELTEER

M.

Fig. 2 Amplification results of promoter and methylation sequences

Basic-pCpGL
-100 bp-pCpGL

-250 bp-pCpGL

500 bp-pCpGL ' C
~750 bp-pCpGL LUC }| c
-1 000 bp-pCpGL LUC _ C
~1 500 bp-pCpGL ’_7@ e
-2 000 bp-pCpGL ’—7@ he
0 5 10 15 20

2= 258 Fold change

DA K SOE R R 35 PE /6 B R OO6REE FL G EAR S PO MG 1, P AR PR AR 3 77 IX 52 ' 28 I A A X
Toxk BRBURL Basic-pCpGL 1) 22 5% 410 AL B3 AR SR A [ 0T 1749 X BEXT ROz 183 JBURE , S [R) R 5 2 1 8 7 22 S . 35 (P<C0. 0D

The luciferase activity was calculated as the ratio of the activity of firefly luciferase (Rn)/the activity of perineurin luciferase

(Ff). The abscissa represents fold change in the luciferase activity of the promoter region compared to the control plasmid

Basic-pCpGL.. The ordinate represents the plasmids corresponding to the different truncated segments. Different capital let-

ters indicate very significant differences (P<C0.01)

B3 TLRS EEE3FXAFE KRN ZEFEEN

Fig. 3 Detection of dual luciferase activity in different regions of TLRS gene promoter region
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Bisulfite PCR primer

-

Input sequence CpG island
I

Start End  Promoter sequence

913 -864 CCAGGGCATGTAGAAGTTCCGGGGCCAGGGATCGAACTCCAGCCACAGCA

-304 -255 TCGCGGCCGGGAGCCGGGATCCAGGGTGTCCCACGCACCCAGCACCCGCG

-62 -13 CCGGTGGGCGGGGCCTCCTGGGGGCGGGGCCGGCGGGGGCTTCCGGGGCG
C

-1 000 CTCAAGACAG_G_G_QCCIGI_CIQTCCCTCACT_G_GZIIE[‘_GI_’IICACCCCAGAGCGCCAATCCACCACTI‘.’I_'IIT_CIIICCTTTCGGCCAA
Spl C/EBP IC SBP
GTAGAAGTICCGGGGCCAGGGATCGAACTCCAGCCACAGCAGTGACCACGCCGGGTCCTTAACCCGCTGTGC
NF-kappaB AP-2alph Spl
—-832 CACAGAGGAATGCTCCACCACTTTCTGATAGGCACCTCTCTTTAACCCTTTGGTTGCAGGGGCCTCTGGAGAGCCGGCTCCTTTC

915 G

=747 TTTTGACATGTCCC CCTGCAAACCCCAGCAATGGAGGAGGTGGGGGGAAAAAAAGAAAAGAGAAGGCAGGGCAGGACCATC
—662 GTGCTCATAGGACAGAAACGGTCIGTTTTCCCCTGGATTCTCCAGACAAACACAGCCTTCCATCCTCGAACCACGCTAGCTCCC
D1

-578 TAGCTCCGAGCTACGCCCCCTAGAATCTAGACAGATTTTAGCTTGAGGTTTGGCGTGGGGGAAGGAGCGCTGCTGCGGGAGTCA
Spl

-494 GAGAGCAGGGGCCGAGTTCCTCCTTAGCCAGCTCCTGGCTGTCCTTGGGACTTTGACACTAGGTGCTGGGGCCTGGGCTTCCTCC

-409 TCTGCGCGCTGGAGAAAGGAAGGGAAGGAAATGCTGGCCTGGATGATCTCCACGGACATITGGGGAGTCTGTAGAGGTTGCAGC

AP-2alph(MZF1-TGGGGA)

-325 ICTGTCCCCCT: GCGGCCGGGAGCCGGGATCCAGGGTGTCCCACGCACCCAGCACCCGCGCTCCGGCCTCT
GATA-1 Spl Spl Spl

243 CGCTCCCCAAGCCCACGGGTCCCCTAATTCCTTGTCAAACGGACGCTTTCCCCATTTCCCCAGCTGCAGGGTTTCCGGGGCGCC
AP-2alph

-159 TCAGAGGAGCCTCAGGGTTGGAGCAGGAGGTAGCTCCACTCGCCAGAGAAAAAGAAAGGGTTACCTGGGCTGTGGGGCGGGGCG

=75 GGGC GGGGGCTGT‘CC GGIGGGCGGGGCCTCCTGGGGGC GGGGCCGGCGGGGGCTTCCGGQSS.QGF.CAAM}GGAGCT
Kif4 E2F6
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A. CpG island prediction at 1 000 bp upstream of the transcription start site; B. Prediction of the core promoter region based on
BDGP software; C. The analysis of acting elements in promoter region, in which the bases with box represent the core promoter re-
gion, bold bases represent CpG island sequences and the underlined bases represent the binding sites of acting elements
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Fig. 4 Prediction of TLR5 gene core promoter region and CpG island and analysis of acting elements
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Fig. 5 The methylation analysis of CpG islands in TLR5 gene promoter region
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Fig. 6 The correlation analysis between methylation degree of CpG islands in TLRS5 gene promoter region and mRNA expression
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