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Effect for the eha gene of Edwardsiella tarda to resist macrophage stresses

LI Yu-hong' ,ZHENG En-jin' ,GAO Da-qing' ,LI Jia-ying' , CHENG Jing*, XU Ze-yan®,
SHENG An-kang' ,ZHANG Po' ,ZHU Ru-yuan',DIAO Yi-fei' ,ZHOU Jia-ying',L.U Cheng-ping’

(1. School of Medicine s Southeast University ., Nanjing 210009, China;
2. School of Medicine . Jiangsu University . Zhenjiang 212000, China;
3. College of Veterinary Medicine , Nanjing Agricultural University, Nanjing 210095, China)

ABSTRACT : Edwardsiella tarda (E. tarda) could exist and replicate in vivo and in vitro such as in macrophage. The eha
gene is an important regulating gene in E. tarda. We explored its role and mechanism for E. tarda to resist to macrophage
stresses in this study. We compared the survival rates of ET-13 virulence strains with their eha mutant strains (Aeha) and com-
plementary strains (ehaComp) by a series of stress experiments in vitro, which were imitated oxidation and acid condition in
macrophage, serum and bile condition in vivo. Compared with the wilds, the survival rates of eha mutant strains decreased sig-
nificantly (P<C0. 05) in the conditions of acid, H,O,, SDS, and polymyxin B. There’s no significant difference (P>>0. 05) be-
tween the survival rates of eha mutants and ones of the wild strains with the treatment of mice serum or fish bile. The tran-
scription level of the genes of superoxide dismutase C (sod C), catalase B (katB), flagellin C (fliC), and secretary protein C
(eseC) of III type secretary system protein in the mutants were lower by RT-PCR. The expression of main outer membranes in
the mutants was decreased by SDS-PAGE electrophoresis. The results showed that the eha gene may control some related viru-
lence factors for E. tarda to resist acid and oxidants to kill in macrophage. The eha gene was helpful for E. tarda to replicate
in macrophage.
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iR 2% Z AL T ( Edwardsiella tarda s fa] Bk E.
tarda) J& T H T E R 2B TEE o0 An iz ] R
A IR TR SR R FLES% . E. arda
REAS 5| i 22 b #0028 SRS 2 7K 7 3 B Ml 1) 5 Ji
PR T AR T i E AR P AR W A B A5 T AR
FERVECGE 2 IR AR e i T R BRI B e D 5%
.

RIS SR AE E. tarda & LAY — 1
w4 3L N (E. tarda haemolysin activator gene,
AR eha) BT BE5E R W] Eha 8 F 2 — > 2 Y
B SR R 7 FRATHE R AMBTIL T W A0 L
PR B ZRAT 53 M eha BENTE E. tarda 38 N B
20 1 PN 3 R R 1 R O R — 2B IR AL

1 MBEFE

1.1 #H
1.1.1 Bk EHE E. tarda ET-13 g st 40\l

RF AT HAZEW . E. tarda ET-13 1 eha B2k
Bk (Aeha) Fl Aeha H %M ¥k C(ehaComp) AR = R .
5575 bk 89602 Hy VL 75 44 Il R A 4% v o0 2 A 32 4T 2
28

1.1.2 B3R5 405 % A LB(Luria Broth) 1 37 3t
KRS A B S ) Ry WA R (Cm) 50 pg/
mL, ZHKiE K (CoD50 pg/mL,

1.2 J5ik

12,1 ARSI #5622 SCIREY B 5 A I il
BRI AL S SDS, Z oK % BLRR SR a4
PR 20 B8 1 A7 06 3. B0 W B R PBS (pH
7.2 WEEVE 2 G ST ODgo 528 0.5, WK
PRy s —4LAE R Xt BB, 55 — 4l 2 W £ R A B, Ry
L . ARG AT RN R RO TR . T
MR = 1 T Vi 50 < T T B, A TR A 0 3 = S
6 20 B RO Cefu/mL) /%6 BE2H B M % (efu/mL)
X100%,

1.2.2 JdEMAR(H, O §UREL L 5% X
KL R i X EO8 Y B R PBS (pH7. 2) Bk 2
W LB 35 ODso oA 0.5, HL 200 pL TR W UK AR
LB M b & R R H, O, B9 48 52 52 0 78 1
FRIEFE L BR AL A R AN /N T 24 mm, 48 R D
PEE ML R /NTF 15 mm, 37°C# &85 24 h,
T o = RN 5 400 A B LA

1.2.3 RT-PCR #% Trizol i 7| & i B 45 . $ B 4n
W RNALH 2 pg RNA #5535 cDNA, FELL cD-
NA Jy #hi . HI 48 A 9 B Ak i 5E (X (superoxide
dismutase C,s0dC) . i & fb & B 3L [H (catalase B,

katB) FI#EE 5 H £ A (flagellin C, £1:C) | I 143 Wb
ARG 4 I 1 H H (secretary protein C, eseC) [y
Bl A L LIRS 16S rRNA KL B AE S A%
2, 2 K I 45 36 R B S OKOE . 51 A1 L
1.

x1 XBRASIMRMSINET

Tab.1 Experimental primers and their sequences

Sequence(5'-3")

katG katG-F  CTCTTTATTGTCGTCCTGTGCG
katG-R  CTATCGAGGTGCCGTTTGC

sodC sodC-F CGAAACGCCCTATGGTCTG
sodC-R AGCGCATGTCCCTTCAGC

Gene Primer

fliC fliC-F  TAGAAGCAGGAAAATGGGG
fliCcR  ACGCGGTAATGCGCGATAACG
eseC eseC-F GCGCAGAAAGCAGGGATT

eseC-R - GGGTCACGGCGGTATGTAG
16srRNA 16srRNA-F TGAAGAAGGCCTT CGGTTG
16srRNA-R TTACTAGCGATTCCGACTTC

1.2.4 ANESMEREE MR kS % oy K
BB R SR, R WA, DL Tris-Mg 28 vh il
HYRU 3 UK, VKIS OB RS IR R A TR R T
B, BB L. VIR T 2% T ke s LR
B Tris-Mg 22 sl . P B 0L DUTEW T
Tris-Mg 2 MR M 1

1.2.5 10% SDS-PAGE 4 B 25 14 Lk . K6 00 21 B
SN L A S S0 . IR 15 pL/FLL7E 1
X Tris —H 2 W BE B UK 22 b b LTk . 4R A 7R
e 48 i B R KRR TR SR 80 AR E 43 S IR Y B Yk R
JE 120 AR, HLVKS B BEIE BT 2% Bl 5E 22 R-250
PR T R Y R ERT R EN DU 23 AP

1.2.6  Geite@ort 20 0E 0 A7 5 2R 22 00] 1 L AR
FH e #5, DL P<<0.05 WA SGH %8 X,

2 g% R

2.1 HMEARAEIEIG WG BN AE B
Y Ay W B AR R M R R L &8 pH 5.0 AR Ak 31
J& s eha K bR B A7 % R W] AR T B AR bR (P <
0. 05) , T AR 1Y A7 15 28 A T Bk 2 ok Y AR vk 22 ]
R eha FERERK LW E. tarda & X R 1 BUSME
ZERME 1A TR,

2.2 HHRAE SDS MZ K2 B Pria B5E i £ 06
FOZRE R B AP Ak, AR s v
SDS ¥ 41 1 4f M 5 14 & . an &l 1(BY AT 1¢O)
o, 4 A 0. 05% (w/v) B SDS 43 ET-13 B
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10 min 5, LA K& 62.5 pg/mL (9 ZHKiE R B 42
1 h #1 2 h J5 . eha S HR I FF 5 281 W] AT 15 A4
B (P <20 05) » B MR I A7 5 29 4k T 57 28 A A sk

KRZ I G5 REW eha FF BT GRS W 41 T 41
L RE B 5 B DT 8 R 2 ik o 3% T 37 1 790 R I
(1 SRR 3 1

A " B - C 200. -e-the wlid
100 20 = Adha
80+ 15- __ 150 -e~chaComp
8 ) =
g o }N'Tr glOO
104
4z 40 i i
& 20 & 5, ke 50

0.
the wlid Adha
® A

ehaComp

0
the wlid SDéﬁ:hﬁ.i ehaComp

1 (h)

B 1 LB ET-13 HFAEKRAKMENMGER SDSMEMEZ BAESFEFENER
AT T AR bR G SR R e AR & pHS. 0 FRALFE 2 hJS A AF TR R B IR T A B RO bR B HAM PR 48 0. 0506 /9 SDS 4k
FE 10 min JF BIAETE 3 C BB A bR B bk R B AME L 62.5 pg/ml BRI K E K BALEE 1 h A1 2 h J5 A7 1% R,

Fig. 1 Comparison of the differences of survival rates of the wild, the Aeha and the ehaComp of ET-13 after the treatment with

acid, SDS or polymyxin B

A Survival rates of wild type. Aeha and ehaComp after the treatment with acid pH5. 0 for 2 h;

B: Survival rates of wild type, Aeha and ehaComp after the treatment with 0. 05% (w/v) SDS for 10 min;

C: Survival rates of wild type, Aeha and ehaComp after the treatment of 62.5 pg/mL polymyxin B for 1 h or 2 h.

2.3 407w AE LT BE T R AE S AR N B TE Bl
JRITALBE E. tarda 5575 Bk ET-13 J5 » cha K BRI
fEERE S W AR AT RRA W8 X P>
0.05), HJ& IH It Fo Ifil ¥ A% T8 ROR 83 (BERER
). XEEREW eha R AW E. tarda TEZ0¥)
PA P AL Y5 R TR 3 o B AE TR RS T 55 R 89602
Xof LY 0 I 3 BBORR PR B W TR AR ET-13 (P
<0.05),

2.4 WL A SIS AATE R BN
TE L IG5 20 M A I 4 il R S AL 00 BR05 , 88O [ ik 2 1
mmol/L .2 mmol/L.5 mmol/L .10 mmol/L f¥ 1 4
LS AL 3 30min J5 . eha B SBR B A5 R ] BAK T
HY AR (P <0, 05) , B AMBR 94715 3840 T b 2% Bk A
B A=tk 2z 8] 25 RN E 2(E) s

2.5 AR A AL S BUSME SR Al 2(A-D) i
71N 5 JE I A A U TR EAR L R RS R BE AT ST
et s, 45 4 F 50 mmol/L., 100 mmol/L.
200 mmol/L F1 500 mmol/L A~ ) i & 4k & e JEAE
R, ] 9 48 5 % PBS X B8, Bl 2 Bk 14 70 38 26 1
IR R TR AR A it 2= B (P <<0.05) , A
s eha BB 2R A A5 240 TR X 2o 48 b S A BB0RRPE B
P .

2.5 RT-PCR IR eha PR H At 55 i) 98 422 45
M & 3 FioR s Aeha i 2 B b S0 ) BG4 il Rk
A sodC ., i3 %A 4k S B 3L Bl karB FHEE K H I H
SUC B3 W R G257 W AR ] eseC 1 5% 5 K1
LU B A4 ke v 5 DT Y J0 R AT B AR PR ehaComp H 3 6

FE TR ) # S 7K A F BB AR AR RN I O AR 22 R . 2 SRR
7N eha i PRUR I 6 A B )R DG Bk AR T I 45
EH .

2.6 10%SDS-PAGE A} (s yk kil 45 58 I
4, 8 ET-13 B A= ¥R AT Aeha Bl 2% B 41 06 e B2
— BTN T .3 A2 Al F A 15 kD 5 40 kD
Z0E) B A= bk SR B2 37 kD A B R 1 Y 22 ik B
0 TG AR ) 2R3 (BERER W) .

3%

E. tarda BU I 05 % B8 U8 R BT E Wik 40 i 4 5
S SR T PR Y R OV L TR A T W AR I N A
A B WA A S TR i A TR R TR 2 R
Wy J50 Al R 2 40 M ) NADPH 48 A g
AT 5 | S P W AR A o 7 A 2% s it 7T 1) 4604k )
H,O0)"™ , E.tarda 7=t 51 8 4L Sl (KatB) " I
L AE AL 7 Ak 1 (SodB) ] DL Bl 41 B KA 7
(A R S K RS ARBFSE R WY, eha BRI
M E. tarda 7 i AR S0 AU 10 H) B A
A B e Bk X H O, f0s% M 38 i, 5L 485 R 1% 1K 4
T 5 A0 N B A0 R A B = B I R B
(T3S A —AMEHIR BS54 . BE 85K 4 & 5 1 1 5L
V72 3 S K A 45 A8 43 8 B 15 3 4 B 20 i BE BT
LR E EAMM R ThRE . VP ITTIREE (U Salmonel -
la typhimurium) "] F1J H] 53 34 84 07 8 11 5 B 1k BT 3 2%
43 - (i NADPH AL 1) IE 80 7% 12 2 & A 90
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B2 LEEET-13 FEK BRAMMEIKETENXSLERFEENNTIELENHFEAEHER
A-C B R BFA bR VB C Bk Aeha Jo B AR 1o A AL SR R B AR, 1,203 4 4 SRR AU Ll | AL S W R 500
mmol/L,200 mmol/L,100 mmol/L.50 mmol/L, "V [a] ) 4% F >y PBS X 8 D &1y ok S AL S0 0 3R AR 19 e i1 1515 E AT BT
AR VIR R B LR B 2 S T R R i 4R A U L 30min JR R AEIE R
Fig.2 Comparison on the differences of survival rates and H, O, sensitivity of the wild, the Aeha and the ehaComp of ET-13
A-C: The bacteriostatic ring diameters of the wild, Aeha and ehaComp of ET-13 to H, O, 1, 2, 3 and 4 showed 500

mmol/L, 200 mmol/L, 100 mmol/L, and 50 mmol/L concentrations of H,O,in paper scraps, respectively.

D. The statistical chart of bacteriostatic ring diameters of H,O,.

E: Survival rates of the wild, Aeha and ehaComp after the treatment with different concentrations of H, O, for 30 min.

A The wild Aecha
sodC

ehaComp

katG

16s rRNA

16s rRNA u u U

B The wild Aecha

ehaComp

fliC

eseC

Bl 3 RT-PCR Z&RER cha EEX ET-13 Htt EHERWFIZER
A g8 E ALY B AL B (sod O) Rl 51k & B (RatB) 3 [N 76 B A= Bk LBl 28 Bk B B 4N iR A A9 5% 5K . 16SrRNA /£
Z BRSNS R SLOF T E 5 R 5550 MR [ (eseC) Ha PR7E BF AE M Bl 28 bk K B #b ik P 69 %5 3% 7K 7 . 16SIRNA

HNZ.

Fig.3 The eha gene regulated other virulence genes in ET-13 by RT-PCR

A Transcription levels of superoxide dismutase (s0dC) and catalase (kat(z) in the wild, Aeha and ehaComp of ET-13,

with 16s rRNA as internal reference;

B: Transcription levels of flagellin ( fZiC) and secretory protein of type [ll secretion system (eseC) in the wild, Aeha

and ehaComp of ET-13, with 16s rRNA as internal reference.

JE TR 9 23 3 b T DABH R 5 A 40 B Y A5 R A L I
73 B0 A5 A F 40 B AE 06 48 0 B i . AR BFgE R
By, eha BLAME E. tarda =R 53 W F 58 7 A 53 Wb
H 1 EseC 1y 4, 1T fig 5 6k 2 bk 0T 2 B0 1 3

A, YT M HEE 22 02 i B £ & 1 (Flagellin,
FLiC) %& B i 5 1 - A8 58 F§ RT-PCR IEBH eha 3L
BB AT LA W flic FE R W5 R ARk, Lok,
eha BIHRAE SDS M Z KB E B Wit 53 b (1) £7
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Fig. 4 Comparison of the differences of the OMP proteins of
the wild and Aeha strains by 10% SDS-PAGE electro-
phoresis

1. Wild type; 2: Aeha; M: Protein marker.
ap By
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