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EseC., a translocon manipulates Edwardsiella tarda to induce host
inflammatory responses by T3SS
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(1. School of Medicine, Southeast University, Nanjing 210009, China ;
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Abstract: T3SS is an important virulence factor of Edwardsiella tarda (Et), and EseC is a translocon of T3SS. We try to
study the T3SS how to manipulate Et to induce host inflammatory responses after Et infected the host cells and tissues. Firstly,
we construct AeseC gene mutant and its complementary strain from the wild type of Et.CD. Secondly, after the bacteria have
infected RAW264.7 macrophages, bacterial colonies were counted on LB plates. and the cellular survival rates were inspected
by CCK-8 method. We found that the reproductive rate of the wild type within macrophages increased obviously than that of the
AeseC mutant, and the survival rate of the cells infected by the wild type was higher than that did by the mutant. The results
indicated that the wild type caused more cells to die by its T3SS and to release more bacterial reconstituents than the mutant
did. Moreover, we found that the necrosis rate of the macrophages infected by the wild type was more than that did by the mu-
tant by flow cytometry (FCM). Results indicated that the wild type induced more cells necrosis by its T3SS and to release pro-
inflammatory cytokines more than the mutant did. Thirdly, after the wild type and the mutant were injected into mice with an

i.p. infection respectively, the CFUs/mL of the wild type in the liver, lungs. spleen and kidney of mice were significantly more

than the ones of the AeseC strain, and the acute inflammatory
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responses in the tissues to the AeseC strain were more intensive

than to wild type by HE staining., and the sizes of the liver,

ones did by the mutant. The concentrations of IL-18 and TNF-a of
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inflammatory cytokines in the serums of the mice infected by the wild type were more than the ones did by the AeseC strain by

ELISA. Results showed that the transcriptional levels of ese] and eseE genes of the effector proteins of T3SS in the wild type

were significantly more than those in the mutant by RT-PCR. Therefore, the eseC gene may affect Et to induce the inflammato-

ry response in tissues and cells by T3SS.
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Tab.1 A list of the strains and plasmid used in the study
T B JB GBS kIR

A
E. tarda

Et. CD BFAERL, Col” Fifi 7R B2 I ik

AeseC BT eseC HEHAYHFAERY, eseC BT R bR A S

AeseC +eseC A BURL pACY C-eseC WYKL eseC K K TR A S Y
E. coli

E.coli DH5a

E.coli SM10(\pir)
E.coli BL21(DE3)
pGEM-Teasy
pHMS5

pACYC184
pACYC-eseC

F~ ¢ 80dlacZ AM15, A (lacZYA-argF) U169, deoR, recAl, en-
dA1l, hsdR17 (rK~, mK" ), phoA, supE44, A=, thi-1, gyrA96,
relAl

Thi thr leu to Na lacY supE
F~ . ompT, hsdSB (+rB" mB™ ), gal, dem

Amp’
B A Bk, mob RP4 oriR6K,SacB, Amp’
Tet", Cm’

HH eseC 5 ik pACYC184 H 4

T F TaKaRa 2\ &)

g B TaKaRa 2\ A

I [ Invitrogen /A )
AL AR
721 5 R AT

7% 21 g

1.2 /INEEMEM RAW264.7 15 5 " E R 2252 I

J k2% 3CHk[5], BL Ee.CD /43 41 A R,

WA A B2 A B Al M 92 P Hh 0y . TRIzol Reagent
i , Reverse Transcriptase M-MLV {1 H In-
vitrogen A, BALB/c 2 /N, 6 JEWS , METE ., 1
H MRS il

1.3 eseC HE PR 2 bk S G BRI R A g 2 R 2

51 ¥ eseC-F1-F/R Fl eseC-F2-F/R (WL % 2) ¥t 47
PCR. Y 3 eseC B MM A B F1 M1 F2, JF & 4%
[ AR, pHMS, iy 44 5 240 i ki 8 pHM-F1F2,
FH B4 T Bk % B OB N SM10Api r 568 %) Ex.
CD.7E Amp" Al Col" W HT LB ¥ # L. 4 3 &%
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2 & i 4 T3SS 345 B F EseC 12 £ & B 867

pHM-F1F2 [ Et.CD W% . & EA k) Et.CD
WVE A LB Wik 32 B b, i G 9%, 7 Col” Al
10 % HERE Y LB ~F M L 0 8 21 1 2% P 0k I 25 19

eseC FENBRR R . FE— ] PCR % 5E eseC H[H Gk
Rtk B ALANS i e — R AR E R IB A SRR R

F2 FATHEMETE eseC EERRHKMEAKIKSI Y

Tab.2 Primers used to construct and identify the eseC mutant and complementary strain

519t AT R Y 51 i i
eseC-F1-F GAAGATCTGGCGGTAAAGTCACAGAG [F) 5% 7 2 B T 51 0T )
eseC-F1-R GCTCTAGACCAAGGAGCAGACTATGAG
eseC-F2-F GCTCTAGAGCTTTGAGATTGGCATTGT
eseC-F2-R ATGCATGCTTCGACGCAGAGGACTAT
eseC-F GCTCTAGACATAGTCTGCTCCTTGGTT Kt BRI R B T 5 LT 5
eseC-R CCAAGCTTGTCAGCCTCATCAACAGTA
eseC-1D-F GGCGGTAAAGTCACAGAG BR eseC KK 0 BT AR 5190 )% 51
eseC-ID-R TTCGACGCAGAGGACTAT

Ll Et.CD # K4 DNA R#EHz ,PCR 31 eseC
MR BB RS LR 2. eseC FERFIZ AR pA-
CYC184 i 4%, 15 3| & 4 i # pACYC-eseC, i 1
L VR B TR A B eseC BRI B S KR 7E C LB
AR b33 & pACYCoeseC B Er.CD ¥ . PCR
WE N eseC FPH MK
1.4 SHTRTE F A ML A7 TG S0 KR EUN E L co-
li BL21,Et.CD BFHERE | eseC 3 R R 2 R F1H 4D BR
I3 RAW264.7 H W40 L Jy 3 2 % SChik[6 ],
PLREFRIHE] 1 ho3 ho6 h,12 h,24 h.48 h N A& AL FR,
T 40 ML 475 T B CCFU /celD) R 904 b B 3 1k
S 55 SR A S R A 2 ) 40 TR I 9 40 T B0 R R Ta]
Mk .

1.5 CCK-8 46 I 41 ] ke Jek e B ek 44t i /5 1) &4t
FEWE AR WA E B MOI(L = 1,1 ¢ 10,1 ¢ 100)
ST Er.CD B A KR L eseC R Bl 2 AR A 4R AR
YL 96 FLA T RAW264.7 41/ 2 h, PBS ¥k 41 it
33 AFFLINA 10 L CCK-8 K » LA i 2 i g L
ER = FX L E M3 SR A b i E 1 he SR
AXAE 450 nm &b I 2 & LA WO AE , B3 A SF A7 4
PRS- 34H . 20 A A 3 25 = 4k 3 40 L 9 IOk
JE — 25 U6 BRAL RO B / (R Ak 38 240 e L Ay W '
— 25 FIX BRALIOG D X 100%

1.6 Annexin V-FITC il 4 i K58 LA 10 ¢ 1
MOT Et.CD B A= #k L eseC 3 PR Bl Bk A E #4351
JEY RAW264.7 BEREANME 2 h 5% 6 h, kS % 30k
71, FR O = 40 e ARz 00 - 200 i IR B 26 = SR A6 40 ifd / e
H4M X100% (Ex:488 nm; Em:530 nm),

1.7 4P AE /DN BUR N ARG SE8e Jr ik S % Uik
(7] 5288 o0l 3 0. Et.CD B R4 L eseC 3
[H B bk 40 A PBS X HR 41, B8 I 3 59 4 /N R
A H 200 pl, 5X10° cfu/mL; 7E YL 5 7 [ i
B & 12 ho1d.3d.5d.7 d.9 d.15 d #1 21 d, B4
B[] S5 BT A FE A 20 3 H /N B, TG TR B A T B
JHFIEE 5 JUE | AL EE R L & A 1 mL & 0.1 %
TritonX-100 (] PBS, 1] 3% 55 51 3 4% il U5 3, B4l
ZUSIHHEAT 10 £5 R HNVHR e L L IS Y76 B BE 9 50 0K
W 100 pL ¥R LB P, 715308 A o ) i 45 4 A W] 20
LNTE CFU/mL 11,

1.8 AR J5 /N BRZH SU0% B ol s 4 IR
ANERA 7 R 1.7, e A B /DS B, TR A 35, BB /N
R P JHF U Lt O LA RS O R AT %% 5 S A PBS Bk
W FEET 1006 M AR R OO VR [ e
48 hy L pyk K CE AL RS Y R s AT
IARZE-L (HE) Je 4, Olympus BX50 A= ¥ i %
BEWLEE

1.9 ELISA W /N B if 3 40 i 7 1L-18 H0
TNF-a 0BG /N vk [ 1.7, BB 58 R
/N BRI 35K 0l s 77 25 (] 350 8 B 43, I ARG B 250 %5 1Y
BUAH OC 40 H TR 1 B AR B AL B R L 4 °C R s TR IA
S5 o FFIITACAH G 4 B PR B 04 A o i, 05 1 X R
Sokn 2R T 5, I A 5 AR B 10 15,37 °C 3 h;
VRS . A AR R I A4, 37 °C 1 h I AR B
250 AR I ZR — BUR o A AL W, 37 °C 30 min;
T Y s 20k B R bR A
450 nmAb W GAE I E 570 nm ME AL IERE K.
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1.10 RT-PCR &l & VLW 45, 5k =% 0k
C77. 5 BHR BB Er.CD B A2 Bk Fl eseC 32 A Bk
Ktk RNA LK RNA i 5l cDNA, LI cDNA
AR ] T3SS #4085 H eseE £ M54 (F-CT-
TCCTGGAGAGCGAGTT, R-CAGCATCACAT-
CCGTCAG) Fl T3SS & ese] F:HBY5 4 (F-
GGAT TATGATGATA CGACACAG, R-GCT-
GATACACCTGCTGATT) 2 5 4 48 W5 JL 4, LA 9~
8 16S rRNA 3 H (F-GATTCGCTGGATGT-
CAAGA, R-GCTGGTCTGAGAGGATGA) 1 K
AR 2 B, o A T 45 5 DR ) 7 Sk

LI = 8% = o TR & 1 SR e Sl 11 B 2
TG R 22 [ FA0 i N 7k B 2 R 22 55, R e kg,
P<C0.05 WA FEX,

2 & B

2.1 HCBEEF A RR N eseC JE PR Bk 2 Bk 75 B W 40 i N
MmN 2R WK1 BR,E.coli BL21 ANRETE F I
20 0 PN A A AR 1 L B A 5 S R A K PN A
(50 B T 0 5 B AR RN eseC 35 PR Bl 2k Bk A 1 I
21 Jta P 1% 20 TR B B AE — B[R] N 2 b TR A B A
MRIESER 1595 12 h 5 iA B e i 5 10 eseC 35 IR G 2
MREEFER ]G 5% 24 h R ik 8l . fEIERKEE5E%) 6 h
12 h B e Ak R PN 48 T 50 E B S AR B AR bR
=7.046, t=4.406; P<C0.05), H %Mk 175 1k j
PET B A bR, X E ] eseC JEDINT T 4545 Et 16 F W
20 L N %) 5 A o R T AR

*
1.0x10'2 -
1.0x101 -
1.0x1010 - .
1.0x1009 -
1.0x1008 -
1.0x107 -
1.0x1006 -
1.0x1005 -
1.0x1004 -
1.0x100% -
1.0x1002 -
1.0x1001 -
1.0x1000

-+ EtCD
-»- eseComp

& AeseC
-=- E.coli

REABERAEER (CFU)

13 6 12 24 48

RRIFEaE /h

* R P<0.05

Bl1 LEEEFEKRM eseC B FEHR K ¥R 7E E K4 i ) 4A
BEHENER

Fig.1 Comparison of the differences between the bacterial
numbers of the wild type and AeseC strains within

macrophages

2.2 HCEBP AR AN eseC Jk PR Bl 2% Ak bk R G L W 40

JELJE B A M AE TR R S5 AL 2 R W], MOIL
10 = 10 100 = 1 W, B A0 MR R 4L L 0 40 i J 1) 440 i
RN R AR T B kR4l (¢ =27.67, t =27.33; P
<C0.05) , H. MR 55 W5 A R 21 0% 40 A7 30 6 A
BEN(=2.48, P>>0.05), Pl eseC FLHE KT,
Et Y BG40 5 40 A7 15 R B B BRI,

100+ 2

E3 EtLCD
B3 AeseC
E3 eseComp

MRFER (%)
& 38 8

»n
o
1

* R P<C0.05

Bl2 LEEIFEKRMeseC EERIKWNERAEETE
HESR

Fig.2 Comparison of the differences between the toxicity
to the macrophages infected by the wild type and

the one by AeseC strains

2.3 IR AR AN eseC R B SR BRI K B WE 40 i
WICH) 22 5 AP G4 2 h R e 3 fr
N s A TR I TR (1 200 i RO o B AT, BB IR BE 1 HL R
N 0.87 % (&l 3A) s Et HF Az Bk 417 1 41 g 3K 38 R Hy
11.11% (K 3B) . i 2k Bk 40 B 1 40 Jf 38 58 % Oy
3.85% , B bR 4 L1 A M IR AR B0 4,440 (A
3D)., ARG AME 6 h AN EE R 3 iR ok
TR A T A 40 X G X R 4 G B 3R BE Y H R
1. 24% (#l 3E); Et %5 A& b 21 0 19 20 i 3K 36 19 bh R
Sk 38.05 %0 (Il 3F) 5 i 2% bk 41 g 30 41 i 3R 38 5 Oy
20.36% (& 3G); B #b & 41 Mo 19 40 ffL 35 8 R Ky
37.10% (& 3H) . Rk, Et al i H =R R 48
TR0 o g 30 35905 5 I AN B R A IR BE

2.4 HLEREF KRN eseC HE P Bl BRI Y /N BLL 1
JI i AT A AR E R E R 2R B4 B
7N o R AR R HG A Bl 2 Bk R SRt A (R T DE L BGLDE LEF
JUFE 0t AU (L7 3 26 25 B PR A A TR RS IR T
Ak R eseC DR il 2R R T 1 2 A4 D9 1% 48 TR A7 0
HH B B

2.5 HACH A R RT B Rk R e /N B O s T D S
IR/ RAZ RS 25 WK S Fin. 5
HEREFN eseC Bl AR 43 B G /AN B 3~5 d B, 3R
SF A A B D R A AU 5 % B ) A0 0 22 S
T B AR AL S X A A AL 22 5 G 5 T A pR 4
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Fig.3 Comparison of the differences between the cell necrosis rates of macrophages infected by the wild type

and the ones did by the AeseC strain
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Fig.4 Comparison of differences between the survival numbers of the wild type and the ones of the AeseC strains

in the tissues of mice
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Fig.5 Comparison of difference between the tissue sizes of mice infected by the wild type and ones did by the

AeseC strains

Bl 6 HLEREFEKRM  eseC BERRIAKBPNMNRERALRELEZTHER(X400)
Fig.6 Comparison of difference between pathological damage of the tissues of mice infected by the wild

type and the ones did by the AeseC strain( X 400)

2.6 LEREFA RN eseC SEPB G BRI SN RN TS ERYJE 1 d I SRR AR AL N BUMLTE R TL-1B vk
IL-18 1l TNF-o WREM 25 B 1-11d/5.% S8 T7Es, AR &S TR HRA (=6.748, P <
AERRAL PN BT A TL-18 A TNF-o R EES 0. 05) (B 7TA) s BRYL T 3 d AF 37 28 B 2/ B 33 v
0 5 T o e bk 4 (1 =2.979,1=23.103; P<<0. 05)., TNF-o (¥ BE IR 5] T e, B8 T otk =



10 1] RYLELE R F e T3SS #15 B F EseC L £ BB 871

5.237,P<C0.05) (W 7B), L5 FWH ,eseC HYHLK 52
W T Et 5 & R M40 11 7= Az

>

20- @ EtCD
ax B AeseC
E
o
2
o
o
°f> N S5 o A o N
BREaE (d)
B = EtCD

B AeseC

TNF-a(pg/ml)

6 N » 6 A o A

N
BEF5EE (d)

* 1R P<C0.05; % * ;3R P<C0.01
B7 LERIFEKRM eseC BEBRKHBEFNDRE B
IL-1p #0 INF-o MK E £ R
Fig.7 Comparison of differences between the concentra-
tions of IL-1p and TNF-a in the serums of mice in-
fected by the wild type and the ones did by the

AeseC strain

2.7 RT-PCR Kl eseC H Xt T3SS % & H Y
YER 250K 8 TR ceseC FE R B2 bk T3SS &0
HHFEEN eseE Fl ese] 0% 536 7K - F1HEF A= 4k A LE BH
TREAK, T H AR ) eseE Fl ese] BY %G K 55
AERRZ IR A B 22 5], X R eseC HE K HY 6L
PRI TN 1 EseE I Ese] 43 4 2 15 32 40 Jfd
R IR .

wild aeseC  Comp

s [N

B8 LRIFEMM eseC BEERIKE TISS HEER
E[E eseE fleseJ HRKEMER

Fig.8 Comparison of the differences between the tran-

scriptional levels of eseE and eseJ of the wild type

and the ones of the AeseC strains
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Et B T3SS M3 R # 35 A4~ FF il el i HE 44 B
PLEE ) 5 I8 A T AP i 4 R | Ed B 1) 8¢
J15 5 RO €W TR T 1 5 (Salmonella typhi-
murium Pathogenicity island SPI-2) F % &= i [F] J5
PSS VPTG SPI-2 #5 DLAY T3SS A B T W 1 &
gLt T, FRATTEBEOR Ev B E I E B iR AR
W5 Et B T3SS ek,

4G T3SS TIRE T KB/l 4 K9 . QR EE
1.2 EseB.EseC #ll EseD 41 T3SS %48 b 5
¥, B R R e 145 H (translocon) s Q& 45 H , X
S 11T B 23 0 32 48k ¥ 75 0 1938 43, ml DL 438 5
G300 F S8 E AT AL L SE BN A S A0 A B 5 D
PEABE A QWA E . Xie Z0F58 R0, 200 & H
EseG RI 5% W Wi L 2 4 240 i b 00 10 25k L HE 5 40
TR A B0 FL I A OCE 5 RO B 1 ese] 3 DRI Bk AN
REE I Rz 4 H L v 240 M D 38 L O HLL 2 ) L B
A bR RRAR .

Et B2 —Fi et It o8 27 26 TR, BB 08 76 4 1k 4 it
FETE AV e ROk VBB E e
B, AT T Et.CD B A BRI eseC 3[R Bl Bk
T I T PN A7 555 R FI 400 A7 SR G b SR L i o
AR IR AN L SR 2 AR AET R
20 T A . A0 LPS 1 T3SS, 33X 6 411 14 A 07 5 5 A4
HH AR 2L 43 T (Pathogen associated molecular pat-
tern, PAMP) /] L S & W4 M S 5 R 5E S,
FoANT BB A BR AN eseC B [H Bl 2k /K 355 & 1 06 400 g
IRBC I 25 S 2 B, W A pk vl il . T3SS T £
FWG A M AR SR A8 . 4 T AR PR IR BE P A R AR 48
iE BT 1 B . oe b, FRATT B A B AR RR AN eseC
B DR e 2 R R g /N B A T T L R b 4 R A
BHM S R FRY, T3SS A B T ¥ Atk fE A ZUh iy
KT

FATT R Sl A 9 1 AT 5 2R B B A R R e /I
SRS BT DGO L i U R A B S
JNE TV A VLW S Bih K eseC 3 TR Bk 2 B JER e /N
B » 30 S 2 21 2t R E B Ry B s AR . A Ak
5 & /N BRI VS R PR 40 I I TNF-o F1 IL-18 ¥R
(7= A B P s k. FR AT — 28 H RT-PCR
Kl eseC JFEH X T3SS 24 1W # 1 EseE Fl Ese]
PEH 25 2B, EseC 285m0 T %00 & 1 EseE
1 Ese] 435 15 3 40 il N & 45500, 5 T Et (1
BREM .
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