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Pathogenicity of Edwardsiella anguillarum to American Eels(Anguilla rostrota)

and the Expression of Host Anti-E. anguillarum Infection Related Genes
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Abstract: In this study, American eels were infected with 1.0 x 107 =2.0 x 10® cfu/mL of E. anguil-
larum to determine the LDy, of E. anguillarum to American eels. Additionally, American eels with an average
body weight of 20 g were injected with 3.3 x 10° cfu/fish of E. anguillarum to assess the bacterial load in
the liver, kidney and blood at 6 time points of 12,24, 36,48, 60 and 72 hours post infection. Furthermore,
the pathological changes of liver, kidney and spleen of eels were observed 36 h and 60 h after the infection.
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The mRNA expression of the outer membrane protein A ( OmpA) of the pathogen and 16 anti-infection relat-
ed proteins of the host was also detected at 4 time points: before infection, and at 12,36 and 60 h post-infec-
tion, using the gRT-PCR method. The results showed that the LD, of E. anguillarum to American eels was
2.5 x 10’ cfu/g body weight (equivalent to 5. 0 x 10° cfu/fish) . The plate colony count results demonstra-
ted that the bacterial load in the kidney of American eel was significantly higher( P <0. 05) than that in the
liver and blood at 36,48 and 60 h post-infection. The bacterial load in the kidney and blood peaked at 36 h,
while in the liver, it peaked at 72 h post-infection. Pathological observations revealed congestion in liver ves-
sels and atrophy of glomeruli at 36 hours post-infection. Exfoliation of the epithelial cells in renal tubules and
thrombosis formation in spleen vessels were also observed. At 60 hours post-infection, hepatic blood vessels
showed thrombosis and necrosis of hepatocytes, while the epithelial cells of renal tubules became vacuolar,
degenerated, and fell into the lumen of the tubules. Moreover, a significant number of necrotic nodules caused
by bacterial infection were seen in the spleen. Comparison of gene expression levels at different time points
revealed that the expression of the OmpA gene in the liver increased significantly (P <0.05) at 12 hours
post-infection. In the spleen, OmpA expression decreased initially and then sharply increased, while in the
kidney, it displayed an initial increase, followed by a decrease, and eventually another increase. The expres-
sion of 16 immune-related genes in response to E. anguillarum infection demonstrated that the expression lev-
els of 5 immunoglobulin-related genes in the spleen were significantly higher ( P <0. 05) at the early stage of
infection compared to the later stage. However, no significant differences were found in the liver and kidney at
different time points. Additionally, the expression of 3 tumor necrosis factor-related genes was relatively high
at the early stage of infection. Some immune-related genes also exhibited higher expression levels at 12 hours
post-infection compared to other time points.
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1 MHEERE
1.1 #HE S XS

85 g 2 AR QDA 3 25 1 H ASBB ARG T E , PRARSEIR S 45 . AR SR R A 3K 152 FE iR
Nl FIIRE 20 g, BT LW E KB (25 B/4H) t, B 14 d E#HTRR, SR K
. K26 ~28 C, ASEMIFES A, BRERIFHK 1R, BT | RIRE25E, 52
1485 i FH] 2 BB E B A 2, 100 2 i P 1R L i
1.2 SEMEELREFHBXENNE

5 g2 AR G B T LB S5 55 4% (28 °C, 160 r/min, 18 h), JH 50 mL B0 AR Tl 5
MITER ; KA PBS (pH =7.4) HEEREIK (4°C, 5000 r/min 0> 5 min), B2 XK, HKMHZE 600 nm
THIODME (Agy) 290 0.7 CPARFEEITERI IR ZH 1.0 x 10° cfu/mL) , £ 10509 2 2
15 i o A PG T X SN B B B S 5, RHBB R AR 45 2. 0 x 10° | 3.3 x107, 1.0 x 107 cfu/mL Ay
05 i R [ PRV, R I T T B RN s 1 0 13 R (0. 1 mL/ ), X BRZH B figi 4 5 0. 1 mL
1 PBS, 4k 14 d MEAA R A SPET 4558, R Reed-Muench J5 {1158 @ i > 2B & LD, I1H,
1.3 tEEEASHARE

JERYLZH F PBS X FRZH 45 B 50 FE 8 i, Jak gt 21 g Joe 8 i Y 1 13 7 6. 6 x 107 efu/mL A 0. 1 mL,
X HRZH 4 R 1T PBS 0.1 mL, JRYLJSHE 12, 24, 36, 48, 60, 72 /NISRAE, HFURRAE 5 R 08 Y T
. CBFNE . PELHA GO I, R MBI 0. 1 mL PUEEM . 0.1 g FFEFIO. 1 g BFME (BER/NT
0.1 g MARFRA), PrEEis: PBS FRe/5H 0. 1 mL ¥4 F-He; FFAEAE BEAL UM A 10 54 PBS J5 F
WAL AIH 5 min, SPRIREA R BEG R AT TR, BYLJE 18 ~24 h IHECTF AR EVE 45 R . TR
AORFRE . B RS AS IR XS 2 B, —2K B2 T 10% B e /R DR, 5 —2F2 PBS ZZ whii i
VRS E T RNA LR, - 70°C IR,

1.4 REYIFWHIESNE

W28 10% W PR R b AR AR . B R RN 20 20, SE AR EE WK K Je, PR ZH 2R3
SESEAE S ~7 pL, PIRJEH H&E et , Yt RIFIYI R SMAKGEM RS B o SRABER BB s,
ARG 3 AN ZU 2R AR,

1.5 2 RNA B94REXS cDNA HEARRIH &

K Promega RNA 877 & 5 i f OGS PN i8R e . (JRGL S5 12 h) |t (S5 36 h) | MR (Jsk
Yuf5 60 h) FIFRE . B EFIEIERE &, S50 G VA PRI RNA, RNA £ 41 H Nanodrop 2000 %1
I3V CREHAG I e FBE R ABFE (A /Ao [HAE 1.9 ~2. 1 2ZJa)) | JHERPEBEEERE HL Ik /0T RNA A9 5 4
Ji BEAT 305G 4 ieDNA, ¢DNA 7T -70°C .

1.6 qRT-PCR =4

KM Primer3 Plus (https://www. primer3plus. com/index. html) &3 18 PIEHR G (WFE 1),
P B-actin fE NS HE | LA qRT-PCR 208 tit 73BT J7 VA5 DN 53 6 2% 46 [Q TR 1) OmpA FEPUFN 16 M1
FARPEFCIEN Y FIRIKF-, qRT-PCR FEAK I AL BEANT . 4% <DNA #£4 HH ddH, 0 # B 100 15, 4
S E qRT-PCR WK Z (2 x M5 HiPer SYBR Premix Es Taq, 5 pL; 10 mmol/L Primer F, 0.25 pL;
10 mmol/L Primer R, 0.25 pL; ¢DNA, 4.5 pL); BIEIRIESHR, BHEEOGEHR FIRMERBIRE
W2 384 FLIY PCR M, BAHEML 2 fLoFAT, BFR L Sealing Film 3 OB 2 0IE G B L
384-PCR Hx & T RealTime PCR 1Y _F#4F PCR ) ,

1.7 SitZEHHh

WIEED (cfu/mg) RHHEHXEL (g D) AHIEFHITEH2%50 11, H] SPSS Statistics 22. 0 H1(1
M7 TREAS ¢ K U0 LA RS A 2R A 0 25 5 0 v, DUBOIE B3 (E + P IAREIR 22 (mean + SEM)
A, R Origin 2017 1R, 4151 22 (019 25 55 8 35 S W A S hn i, 20Ot sk 1)
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Bk 27 2O Ab B, ) F RS SRT LSD Rk #EAT 22 5 WS BT, 4% PBS LA H] £ 3 A
A5 P A S DS SR KRR EAR S 1.0, TR E IR YL G 3 AN [E] s Fp i 2R A A 3 A I A A
TR o R FBEAR TE A JE DR A 7] — B ] (AN [ R 22 ) 3Rk /K SF- 1) 2 53 Wb 3k

%® 1 qRT-PCR ¥ i&ryEEFET A5

Tab.1 gRT-PCR amplified genes and primers

FLH A TR FEH 519F5 (57 -37)
F-AATCCACGAGACCACCTTCAA
_acti ZILH
B-actin NEHN R-GTTGGCGTACAGGTCCTTACG
y . F-ACCAAGCGTTTCACCCTGAA
OmpA B {iji % FEAE [C T outer membrane protein A

LOC118233506

REERE K 85048 X K29-213

R-GTTGTACTGCTCGGAACCGA

F-CCAGCAGCTCAGTCAGTTCA
R-ATCCCAGACTGGCGAGTAGT

F-TGTCAGGTTTCTGGGTACGC

Loc118220471 SILERERRREITAZIC 914 FEIX e R-TGTTGCTGCTGTCTCTGGAG
Rt
A
R
P,
.
PR
. R
B
z e
2 R

2.1 tEEREELEKEXEMNEMOEHBBTE

WEE 14 d BB ZITAET-3 ) R, X R UL BB EIHAE T v P VR T 5 S0 B 11 S AE
T7; AR A B B R P A B AT TR IR ST (DA 1) SR AR JE AN [ e 3 40 T 510 £ B A 7
TEOCITHEIL LDy, 25 R RUITEX R T LMY LDy, 2.5 x 10° cfu/g (WFE2),
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®2 SBHBHEREATBRLRR 1001 =
1.0X107
Tab.2 Artificial infection test of E. anguillarum 80 P o
S w4
% 607 Vi
CEAE - gpeg rHEUR o i
WREE, SRR PR BET-3R/ % LDs, = —
(cfu - mL™") /(cfu-g™) EITG\Q 20F // s
O+ v v v v v v v v v v v
2.0 x10° 13 10 77
0 2 4 6 8 10 12 14
3.3 %10 13 6 46 2.5x10° 15 22 1 4 1) SR Q% 15 /]
EB1 ANIRpeMZEERER14dR
1.0 x10’ 13 2 15 EEERA RFRIE TR

Fig.1 Cumulative mortality of eels in 14 days
post the infection of E. anguillarum

2.2 BEMEELKEGEMATE, SHEMDRNEES

Pl 2 J Rk e fidfi 22 74 [C T 72 b Ji TR o REAS IR A A A DA AR I L. DUIET 2 W, i 2%
A G AEATIE (/8 2A, 2B) FI'BQE (K 2C, 2D) B9FH#EE WS T (& 28, 2F), {H
FEE—EAMEZE S, ML, 4 M IIIRREA b B 4058 &5 22 AR,

ST IE

P A

BIR7/3

A—REAS | BRERATNE TP, 7530 100 F5FERE, 4o 1000 F576 B, B—HEAS 2 SBERIFIE T4, A5 100 MR, 4k
1000 fERERE; C—HEAS 1 BBERESIET-AR, 753 100 F5F R, A1 1000 F5H R, D—FEAS 2 S5 7 di, 2630 100 i
FiE, A3l 1000 F5H R ; E—FBE 100 £ /5 S8 60 0LV A, Z23DFEAS 1, AdEA 25 F—HRBE 100 1% 5 68 5 1 1
Me, ZEHEAR 3, iR 4
H2 BRBMEEERE 72 b RS EERATI, 0K OAEFREE TSR
Fig.2 The plate colony count in liver, kidney and blood of eels 72 hours post-infection of E. anguillarum

FE TR T TS R T 0 X B A e, X JaR e i fi o 7 42 [ 1 i 8 g T L 5 DR A v 6
AN B AT AR AT TR (LR 3) , A3 RT UL B R A AR B s s T, HE RS
36 ~60 h X EHFEIAR) B 2R (P <0.05); M A2 R G 6 B ) 5 N EAK T R Fn
I, HARRYLS 24 ~60 h X BN E] I B%E (P <0.05) il B (P<0.01) KT B, mRLs
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JRREFAM (ARPBIERR)

72 b AR T 5 U a0 A Y e TR
Yuf5 36 h IKBIE(E, MEYLS 72 h WIAE AR
Bl
2.3 RS SIEELKEGRRMATE., S
BB AR FRIR T L

YN BB AT 0, JERY AT R/MER, mAE
WA /D EALIANNE (WK 4A) 5 RGeS 36 h, il
YK, MG N TR, R £0 A IR T 0 A
P, 01 4 i PR A 3 1 A o O A 4
(W 4D) 5 JERYSE 60 h, AT UL LA P L
¥, B IFAEMIRSEER R (ULIE 4G) o SEUN % b
B /NERFNE /N, RS RTIE R, (R UL IR £
5% R R A 0 VR 58 20 M 5l S ) A g rhoss (DL A
4B); IRYLJE 36 h, B/NERZESE, B/NVE LA
TR, TR A (PR AL A B S5 4 7 s v o BH A 3
% (WK 4E); BYJ5 60 h, B/INE E R aniEes

12 24 36 48 60 72

TR s 580 fi o2 A TRV A [ I 0] /b

T 5 JHF U ) 280 B 0 22 5 W 35 (P<0.05) 5 #, ##—
JIE 5 1 9 T 28 T A 2 e B 7 (P<0.05) 45 1) 8 3 (P<0.01) 5
&— 1T 5 11 8 1) 26 T 1 22 Sl 35 (P<0.05)

B 3 XL E2HNE B AL K S R B 8 = 88 6 AT A | 5 B A

I i B # & £ (mean = SEM; n=5)

Fig.3 Bacterial load in liver, kidney and blood at different

time points post the infection of E.anguillarum to eels
(mean+SEM; n=5)

At ive B IR, BRI ST, For I RANMIIRAE (ML 4H) o SEUNERERIE, EULRTLL A
HEAHIE], UMM N ZLAIE R, AT WS LR A A A bl (ILIET4C) 5 LS 36 h, IRUIRET#ERS

%, HEEL,
ZE Z [ LN (LI 4T)
JHF

JE&Y 5 36 h

JELTS 60 h

S

MAEPIERAE (WLE 4F) 5 G5 60 h,  Hi B 5 5 41 Bk e i 3 B SR BT 451

it

23Sk A SR ik BRI U 5 A N TR DA R R I A AR = AR R NRZE SR, B SRR NE
R AR s O R R R IRAE ;. TR R R IME L R AR s AR e s SR R A R R SRS 4 Y

&4

BS6 2 MR AL N B B L AT /E B Z M S8R H R IR T 4L

Fig. 4 American eels pathological changes of pre-infection and post-infection of E. anguillarum
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2.4 GEEEELRKEINEEA A ERESTATEE, MRS RE
SR BB 2 AR R B i, W HAMEE A A (OmpA) FERK) mRNA 2635 7K 5 1T ) 45 HE W% 6 7
BB Y IR 2R ) . SRR L, JERYYS 12 h OmpA BERILEATIEAY 25K F 3% (P <0.05) I
Tb, 1B1E 36 h F160 h B[]S IA TR, S OmpA 5 RTE I RN B I 4 S 44 26 38 7K S 78 e I AN TR
Bf eSS E R, B TPAME2ZE RIR KRS R B EE (WK 5a),

40

[C_Jon
35t B 120
30r . o
it 251 2
% 20F
'H'% 15
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_g 5
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z
E
0.05
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e ®
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e) LOC118234190 f) LOC118220473

5 RS EEMEELRKEANG OmMpAMBESMERKEQHEXERELEMAT. 2. B FHFERIE (mean+SEM;n=3)
Fig.5 Expression of OmpA and 5 immunoglobulin related genes in liver, spleen and kidney of eels pre and post
the infection of E. anguillarum (mean+SEM;n=3)
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J5 60 h AR (LK 5b) 3 BURJT LOCI18220471 3 40] =

K. LOC118233501 & K. LOC118234190 J& A

LOC118220473 FERAEMAE 12 h (I REEEE (P <

0.05) mF 36 hfl60 h fFRkE (WK S5c-f1),

2.6 R EEMEEELRKEREMMpEIATEEFHEHXER
SR B FEAR O S 12 h, LOC118221178 il trafl

LR B SRR A X SRk B3 (P <0.05) & F

o . JiFAE ik a3
TR, H infa FEIZERFIE . N5 AN B %) 2238 /23 18 a) LOC118221178
F (P<0.05) fmFHAM 3w AMFELE (WE6),
4r CJon
I 2
[ 36h
Hl o
333 I 1g 60
J X
= = 20
2.5
g1t ElS5
0l
e B e Jig ST JE i i ik
b) traf 1 ¢) tnfa

6 RLEBMEEERERE 3 MMENREEFHEXERER. . BHRHKRIEE (mean+SEM;n=3)
Fig.6 Expression of 3 tumor necrosis factor-related genes in liver, spleen and kidney of eels pre and post the
infection of E. anguillarum (mean+SEM; n=3)
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HIEE (P<0.05) &FEYGT, M7EMIEMRIAENEE (P<0.05) &S5 36 h f160 h, YL
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Fig.7 Expression levels of 8 infection—related genes in liver, spleen and kidney of eels pre and post the
infection of E. anguillarum (mean+SEM; n=3)

3 iFig
3.1 tEEMEELREXEMEBMAEHETE

L LD, BN e P 254 i T o 6 15 SR A BE 0 KN, A RS B, 608 g o A [C TR 2 H A 6
SR R M 85 ) 2 O TR0 1 X I A R A 6 42 B BB 43 R 5. 0 x 107 efu/g I
4.0 x10° cfu/g'"™ , BTSSRI, LT 35 YN8 i ) BB N 2.5 x 10° ofu/g, 7¢I 8 i o
A P TR Ao S 055 5 140 2 390 T T A 40 g T 458 g =~ 1)
3.2 ENSAERNHEE

AHFFEE I 3 A ERS AR B VSR, T OUAS: I0 Z00 G SR S (R, S N 08 B g 14 2%
P, YL BB AR AR QA T 12 ~ 60 h, B Y 3R A e e T, A B R e A, R
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J5 36 ~60 h BEAEP A EEE E S T (W2, K3), STk [16] KB, %5 R R 68 i =
48 hATHIE 2R i T, 2 I A R 5 U 6 i 5 N 8 R 4 B e A AR D B2 SR AR ST
i qRT-PCR A IS ME S FEE R A XS e ik &, DU S BT B V& THEORT OmpA 11735 R 338 5] A,
JRAERYL S 36 h 1 60 h —FAAAE W] b (A SGHE , (HUBRL IS 12 h ZHTA Omp A J5 DR 70 68 g 0 0 Ok oo
IR RAR S, MRS IS RERAE, ZERA T T — 0T i
3.3 EMEMAALRKRETL

AIFERNT, 2 A [ R B H A 68 6 3 2 S BUF IR PR IR BE | 1T B BRI 168 fi )i
D) 1 0O ot A R AR AE ) AR ST R B, B o A [ TR R YL IS 36 b, BB I . BN
Bk, B /INE S MU I B B AR AR AL, EURYYE 60 h HERATARAE . B /N B R A A
HLIRIE (WL 4) . SCHR [25 -26] REMIEWAFESIET BB, 1AW IT R 4L 2B YL J5 26 1%
% H PR 05 AR AL A BB i, SRS SE A R B BAR b 32 B SR AT A AR AL AR A,
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