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(1. VLIREGEER 2GR 5K B E = 222005;
2. WKFRAYE SR N EEE SRS PEUKERE R BRI KR LR HS 266071)

HE NIt B IR i (Urechis unicinctus) (8 R3¢ A 6 R B &R B0 R & RN, RATR
Rl 7L K A # L H (Aeromonas veronica)tn B B (Micrococcus luteus) R T, 20 R] 4 4
R E., FEE, BN, PREER BRI R R B E R R A
HAMABEELE, NOGEMAEHRERTML, M T 4 MK EE[EINH(Vibrio anguillarum).
43 & %] % 2K H (Staphylococcus aureus). LI KA 5 T A0 e 3 0K B 120 2 i S 300 i 1 1 4 ML
GEMREERANTNANE, £RET, FTRAFREEER, EANGEREA R EMEEE L
ERERETHERE EAXTHREAS, Bl RN EEANKE/MOR LB RAERE+HE S 4. L
BRAEREL ., BEMREA; MAEMW AR E WK, R &R 4 e m e i) b
B EIANES TANEABEEFRMNO S EXATHRE LABETE, FEBEMELATE TR
FF EIRR BRI A cbl-b. actr3. gck P lhpp EREREF X ER B TR, cyp450 EH KA
ERBRERMBEABRNASE; ERFEERHRT, LR EEER D FRNFA T RZaEhHE
THREARBERER EER AR R GREa R e R ARG HIANE Y . RFART
N ERNFR AT BB s R et 40 TR S o 8 R R ALE RS

XEIR O E¥FE; RREE; %0k WAL, XEXRHK

RESES S9174 CEARIAEE A XEHS  2095-9869(2025)06-0190-13

FRIKEBA E R BUEWRETS, SRR K7 TR

TSP AE BN R R o FERERIE T, FLeit Y
TEARMRIRET N AMA R T BN B, 51 % A
P HE TR 00 57 5 s W) LE A7 AN AE K K (Islam et all,
2024), AfERA BRI EALFRIBAT, A= IR
BEL Sl 22 THI e o 40 B 5 | 7B P Il e )2 ),

I FH K R 5E A UL B0 T A 88 5K (Vibrio
anguillarum) . JLIE RSN (Aderomonas veronica) |
4 T {04 2 BR 1 (Staphylococcus  aureus) FlHE ¥ L ER
W (Micrococcus luteus)3F, X7KA: sh¥y Ml NSRS
A B o BRSNS 22 SRR IR AT, )2 A2 T
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T KA (/N ESE, 2021), YK Sh 52 E %
FERBOKABEAE 0], 829N 5 A BUR T, FBG5R
FE ) IR FE R | AR A I A I e R A R
(Li et al, 2024) , FLRE [C /B ME TR 2 165 BT 22 26 5 AU
TR A AT T N R R R —, B
FKEZ RN TATHE S5 25 G4 (Chen er al, 2024); L
FE LA AN — A N LR, AT
A2 B M AR (Lee et al, 2023), £
O A BR T 5 % FCPH PR v, IR s N 2R Y
AR Z — , FEVF 2058 i VRO 5 K 2B sh )t g
S BRI R AR (Li et al, 2023; Zhan et al,
2023), BEEROKE T Z A TR L3 KI5
e sh ik 3%, 76— FRIR 4140 7T 3 p fa 2 N ik
R, A5 1T RN RS DL R N A 2 2 5 i U 1T A
(3K AR A5, 2020),

HAER 0 (Urechis unicinctus) 434 T W0 BT i
Ay ME—JCA5 I8 H (Xenopneusta) )7, B A EE A EFH
25 A {E(Li et al, 2022; Chen et al, 2023), H.IRH|
Ui AR SE IS B I E TR HE DY, 58 T IR VPIR
i, 55 AN R AR AR 28 o H JE EARSE P B e
DL KA 5 W 1 A48 R A4 Y 5 DXL -4 ok 1) A 4R S
P HEATHLIR 5 88 (Ko et al, 2018). SRl g A Jis
WAY THEMEY R, WIS ERIn TH S, &
RIERPEVE R E LR . HFTC T 5 2 0] s 1A s v
WIBIF 5 32 BEAT £F 05 B 0 B sl AL O 07 55, 2014),
VI K i Ab ¥y (Zhang et al, 2024). 7SHr %5 (Liu et al,
2024b)FIRLES A (Liu et al, 2024a)% 3855 K -0 ()
SZMN T A DG 40 TR0 B A 301 s 1) 52 i Ak o /0 . H AT,
O A7 2 7 DA B Aol i g 3 v A 8 i — bk SR L
JE IR (Vibrio neocaledonicus) s B AL A B0 A
A4 AR PR SX-1, 12 P AT fiff B B4 0 i 1% Bl e 198055
RFALT (T LM%, 2019), TR & BLA) B
A0 i P Y8 %o 8 I S AT — U B P CH 2 0 4,
2022), LA Ko B B ) i A SR 2H 0 45 A (1 R G 4
2024), ASHIFFT 0 L G BE AH O IE DR, 3 3k % B A o i
PEAT TR DR, I 5 AN [) Ak PR T A s 4 it i RN A
2 LN 1B i W i A L et A A D W& | ) B e e e 7
SRR AT SR PER IR IR L, LU AN ] 2 R
I BRI e S s YR 7 YT i TR 2 8 P B R N 28 U, A
AL BT R 1 X 2 R ) e e B A AL B SR S

1 57
1.1 KIewr#t
e R P AN 00 it WA 3 2 8 T 98 M DX 7 B A

ST, K R (12.120.7) em, 45T E H(18.0£0.3) g
TESCE = 40 L FRFHAE TR 5 1 8, B0 pH A
8.0+0.1, IR H(16x1) 'C, EhIE N 251, ELEFTHA;
H M 1 Y/NER#E(Chlorella pacifica) ;8 H K 11K,
oK & 172,

S T B RR AL G 2 i 2% IR B B - e R
EM &S OMARRE, 2 M F 2 RAMERE . LKA
YL TR A B IR, YA IR VT IR R R R R I R B A
YL s . WG TE LS, 180 r/min, 28 CF
PR A2 V% 15 9% 20T, 5000 r/min 5.0 10 min, B
DIUEH 0.1 mol/L JC TR B R £k 2% v (pH=7.4) JH ¥k
JE R 10° CFU/mL, T JR4escs .

12 HAXE

PEERFE LR | 15 I A BRI S, G
AR TEUA I, SPUBERIAE LLBRS), 4 CH K, 24 h
P . BEEXT IR AN 3 S0t d . e R4
JUIRE G2 6 7 2 A0 L I /P M B+l 22 W (K
WEEH 100 pg/mL), 43517 05, 1. 3, 6, 12, 24h
HUbe, SEHUHE 100 uL AR5 4N i gom i mg e, H
ARESLT 4 °CF 3000 r/min .0 10 min, Y4E B
WAPUTE . MEITTE A 4 mL Jo A BLEL KBV,
TE 20 L 7Y (Biosafer650-92, %% K)Ih% 60 W R %
% 5 min, 12 000 r/min B5.0> 15 min, Y8 EiE#R. 2 fb
WA T80 CUAAEA .

1.3 {RiEzdpasiE A MmR

AR s A e P A B RO A T B A TR
HEC=4 5% B A RO R B RO 0%, %
I S22 R FAR AP S 86 7 s (R LR, 2018): BT iR
SRR EAE 4 ‘CF 3 000 r/min 850> 15 min, WEER
Y TVE FH G TR A= BRER K R 3 U5, H L-15 i d%
TR E BN, JHTTHRIE R 1x10° cells/mL, 3X75- 40
B AR T S R OR B . LR AR R
AOURE G PR R +HIE 2 HE)iIR AT TAEL 0, 5. 10,
20.30.40.50. 60 min BFEUEE, 1 500 r/min 5.0 5 min,
TE 404 nm FIE FIEWRAROGEEE, EE 3.

1.4 MENLINEEIERF

I5E P A ALTR R o BPUAALRE ST | i A AL S
TEPEA NO i 5 S SR b L 435 4 A I 3R T T il
ke BPUEALRE ST | o ST S T 1 R T O
R B R AU AR TRRBETE AT, NO i
R GRG0 28 s KA IR BRA ] o 40 A
HR=(A A WA A 2R IR RO BEDLE AT 100 A
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M EE)*x100%,
15 ERERIEKFE

R Al AT 09 o A ol i 2 S A0 e 5 R (O B A
2024) i vE G BRI CIE N, L4 cbl-b. gck. ACTR3,
Ihpp TN cyp450 . 15 X AL 4 A S50 20 (68 9T 2H
S WO A BRI ZE . LI [ B M T 2 R e B ek o
), VATCEE A BRER AR R X HE, 43 50 X6 B A o i 14
M R, B 3 A P47, 7EE 25 2R B )i
Wik 3 cm Ab, A 1 mL KB S5 ST 200 uL B,
X HR L S A O A B K . BT ALEL 3. 6.
12, 24, 48 F1 96 h )5, HITCHE S48 ORI o
164 °CF 3 000 r/min B5.0> 15 min $R7544 B 40 M TTVE
WABA P YRR TG, RAFT-80 CEH.

1.5.1 % RNA #RAf= cDNA &% fifi i1 RNAiso
plus £ O FR MG A ) 21 i 52 RNA, i i NanoDrop
G106 RE T (Thermo, 38 ) AR 8 I HL Dk DU 2 5
RNA ¥ B I 52 4Pk . #2  PrimeScript™ RT Master
Mix (Perfect Real Time)ififll & (TaKaRa)is B 45K
RNA ¥ 5% 55 cDNA Wi 5% AR R 10 uL, K0 451
37 °C 15min,85 C 5s, &M% cDNA 47 T-20 C,
152 ZE#XZF PCR  Primer 6 %I
gqRT-PCR Frifsg|# L3 1, T A TR
WAHBRA A AL, RIE TB Green® Premix Ex Taq™
(Tli RNaseH Plus)if{7f & (TaKaRa)## 7. qRT-PCR 14
%, R 95°C 2min; 95°C 15s, 60 C 30s
(40 MEFF); 95°C 15s, 60 °C 1 min, 95°C 15s.
VL B-actin Fl 18s rRNA JERVE RN SN, @i 4 H
EH PCR M RGE (AU RIS B0 E T8 14 Hh £k

F1 LHRMEEE PCREIW

Tab.1 Real-time fluorescent quantitative PCR primers

He A Gkl
Gene Primer sequence (5'~3")
B-actin F: CTCAACCCCAAGGCTAAC
R: GAAACACCATCTCCGGAA
18s rRNA F: ACCACCCACAGAATCGAGAAA
R: GCCTGCGGCTTAATTTGACT
cbl-b F: TTGCTGCTGCTAGTGACGGAAC

R: GCTGTGGAGGTGATGTGGGAGA

gck F: AGACATTGCTGGGCGGTGGT
R: GCTGCTCAAAGGTGGTGGACTG

actr3 F: GGGCTAAGAGCGGAGGCAAA
R: GGTGGTTGGAGAAGCAGGGTTT
lhpp F: TCTCTGCTCACGGTAACA
R: CTAGGTAATAGTGCTTGATTGG
cyp450 F: GAAGTGTTCAGCCAGGTGTT

R: TTCAAGGAAGTCTTACGGTTGT

kR T, RH 2722 e A S I A A X 2
B
1.6 HIEZITS5HH

S AP B E AR HE 22 (Mean+SD) KR, Tl
it SPSS 26.0 X 4 #4175 K 2 J7 22 43 BT (one-way
ANOVA), Duncan LT 2 H LK, P<0.05 H2ZER
FHoit#E L. 2 E A GraphPad Prism 9.0 #{/.

2 #R

2.1  YHEXT SINRI GO AT 4R AR 2 AN L R R R0

£ AT X P A o A s A LS A S DL 1, AN
AN TR AL BE T, LR EC /B M TR+ i 22 1 20 B A0 o i
PR i TAL B 0.5 h A B R HAbSes A
DR Js 240 R Bt 5 A B A () A 22 S s/ S 4 L B
Z XES R ST R B CR TALEE 6 h
IKFIUEAE, Ab3R 12 h e A s, N T X R
HIKT-(P<0.05), ZEALFE 24 h, 4244 0 Bt 2%
S, BRI Z BRI X RRZH | B TR TR A
JUBE IR A2 . PR [C R P IR M

w3 820 Control group
BEEERIE L M. luteus group
HEES Y4 A. veronica group
RS B IR AT A veﬁmicaJrLPS group

—_ —_
[=} L

ESEE N b gy
Coelomocyte population /(1074~/mL)
W

=]

0 0.5 1 3 6 12 24
fiHjE] Time/h

PEL T 2000 P A A s 4 i K 11 52
Fig.1 Influence of the bacteria on the number of
coelomocytes in U. unicinctus

PRA ANl /ING B3R [a] — I 18] A5 2 1) A S 254 22 5
(P<0.05), AT AR K G BER R ] — b B AL A [R] I [7)
A W E M5 (P<0.05), T,

Different lowercase letters indicate significant
differences between groups at the same time point (P<0.05),
and different uppercase letters indicate significant
differences at different time points for the
same treatment group (P<0.05).

The same below.



% 6 3

RS AT A YR X AN [ T ) S I S T 193

MK 2 W, TEANEALIE 10 min B, FLBEIRS
BA T+ 22 ZH RN 2% 10° CFU/mL FLRE G BA U T 41
TFIG B LS8 5 4038 20~30 min, 4% 52 2H 4
PR S8 R AL IS I, TS 5 B R 1 /N IR Ry FLBE G
SR IS Z B4 L 2x10° CFU/mL MR FG <3 7
4. 1x10° CFU/mL JLFE [ B 18 41 . B T Bk i
o Bl S e B ORI AR TR, FLRE ORI
RIS AT AE R 2L . fEALRE 50 min J5, FLEERS
it P + i 22 W AL I S IO DR

—e— X B4 Control group

—a— BRETHIRTAL M. luteus group

—¥— 1x106CFU/mL FLFERS BN L 4. veronica group
[ —a—2x106CFU/mL FLIE RS BB L A. veronica group

—o— JLEE RS BIPE HIR K841 A. veronica+LPS group

%% Absorbance

S © © © o o

[N} w £ (9.1 [=)Y B |
.

e
=

(=]

0 5 10 20 30 40 50 60
5} 18] Time/min
Pl 2 290 T X P R i A f 4 9 1T S 7 4 522 W
Fig.2 Influence of bacteria on the hemolytic reaction of
coelomocytes in U. unicinctus

2.2 HAE X ERIRR A AR R LR RE BRI

211 A X BB ) A s Y 3 BT AR RE T R 5 T
VLI 3 Bl 4 B A B ) A3, B LR AR
Wi 2 AL AN, HAb Sz 4l Byt A AL RE S Bk R
TG B R EH(E 3A), AFE 3 h I, JLRE
[CA B +AE 2 HE 4 S bt L g ) o 25 s T A 45
H(P<0.05); LM BYIAIEES) A 6 h Bk
P, EHE B OBk 4L R BT E b fE T B % T % 1R
Z(P<0.05); ZEAbFH 24 h, LR FG/ B 1 4 A LR
FCA M B+ 22 W A S Bt S TR B 478 38 v X B
41(P<0.05), {HFLLE 2 A E (P>0.05),

& 3B AL, FEANREABE T, FLEEIRSHM
A+ 22 AL PR A ) i A s R 9 R AR Ak S T
S BT A TR, HAh S50 2H 0 SR AL SRR G I S S T R
J& IR R, ZERE 0.5 h I, FLRE QA S +
JIg 2 WH A o A b U 6 2 3 e T A4S 41(P<0.05),
ZAPE 1 h B, Al A SRS R B, B
BTN AbEE 6 h B, FLREICR IR Al A S
BE PRI B R AL 24 h iF, FLRE G/ M+
Jig 2 M 2Lk AU Ak S TG A7) 2 R TR IR Z(P<0.05)

= i} iE2H Control group
HESORE 4 M. luteus group
o FLEE RS HIEN L A. veronica group
m fLRE RS HIR AR 4. Keronica+LPS group

A

— [
=)} (=]
T 1

—
(3]
T

M E LR ST T-AOC/(U/mL)
£ ]
T T oo

AL S ERE M Activity of CAT/(U/mL)

(=]

0.5 1 3 6 12 24
fisf[A] Time/h
50
= 40
g
230
=
154
o
> 20
&
o 10
Z
0
0.5 1 3 6 12 24
fst[E] Time/h

P 3 200 T X B R i A J Y 3 T R A RE T B
Fig.3 Influence of bacteria on the antioxidant capacity of
the supernatant of coelomic fluid in U. unicinctus

il 7 20 TR Ah RN B] A RE K, MRV L VE W NO
TR TS B T R R (A 30), JLRE
G R PR +IE 22 WAL . LR FG /A5 T 2 R B 7k
BREAZL NO E a2l AR 1. 6 1 6 h 5B K,
BiJ5 TR ZA0EE 24 h B, 45525041 NO & s dd i 3%
I %} B 4H (P<0.05)

21 TR X BB o s A 20 R AR B L T B AR A
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RE S VLR 4, I8 4A AT DL, AbFE 3 hopy, &t
5 21 A s 240 L R R T VRSB AR AR ) AR AR
%, BRJUBEIRA MU+l ML A, A S 50 241w
BTG 20 ETHE FREMES; T 12 h B3
TR REE, RS TR, A0 24 h B, ALK
2H AP BE 1475 B S X IR 2 (P<0.05), LA
B TRR TR 2L 1S s 4 e R R 3 TR A L R R
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Fig.4 Influence of bacteria on the antioxidant capacity of the
breaking solution supernatant of coelomocytes in U. unicinctus

FEAN T R , AN [ 2 56 4 BACA S i A s 40 A
PR 3 T b ot SR AL S S PR Y S T R R T
TR FaE (& 4B), AP 3 h, JLRERAAMEE+
fig Z W 4l i A Ak S TS R R T A 45 4l
(P<0.05), M FLBE R MW AH FAHE 6 h k%]
WEAH, BEJS R R Btk 4l id Sk Sl M T Ak
P12 h BFIRRNE(E, BES TR, ZALH 24 h i), %
S 2 AR s 40 A e R A Y YR A S T R 3
FALT X AL (P<0.05), {HN[R]SEEG 4 (A 25 51 3
(P>0.05).

Wi 5 4 PR Ak FHLESF () P 0B K, YL S ofl i A s 240 i 1
PRV T NO & i VAR B8 R RS - TH T B
HEH(E 40), FLEERSAME IR Z ML NO & &7F
AbER 0.5 h B T N E R T, EAREE 3 h AFiAE)
WEME, BT ARSI (P<0.05); BEE R 4
1L TG B B 4 A T 40 0 A T 38 9P NO 7
AN 12 h BB, FEE TR A 24 h
AF, LR EG A PP 2 R s 20 B o L T R NO
AN B T R4 (P<0.05),

AN TR 20 R A A v, R P T R P Y R b R e
AE 7 | o S AL S PR D) S NO & Ry 5 T ks
gAY O S

2.3 ZAE X B IAR] A AR K R R SRR R

HE S AT, FEANPERE 0.5 h B, #5250k
i 200 1f 7 W R 5 KT 40% , T B AREK P AL RN LIS RS
PO TR ZH 20 1B) 22 e AN W, (B3 18 3 T LR IR
MITE+AR M2 BESS , e B WOR TR 4 R LR [
UL TRT £ %) 4 B 20 L e e B SR R RS L T ST BRI
A, T PLREE DR ER B T+ 20 W 2E AR s A L ) A e
RATHEE TR, T 1LhkSE, S48 240, 1)

m [ B THORR B 2H M. futens group

80 — mmmm FLIE FRATHLAMR A A. veronica group
Aﬂﬁéfﬁﬁﬁiﬂﬂﬁﬁﬁﬁﬁéﬂ A. veronica+LPS group

a
A
a

TFHE# Phagocytosis/%

0.5 1 3 6 12 24
FjE] Time/h

A 5
Fig.5

A0 TR 0T BB SR i i 240 7 W 4 552
Influence of bacteria on the phagocytosis of
coelomocytes in U. unicinctus
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B T HAL S I 4.(P<0.05), SEE I, FLREIRS
B T AL 0 R 1% 7 3 g T ) A R TR A
Wit 5 240 TR () Y 4, PLREE IR S M T+
22 W0 2 PR A ) i A s R Y YRS TR MR S BT
TR, A 2 A S0 2H U TR TS PR 2 e T RS T
TREREE(E 6), AFE 0.5 h, FLFEICS RIS IS
ZWELH Y TG R 3 = T A A 4(P<0.05), FlJS
PR L, EABE 12 h WA K(E; PR ek
R LI TGP 2 S P AR R B /N, T
AREE 12 h A FNE(E, FEALBE 24 h BHE L S TR
41(P<0.05).
mmm X8 2H Control group

PRI IUIREYL M. luteus group
250 — e LR [CS BRIP4 A. veronica group

’_g e FURE S B IR S BHAL 4. verom'ca+kPS group
% 200

—

‘g 150

Y

>

3 100

<

3

Z so

il

x

0 0.5 1 3 6 12 24
It ] Time/h

Pl 6 A B BB it A T T R R T TS P ) )

Fig.6 Influence of bacteria on the activity of LZM in the
supernatant of coelomic fluid in U. unicinctus

A7 RTUL, 7EANER R, 45 S 50 20 1A ks 40 i
TS R T 7 YRR T I T AT R AR Al o T R TS
P 4175 T8 B AR B /MR YR Ay LI F A HL i TR+ 22
WEAL, JURE RS A AL . B ek 4L, 4300 T4k
12, 6 Fl 6 h Bk B R fH ; Z=ACHE 24 h B, FLEE
P BRI TR+ i 22 8 A RN LIRS G T 2 s A i
1 8 I T TRV TR B TS PR R OR T R Al
(P<0.05).

2.4 2R X BER R i B 4 B S i B B R X B R0

A3 B 4 A TR S, B AN S i A s 4 o 92
A PR Y Rk A8 AR UL ] 8 B AR ol i 1S s 441 i
cbl-b F DA B 3R 7K V- 78 AN [) 240 B8 0 R AR 2 0
WIE TREREE (& 8A). 4bH 3 h )5, cbl-b FEKFE
4 B (00 ) 2 K TR RN LS R IR R T R B KT
3 F(P<0.05), Ho @&l EARAIKEH T cbl-b
FHNFRFFRRERK; B 12 h, KLK4 cbl-b
FEDH Fe ik K2 5 3 TR IR AL, Hodh 4 i (A 49 BR

TR R e B TR T 20 5 DR e TR /K P e 5 Bt Ak 3L [
MIRER: , 25 SEI0 AL ebl-b R Feak KT W7 A
mmm 55} FE2H Control group

JoE BOUBR AL M. luteus group
200 - - FLEERRS, 2H A. veronica grou

I@E%ﬁgg%ﬂﬂa Bk A verorgca+LPS group
A

a

—

W

o
T

—

(=3

(=]
T

.

B
c
L

YATHEEME Activity of LZM/(U/mL)
3

(=

0.5 1 3 6 12 24
FfjE] Time/h

P 7 R BB it A T 40 T 9
R R A P R TR

Fig.7 Influence of bacteria on the activity of LZM in the
breaking solution supernatant of coelomocytes in U. unicinctus

H 8B 1T UL, AN [ S 56 2 B A o) o A 4 e
actr3 JERFRIBKT SRR LT N B, 4
M6 hml, BTEHP actr3 FERFBEXKEREST
X IR (P<0.05), Horb, 88N actr3 JENFEIEIL
iz e = K %F?W,iiﬁlzhﬁ oy
R ER B2 . LI G P T 4 P T B R v 4L 1Y)
actr3 %U‘l%‘:{l_ﬂ(”lt?umkﬁ, L4 ¥ {0 3 4 BR 7 4
actr3 FEH KA & FHAMSCK 2 ; 40P 96 h B,
e ORI actr3 e kAT 5538 8 T4 R 40
(P<0.05), HAhSCIR 5 %] B4 25 55 A i 2 (P>0.05).

Wi Ak B ) S0 K % S 0 2L B A ) i A s 4
gck FEH IR SRS S FI S T RS 8C).
AbER 3 h i, SR gok FE R IR K5 X R4l
A B2 (P>0.05); 4b3 6 h i, £55284H
thogek FE R R IR K B3 L E H G B0 (P<
0.05), A e R HERE AL gck FEHN TR K FHem;
AFE 12 h 5, A S E A gok FE R TR KT8 T R
ZA0FE 96 h,  JLIE A HL I PR 20 R 2 Tk TR 4 gek
FE R TR AT) 2 1 T4 R ZH (P<0.05)

Wi 5 Ak BRI ) 14) A % S 0 2 B A o A s 2
it Ihpp 3R 33K KF SRR Je B TR R R 3
(Kl 8D), Mo, S FIRE B BRI L [hpp K36
KT AL BE 6 h i IR (R, 4 v (088 45 BREA AN LR
Emﬁ%@ﬁ%@m%l%¢m¥Mﬁ%EQEUh
124 h KRB RAE, 5355 T X R4(P<0.05), Kl
Ja Tk
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mmm Y] B 2H Control group
e BBYNEELH M. Iysodeik group
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20 RS 1 0 AR R AT AR B A A ST 32 17T T K 4 T

VA5 L2 i 21 4 e 24 5 B0 20 28 1 ¥ 0 A 3R
% o EMR(2022)HTE KM FTF W (Escherichia coli) Rk HE
ZEAAFT R (Bacillus subtilis) v {5 BB J) b 44 Jiss 40 i %
AV I, Zhu FE(2023)RF58 & BR, BB SR A s 2 i
A FE FURE A R L 375 B 200 6 R R 2, R SR 24
B Lok, BRI e SR AN HEIL S, Fok:
SMHERT B Bl B A AR TR AR R 2 BRI . ARt
FELE I W, VAR A I S 7 e R A E /MK
WA FURE TC R T+l 22 W2 . PLRRE [QR A TR AL
R MORE A . HR W55 (2022) W5 R BT, FRER i
A B RO B 2 TGP TR A PRI E R 5 . AR SR,
LI A B 7 75 | J P S s 4 oL I 2 7 b e
BRA SRR N, 22 W12 DA e DR U B B i i S s 248 i
G g8 SN, AR s 240 B R TS B 22 1) R R 2 40 Jo L
RRKME, 5 LR R—AA G . IR RS =0
FFIVE o 20 L R AP RE Y Ry, R R I FE S
APy b b B 2EAS S KN (Swain et al, 2008), A<
FE R, G TINNE Zo 0 A A ) (AR s 20 i e B T R
ML N, 26 IR 2257 — e FE B L R A5 175 B 2 0l i
PR G 8 o KH45% (Sinonovacula constricta)(E 5%,
2017) AT FEALARE 1 i 2R LI ol S E f o AR
M, FERIHETEAMERGE S S50, 54
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FEARLEA —E [T}, AR 2 SR R A BT, i)

3.2 YT B IR R s A RE R L SR BE RO 20

FEAEH ST, AR M AR A —
BARE KT, B 24 W32 B S A 35 5
FuN g IR =W E N B T e R B Ve A A VR €L N LA TT]
P05 4= P A PN 1) 4 2 2L G AR, 2020; Nair et al,
2015), MLAA G HAPIEMA RS, TERP A2
AAL R o R A B OCHE ZWAE (Cai et al,
2022), SPUELLEE T RENE I LR IR B &R G SR fE
TE AR, WA AR A I R S P A BRI T
S A LT RE RGBS BT (PP FEAE, 2023; AR HESE,
2023), FEARMEFEH, BEE 400 A IR, K
J ) BT SR R T R s AR Ak S O T A T
J& N, 5RIR(2010)% 7 4G (Cyclina sinensis) Fl ff
(2018) X 1/5 #ll 2 (4postichopus japonicus) W) 4l 1# I 7
WFFE 5 R — B, X AT BE i T 20 AR AT I, R PR g
PR IAAAL R LS, MUIRBU AL R S5 T ad Ak
S BRSPS RE T 3 o DAk A R s e
W1, BBUERALRE ) A E A SRS TR R, I S ]
PR THAL RS, REGTARE T8 .

NO BEBE 45 & A A H 3 A it Sl — AR AR
SHTR , A2 T R R 1 %] SR ) S A AR ) —Fh 3R B 2
(RTBREE, 2021), CAWFRFEYW, 78K # R
T, BRI R AR NO AKSEAE BT BT (AR,
2022) ASWFFE, IR I VR A i 24 A R
LIEW D NO 7 2 i 4 4 T Ab P 8] 1) 2E < 328 3
i, 5 ARSI, X R B AR R R A T R
TGP A 2L, NO & i i 25 A ad B A I,
SEIRIORRIRE S LR INER & T

WS RIA o, B s A B b T R )
SPUEAARE DT L i EAL AR TR A NO A it TR
s 240 LB AR AR Y AL, 6 P A TR RIS A s 4 i
RO, AR R T, T4 v
BUAR BT AL I RE 7, PRAP 40 i 4 80 32 SR AR K
it .

3.3 BT BRI b B i S R FE AR B R T

A Wik 4 2 1 VR T M S S Rk s R h
—REE DRI, REAZIEBRIM R AR T . FUkL
£ 2 0 S I K DAY e A A D A A 4
Pl S, 20 M 7 R TT DL R B A R FH 1) 38 55 (Zha
et al, 2023), ARG RN, Zeid FLIE [T HR L b A
HERAER B 433K 0.5 h S5, B BRI RS A s 200 it 7
RYRBIE(EREIS T, B 6 h FEFRA

T it S f 400 A Wk A P ) 2 T i e AR EE B 0 A v
ML, X5 B IR 45 (2024) B 5T IR Bh i I T
TR v ) RV IR G B 1 B s e 19 25 SR S0 AR S
SOIIE] , LIRS A B T 2L P A S A s 240 A s 3R 0
Yt TR B T 2L, 3 WP A S i S s 240 B %oF FLIREE
IO TR AWV E i, 5 H R 55 (2022) BT
R BRSSP YR X A 2 G B e TR LA R e A
YEMZS A6 . IRWFFAF(2015) & BLAR 2 AE 8
B E M FL B DL (Azumapecten  farreri) il 40 i 7 Wi
TGPE. ARG, WINAE 2R SCE A TEALEE 24 h
B, REPRIFEL i R i Al M AR e, SRR 20X T
A5 PP A s A 0 A W 1 A — i R E A .

VS TR 2 — R A R N T 2 A E R AR R S
PR, REAE AL 2 T 40 R A B SIOK A, T AR
Sk 85 A W WG B0 A DG 1 A R R 5 I N UK AR B
(Mai et al, 2009; Canesi et al, 2010), AWFFEH, PR
P i A R T S T S A A DR AR S
J& MR, TEVE BN (Vibrio alginolyticus)& s
FRAE G IR (Eriocheir sinensis) (5435, 2022)F1 881
T e R U (Exopalaemon  carinicauda) (%15 1%,
2013) AT TP AR B T AU SR . X SRWITE4H A A
R, Je R GesE RGeS0, H v I TR T 1 L
A BB V1 200 TR 40 60 RE L e 4 TR B4 5 Bl A0 TR
P ] P RE S, AT RERA O 1T ALK G R HE T REAR T
GIPEBTRE T, (EASVE R RIS R, X5 s A A M
0 E i (Pelteobagrus fulvidraco) W52 W BIF 57 45 R AH
—BCGEIN A, 2024)

3.4 YA X BER R b R BT 40 B S e AE X B B R IE Y
A1)

Casitas B UK EVIE b (cbl-b)Je—Fh e T 40
LRSI B 21, BENS IR Y 2 R IR A2 IR 32 AR 1Y
TR, 500 5 R A N e e R GOIRAS (Ebner
et al,2017), cbl-b FEPIVE Sy —Ff G 1] I 15 G e A1,
HZRIE 0 252 AR S22 T 32 (Tang et al, 2019),
ABIFFE T, S [ 20 B TS B s A AR L cbl-b
FEHFRIRIKEBAT BT LR, RUPZIE N S 5 RR
P I A48 P A ) B i I 2B ek AR R R IR B 2
i, cbl-b FERJE—Fh AW 1 0 41N e iR YT
R, TR IR TS (Hu er al, 2024).

actr3 JE—FPE AL, %I A AL
M 3 HAETILEhE F 094l B 4L | 40z 3 DA
WA R 55 B2 B9 AE H (Huang et al, 2021). 35N, AL
A 3RS 5 MR, SRENEFER.
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AR DL & 32 4 DNA 1918 & % (Abella et al,
2016), TEAHISE T, HMEEHIEL 120 J5, actr3 HEHE
RACE W L, RFABEET acr3 SRR S 5 B
P A s P X 4 T ) B 92 12255, 40 L 7 A
IRENE R AR H 8.

A2 S W AT I R AR A G B Y RE R TR
gek FEPR Jm bt ) A WL DA , 5 20 W A PR 2 1) 4
BORMATHA G, BA R AR o ae (2 s,
2024), ARG, TE 4 FRANEE AT, BRI
Wt (R s 20 L gk FE PR RIA K ZEAL ] 6 h B i 2 I
R LR B G AEL, 000 200 AT A AR T s ) A T ) 9 . B )
Wi A s 2 L ) R 8 SN, R A T 2 W B AL B DA
A ¥FIEH RPEHLEE

lhpp B&DH 9t 20 2 PR W TR I , /i 5 2H 2 MR W TR
b, VTG EE . A R T DL AE S 5 5 (Zhao
et al,2021), Wang 5 (2023)#iE , 7 JLYA XS T (Penaeus
vannamei) W1 73 5 58 W — P 4 Z ER B FR i [F) R 0
B B B LK (Vibrio parahaemolyticus) )
LA KT 0 I 24 A R H JBR i v i 2 3Rk HLAR T il 4
MLPT, RS 5HUARGTAN R BRYL ) e i i, A
ST, 4 Fhos R B b BT B BRI 0 (A B A B Lhpp
PR RGP B sh B A, HED A0 B R A HOA
Wreik , SR AHOC(E il i A T, DAy
P BB R A AL S LA 52 1 .

(3R P450 (cyp450)2 gt AR b i ZAEL
IR R G2 —, WRKRARET A AR, 2
gy A0 A i AT LA BORE A1 YR A BT Y £ BE (Uno et al,
2012), FPAE B By 4t IC S PR ML T (4 eromonas veronii)
PSR T e R R, ZRRBEN B EFEES
A (3R P450 AHSCHY (S il % (B4R, 2022), ABFSE
BB TR A S A cyp 450 FE DR A8 A ) 48 1 R 38T
RIS [R5 BRI , 5 cyp50 BEPITERGL
T % AL [ W (Edwardsiella ictaluri) F1 8 IR 25 FF
(Flavobacterium columnare) i Bt /5 X & #1 (Ictalurus
punctatus) L FEPEFR IR (Zhang T R et al, 2014)H
WG, RW cypa50 SERBREEAR Y AR, &
FEXT B R R 22 VE . = S ORI R e P88 S i

4 it

Zr LRIk, B85 A LRE [CC T 2 Fo J A
T ERL A ) 114 A fr 4 R e R A i e R L A
T AL A RE T R G BEAE b 7= £ b 5 S 00 5 A 240 1 R
VTS AR 200 0 25 2 s AL S, R i Ok 2 S T 4R A
GRS, P b IR R BT AL RE ) RN S e DR

SR TR I 200 R RBE R LV Vs B 22 W RE A5 15 < FRL PO
i A A L e i DA KR S b AR RE T s TSRNG4
B AR . FLIREE DG/ PR M AR B 2 TR T 4 Ao
DR TR, B A i AR s AR Y ebl-b | actr3 . gk
Ihpp Rl cyp450 FEH ) F ik K- A8 4 1 2
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Analysis of the Immune Responses to Pathogenic Bacterial Exposure
in Urechis unicinctus Coelomic Fluid

WANG Sijie', XU Xinghong'", CHI Jiale', SUN Xiujun®, LI Baiyu', XI Chenxiao', YANG Xiao'

(1. Marine Science and Fisheries College, Jiangsu Ocean University, Lianyungang 222005, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract Aquatic environments support a diverse range of microbial communities that have
mutualistic associations with aquatic plants and farm animals. Under certain conditions, some
microorganisms undergo transition to potential pathogenic bacteria in response to the influence of
internal and external factors within the water environment, which can contribute to bacterial diseases
and influence the survival and growth of farm animals. The fat innkeeper worm (Urechis unicinctus),
which is the only Xenopneusta worm distributed along the coast of China, has rich nutritional and
medicinal values. U. unicinctus is a filter-feeding marine invertebrate that inhabits muddy and sandy
substrates and is susceptible to attack by environmental pathogens. As a means of defense, these worms
are primarily dependent on physical barriers and cellular and humoral immune factors within the
coelomic fluid that constitute a non-specific type of immunity. The coelomic fluid of U. unicinctus is
equivalent to the blood of vertebrates, in which the internal organs are bathed, and plays a particularly
important role in immunity. To date, studies on the coelomic fluid of U. unicinctus have mainly focused
on the isolation and purification of fibrinolytic enzymes and the effects of environmental factors, such
as sulfide, hexavalent chromium, and bisphenol A stress, whereas comparatively few studies have
sought to examine the effects of bacteria on U. umicinctus. In this study, we assessed the patterns of
antioxidant and immune activities in the coelomic fluid of U. unicinctus in response to bacterial
infection. On the basis of our findings that the coelomic fluid has certain inhibitory effects on aquatic
pathogens, we sought to determine the number and phagocytotic rates of coelomocytes, the antioxidant
and immune indices of the coelomic fluid, and the expression of immune-related genes in response
bacterial attack, with the aim of providing a reference for further studies on the immune defense
mechanisms of U. unicinctus for countering bacterial infections.

In this study, Aeromonas veronica and Micrococcus luteus were selected as experimental bacterial
pathogens, to which U. unicinctus was exposed, and coelomic fluid samples were collected at 0.5, 1, 3,
6, 12, and 24 h post-infection. Initially, 100 pL samples were obtained to determine coelomocyte cell
numbers and the rate of phagocytosis. The remaining samples were centrifuged for 10 min at 3,000 r/min
and 4°C, and the coelomic fluid supernatant and cell precipitates were collected, respectively. The cell
precipitates were suspended in sterile saline, and the supernatants containing coelomocytes were
collected by centrifugation after fragmentation, and we subsequently determined the total antioxidant
capacity, catalase activity, NO content, and lysozyme activity in the two supernatants. In addition,
freshly obtained coelomic fluid was centrifuged for 15 min at 3,000 r/min and 4°C, and the resulting
coelomocyte precipitate was washed three times with sterile saline, after which, the coelomocytes were
resuspended in L-15 cell culture medium, with the concentration being adjusted to 1x10° cells/mL to

obtain a coelomocyte suspension. This suspension was subsequently mixed with 4. veronica, M. luteus,
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or A. veronica +lipopolysaccharides, and thereafter, samples were collected following 0, 5, 10, 20, 30,
40, 50, and 60 min of treatment. These samples were centrifuged at 1,500 r/min for 5 min, and the
absorbance values of the supernatants were measured at 404 nm for analysis of the hemolysis of
coelomocytes. On the basis of previous transcriptome sequencing of U. unicinctus in response to Vibrio
anguillarum treatment, we screened five immunity-related genes, namely, cbl-b, gck, actr3, lhpp, and
cyp450, and assessed the expression of these genes in response to treatment with the four pathogens A.
veronica, M. luteus, V. anguillarum, and Staphylococcus aureus, and a bacterial attack toxicity test was
performed separately on U. unicinctus using sterile saline as a control. Coelomic fluid was collected
with a sterile syringe at 3, 6, 12, 24, 48, and 96 h post-treatment. The coelomocytes were obtained by
centrifugation for 15 min at 3,000 r/min and 4°C, and changes in the expression patterns of
immune-related genes in coelomocytes were analyzed using real-time fluorescence quantitative PCR,
with the f-actin and 18S rRNA genes being used as internal reference genes.

The results revealed that in response to the different bacterial treatments, the number and rate of
phagocytosis of coelomocytes were characterized by a trend of an initial decline, followed by a
subsequent increase, after which there was a further decline, and we found that the intensity of
hemolytic reactions could be ordered as follows: A. veronica+lipopolysaccharide group > A. veronica
group > M. luteus group. Similar patterns of initial decline, subsequent increase, and further decline
were also observed for the total antioxidant capacity, catalase activity and NO content of the coelomic
fluid supernatant and fragmented coelomocyte supernatant, whereas lysozyme activity was
characterized by an increase-decline-increase trend, with a prolongation of the bacterial treatment time.
Furthermore, the expression of ¢bl-b, actr3, gck, and [hpp in the coelomocytes of U. unicinctus initially
increased and subsequently declined, whereas the expression of cyp450 generally showed a trend of an
initial decline, subsequent increase, and further decline

In conclusion, different pathogens can have significant effects on the number of coelomocytes and
the rates of coelomocyte phagocytosis in U. unicinctus, as well as the antioxidant capacity and immune
indices of the coelomic fluid. Our comparisons revealed that in response to bacterial stimulation, the
antioxidant and immunological capacities of coclomic fluid supernatant obtained from U. unicinctus
were stronger than those of a fragmented coelomocyte supernatant. Furthermore, lipopolysaccharide
was found to induce cellular immunity and thereby enhance the antioxidant capacity of U. unicinctus.
Our findings in this study may provide important insights into the innate immune mechanisms of
U. unicinctus in response to bacterial infections.
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