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AESE, FRIH DU A7 BRI i 2 0 AT 2k
TLINE FRIA W) SCHE (Meretric meretrix) T8 B YL F|
MG 5 IR T Y, I AR R SR S Hb
HYHEFR =AY (Ruditapes philippinarum) RJEGLF
IR AR EIET" 2016 47, 7ERHE L
DX A A PR 0 1) EL A B0 Tk i e I B

CAMRED R, HMEdhERE—:5H N
KM . Bian, o E L X 2R R
KR DUMAL IR e 2 5 207 5E e DL v A
TR HAEE RN Z 1 Metd e 1Y 32 2 0E
PRIE I DA SE L MR A A, M e A
B, 51 R ) 3 B R A R L A
RN (V. chagasii) Fl#T % B Z2 JE W 9K B (V.
neocaledonicus)'*'", TR, Fivk B L2
VB G Bg DL, ] DL 20 DU A e st 4k
fiti (SOD). i % L S M (CAT) W35 T =i - fie
PR AR T, RO DL 2 i,
51 &AL

TR DU 558 7 b AE 7K 7= SRR o 9
BEMA, L W A b L T2 A A B
g% PRGETt, TR 4G5 G R SR e i Y
JEEN L = I VAR €6 e ol W7 SR b e D) I
FIFRFE AL TGS, A TR PR B0 X 405 1
A A 7 ™ e Y SR H TR A R
TR AW AL R IE o A FE AL 7748 ]
HEFRHE KR AE T — b B ML 1 K A, X
NI kb RS 2 5 1) B 40 o R A T R AR A, LA
IR IMT & (Exiguobacterium profundum) it
FEX G, AR R A AR AR AR AR . WS
ARG R B A W 2O E AR, IR
FEHBORHLE, DU A5 A0 00 A T
ST 5T A2 ) B 4 S A A AR AR
1 MRS T
1.1 SEIE#H

A B R e T A 5 53 DX R B R K 4
Wite A, DL h 2~3 1%, {KH 90~110 g, %K
50~60 mm X ML R WA AR AR A 7] —F%
FEIX, DU REE Ko 5 BRAEAR — B, S
AT 9 °C AKIELAAF T & FR7 d, BT
T2 16 °C H T [l Bege 52
1.2 SEEAE
P B A A

B 4 0 B BB

A TG K bk, BUOHR AL, B
BEJ5 e BT 2216 E Bl 5 R 5E, 16 °C &40 T
B g% 24 ho ARG IE IS TN, P —
AR, AR, HERMHR—FE
Bralifb )5 B VS LR T 2216 E WRR; 7838
16 °C #EIRKE 5% 24 he HE RIS 30% H il
11 HeB (RBLER) IRA, 80 °C IRAFE& .
PRER 4tk J5 0 S 75, R T & 3 mL 2216E
WARRE FRILA B DA, 16 °C FERKEFE 12 he
B 1 mL G4, LA 8 000 x g B5.0> 5 min, 3
LW, AEAEFRERIFER 1R, FL
AH R S F B0, A 500 pL 258 1k & &,
T 100 °C &)@ kb3, K E¥2 40 2 min,
3000 x g .0 3 min, $EECAHE KL DNA,
WM E S YY1 16S rDNA T, EMSIY
K 27F, FRE5IHHM 1492 R, PCR M WA £
450 uL, {345 2 uL 40 B DNA, 25 uL PCR
Mastermix , 5% 1 uL, ddH,0 21 pL,
PCR J i 254 : 94 °C WAL P 5 min; 94 °C A
P£ 1 min, 54 °CiB K 1 min, 72 °C ZEf§ 1 min,
&R 30K ;5 72 °C HEfH 5 min, 519 & B M
PCR " 34 P24 i A= T AW TR () ey
HIRAFSER, FTE EZBioCloud (https://www.
ezbiocloud.net/identify) #1751 LX), 7F EZBio-
Cloud 048 % T 8 AH N P, F 1Qtree2 #1444
HARG K EBEW, il Bootstrap £ (1 000 X
82) K o A A e A e R & P R
SRERAE . It B AR N B S S B 1
FRAIVE, 40 BAH SR T2 1 BE A T -

AR A PR 19 PR AR
%, RH Kirby-Bauer Z584C ¥ H0L PEAL 5 I
B AR AU . OB 100 pL BRI A R A
TF* Mueller-Hinton [# 44 5% 35 3L 00, N E L
AZRWE 3ATATER, #E 10 min 5K 258
PR TR R IR . 7E 28 °C fHIR KT -4
HREIE R SR 24 h, ST R0 TR B B A% (mm).
B3 4 S0 - B AE o e 25 ds , AR R TR
P L A% T W D B X B A R B U o 24 AR
F E AR D] (U A RRA w4t

HaReg gy MRS Luria-Ber-
tani [B (R 55 FR B 7E MR T KB, FROS EE
A 5% WREFZEEaN, YAIIR A H A B BE B 57
Feo BRSO pL BV, L T MBS B 3R L
Jr, FE 10 minJ5, 0 BI7E 16, 28 1 37 °C
PR BE IR A0 PR E R 95 . WS B E U I3
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FI P PR ELAR

RO AT R s A B Al R TR
VRSN FT A R RR R 31 2216 TR R 2 3k v
16 °C 3% 24 h, LA 3000 x g B.0> 5 min, F5E
LW, EHEF TR KT IFELEEL 3
WUABR 2 BVEW, TR TG 1 KR B .
ODyoo, VA& 40 TR B FE 2 1 x 10° CFU/mL,
PR 50 L o KA B2 1 x 10° CFU/mL,
FHFXT 50 H AR5 1= B YL 5250 o B A5
BEHLA> R 2 21 (1m0 U3 )3 2 4 TG A g 7K 6] R
B 25 ), 1BAEYE 7 do SEEG I ) A5 K g s
Pk . B, D RRKAWERSE TR, IE
i HICT AR T 34T

=) )2 R W R R A B [a] )4 J8
Y I 28 A 5 R X R 2t B A ) 0 2 20
FANEREAH 2, ] Bouin QW [E 5 24 h, 4k
FHBBREHR BE Y LA (30% . 50% . 70%. 80%.
95%. 100%) Z A Bk, FIH = H 2R ab # il 2
ARFSE I, R A REA St A R, fif
FYIT R MR S PTRUREES 5 um 19V, SRR
ARG - et (HE) HEAT Y06, fe)mim ot
“FH BRI, XTSI AR A R R R 3T

=) )3 B J 5 04 B LR 5 R o A Hi [\]
VSRR e R e o A e R 2] e R A g )
HAEA, B3 R i 2UR &7
— BN VRS, BAFEIRE 3N EY
R, MR EE R B TR ER,
B PR B B TSR PE A AE W2 3 . RNA 2 HU™
& #% B TRIzol ¥ 45 /E MLy #F 47, $& By &
RNA F i & AR BURRHE dbsd) ArlRH =
A Mumina % A FE47 &5 38 &0 o 00 r 145K
s 28 52 A 1) JoT e AR R S A A B, R
s W e s e . M s T E AT,
5 155 4 -5 9 i AH O 1R CAR A

5% Bf % K€ 2 PCR (qQPCR) 4 7) AT
Y E 5 SR 4 B50H ) ERR A, ff ] Quant Studio 6
SR 98 g i PCR {U#EAT qPCR, X 38 i % 5%
Y AW 43 B AT B8 5 A SREAH G BE A (Cgil-
17-5. Cgil-17-6, Cgtlr3. Cgcaspase-3 1 Cgap-1)
W4T qPCR KiiE, FHT qPCR ¥ 851 W 1,
PL Cgef fE HINZFEH . qPCR WA ZR (10 uL):
2xSYBR Green Master Mix 5 pL, ROX Refer-
ence Dye (50x) 0.2 uL, RT-F 0.2 pL, RT-R 0.2
ul, 20 1% % B¢ 1y cDNA # 4k 2 uL, DEPC 7k

24 pL, RVARFE: 95 °C #iZ2E 10 min, 95 °C
AP 10s, 60°C Bk 45s, P T 40 MG,
KA 3 HRKAWG R H LR A E—RER 14
S, AR 3N YR ER . B G
(B 38 3 2728 AT 40 B, JF 3 i IBM SPSS
statistics 20 B Fi#E 47 B F 22 R o br . BN
KPR 0.05,

®1 KBASY

Tab.1 The sequences of primers used in this study

514 Fe3i(5-3)

primer sequence

27F AGAGTTTGATCCTAGAGTTTGATCCTGG
CTCAG

1492R GGTTACCTTGTTACGACTT
Cgef-RT-F AGTCACCAAGGCTGCACAGAAAG
Cgef-RT-R TCCGACGTATTTCTTTGCGATGT
Cgill7-5-RT-F CCACCATCATGGTAGAGGACA
Cgill7-5-RT-F CGTCACCTCCACGAGTTCACA
Cgill7-6-RT-F CTCCATTTGTCCGACCTACCG
Cgill7-6-RT-R CCCAGAGTACTGTCCAACACC
Cgtlr-3-RT-F CTCGGGTAATCTCAGTTCCTT
Cgtlr-3-RT-R TTCGTCAAATCGGTAATCCAGT

TTCCGTTGCTGAAAACCGTGT
CTTATCAGTCTGTCCGCCAGT
TTTACTTGCTTCGCCCGACT
GGTGACCATTCCGTTTGCTT

Cgcaspase-3-RT-F
Cgcaspase-3-RT-R
Cgap-1-RT-F
Cgap-1-RT-R

= )3 B J )5 4 16S rRNA M 5 B[] 1 J%
Y JE7 FBUIR 5 R T R 2 i R A g %) 5 2 21
FEAS, BRAIE 3 R4 W ERHZUR A R 14
BEdh, BB EIANEYFER ., i
TRIzol I FEIUK AT W BH 2 215 RNA, Ff ™45 4%
MRPERVES R T . BE M i R BUERNE dbaD)
N ) % AR Hlumina £ AR SE47 00 % . Al
[lumina 2\ 7] /4 TruSeq DNA PCR-Free Library
Preparation Kit 17 SCEAS P, Fa gl 47 (4 SC 1
28 3 Qubit & & M SCE R G 4% fE L Al
NovaSeq 6000 #1738 &7, WF &K
HIERHE dbat) A FESE . FIH Barcode J¥7 1)
1 PCR P BN 3G T ThRIC, SEM P45
R E AR AR ], IF 8 B R 1R AU (Raw
Data) H 32 ¥ (reads) W5 i I 51 91 e 51, 45 31 1)
151 B s (Clean Data) fifi ] FLASHiEATPE4%,
He BN Tags BUHE™, X Tags B #E4 7851 /M ik
A= B 5 BT i Tags 28 4% (Clean Tags)®, Z M
Qiime 1Y Tags il J7 %, 18 IR PG BTl AL A< B2
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HAR B KB 75% MR, Bl 5 RS 21 AR
25 A0 55 0 A W B R PR AT LU X, DA
BRI AT bR 25 5508 (Effective Tags)™. 7
il it Effective Tags 28 O 225 B Z 5, R
Uparse B AFE7 #7500, FHARUE AL T
97% MIBRZEAE i DL SR 2 W R #4325 BT (oper-
ational taxonomic units, OTU), f& B Mothur J5
5 SILVA132"" {#) SSUIRNA % #i& )& " %} OTUs
7B HEAT AT P A 2 18 U 9 E A (G B R
0.8~1.0), HiHEPEEEE, IR YRR
BHEFR, NG EFWZR, &AM
M) A W) BE Ve B A iE AT g sk MR B . fl
MUSCLE™ 8 T A RO Z P 9N 255 0 L,
DAL EE ST T A OTU AR 3R T 91 1y itk Ak G 2 K13
HRAE AT BEATE H B2 K R B
MR 22 )@ i = HE A T 35 A . R A
Chaol . Simpson., Shannon" 4§ 25 Gc 1245011
FRBOEAREA I A D RV W ) Fh o B A 2
FEME

1.3 HIFESH

JT A A 35 LV 4 {8 45 1 25 (meantSD)
Fon, RHBHEE I 20 2T g ar,
K H SPSS 20 #4743 #1 .  P<0.05 R i 3
25, P<0.01 YL B EER.

2 &R

21 BERENSBEELEE

TEABGE T, IEH K5 5 R I,
SNERESERE (FIRT T -1). T 4058 43 5 19 O
KA WRA TR TS T . AMERE A SRk
(BT -2)0 43 B 45 2 1 B U M B 7E 2216E
UG H: IR 3 FIE R4S 1.0~1.5 mm A9 7L 8% (4
W, BRI —fE (B 1 -3),

TR/ TR X 48 Ak AT Ak S 1 2 4
SONBAE, X AL R . A S R S Y
YELERONHTE (R 2). KL FHILLRT, X E R
SR HU T (0Y760436.1) 1Y 751 BAT &
PR, AL 99%, HiZHE kS5 I
ANFFBEAE [ — 4332 B3R (F 1),

22 EHRAESLN

K19 R A R AT 888, A
WrbnifE . M EHAR (@)<<12 mm NEHBURS A

s A 2
EhR 1 BERLHEKEIHERFREH N TEES
LIEFKAWE, 2. BmKALs, 3 IRIEHUMTR %, k&R
Cp XA

Plate |

and morphology of colony of E. profundum

3

Symptoms of healthy and diseased C. gigas

1. normal C. gigas, 2. diseased C. gigas, 3. the colonies of E. profundum;

arrows indicate the location of the lesion.

xR2 AEMIMTEEREESER
Tab.2 The biochemical identification results of E. pro-

fundum

identification results

ERiA-glES
types of biochemical tubes

E=REA -
WA +
[k -
RERE R %

TR BRI
3% NaClE K
6% NaCl’E &
8% NaClZE K
10% NaClA:

o+ o+ o+ o+

Vo FoRBAME: < RS,

Notes: "+" means positive; "—" indicates negative.

R, 13 mm<d<<17 mm N 7 B HUR, >18
mm = ERUR . R B, WU R
AR REIH Eme | 205 R M A R R A
B, XS AUURER . HEER . PISEVIAR . 4EfEE
K., Borpnai . B R R % ki
BEfG . WD . PEER . FETY . RIBE
R RBUR (8 3).
23 HEHRAMME

DRI INT R 2051 F 16, 28 Fil 37 °CF 1
7205, MHAEREFRE DRSS, H
Hh 28 °CIEFR M F IR ML Sl M.
WAE LB R 3G 72 3L FIE i 1~2 mm (1 5¢ 4238 W]
WIS, N BwmA, WA sEewsin (Eh ).
2.4 [E]YIREESLG

(]S S0, TG B T KO BE 2 A H 3R
FET-AR, SEIGAH B BAET . X AT K A s i
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100

49

47

90

62

0.01 31

—— NR 024 812.1 i E AT B E. oxidotolerans T-2-2
70 | NR 043 477.1 E. undae DSM 14 481
TENR 075 006.1 E. sibiricum 255-15
—— NR 042 347.1 EQEERUNFIA E. indicum HHS 31
99 | | NR 043 479.1 ZEEMUIMTE E. acetylicum DSM 20 416
9‘T| NR 113 585.1 ZEUNMTH E. acetylicum NBRC 12 146
NR 043 006.1 ¥GFE/NTR - E. marinum TF-80
NR 043 005.1 E. aestuarii TF-16
NR 043 204.1 HEFHUNTE E. profindum 10 C

RN E E. profundum A

)
NR 180 579.1 #H S5/ NMFE E. gingdaonense S82

NR 181 609.1 & BM/NTE E. gingdaonense S82
NR 178 375.1 E. arabatum RFL1 109
NR 181 608.1 E. algae S126
Wl NR 180 578.1 E. algae S126
NR 042 424.1 £FGEHUNMTE E. mexicanum 8 N

NR 109 413.1 E. aquaticum IMTB-3 094

NR 113 666.1 & #M/MTH E. aurantiacum NBRC14 763
NR 043 478.1 &M/ MFH E. aurantiacum DSM 6 208
NR 116 296.1 E. alkaliphilum 12/1

NR 118 534.1 E. himgiriensis K22-26

B REWMIMTESHLERNAZL BN

Fig.1 Phylogenetic tree of strain E. profundum and other related strain

®3 REHNMTREERADERME

Tab.3 Drug sensitivity of E. profundum strain

B2 MEmEmn ey
antibiotics mhg;grlr?; ezro ne sensitivity
SHUNREA  cefoperazone 36.71 N
HHHE penicillin 35.54 S
BIZFEM  amoxicillin 33.49 S
W78 ZE  vibramycin 32.91 S
RIPHiEd]  SXT 32.39 S
Bitvb A enrofloxacin 30.38 S
FAEJE%  florfenicol 27.55 S
SkfUMENG  cefotaxime 27.52 S
WHIPE  norfloxacin 27.16 S
VU¥FZ&  achromycin 27.13 S
FIFEF  rifampin 24.42 N
RIBEFR  kanamycin 22.88 S
HEZE  neomycin 21.22 S
B2 streptomycin 13.65 1
BARZE  roxithromycin 13.63 I
A FEZ  chloramghenicol 10.26 R
T 5 %M sulfamethoxazole 10.25 R
415 % erythromycin 10.11 R
Fij#r# % azithromycin 0 R
A ROEEUREURN U, 1P REERUR, S mEBUR:  EIREUE N3
2 SEFHIE .

Notes: R. resistant, I. weak sensitive, S. sensitive; the value are the mean +
SD (n=3).

B I RN EEARRE THAMIE
1. 2. 350515 16, 28 f137 °C F R MR
Plate I

Haemolysis of E. profundum at
different temperatures

1, 2, 3 were the hemolysis results at 16, 28 and 37 °C, respectively.
BTG ) oy B aliAl, DR  H 5 E h 2 p
BT BB O . IR RIS
FAt WSS B e f, SEER TR B A B
SO MK (BRI .

2.5 (AOFRIBS4FMAE

HEVR B PSR Z I, BN KA E
IRANGRAE UL A T WAL . R R SN IR
GUEE IEH (BIRIV-1), 1 2O 1 W5 51 B
JULET AESR P ML, 4 4 R 2 ELI S i (TR IV -
2); XfMRZH BRZH ZUAE A IE R (FIRRIV-3), T B
g2z ik . HEPIEEAL (BIRIV-4), HAT—5%E
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1
Elh T A TR RS W R & E
45 HE N A L AL«
Plate [l Appearance of C. gigas after artificial infection

The site of the lesion is shown in the red box.

B-RAREHERS
BRKHIRART K

L IEH KA URANE ALY I 2. o K AL WA S LS A

3. EH KA WAL, 4. B KA AL S s o LEF 4,

b. Zi4FASL oy d B,

it IV

Plate [V Histological sections of the normal and
diseased tissues of C. gigas stained with hematoxylin-eosin

1. normal mantle tissues of C. gigas, 2. diseased mantle tissues of C.
gigas, 3. normal gill tissues of C. gigas, 4. diseased gill tissues of C.

gigas; a. muscular tissue, b. connective tissue, ¢, d. gill filaments.
FEJE B AR IS (K RRIV -4).
2.6 REMEXEEANBERBESHRERKIE
WAL E LN, KBS PR E A OC S
(Cgap-1. Cgtlr3. Cgcaspase-3. Cgil-17-5. Cgil-
17-6) 125 et BAHSCHY S S b 4, HLAE
B RWUMT RIS, KA WA 20D Bk 5
P ARERH I R i ek it 12 B IR (181 2),
NP AR R TR TR, LA
Cgef AR IR, 3 i qPCR H A T
INFT BRI e I A 4 05 8 2 40 Cgap-1. Cgtlr3 .
Cgcaspase-3. Cgil-17-5 F1 Cgil-17-6 ) mRNA
Fikk, SPRER, WIEMUMPERRE, H
mRNA 5 ¥ 0 F T o Ceap-1 BRI
JE X BB ZH 1Y 3.47 £ (P < 0.001); Cgtlr3 1Y ik
2 X R ALK 2.46 % (P < 0.05); Cgcaspase-3

2
Cgap-1 I 1

0
Cgtlr3 I 1

-2
‘ Cgcaspase-3

Cgil-17-5

Cgil-17-6

1 2 3 4 5 6

El2 SREHXHNS MEENER
RESHMERTIE
LEAL2.2A2,3. 2 A 3, 4 WRERUMTE 1, 5. WERUMTE 2,
6. VRIEFUNFF B 30 MU £ B 4T €0 1 0 (0 5 R OR R R IR

.
Fig. 2 Hierarchical clustering analysis and differential
expression of 5 DTs related to inflammation
1. Blank 1, 2. Blank 2, 3. Blank 3, 4. E. profundum 1, 5. E. profundum 2,

6. E. profundum 3; the intensity of the color from blue to red indicates

the magnitude of differential expression.

By 26 3k 2 X IR 2.39 1% (P < 0.01); Cgil-
17-5 19 & 38 & 2 X B4 19 1.40 f% (P < 0.05);
Cgil-17-6 [P Fe ik s e X B 1Y 1.85 £i5 (P < 0.05)
(& 3),

27 SEEMFHERFTREMNFRRERE
KA SRR L MBEE AT ST AL

X S 2 RV B/ N TR Ak 3L ) A R
PEEAT OTU RISHT, Xt R4 AR I N B
A PR ZH AT SR 2H SR A SR R A 7Y OTUSs 35 1
4214, 43 ) 7 X B A ARV sl N B Ak B 44
K 5 8 20 ZURE AR OTU A% Y 63.35% Al
54.07%.

WAESE WA OTU R4tk 2, &
R ot = B HE 44 107 15 457 59 171 28 B o o7 A 84
A EFEEAEWEITKENRELEET N,
AR MR s T R e - N N |
FEAS H i TR 9 35 BT el A0 A AR [ R OR
(B 4, RGOSR R, &
TRl /N T T Ach 8 P K A s 08 2 2 1 At A S
%, LT (Proteobacteria) H1 45 & J& 1Y =F
JE i T R A A 2

Bl 7 ARSI B 22 R R I A T
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Isolation and identification of Exiguobacterium profundum and
its pathogenicity analysis on Crassostrea gigas

JIANG Jun, SUN Jiejie’, YANG Wenwen, GAOLei, LENG Jinyuan,
WANG Lingling, SONG Linsheng
Liaoning Key Laboratory of Marine Animal Immunology and Epidemic Prevention and Control,

Dalian Key Laboratory of Aquatic Animal Diseases Prevention and Control,
Dalian Ocean University, Dalian 116023, China;

Abstract: In the present study, a potential pathogenic bacterium was isolated and identified from Pacific oysters (Crassostrea
gigas) with abscess disease collected from a culture area in Zhuanghe, Dalian, Liaoning. Exiguobacterium profundum was iden-
tified in the lesions of the diseased C. gigas using 16S rDNA sequencing and bioinformatics techniques. Antimicrobial suscept-
ibility and hemolysis experiments were conducted. The expression of inflammation-related genes and changes in bacterial com-
munity structure in the gill tissues following E. profundum infection were further analyzed using artificial infection experi-
ments, high-throughput sequencing technology, and quantitative real-time PCR. The results showed that the strain formed
creamy-yellow colonies with a diameter of 1.0-1.5 mm on marine agar 2216 E, exhibiting uniform and stable morphology. E.
profundum demonstrated high sensitivity to cefoperazone, penicillin, and amoxicillin. It exhibited significant f-hemolytic activ-
ity at 28 °C. Artificial infection experiments revealed the presence of abscesses on the mantle and white spots and swelling on
the gills, with significant increases in the mRNA expression levels of Cgtlr3, Cgap-1, Cgcaspase-3, Cgil-17-5 and Cgil-17-6 in
the gills post-infection. High-throughput sequencing analysis showed an increase in the relative abundance of Proteobacteria
and Campylobacterota, as well as an induction in the relative abundance of Vibrionaceae in the gill tissues following E. pro-
fundum infection. These findings suggest that E. profundum may contribute to the pathogenesis of C. gigas by promoting the
mRNA expression of inflammation-related genes and inducing the abundance of Vibrio spp. in the gill tissue. This study identi-
fies E. profundum as a potential pathogen of C. gigas with abscess disease, providing valuable data support for the prevention

and control of shellfish diseases.
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