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B WA HRE IS-1 ey 8om R RERE R R, REREITT 4
RPLE HRERIBRARELERY LR, BLALHBEFNR. LMK KT EPCR
(qQPCR) Fu By v AR I 3 07 ik AT AT BRE T, EHER P& 5 Ml d AT i
K, 96 hLDsy 4 5x10° CFU/mML. %R 4& F[El 3k £ IS-1 ey kt e, AT AE. FEJE. W IE
AmE, MMAI; nEPEEAEE LG MERIGES, BKE HG) A% K% %A
D, BHBEEDEE; SRS INF-of0 IFN-y ZZBH R mERD, BE
FETARA. FAXELER, MFFPEEBREHDES THRA, RESRE. #
AR BAMHBENBEEEFRTHRLE, TACABEREEFNE; EXRERE K
v, R IgM R g IgM St RAAT LA #F 9 n, EARRIS-110d E@m
Tk &1k 83.3%. AFARY, AEAT A ERE IS-1 X 69 O MR, L ORE A O AR 4
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P B 2 BR B8 (Staphylococcus sciuri) B BIESE N
— P TE Y N E RSP AR, ook FR A
AP B LA EOR T, (HHBURILEL . S
PRI AE DT T IR A FRIR A

iy B 449 2K 0 AT 5] S 8 5 0 (Pelteobagrus
Sulvidraco) RLI' 2L, REEGBHED; W a] 5| E 51
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KEs AR e T | W Mk LK . (Mauremys mutica) 1h
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AR T . FAE 1938 4F, Snieszko St fifi F K
TG PET R BT IG 1 (Cyprinus carpio) B s R AT
(Aeromonas punctata) &L, 1970 4F 483 [H I &
T8 — M TR & A 88 9K R (Vibrio anguil-
larum) $EW , BEIGTE 1980 FFACHI 5] AR AK =57
FEMYL 1990 AR, i E &R Sk, 1
— B H BRI T K SR T AR R
FEI NSNS AV 2 T OE S i Sy e 2R et

AR S 7S N HE PRAT ] ERU 22 il A (Ony-
chostoma macrolepis) Jp5 kb 240 27 43 85 HY — RR ARG F
WRIRTE , 28N E AN R A IR JS-1, ARSI
b SRR S | A MR R S L P A S
S50k R JS-1 T A X 0 ) 300 WL B S i DR A
F L DU b B A 3K 0 B S AR R, A
KT RE B TF & S AT A

1 MESIHE

1.1 SCIg#R)

iy BB A BR TR JS-1 4388 [ i JRAT- 1] £8 0 22
FH A BT Al R o Y A A R, (A T
(45.07+3.21) g, W [ 5 PR T ILRS X8R H K 7 57
56, RN A R K R AR A . PCR R
MR 2xTag PCR Master Mix ) B [ 2 % 4= 4
BB A R 7 o 1gG Piik Mg [ Jb 5 5 g
R AT,

1.2 ESTRRELI

BE il 5 A v BE RS BE ) B (100, 107, 10°,
107, 10° CFU/mL) #& . K 110 J2 {8 FE Bt AL 53
BCE) 11 4> 500 L BOEFRGEAR Y, & 1 DX HRA,
HAM2MA 1AL H ., FRM &M NKE
(28.0£1.3)°C, FERFMA (FF). LA AEMA
JiE s T 100 pl B W, X BB 4H 4 R vE ST 100
uL AEFEER K, FRIH KBRS A SRR, SEE N
A AEK, SLRHAHBETE 15, 30, 60 min F1 2,
4. 8. (14+2), 24, (33+3). 48 h W%L, 48 h 5%t
KWMELSR 1K, EEMEE 7d, DR AT MMA%L
I Kb BRBE A

JS-1 1Y LDy #Z 2t 5 IR T . 1g LDy, =
Xi—d EP~0.5). A, X A AXEFE, d R
AR 2 HXTBGRZ 2, PoRSET R, i NS,
1.3 $RIREASIIG

P E X B ZH (CG, 0 CFU/g 1Akl . A% Hk B 41
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(LG, 10° CFU/g falkh), ik B4l (MG, 10° CFU/g
Tl kb FE R B4 (HG, 10° CFU/g Tk} 4 4> 521
H, BB 3ATAT . R R R B B,
DIORUE A A 16 1 o BRI /IR I 1) (R 6 240 2,
BEBLAT ) 12 SR, B4l 20 BB 4 4
AN TRV B B P T AR, 3 R Ay R AT R 1 2%,
BER9: 00 F117: 00 #Me, fRUFMAIERETE4E, %L
Y iEAT 28 d, AERFKEN 1/3,
14 KEEHRESLR

FEREFRAF 0 IS-1 BN A B KW, i
HAHR A 0.02%!"7, K5 IE3E Y A0 B BRI ) AR
WA 10" CFU/mL, A S5 i i 3 B4R 500 il L
F, B RIGRET o K5 180 JFE il b 4 it L i 8 A
6 NFREEAME, BE AR, 1R, B
H3AFAT, FPATHR 30 B A, S 2H M E fig
FEF T S B 4 19 JS-1 K TG S 100 ul, X HRZH
TS AR RIS 2 AR BRER K o 58 29 RIF,  Xif S g il
TSP B2 S 1x10° CFU/mL A% T 100 pl, 8 4
PELRIR

15 HAFMERE. BHIRLE

PRS2 1, 7, 14, 21, 28K, M
FEAFRIAAR RIS 3 B, Bumik . FFAE .
IR0 R U A 2 R o IR TG B TG S
PR IRLE 4 h 5, 4°C &M F 4 000 r/min 2.0
5min, 438 L2 MG RAEFE-80 °C vKFEH T,
JE SRR 5 o3 FIE . LR 257 R A R
FH T 52 9665 i PCR (qPCR) K 5 543 2H 41
R K e, AL R b .

1.6 ‘ALTRIBIER

Bt L 2 P 2 TR E 24 h RLE L K H AR
PAHLUE3%, TR EN, IR BT
BEREMG K, PR X AT, ek
Wi s e e, WFEe R b, ML M
W BAKEHITHRANE P (HE) Yo, bk
BB o o A T UL JE e H AR A I
ek,

1.7 ERIEMENE

A HE R ) TREAIR 5 T 1 3R 6 I A i i
BN E M (GPT). & F & (GOT). kit #
MRl (AKP). i %&b P il (POD), M4 L fL
fif} (SOD) FIi il (LZM) 1k
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1.8 qPCR

HUAR: A 7Y 2H 21 30~50 mg B T JC @ JC W 1
1.5mL B0, JiA 1 mL RNA Plus 584343,
PEHOF R B RNA, LSRR cDNA, —20 °C 4
o SIWMEENF 1, PCR VM. 94 °C 5 min;
94°C30s, 55°C30s, 72°C 1 min, 30 M5 ;
72 °C 5 min, qPCR JZ i fR #}# Hieff gPCR SYBR
Green Master Mix Ui HEAT .

®1 LBFAESIY

Tab.1 Primers required for the experiment

514 SIF51(5-3)

primers primer sequences

TNF-a F ATGGCAGCTACAAGCCACTT
TNF-a R AGGTCTTTCCGTTGTCGCTT
IFN-y F AGAATTGCACACGTTCAAGAGC
IFN-y R TTGGCTTGTCGTCTCCTGC
B-action F GCCTCCTCTTCCTCTCTGGA
B-action R AATGCCAGGGTACATGGTGG

1.9 Elisa & E #1175 IgM

¥ IS-1 IRE N el ofiicrt, AL 100 pL,
4°C G VER . TERAFLINA 100 uL 20% S {55 ,
Xof HEAL n 45 12 Wl 1R R 22 oA W (PBS), & AL
I, 37°CHH 1 hFEE. B AYL IgM
YUK 1gG 100 uL, FH 2 h J5¥eisc. &SLI0 100 pL
AT A AL R AR IC PR 1gG BUiRE R, WE
30 min JFUES. S 100 pL AW, WIELHI @ AR,
B 50 pL 2 mol/L it B2 2 1k S 1 o FH i {0332 B
OD450 {E B4

1.10 HIED
K H Excel 2010 #K{4FE 17 Bcdswi 20 b B, 52

U0 K FH - 2 {8 45 HE 1R (mean+SE) &/~ . R
SPSS 23.0 FAXTE AT G AT, KSR T
AR E )5 243471 (One-Way ANOVA), #]H Duncan
G T 2 L, P<0.05 RITAHA BEER,
i Ff] GraphPad Prism 7 3R {F2: i 181 2 .

2 4R

2.1 JS-1 BUmE

T EYL 5256 b, HG 2H (10° CFU/mL) #115
ToAFE, e WA AT T L0 b . R T
M, WHEL A ™ E e (B 1), S MrE 48 h
BT A6 tHEAET (36 2). MR SCI g Rt JS-1
i) 96 h P EHLH [ LD5,=5%10° CFU/mL,

2.2 JS-1 XHELH R KR IR F2

MR YLSIG , UEE 28 RN Ui T4l
BURHL2E 0T o X IR IE R (R B2 200, AH4AR
AN BRI, r ORI, HAREHR AR
S Dk RN /)N R IR A4S A BB R X A3 E /N o i
Y BRSO RE , HEPI R, gl Rk o R
(FIME-1)o MG ALE IR (5 A 5, e i, W
WU R, MELLBEAFIER SE B2t , 5 IER
JH I 22 52 WA, 2 MRS RN, AT AL 44 A o SR
BE (I R -2) o X HEE L By G O £ 2 e 40 i 355 A
A% TR, AR S IEE (KIR-3). MG 41§
REBEAS TR, Feii, LY & 3G AE =) PR FE
JEEE (I R-4). X BRAE B IR orh, RE N BT )
BEHVENER LB /NRERT BN, A I A B 3 AT
HES ST (K R-5). MG 20805 E 78 i ik, wige
VIR % B /NG R /N EK ) BT TRD B4 K, e P 1Y)

1 GRS SI B RAEK

() BT REE LA TR ML, (b) WME L2 T8 52 1

Fig.1 Symptoms of C. auratus in injected challenge studies

(a) anal and caudal fin base engorged with blood, (b) internal organs and intestinal congestion
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F2 IS-1EHRRRIBETICR
Tab.2 JS-1 injected challenge studies death records

A5 YS9 &/(CFU/mL) A )2 BT HURE  no. of death
groups dosage no. 1d 24 1d 4d sd od 74
1 10° 10 0 4 6 0 0 0 0
2 10 10 0 0 1 6 3 0 0
3 10° 10 0 0 0 1 1 1 1
4 10° 10 0 0 0 0 0 1 1
5 10* 10 0 0 0 0 0 0 0

N A PRSI AR R A . BB 2.3 JS-1 XEIMIE T EETE M IR m

BIRGR, BARBRANTE . s A, N P A S [V BE R E TS-1 [GRRLE | B3
PNEBTIE R (KIRR-6). Z52RF[W], IS-1 IEUNRE L4y e s ks, 1~14 d kb3
Ty, AT 2 LR R A A i A TR P TR IR, 21~28 d &b FRZH i 1 A A

&l bl ﬁﬁ@%%%%miﬂ@ AmREF
1. 3. S.XHR4L, 2. 4. 6. MG 4 1. 2 FFBE, 3. 4. JAE, 5. 6. B A QUMM B. 7, C.JRALPERZE, D. 4z
Plate Histopathology of C. auratus on day 28 of feeding infection test

1, 3, 5. control group, 2, 4, 6. medium concentration group; 1, 2. liver, 3, 4. spleen, 5, 6. kidney; A. nuclear lysis, B. blood congestion, C. focal necrosis,

D. nuclear deformation

https://www.china-fishery.cn P K252 3276 sponsored by China Society of Fisheries
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AR 5 1K, AP RIXT FRALAA L
L% GOT (I 2-a) Al GPT (I 2-b) i 7 i & F+ &5
(P <0.05), SEEG4L I % LZM 35 P 5 %) 8 41 41
g, 1 KMGHEE®E T CGH (P<
0.05); %5 7K LG M HG4H LZM GV B ¥ 5 T
CG 4 (P<0.05); %5 14 K HG 41 LZM 75 1 . 3% &
T CG 41 (P<0.05); %5 28 K LG 4 LZM it 3%
BT CG 41 (P<0.05) (Bl 2-c), 450, H7E+:

50 0 a2

O CGE LG [@HG EMG

GOT activity

A RIS RS 1 /(U/g prot)

B (Al/d
time
(@)

CG O LG @ HG OMG
18 ¢ e DCGOLGOHG O

GPT activity

BN ZEEIEME/(U/g prot)

B (1/d
time

(b)

a 10 a OCGOLGOHGOMG

£z 8t

.2

23 ¢

s 4

N

w2

% 0
i IR]/d
time
()

2 AEIRE IS-1 ) 5B E M RS20
() BEFEFEFEVE, (b) A WHEENENE, (o WRIEETE: AF
TR R EREE, TH
Fig.2 Effects of different concentrations of JS-1 on
serum enzyme activities of C. auratus

(a) glutamic oxalacetic transaminase activity, (b) glutamic pyruvic
transaminase activity, (c) lysozyme activity; different letters indicate sig-

nificant differences, the same below
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SRR R 14 d )R, X IR B TR T
Mt 57, 3B BTG T SR NS FEAK, HG 4 R%
R, AR Y JS-1 X5 2 16 Jin 6 it 5
HLZM 3, T TS- L% AR S0 1 5

24 FFREMRAEREREERIEE

P ML SIS MG 41, A AL H 4
Ji R T2 K] TNF-a (18] 3-a, ¢) Fil IFN-y (8] 3-b, d) 3%
KRS A . B 14 K, MG 4]
BT R0 A P TNF-o0 R IEN-p 1) 36 15 5 3k 31 i
B, Y835 T X R 5L N ki (P<0.05), H.
[ TNF-oc (] 3-¢) Al IFN-y (€] 3-d) 1Y 363k & &
. HPE 21 K, MG 4 TNF-o Fll IFN-y [¥)
FKiktm Y CG HATE 3% 2 7 (P<0.05), W]
JS-1 DA e i G e SR () 225k, HL i i
REAE R K At IA], 21 d S X IS-1 BRRIE W T
BT 37

2.5 CESTROEZ B X EIESE MR RN

TS TP I, Xt 355 TR I AR R
HA R . SRR . A e T
AL U AT AR A S 1 S i il AR 4 BURE B[] A5
ArEREES, AERENKR/N, A ZRm
BN RAE, LA 5% A A BRI,
o R 73 B A Sl TG PR AR SR 5 7 R i R AIK
(P<0.05), H—EZAFF3SC0E5H (B 4), 455%
B, ST JS-1 P v WA S S e TR
FLBRAIE 7 a7 Hp () Al 1 £, A R R
{OEPETRN
2.6 GEHRGEERERBIET IgM SERRIPER

TEGT JS-1 G 5L I3 B) , 0 a7 v Ry S
PE IgM 1 5 1gM 5 CG 20 40 H AR & 3 36 hn (P<
0.05), 51k IgM 9 it (5 5 IgM & i 50%-~
60% (&l 5-a, b)o KW 5 I L2 1 BE A A50RK
B R S e R, AR R PR IgM. HLJS-
1 G B B e AR 0, TE R RERE T RE™
ARKEWREFHPUR, JORER R 28d 5, #
Tt JS-1 B e 55 37 B, TT5E 10 d HESE T 508 .
TS 4 KB, X R EP I oT, A
HABFENG 83.3%, HJGHIREIMEIET:, KUK
T P T o A AR G M R AR . AR, TR
51 IS-1 R EI 10 d 5, SRy RA 83.3%
(K 5-¢)
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35 . ocGois
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21 a
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WO
o~ 2
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£ 2
X3
S
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= . 0
E
i i) /d
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.S
- % 30 2 OCGAJS-1
X Z 24
H%v)‘ o 18
=~ =
1 (] a
L2 a
S Ed
Hx o
B g =, =1l .
= 1 7
i i) /d
time
(d)

E 3 JS-1 1 fE MG AL TNF-a F1 IFN-y Rk 2
(a) I TNF-a Rk, (b) FIE IFN-y ik, (c) B TNF-o ik, (d) M IFN-y Rk &

Fig.3 Expression of TNF-a and IFN-y genes in MG C. auratus tissues after JS-1 treatment

(a) liver TNF-a gene expression, (b) liver JFN-y gene expression, (c) spleen TNF-o gene expression, (d) spleen /FN-y gene expression

3 Wi

2H LU B2 07 R e s 28 R BE S N R B
TALBEROTEN, ERE T, &R X
JUE O R AR A 8 AT 4H 2 H A A
AT 38 2o I RAE R S 2 D) e a5 R ¢, R
IS-1JE, SREYALTT. g . R . MAUNE S
AN R R R B s, FEERBUNALT 20 |
BEFCI . ANMAZRR R | VAR, UEAS ST I DL SR AL
PEIRFE, SEFED . EELUKE™ . S (Maure-
mys reevesii)”" 25 YA BT 47 BR IS AORERAH L.

JHRERSEIR F-o (TNF-a) BIRABLT 1975 42,
HAEHUAR R B A B, AR, A 7 200 i 44 4
I3 MG UA R 23 A S0 ) e 3 40 i 5 0 T & 4 R A
FHE, IFN-y 2 B 2280 Gy AR 2 a8oni 1 11 28
AL, Fo S OGRS R Y, 2 X
SRR (CAndpe s . AR TR AR AR Sh ) g O, It
HidZ 5 MARK . 40858 T AT g 06 =,
AWrgE, SCEA L . ALY TNF-a F1 IFN-y
Lk g PR B, PURRESE,
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R, 2 AR S P e B R SRk i LU PR 22
YRR 2 455, 14 d JE RN R B EED, R
PRI AT R 2 s B PR I R S, AR B T A
i 52

KR TARSE MY, XA R K
PR AR A TR e S Tl AR A P A L5 7K
IR T 32 A0 A ) R R, O L AT D) R
JEZ R B, LZM S22 518 R B4 A=
AR RE S PESE R A E AT, TR MR DRy P e
g EEAEN . AU R R, SC 2 A
IMLYE B GOT F1 GPT 1 1 1 H BUAK T~ %5 B 41 1) 155
B, Mg LZM & 5 X RALAH Le3G . S E
SR MEPEAT o I T A ARDRE LR B T AR R
PEGRE, B AFANAE GOT Ml GPT HR£L B 2 1.
Hh, HF 14d)E, IURZEOE S REZ, T
U H GOT Ml GPT it BRI R .

TEAWTFE R, K P v AL B4 i s Hh AKP
1 GOT Wi P A B & B, PRI, K9
BN RN A A ORI AE T, A A T XL
JIERR PR, 3 559 DK K i K ML TR (dero-
monas hydrophila) 3% ¥ B VE 5T ) 831k Py 19 25
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Fig. 4 Effects of injection of JS-1 inactivated vaccine on enzyme activities in the serum of C. auratus

(a) lysozyme, (b) alkaline phosphatase, (c) glutamic oxaloacetic transaminase, (d) glutamic pyruvic transaminase, (e) superoxide dismutase, (f) catalase

HATF . SOD J2 {4 3 il 22 45 1 B 20 13 20 2,
H5 CAT 7B/ M A o S AR A W AR M )
i fa A T AR 2 B S BB, Rk, W
W 2 B — D, A T AV I 7 e ik
TR X B B AR HER S B A BRI . Ao, K
TERETH LI 5 X IR AH L, SOD 1% ME5eAa Frk
fiX, FHASRIER KT, i CAT £ iFteE, R
DI PE X HUAR E AL IE I R G e 7= A U sE I
HeR5IE AR

1038 T g A R ERE () A
IR AT RE, I IgM 7 AE T 2SI T
MFERR R, VB RBUARTE 4 B G B I G % vh &
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FEREBAEHT, 5 Park FE0 i S B R
T E T B Fh 45 1 B (Oplegnathus fasciatus) J& , 1L
B 7 d N s IgM BTSSR, B ST
IS-1 KIGEE M e il s, 45 SC 0 2 i R S 1gM
FLE TgM 34 58 208 T4 IR 4 (P<0.05), A 3% 40
Bl RIS 43412 B i r AR P, A B EI AR
B3 J5L TR A AR IS LR REAR Pl = 2, X i) f
PERE SR SEAE

4 Z5ie

TRAERFED], S RAATERET IS-1 A0 FLAT
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Fig. 5 Immune protective effect of inactivated vaccine

(a) specific immunoglobulin M, (b) total immunoglobulin M, (c) survival
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Pathogenicity and inactivated vaccine protection of
Staphylococcus sciuri JS-1 on Carassius auratus

MA Shuang, JIANGMi, LIYanhong, LIUYang, SUNYu, TANG Xiaoqi, WU Zhengli”

(College of Fisheries, Research Center of Fishery Resources and Environment,
Southwest University, Chongqing 400715, China)

Abstract: Staphylococcus sciuri is a common zoonotic pathogen to humans, animals and fish. It can cause a vari-
ety of diseases and a high fatality rate to aquatic animals. Carassius auratus is one of the most important aquacul-
ture species in the world, and can be used as a good aquatic animal model. In order to explore the pathogenicity
and inactivated vaccine protectivity of S. sciuri JS-1 on C. auratus, we designed the JS-1 injected infection experi-
ment, the JS-1 supplemented feeding experiment, and the inactivated vaccine protection experiment, and samples
were detected by histopathological observation, quantitative real-time PCR (qPCR) and enzyme activity detection.
Results showed that in the JS-1 injected infection samples, C. auratus showed systemic hemorrhage, and its liver
was congested and enlarged, and the 96-hour LDs, was 5x10° CFU/mL. In the JS-1 supplemented feeding experi-
ment, the liver of C. auratus showed congestion and enlargement with irregular nucleus shape, the spleen was con-
gested and had serious necrosis, the renal corpuscle was swollen and the space of renal capsule was enlarged, and
the transaminase in serum increased at first and then decreased, and reached the highest level on day 14. The high
concentration group showed the most obvious decrease trend, and the activity of lysozyme was significantly
increased, compared with control group. On day 14, the lysozyme activity of the high concentration group was sig-
nificantly higher than that of the control group (P<0.05), on day 28, the lysozyme activity of the low concentration
group was significantly increased (P<0.05). The expression of TNF-a and /FFN-y genes in the liver and spleen of C.
auratus increased at first and then decreased, and was significantly higher than that of the control group, and on
day 21, the difference still existed. After injection of the inactivated vaccine, the activity of lysozyme in serum was
significantly higher than that in the control group, while activities of alkaline phosphatase, transaminase, and
superoxide dismutase were significantly lower than those in the control group, and the catalase activity was signi-
ficantly increased; the specific IgM and total IgM in the serum immunized with inactivated vaccine were signific-
antly higher than those in the control group. The content of specific IgM accounts for 50%-60% of the total IgM
content, and the survival rate of crucian carp reached 83.3% on 10th day after JS-1 injection. This study showsed
that S. sciuri JS-1 is highly pathogenic to C. auratus, causing systemic hemorrhage and internal organ damage, and
inactivated vaccine of S. sciuri can stimulate the body to produce a strong immune response. The immune protec-
tion rate is more than 80%, and its inactivated vaccine can provide effective protection for C. auratus. This study
provides a research basis for the development of S. sciuri vaccine.

Key words: Carassius auratus; Staphylococcus sciuri; pathogenicity; immune gene expression; non-specific

immunity; inactivated vaccine
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