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WE: I HEREEFARAME THETHN RS R RE T, R & AR B < 3
kAR TEFRATER, TR EALAREF BRI Y2 E LT F B ERETAE,
REXNFRERHTAAE, BEARPRFEER Y2 GHE R BAAATEN. L4 E
MAEKERERD T, RAMEHFBEHETE. AKKTEALE B4, £AEME
FEBAMELAETY2AETHARFTE. kS TR BE. 2 EBENTLERE TR,
AA M 5 F 0 F B T A A B (CAT). B M B 8 (ACP). it A fb 4 B (POD).
Mk (AKP) EMHH S, EAAMERELRAME LG THEE Y2 EKN 24
ACP. CAT e POD EM ¥ H T HE NN = A B A, mAELEMERERE TR, FAR
firie Y2 4 EHmE T A& A (ALB) frik & B (GLB) 4 &M m T axt B4, a%ka
ExE Al (A/G) &g, Hia =8 (TG). EEE (CHO) 4 EZFK/; RAMEXE
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B, FHAGIHE. F AL hEEME T EH B (MDA), 4 24 28 (AST) R & W #
A8 AL WL EL EAE, Y2 ER A M K I A A M8 &5 T4 LR K MDA, AST
FALTH G E. HXHXBAXLERET, 4B EFRETRH. FiE. WA RXELAL
AR TR A & B (HSP70) Xt & & ol £ H (Hb-al) kK EFF %, H HSPT0 By k& Y2
fleTzad, AP EaFHEA8F L AKAE, R, AAMET Y2 48 Hb-al k% E
THK, EHERNAALAF TR ERAL. WA REAMEFEFETHEME N AR T EKETHE
B (GF) kA EHBRMK, EAAARFEREAMBELGT Y2HUMNIGF (A EXGTHE
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HEFT 60 d HOGIIRE, BT G 60 d 943 831
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FR9E Y2 BB 08 2 B A P F 9
AR 5 B L 96 B U A 2
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A R F T 5 i i T D o3 B ARAS A TR PR, X RG
4t [C YR B (Vibrio harveyi), R 2% 7% {818 [C
(Edwardsiella tarda). 4 %% (0% % BRE (Staphylo-
coccus aureus). BBYNE (V. anguillarum) . 7S
PN T (deromonas salmonicida). & 7 IfiL 14 91 B
(V. parahaemolyticus) ¥J BAEHI/EA , H X} #2351
WM SOR B, H IR S F 2R I8 T
LR D

WA RN (ACP). TN (MDA).
B PE R I (AKP) >R HI A 5t g R A BR 23 w3
FER & s o E AL (CAT). 2o SE AL Py
(POD) K H ZR M EHA B A A FR 57 AT 2w I 1571

FIE o
12 fRMEEHBEEHEKIEFHNNE

R L R0 A0 17 A [ A B0 > i 5 5 ) 4
KRR, FE TS L T 2 T AR S AR T
IR AT

PRI KR=(Ly—Ly) / Ly * 100%;

PR RIS SR = (W=, | W, % 100%

K, Ly 5 Wy Ra A& i 5 8 A K (cm)
HEBUR (2); L5 Wy WEEMNEE G 8K
KRBT,

1.3 FEEHFEHARENNE

S I DL 2 R BE 2 T 6 Ok S 6 6
BT R A TSEE, DL 24 h R WAET Ay ik
Jr i/ NEEMREE, UL 24 h & EAE TR B R R K
W, B WhE S AL SR B 4 I R 0.123 30,
15.464 26, 32.89004. 54.791 56 F185.890 56 mg/L.
e O R R i R oy S AL, B e R, I
P 3 APAT, XF 24, 48 196 h 2R HHRAYFET
BTG, WECEEBBORE, MRS RE
IR AE T

SR FHAN BRI A3 6 B v e K AR s R
14 FBFEHNARE

AR (15+5) em {gFEF 1 75 5 120 2 REHL
A3k 2 4 (DRI Y2 bR R TR S 2 AR
TN TCH B R B 025 AR, FE4H 60 ), %
3AFAT, HEAT I 60 d BIFRAE I . B S K1
M 60 d 9 22 1 T i 14 25 1 O BEZE RN Y2 4143500 A
yop kR iIk= e STk QIR X =R SIERag S PO G
41, FEEE MG Y2 A, "AMbE s A4 A
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irie Y2 4, B4l 30 &, ik 34 FAT) AT R
20 d W AME LS, B4 h WE KPR AS
AN R F AL B AR AR S mg/L, 2 A
IR Y2 HFFL A S AR
1.5 fARAEHIE S E

Y2 1G4k )5, DU RE TR ODgg 38 RV M
B o R A B R R R, Y2 A 1x10
CFU/g, fihd Ry st A5 & 5 50 10%
VR S TR A T, VA R TR N S VA 8 A L R TR R
WA RGO, AP IECIUN S R R
4 °C UKFARAF &, AL 48 ho X HE AL IR KL p
TGS TSB MURR: =56 SO s el, #B/ES
WIS AR A o BT AR = 5E A TR (D)
A RN T AR 7 T B T K f8 T A ARDRE I AR RL
1.6 FRMIERFE SR % ZEENE

BEZH BEALI 3 A A ME 20 d 3 5,
0 5 3R] 3 DM S ML 9 R TR o

17 ERMEEFEHERMEE WIERENE

FFANEEARERL 300 L 6 T rp [ B2 2 Bl or B il
= A0 58 B L P L is . SR A R
(AST). &N M (ALT) &5 135 24 AL 845 o

ML PP SR R A
1.8 = RNA 12EX

R TRIzol BRI & VLA 5, X218 & 83
8 LP B2 A RNA SEATHRE, R E
) RNA DL 1% B s BHEE I LUk, Kl RNA B
0L, I PR AZ R 2 11 5 {X (NanoDrop2000,
Thermo Fisher) & RNA ¥, HA RNA T-80°C
PAF TG 82 I i s 3t i

1.9 2H40 RNA IR 4%

K R s (0 T R o v R AR R
F AR A BN 7)) Hie FRULBH B A7 4 Ao ke, s
TURE WA oy 7 A1 E . g 200 uL 204,
SRIGHIA RNA, ffi 50k & H RNA 4 2 pg,
i VWITCHK A AR R o S SRR P R 42 °C
15 min, 70 °C 15 min,

110 AXEERIEAENEN

PEBCK Mg 75 8 GAPDH NS R, X441
AR PIRTEE 70 FEH (HSPT70). ML ol A
Bl (Hb-al) M A B 3 B (IGF) #4173 # PCR
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R, IR 1 MR R 5I¥-F F51Y-R
% 0.4 uL, £ZH4UH cDNA 2 uL, 2xAceQ qPCR
SYBR Green Master Mix 10 pL, Nuclease-Free
Water 7.2 pL; EEEFIEE: 95°C 5min, 95°C
10s; 60°C30s, 95°C 15s, 40 MMEH; 60 °C
1 min, 95°C 15s; 40 °C 30 s, £ & &5 H H
2P R U T RS N A A Rk B, A
Bt o i A A =2 1) 28 7 1) b 2

®1 FEEHEXERRESFAASIY
Tab.1 Primers used for analysis of expression of related

genes of C. semilaevis

514 3PS (5-3")

primers primer sequences
GAPDH: F GAAGGGCATTCTGGGATACACT
R TCAAAGATGGAGGAGCGGC
Hb-al: F AACCAAGACCTACTCCACCCA
R CTTCTCGCTGAGGTCCAACA
HSP70: F CGAGGGCATCGACTTCTAC
R TCTGGGTTGATGCTCTTGTTC
IGF: F ATCTCCTGTAGCCACACCCT
R GCCATAGCCTGTTGGTTTGC
2 ghiR

2.1 FBEHIEAEBIRKERNE

DL R W 4 R 0.123 30, 15.464 26,
32.890 04, 54.791 56 K 85.890 56 mg/L Wit 2 %
W, EIE A HE N 85.890 56 mg/L -
BERERT R RFSE (24 h ) BBl 2P EER, R
T BER WS, fEERANEE, 2R PGEiE sh
sBR KT, SEATRE 1B W e g, B Aa A0 R
MG, RJEAET . B 2 UM B ) i 2E K R 2
RIRE TR, B E ST RN &, &4t
B 96 h Z A BIE W B 32.60 mg/L, &4
W Hy 3.26 mg/L.
22 FAMERFBEHEKIERMNNE

3 3 3 T 2 R A0 S ) AN ) Ak 32 e 5
PR SR i K R R B, A AW 2 A5k
SRIA 2 20 T AR BT K R
A%, HA A4 b Y2 200 0 5 B A B 4

KRmgmE T Ax gl FEaEmahm v 4
TR R AR B AR T2 o0 IR in S22 (P<0.05).
(1)
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1 ¥EFHHEKMEREEKE
(@ FKIERE, () AREEKE; | FAAMEEAX R (), 2. FEAME

Y2 41 (D), 3. @AM a AxIRAL (G), 4. K& M Y2

Fig.1 Growth rate of body length and weight of C. semilaevis

(a) growth rate of body length, (b) growth rate of body weight; 1. blank group without ammonia nitrogen stress (C), 2. Y2 group without ammonia nitro-

gen stress (D), 3. blank group with ammonia nitrogen stress (G), 4. Y2 group with ammonia nitrogen stress (H); *. significant difference P<0.05; the

same below
2.3 [EMEEFBEHME RERENNE
fi A DA ] DR RN 2 R W 30 1 R SO M T Y T
RS K B EE A, 4 b, Y2 dRmdl ki
H W5 L35 9 ACP. CAT I POD ¥ M35 7 T H:
FHR 25 X BRAL (C 4 DRI AXT IR, G4l
N H AR ZS IR, SR EEEMNEEN G H
201 ACP, AKP., CAT F1 POD i1 A %F F fir it
iR C. DAMA TR, BN Y2 WRAAE
T4 AWM A A EZ B E A M fE, T
ACP. CAT J¢ POD ¥ PE 2 i A e B2 i, Hirp

60 r ez E C

>
2 B¢ g Y2 4D
28 30 g mEme A G
22 jg " B NG Y2 4 H >
g | N
A .
®E .
TE 5| _
S8 0 _
s o
1 2 3 4
4 Fh b 1ty

four kinds of immune enzymes
2 MiEREEIEEMANE
L RRVEBEmR G, 2. PR BERRAE, 3. LA ERE, 4. LA AR
Fig.2 Determination of serum immune enzyme activity
1. ACP, 2. AKP, 3. CAT, 4. POD
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CAT WP ERI R WA Y2 AR THA 3 4 (P<
0.05), AKP iHPEE A M a Y2 IR T2 &
SHAH, HERARE. (K 2)

24 [RMEEFBEEHMBE LIEIREINE

METAERE W ad, 2R Maa gl 5 i
M35 HEEA (ALB), JHEEE (CHO) & & ¥4 fr
TR, BREM (GLB) & L7, mEEREA
(HDL) M A% FEJg 5 1 (LDL) 7 & Jo i 828 1k ,
M3 RV 1 (TP) B 45 F IR 2 7 i B T [ 34
(F 3, B 4); mMAEMBEAN GLB & st IR

g O o A% 1 C
58 ¥ ez AR EE Y2 4 D
2 40 - D F A A G
£ 35t Em AU Y2 4 H
il
413 30 +
T g 251
Hg_“s 20 t
g D
g 10+

S 5t

0

protein
3 MEREASENNE
LEEH: 2. AEA; 3. BREH

Fig. 3 Determination of serum protein content

1. TP; 2. ALB; 3. GLB
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[ (= SR S N
e EMHE Y2 41 D
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1% W AEZE 5 &/ (mmol/L)
the content of lipid in serum
S = N W kA W AN

4 MFEAREESEHNE
LHM=H8s, 2 HEEE, 3. s EEEA, 4 KREEREEA
Fig. 4 Determination of serum lipid content
1. TG, 2. CHO, 3. HDL, 4. LDL

RIHE R T, FEE AN AR SERE
F M (A/G) BRI, H AR 4 Y2 21 b
AR A/G & (85); SR FZEZha T Y2 4
HHEALEN SRS Ad RS8R, U
Y2 B ikt & AU o R i s s R SR
BN, AEEAMRaA T, Y2 A S
1EM TP, ALB J GLB & THAS FIx igd,
TG. CHO 58/, @AM XA TE Y2 i
W E R 10 o HDL . LDL Y00 B 35 (14 3,
K 4),

SR I 2 A LT AR AU 4
T B MDA SRR BT, Ui & A
18 S ECE R 851007 T MDA B E RN Hoh &
U0 20 B % BE 4] MDA B9 i 2, BRBAfE

,_.
—
1
HH

H

o
2
——
H

MiEH A/G
ratio of serum albumin to globulin
=)
o
HH

45
groups
5 MEFAERSKERALE A/G)
1.C#4, 2.D#H, 3.G4H, 4 HH; TH
Fig. 5 Ratio of albumin to globulin
in serum
1. group C; 2. group D; 3. group G; 4. group H; the same below
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AT Y2 BTEBLR, 20 6552 21 & AU s
HARP MDA 2 i vEsan, H3E g (59.21%)
B i T A Y2 IR (20.30%), Ui Y2
PR PR B4 00 T A AT R AR AV 22 W 3 3 1 > T
B3 1077 N MDA & &b AMEAURR Y24 5
TG Y2 TSI - 0 T e e g R, R DL v
TieH LA AN, AW Y2 f5HIE N MDA &
EAMIE T AR Y2 X R . (D 6)

r sk
24 ¢ I

1.7 A MDA 5 F/(mmol/L)
the content of MDA in serum
=

415

groups
6 [I;5M MDA 2 EME;
#RIR P<0.01
Fig. 6 Determination of MDA in serum;

** represents P<0.01

AR E 2H E N 2 R T AR
RMEAH, UL EME BT R SR
MR RS TR, Hoh AST I ALT ¥R 80 Y2
ZHIEINIE FE (88.85% . 96.12%) % T HAH I 2% (4 %f
HEZ (91.80% ., 104.63%), ik FR A a4 53k
A A Y2 BN I AR R E R (AST) &

A (ALT) [ BT HARR 2 X IR
(F7)

25 FRAPETHEEHESEABRXERRIE
BHONE

HT, BOMIAT A A FEIEE NH; &6
FRBE 38 F2 RN 8 B S A 20k AHILAAR, i il 075
IR, BRI AR, KINEMEE R
SRS EA T ETE, MEANIRAS, 5
RGBT, K. PR REIET A",
PR I A S 565 R IR i 5 R i . DR L UL PR B
H LV E 48 A 4R HSP70, Hb-al }2 IGF 3
R, BRIT Y2 X a2 BN A A0 e o T Y
WRE T . MV ARAERE T B K R

X G R E L PR R B A1 8L
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Co AR E e A4l C
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1L 375 A % S M 1E/(U/L)
the activity of transamimase in serum
D
o

2F i 2 iy
two kinds of aminotransferases
7 MBS REEEANE
1. BEELER, 2. BNEER

Fig. 7 Determination of serum aminotransferase activity

1. AST, 2. ALT
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4 NHGI RN Y2 4R R T2 (X R
M, HIFMERALRAL 257 B E (P<0.05), Hrh
FEFIE rh 3235 1 22 S a5 o 3 (8 8).

XP SR . EE . WLIA A ERZH 2L Hb-
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Fig. 8 Determination of relative expression of HSP70 mRNA in different tissues

(a) intestine, (b) liver, (c) muscle, (d) gill; the same below
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o BT 2 6 FLE I XS ER (Litopenaeus van-
namei) *, J& B % 3F i (Oreochromis niloticus)™
it (Pelteobagrus fulvidraco)™ 25 K&K F=H4:4)
PR R R BT AR IR AT I R OK
PR B #5 AR R A 2 —, AR IR KA
WO IR T B 5 T A ARG AR R B e AR
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AR SCHRAET ARV KA R [RIEHE G A (Photo-
synthetic bacteria) FIAK G ZEHIFTF I, A BUKAEFIE
TR AR AL . AL I R IR R RN B R B 4 AL
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Fig. 9 Determination of relative expression of Hb-a1 mRNA in different tissues
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Fig. 10 Determination of relative expression of IGF mRNA in different tissues
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I8 i A A e X H AR K i 0 RIAE

IR S AR N I T SR R 2 7 A A S 2 0
PEEUR, XU P AU AR I F S O T AL A RS
ST RAEA Y AL T R A 0 B2 A N
NG, RPN AT, Kt A B TR
TR, A 5L 40 A R b ik R A,
S0 M AR R AP0 LR P BT R A

https://www.china-fishery.cn

£34% SOD A1 POD 4, H: CATJ& T POD,E ]
WA E S R IR N S 2 0 A ik, AR A
H AR S R B A i 450, T ACP Fil AKP 1]
W E S () RS, 55 -E
FEYR AT . Wk, B AR, B AR T
YR E B AR R, 2 MEEER S ARk
M RBEAH G . ARSI AW a )51 G H 414
KWHE T ENART R C. DA, WA ARG
2 S HCE W& 810055 o CAT 1 POD & & F+ i,
HR Y2 B RRAUAHER T4 A 1028 [0 IR 7R 32
FZEAMa)E, i CAT & POD % M2 1Y
W G A U J e Y R I AKP &
ACP g E M, HaE A AR /A bia
AT Y2 Al T Has IRl BRE A
18 Y2 2 AKP BEARFHXH R . AP0 5 1 il
TR SR e e B B AR fE & /A 30d
Je BFREH ACP B2 AKP fiff 175 e 35 1 1 75 B 462

HE K25 2: 3276 sponsored by China Society of Fisheries


https://www.china-fishery.cn

538 HeA A, S AR BEOU R RO T A T AR R e R SRR LA A AR AT DGR 3 S 865

R &AM E 5 7 BE AR KR (Babylonia areolata) 14
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Effects of Bacillus subtilis on nonspecific immune enzyme activity,
blood biochemical indexes and related gene expression of
Cynoglossus semilaevis under ammonia nitrogen stress

ZHANG Jingjing, ZUO Zhihan’, ZHANG Xiaoyue, LI Wenyue, SUN Jinsheng "
(Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Science, Tianjin Normal University, Tianjin 300387, China)

Abstract: To investigate whether probiotics can regulate nonspecific immune enzyme activities, blood biochem-
ical indexes and expression of related genes of Cynoglossus semilaevis under ammonia nitrogen stress, Bacillus
subtilis Y2 as a probiotic was fed to C. semilaevis, and then ammonia nitrogen stress was applied to C. semilaevis.
During the stress, Y2 was continuously fed and the related indexes were monitored. The results of macroscopical
growth indexes showed that the body weight and length of the C. semilaevis in the ammonia nitrogen stress groups
were lower than those of the non-ammonia nitrogen stress groups, and the figures for the Y2 groups were higher
than those of the blank groups both with and without ammonia nitrogen stress. The results of immune enzyme
assays showed that the activities of catalase (CAT), acid phosphatase (ACP), peroxidase (POD) and alkaline phos-
phatase (AKP) of C. semilaevis were increased after ammonia nitrogen stress; the activities of ACP, CAT and POD
in the two groups fed with Y2 strain with and without ammonia nitrogen stress were higher than those in the con-
trol groups. The results of blood biochemical indexes showed that the contents of albumin (ALB) and globulin
(GLB) in serum of C. semilaevis in the non-ammonia nitrogen stress Y2 group were slightly higher than those in
the control group, the albumin/globulin ratio (A/G) was higher, and the contents of triglyceride (TG) and choles-
terol (CHO) had little difference; under ammonia nitrogen stress, the contents of ALB and CHO in the serum of C.
semilaevis in the control group was decreased, the content of GLB was slightly increased, the total protein (TP)
and total fat in serum were decreased, and the A/G was decreased. However, Y2 could increase the content of
ALB, TG and CHO, under the condition of ammonia nitrogen stress resulting in the increase of the A/G. At the
same time, the content of malondialdehyde (MDA), aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) in serum was significantly increased under ammonia nitrogen stress. Y2 could reduce the content of
MDA, AST and ALT both with and without ammonia nitrogen stress. The results of the related gene expression
showed that the expression levels of heat shock protein gene (HSP70) and hemoglobin o 1 gene (HB-al) in intest-
ine, liver, muscle and gill of C. semilaevis were increased under ammonia nitrogen stress, and the expression of
HSP70 in Y2 group was higher than that in control group, with the increase most obvious in liver tissue. On the
contrary, Hb-alexpression in Y2 group decreased, especially in liver and muscle tissue. In addition, the expres-
sion of growth factor gene (/GF) in intestine, liver, muscle and gill of C. semilaevis was decreased under ammonia
nitrogen stress, but the expression of /GF in both Y2 groups was higher than that in control groups both with and
without ammonia nitrogen stress. In conclusion, Y2 can alleviate the effects of ammonia nitrogen stress on the
immune ability, blood biochemical indexs, oxygen transport, stress ability and growth of C. semilaevis, reducing
the negative effects of ammonia stress on C. semilaevis. It has a good prospect for application in the aquaculture
industry.
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