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LR ET 3R E (25, 19 13°C), 4 AFURF A1) 2 (0v 6. 24 1 96 h) T A M2
W MBATEMEM AN XS, BRI, SHRAML, MAEREZRKEERE
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B, AR B A T 2R A ) AL (T-SOD).
i A AL S (CAT) A4 e H IR S Ak P (GSH-
Px) MG PERS N, T (MDA) & i34, SOD.
CAT #1 GSH-Px ) mRNA %5 A #2559, i
Gh, ARG PEAYE N, SOD A1 GSH-Px {i 143
i, DIAMEE G CAT BYTHAENY, X SLH# 3R DGR
JofpaE 27 AR AR N, I BRI P RASOS — B O
FrPE R PR B R SO o AR P (R 25175 S
MO TR R0, A TR —Fh Ay B E5E
T2, ATLARBRANTE B 50 nY 4, D445 iy
R E o /DB (Mus musculus) 1)1 5 {4 rh
TP uE U 28 S A o, Hi g
ot 2 IR 1Y K 4 2 B AR [ /K i Tl (caspase) 2% T
BCL2-Associated X 19 £ 1 i (BCL2-Associated X,
Bax). Btk 405 -2 FE A (Bel-2) Ml ps3 R #
S YA T AR

W B R R R RS RS, REAWIE
e FEREE, ORIV E s . B Y TR
At . By bk AR E A DI ReY . M iE U E )
R R -1 AL LS5 R, JOF R 6
SRR S AR, PR
Ji 30 36 sk e L DA R A R 2 RE M RN E B )
JEE Tk B IR i H . Blan, BRI IE
AR 2, DORBIEE T IE R BEIEH 55
RERE AT R AT H Ay, B0 38 2 ) HORS 208 i 2
MR A&, AR VA IR a8 i HEHT T T
T A 454G 2 O ZE AN,

AHEFE H BIFE TR0 IR 38 X5 s 2R Ty fif
Ji7p T8 S AR L A L T R U T A R W 2
Mel, DA K T fU A 0 20 B 8 AR 5 4R A TR 24
ML T AR DG, DA Sk B 80 AR Ty B e B 57 B
RIS At 2%

1 MRS

1.1 IR

5 280 2R J7 B P VL A A e A A PR w2
o AR IERX L AT T 14 d, SRR R
TRk IR A BR A w8, BT 42.0% .
17 8.0%. Ca0.35%~0.50%. P 1.2%. NaCl 0.3%~
2.5%) B R 2, HEIERX LR APERT 24 ho ¥
270 KSR T igfa [ R (13.00+1.55) cm, {4
T (25.00+1.85) g] FEHLEE R 3] 9 M A= )i v 16
K FR BRI (BC A 2 SR AT g, ARBD
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80L, WA 2 L/min), HAKEH T 30 R, H
AT IR 9 (25.0£0.5) °C, EhEZ N 3, %
fitt . >7 mg/L, SGJE AN 12 W12 h, pHIH K
7.0£0.5, h B AZ 8372 £h 3 (i kRl %
WA BRA T #EA T, W A S AR
THe Al ] 8631 AZ IP67 4 7K 75 (i kPl 45 it
A BRAA Al Wi

1.2 SRR AR AR AL IR

s AR i 1) B i T O 23~32 °C, R
16 19 °C HFHA R I, 13 °C H 30 405 Fni 1 42
ATESC R o AR PORAEAE TR AEAE L, Bk, 2 BT
WIOFSE Y, BT T — IR R R R XA 2 S (R
BE: 25, 19 F1 13 °C, Bf[E]: 0. 6. 24 Fl1 96 h),
Horp 13 #1019 °C VRS2 g ab B EE , BN Ab 3
523 W AR, KR 0.85 °C/h [EEFE M 25 °C
3SR RER] 19 F113 °C, LBy £ 44 P et i e ok [
AR S BRSO, Her 19 °C ZRFRAAE 13 °C
AL FRZH R 25 °C BEF 19 °C J5 A B R, DAPRIE
13, 19 1 25 °C () 0 h £E [f] — i &) JE A7 BUEE
ASREERYLY 9 A 3 AT HE IR K FRFE K A8
Bl AL (BEASFAT 3 ), FH MS-222 (10 mg/L)
IR, ST BISCEE s SUR Oy tili B i vh B L 2L, SR A
FHTIA 1) 0.86% A& 3 AR 7K Wik 2 Yk R BRI, Uk
LGS0 °C, HT /T35 . ik dht
A 3 R, T 4% MEZ R EERE T,
T R HES . AR T mE et iE K2
LU Sh 1 B 51 2 L UE (SYXK2015-0028), 5E
0 o P T AR N D™ R ST R T K 2R 5L G B
PR , T B g 5t 3 R 2 S 6 3 4 46 28
72 3 S B o B AT
1.3 SHNHEEMNE

WA LRI 1 2 9 (B ARF L) 764 HER K
A%, 4°C. 2500 t/min B0 10 min, B ETE
W, EERLFFE-20 °C, T-SOD, CAT. GSH-Px
95 P DL K MDA 19 £ 0 FH RS Ml a0 & (Rl o 2
Y TR AT, A1 B L ok i
{di | Bradford A5 1= 2,
1.4 FAIERLAFRIBNE

R4 Al-Bairuty 55 38 (14 7 2 647 i B
AR IS, BI 4% Z R F I 24 h 5 HARTH
WeBE ) LB (75%. 85%. 90%. 95% F1 99.5%) fit
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Ko BRIGHG AR B S IR AE A I b o KA
BT pm JEEEE, TR ANE - (HE) e fa . &
14 1di B Nikon Eclipse E100 i % %% #l NIKON DS
U3 % & i 35458 . {3 ] Pan noramic Viewer {4
(3DHISTECH Ltd., &) F) ik 1%

15 HARATHEXEERRENE

it 11T 3 0 B RNA e 42 Hitisl 5 (BioTeke,
rh ) $2 RS RNA, f# A HiScript® Reverse Tran-
scriptase (Vazyme, 3¢ [E) B 21k i) RNA 3 75 5
cDNA, $RJ5 7 B A7 7E—20 °C LI #EAT J5 22 52 i
FE 7 PCR (qQRT-PCR), | %2 40 il 4 7= #H 5& &
(caspase-3 . caspase-7. caspase-9, Bcl-2, Bax Fl
p53) NIRRT . B - actin FAYEXTIEIEH Y, fA~5K
W 3K, AR AR RIB K H 27 Ty
T . T qRT-PCR 5 WL 1,

&1 5970%
Tab.1 List of primers used in this study
EIEZ BN Gk 2]
primers name primer sequences (5'-3")
caspase-3-F GACAACAGTCGGGTTCGTCT
caspase-3-R CCGAGGCTCGAGAACACTTT

caspase-T7-F AGGGATGAATGTACGCAACGG

caspase-T-R TTAGCAGGATGCAGGCGAAAC
caspase-9-F ACTTTGGTTGAGTTACTTCAGGATG

caspase-9-R ACTGGGATGACAGGTGCTTTA

Bcl-2-F ACTTGTGCTTTCAGTGACCTG
Bcl-2-R TTGACTCCATCCCTAAATACCT
Bax-F TTTACTTTGCCTGTCGCCTCG
Bax-R CCTTACCCATCCACCCTGCT
p53-F CCTGGGTAATCGGTGGTAA
p53-R ATCTGTGGGAGAATGTGGC
P-actin-F AAGCGTGCGTGACATCAA
p-actin-R TGGGCTAACGGAACCTCT

1.6 16S rRNA —{XNF

HRAE Zheng 250 HAE 1 SL 56 7 vk, R
15 & QIAamp” Fast DNA Stool Mini Kit (Qiagen,
) MIE N AEY) PR EAN T DNA, & DNA ¥
J& FH] NanoDrop 43 %)% % 11 (Thermo Scientific Inc.,
Waltham, J2[E), OD,g/OD,gy HEF N 1.8~2.0, I
It 1% BIR PG vk, DALY DNA SRR
P HIANTE 16S rRNA 1 V3~V4 [X . i F15 |4 338F
(ACTCCTACGGGAGGCAGCA) Fl 806R (GGAC-
TACHVGGGTATTCTAAT) 4" 34 i% X #5 . Phusion

R E K7 2: 2 E /) sponsored by China Society of Fisheries

High-Fidelity PCR Master Mix F13k [ 5l % 7] &
New England Biolabs (Ipswich, 3 [H) i) GC 2% nf
WHT PCR: 95°C2min; 98°C10s, 62°C30s,
68 °C 30's, 27 ME¥H; fxJa 68 °C 10 min, #AJ5
i H Qiagen BEfZ$2HUX 7] £ (Qiagen, Hilden, 7
[) 4lifk PCR /=4,

16S rRNA #4 Tllumina HiSeq™ 2500 ] JF
GENE Denovo (#70) 7 PCR 4" 14 1 3C ik 47
FEF Z R, R0 B 2ead s . PE
e, P iR AL IR, RIOE EAE 3 oT
(OTU), f#i 3T SILVA $04i % (https://www.arb-
silva.de/) i) RDP 7326 2% (2.2 W), i 5tk DL
LI XoF s 0 AR Ty B g 3 R R AR SR MR 5 9 A 7 43
25, EEE BN 0.8 F1 1.0, f# H Krona (2.6 i)
ATAAL RS 3 e 2m o R F B gt Bl . A R
Core Team (2017) 15 3 2 il T % F Jin 4L Uni-
frac ' 2 i 2H 6] alpha 5§ ZCF1 3= AL 45 53 1 (PCoA)
M. fiiH Welch 9 ¢ k25 . Wilcoxon FRAZ K |
Tukey ) HSD K5 . Kruskal-Wallis H 4655 LA K
R "' Adonis Fl Anosim £ 35 # 17 5008 9 e 173 # o

1.7 BIRSHR

S T A 5 MR 249 o8 FH S 349 e o 22 19 T 2
R, FrEBAES I SPSS 22.0 B A TS H T
FIFHJ5 2243 H1 (One-Way ANOVA) #E4T i 3 P46
¥, Mo E 2R (LSD) iR .

2 4

2.1 MENAFE7E HE a5

1E25°C I}, 0. 6. 24 196 h i iE %A H I
Wil . (HAE 13 A1 19 °C B, Jipild & A= W S 462405
AL FEFOIR 0 b K (SG). 4l a3 A (H) . BHIE 2
ik (N). 2 EBER: (B) MO EWi 2 (F), HBEE
T EE B RRAG, BAGINME, 7E 13 °C T HY 24 F1 96 h
IR (FRR).

2.2 RELUAR T SERAE E L RLAIE AR

f£ 25 °C i}, T-SOD. CAT il GSH-Px {4 i
PELL B MDA 1 & it Fifi 5 ) (8] 19 AR Fb I8 7= AR
HRm (B 1), SXPRRAM L, T-SODM I MEAE
19 Fl 13 °C B F 8T, 7E 13°C 24 hik B ix = .
MDA & 7F 13 °C Bt W& T, IFHAE 24 h iK%
. GSH-Px I TEAE 13 °C i & THer, JFH
JFPIAE 19°C 24 h 1 13 °C 96 h ik F R E . CAT )
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°C
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6h

24h

96 h

LS

ElRR {RIE I8 X RE LR 75 8105 18 B M R A RO 22 0

CHERANAE, G AMARIBE, SG. MORANMEIFIK, H. 4ifHE, N RIS, E 8B,

Plate Effects of low temperature stress on the intestinal microstructure of T. fasciatus

C. columnar cells, G. goblet cells, SG. swelling of goblet cells, H. hyperplasia, N. necrosis in the mucosal layer, E. erosion of villi.

WEPEAE 13 °C R ETHE, IFHAF 13°C 24 h iK%
e (K 1),

2.3 ZAAATHAXERRIL

2 5 M T caspase-3 . caspase-7. cas-
pase-9. pS53. Bcl-2 Fll Bax i) mRNA F£iA/K¥-. 7E
XPHRAL (25 °C) 1Y 4 IS BENBEA B EZESR . 5
XtERAIAR L, 19 F1 13 °C Rk it W ETHE, cas-
pase-3. caspase-9. Bcl-2. Bax Fll p53 1£ 13°C 24 h
FREIRE R E, caspase-7T B Fik®m 1E 13 °C
96 h ik (B 2).

2.4 BRHERMEMER

19 TE WA W ¥ B G 2 B A T EE R[] £ 72
i K A ek s . N TRDIR BE TR 0 1B H AR AR Y
TE WA= 0 2H BRI 53 A ] 0 i B A A R,
TR [ TE AR RS R 67 Bl HLB A IR B A
fiX, MAMZFEEE TGS BT
K, ZEFE B 1] (Proteobacteria) A1 & BE I 7]
(Firmicutes) AH % 4= B2 8¢ . B & TR BE A R AIG
JERER 15 $UAF B 1] (Bacteroidetes) 9 He (B B AIG
(1 3)
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25 BEMEVMBKIEFEFETUSSHRE.
4HAE AT 1B)AY Pearson 8K 54

i 3 A= ) R K S B B s () R ) A
etk . SXFRAAHLE, 19 F1 13 °C, & @
W B (Xanthobacter), BIEREJE (Paracoccu), FLFK
W J& (Lactococcus) IS AT 1 J& (Bifidobacterium)
SR E LT BEIE (Clostridium) . < 5l T
J& (Aderomonas) MIEREEMIAT B (Geobacillus) 5
W E TR, R REIEREJE . FLERTA & FSUE AT
BB TE 13°C 96 hik B ik, FLERWRAE 13 °C
24 hiR Bl sy, A M TR R TS A ZE AT T s 7
13°C 24 h ik B AL, W RFIEAE 13°C6h 2+
FER 0 (3 2)o TR MY AL I . AR YE T 55 A
KFEPR R A 1t 5 W 8 AR W) = B2 1) Pearson AHOCHE
W, XU FF R JE A S MDA & 5 0 3 A et
FLERE RIS CAT. MDA Fl caspase3 E. A5 Pear-
son FHOCHE o W ACEIRAT TR AR ER T IR 5 48 10 N
PO 2 LR 1 i A I 5 PRI 4 0 AT Pearson AHOCHE,
AT R AR E 5 MDA & i caspase-
3JCHSEME, MRS T-SOD i £ Fl MDA % i
Jo i E A M (K] 4)
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300 o, ¢ g [CJon 5
B Gh g
4 24 h 7 ',%
= 400 ' 96 h /
2 36 /
oy c = /
e 300 + e 5t /
£ g 7
S L E 41 %
S 200 < /
o A a a 3+t %
o a 22 3 . e =, /
100 | § I %
4 %
0 0 Z
25 19 13 25 19 13
ANTF) b B FE/°C AR AL ¥R IR /°C
different processing temperature different processing temperature
(a) (b)
600 :lg E S - g 2
500 rEzz24n 24h
%\ 96 h = 4 F
S 400 | 2
g 2
S 300 | §3'
2 s,
L 200 t =
2 S
100 t Lt
0 0
25 19 13 25 19 13
ENGILSEN YT AR AL ¥R IR /°C
different processing temperature different processing temperature
() (d)

Bl 1 (RIR BT B SR 75 A7 8 S R AR R
(a) T-SOD, (b) MDA, (c) GSH-Px, (d) CAT: [l /NG F 8 R4 4% 4b B 1A 22 53 1235 (P<0.05), NI K5 5 REARF N 7 R JE 1) 2 57 2 3%

(P<0.05), FIH.

Fig. 1 Effects of low temperature stress on the intestinal oxidative stress of T. fasciatus

(a) T-SOD, (b) MDA, (c) GSH-Px, (d) CAT; different lowercase letters represent significant differences among treatments (P<0.05), and different upper-

case letters indicate significant differences between treatments at different temperatures (P<0.05), the same below.

3 i

3.1 RIEFFEUKRFEEERBIE IR

E Y] a5 o, 505 fxT IR 4141
Lo, Bl TR BRI (R G, Bl & 2 A B
Bidt e, QAR ANAa Ak . AnAEaE A L R
JZIRPE RN GY B B L B HIARR 41 i 32 o A
FEALIE , JE—FhEhR AN, EA R b g
B, AN IR R A, M b R A sz
MAELERFEES, 7 LS 5 EMRAF5Y, WK 0
B AR & A ik, BUFEBEDIRE. BLAh,
o T8 B I 2 R E WSRO VE T, SRBR B Y
K8 A T R, B AE)Z R SRR A i
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I, SR T B e e M R i 1 Y e T e
MY TIRE . CA B R, IR e 4 R
o b B 2 i R s v R B E BAE ™Y, ARSI
WFFEAE AL W, AR 30 23 %5 i 18 Y S f 4t i
FRAERIR, BRI SR

RiR£s175% ROS A i, AL AR,
FECAARN B . Ml &Y ROS &2 ROS WE BR R 48
(R, DAOREE T . A2 DI b R 31,
IR W 38 155 5 FLAR 352 X IR (Litopenaeus vannamei)
JFBEAR G SOD, CAT. MDA Fl GSH-Px 235 4
It X ARG R KA, SX AL, TR
IR S g0 rh A8 AR N O o e, SOD J2 2 il
FH B oA R I kR A B B Ak B
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: :
I# e 7 I o
T g
=< 8 =< 8
ES 4y B
o S 3t s S
2E 2} 25
25 85
g5 | g5
S o 0 )
2 2
= =
e AR AL TR E/°C 2
different processing temperature
(a)

—_
(=]

Bax X RIL G

caspase-2 X KL E
relative quantityof Bax mRNA

relative quantityof caspase-2 mRNA

18
16
14
12
10 +
8t
6
4
2
0

S N A O

AN AL B /°C

different processing temperature

(d)

(a) caspase-3, (b) caspase-1, (c) caspase-9, (d) Bcl-2 , (¢) Bax, (f) p53.

[F) B 48 I IR SR A B g %) A4 B ) A B R AL
A H K (GSH) 2 5 3 E b s, 78 44 P9 P[]
CAT Z 5l AL & 54 H,O Fil Oy, AT FEAIK
AEFR TR EACTREE , PRI AR AR e T
I HARIR A S MDA &7, RIS T8 R
WEAER, PR A A mEE L, ek
L= MDA, 5 SOD A kM4, LI
FH, FEAMRENM R Y, SOD, CAT. MDA
1 GSH-Px I8 # Fh v, {HAEHE K WILIE 96 h B,
S TR I 7 T8 7E A TR N S e A K
ROS, Jif LA75 %8 £ ) SOD 3k W B & Ak W i,
SOD YENFGIR I RGNS —1ERT LR, 6
B AIE S S —FPHCPUIE A B B HLEI P, 5 L]
Af, CAT Fll GSH-Px [ 1 3 5 4 Bl 48 1k R 3 1)
MR, EAbrmZ& =Y MDA th & . BEK
WIIRTE (96 h) N T, fafkSHBEILH, FE
75 ik F 8 A B, HRR BE RRAIR Y, AR SR 2

KU, SXTMAML, LR SOD. CAT,
MDA Fil GSH-Px {fi P4 3% T, 7E 96 h FITREAIG,
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ANIF) b B FE/°C

different processing temperature

ANFI AR E/°C

different processing temperature

caspase-9 FHX KL E
relative equantityof caspase-9 mRNA

A=
O—=N WA UL I ®

AN b B IR FE/°C

different processing temperature

(b) (c)

P53 FHX FRIL &
relative quantityof P53 mRNA
S — N WE Lo

AN AL B /°C

different processing temperature
(e) ®
E 2 {RRBHB XS RES R 75 B 18 4 AR T Y 5200

Fig.2 Effects of low temperature stress on the apoptosis of intestinal cells of T. fasciatus

(B 5 SR J7 SR IRAL T A AR HCIRES
32 RIBFSEYURTS S EMREAT

AL N 5 A O T R % U0 A DG Y AR B
G, AR, RN S5 5 R BUR O BT
U L9 TP % A A R R T A R T A AR
W, Bel-2 S 2RI T B ORI T, BE S0 20
T, XMAER . HERRS A AR 2 50 H 2R,
Il Bax TEARINYS Bel-2 kA R — RAKHIE Wi 7 IR
TR, G EFRIKEY Bax B X BT Bel-2 IS
1M H. Bax/Bel-2 J&— A4 T- 1 FESE, B
Z BB e T A A AR AR TR, B AT
Ik 48 T 2 A AR B 1 36 375 1 A TR 5T AR O TS
MA@ R C MR, WM T AT, A
g, SXTRRAIAH LG, Bax Al Bel-2 A 3K &
W, Bax/Bel-2 WILAE T o HEMI, FOAA A TH
J& Bel-2 FIRAAXS Bax HEAMHI, BEMIE B — 2
R, PECT AR TR, E R SR K
S (Lasiopodomys brandtii) > WLAR M o B9 0 5% LG8
— B, LMY, 4 p53. caspase
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@(33 80
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%S E
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]'= 5
HLE 40|
=ET
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FEA
sample

w FJE 1] Proteobacteria m JELEER ] Firmicutes m FE#N G ] Thermi w fILFF 1] Bacteroidetes m (2 # [ ] Actinomycetota
w BRFFH ] Acidobacteria m 5 4H[#|] Cyanobacteria m £t |"] Chloroflexi m A 432; HoAth unassigned ; other

(e)
B3 RIEMIB XS SUR 75 SRR E o I 4E AR B 2 )
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Fig. 3 Effects of low temperature stress on the intestinal microbial composition of T. fasciatus

(a) principal coordinate analysis (PCoA) of intestinal tissue at 0 h, (b) PCoA of intestinal tissue at 24 h, (c) diversity of gut microbial composition, (d) in
panel e, the ratio between Firmicutes and Bacteroides, different lowercase letters represent significant differences among treatments (P<0.05), and differ-
ent uppercase letters indicate significant differences between treatments at different temperatures (P<0.05), (e) relative abundance at the level of differ-

ent bacterial phyla. hypo stands for low temperature treatment groups, nor for normal temperature, 13, 19 and 25 for treatment temperature (°C), 0 for 0
hour, 24 for 24 hour, 1-3 stand for biological replicates.
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®2 BYRAHMENENRKFENFEE

Tab. 2

Relative abundance of the intestinal microbial genus in T. fasciatus %

gfus 25°C0h 25°C6h 25°C24h25°C96h 19°CO0h 19°C6h 19°C24h19°C96h 13°CO0h 13°C6h 13°C24h13°C96h
HENEE 0.26+0.1* 0.23+0.1° 0.24+0.04* 0.25+0.13" 0.23+0.09" 0.24+0.06" 2.77+0.83" 2.64+0.65" 1.08+0.1a"° 1.13+0.8™ 5.77+0.46° 8.7+0.28"
Xanthobacter
LAY 0.1£0.01°  0.2+0.06° 0.23£0.1° 0.22+0.04° 0.210.03° 0.04=0°" 0£0° 0£0°  0.21x0.1° 0£0° 0£0° 0£0°
Clostridium
ST 0.07£0.03" 0.08+0.01* 0.09+0.04° 0.09+0.01" 0.05+0.02* 0.05£0.01® 0.06£0™  0.03+0°  0.05+0.01* 0.05+0.01* 0.03£0.01° 0.03+0.01
Aeromonas
WEREERFF R 0.05£0™  0.05+0.03° 0.05+0.01% 0.05+£0.01™ 0.03+0.01* 0.02+0%  0.02+0.01* 0.02+£0.01* 0.03£0°  0.01+0°  0.01£0  0.01+0°
Geobacillus
B ER T & 0.01£0°  0.01£0°  0.01x0°  0.01x0°  0.02+0  0.02+0.01% 0.03+0.01 0.040.02"° 0.03£0”  0.04+0.01" 0.04+0.03" 0.05+0.02"
Paracoccus
FERTH R 0+0° 0£0° 0+0° 0+0° 0£0° 0+0°  0.01£0.01°  0+£0°  0.01x0.01* 0.02+0.01° 0.03+0" 0+0°
Lactococcus
RUBAT 0.01£0°  0.01£0°  0.01£0"  0.01£0°  0.02+0"  0.04£0.01°0.04+£0™* 0.02+0°  0.02+0.01"0.02+0*  0.04+0.01° 0.05+0.01°
Bifidobacterium

W RE/NG RS AE B3E % 7(P<0.05).

Notes: Different lowercase letters indicate significant differences (P<0.05).
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Fig. 4 Pearson correlation analysis between intestinal microbes, apoptosis and oxidative stress of T. fasciatus

A positive correlation coefficient indicates a positive correlation, and a negative correlation indicates a negative correlation. *. P<0.05, **. P<0.01.
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MG —2, EIENNE T3 caspase9 . cas-
pase3 . caspaseT F p53 [ %35 Bl & I T R
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Effects of low temperature stress on the oxidative stress, apoptosis and
intestinal microbial composition in intestine of Takifugu fasciatus

FU Dongyong, ZHANG Yiran, CHU Peng, WANG Haozhe, ZHANG Kai,
Bl Yihui, SUNYiru, WANG Tao", YIN Shaowu"

(Jiangsu Province Engineering Research Center for Aquatic, Animals Breeding and Green Efficient Aquacultural Technology,

College of Marine Science and Engineering, Nanjing Normal University, Nanjing 210023, China)

Abstract: In order to explore the effects of low temperature stress on intestinal oxidative stress, apoptosis and
intestinal microbial composition of Takifugu fasciatus, experiments were conducted to measure oxidative stress,
apoptosis and intestinal microbe-related indicators at 3 treatment temperatures (25, 19 and 13 °C) and 4 sampling
time periods (0, 6, 24 and 96 h). Compared with the control group, the results showed that as the temperature
decreased, intestinal villi underwent necrosis, hyperplasia and enlargement of goblet cells, the enzymatic activities
of total superoxide dismutase (T-SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and the content of
malondialdehyde (MDA) increased significantly, while the diversity of gut microbial composition decreased.
Changes in gut microbial abundance, such as Xanthobacter, Paracocuus, Lactococcus, and Bididobacter increased
with decreasing temperature, Clostridium, Aeromonas and Geobacillus decreased with increasing temperature, and
the expression of apoptosis-related genes (caspase3, caspase7, caspase9, p53, Bax, Bcl-2) increased with the
decrease of temperature. In addition, we found that the alterations in the abundance of Paracocuus and Geobacil-
lus had Pearson correlations with intestinal oxidative stress and apoptosis, which may be potential microbes to
reflect whether the 7. fasciatus is in a state of oxidative stress and apoptosis. The results of this study provide refer-
ence for the healthy breeding of T. fasciatus.
Key words: Takifugu fasciatus; low temperature; intestinal microbes; oxidative stress; apoptosis
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