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( , 2020) (
20 70 , 2019) ,
( ,2019) , «“ 1
, s 3 (10 16 22 °C)
( , 1990; Yu et al, 2006; 5 ( 0 8 16 24
Dong, 2015; Xin ef al, 2015; Han et al, 2016) 32), 21 d ,
(Giffard-Mena et al, 2006; Con et al,
2017)
, nka agqp3 1
Nka 1.1
B « 1 7
(Kiiltz, 2015) Agp3 s
(Cutler et al, 2007) (180 cm*60 cm*50 cm) 14d ,
nka  agp3 (12L : 12D), (16+0.5) °C
, 7.8~
, 10.0 mg/L, pH 7.1~7.5
2% ( ),
, hsp70 (14.16£1.03) cm (40.00+2.36) g
(Yang et al, 1.2
1992) , 3 (10 16 22 °C),
) 5 ( 0 8
(Bakke et al, 2010), 16 24 32) 10 °C Ai~As
;16 °C B|~Bs ;22°C
gh-igf-1 , C~Cs 16 °C 0 ,
gh  ighl , () 1°C 2 :
( , 2010; , S 1d 21d
2012; ,2017) > 1
) ) 8
; ( , ,
(Thorarensen et al, 1996; ,2018) ) , (AZ-8371)
F1 LHIRITR
Tab.1 The experimental design
10 °C 16 °C 22 °C
A, A, As Ay As B, B, B; B4 Bs C, C, Cs Cy Cs
/d 6 6 6 6 6 0 0 0 0 0 6 6 6 6 6
/d 0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
/°C 10 10 10 10 10 16 16 16 16 16 22 22 22 22 22
0 8 16 24 32 0 8 16 24 32 0 8 16 24 32
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s (Two-Way ANOVA),
+0.2 °C , Duncan
(P<0.05) +
(Mean+SD) R P<0.05
1.3 GraphPad Prism 5.0 (San Diego, CA, USA)
1 d, MS-222
HC-C, 0.01 ) st ga
( & %2 PCR 3IMELEEFTI
6 Tab.2 The nucleotide sequences of PCR primers
RNA , (5'~3")
( ), gh F: TTGACGGTACCCTGTTGCCT M22731.1
, -80 °C R: TTGTCGACTGGGCTCACGAT
, igf-1 F: TATGGCCCCAGTTCACGG M95183.1
1.4 R: GCTGCCTTGCCAGACTTGAC
(AMS) (LPS) hsp70 F: GGGGACGCAGCCAAGAAC BT073047.1
R: GGGCCGTGTCGAGTCGTT
aqp3 F: GGGTTCAGGTGGCCTCCT GBTD01029024.1
R: GTTTGGCTGTGGTGCGGT
nka F: CTGAGAGGATTCTGGACCGC AY319390.1
L5 R: GGTCATCAGGGAGCTGGAAA
; Simply P RNA B-actin F: CTACCTGATGAAGATCCTGACGG LOC100136352
(BioFlux, , ) RNA R: CAGCTTCTCCTTGATGTCTCGTA
260 280 nm . gh: (growth hormone); igf-1:
RNA 1% RNA (insulin-like growth factor); Asp70: 70 (heat shock protein
. . 70); nka: -  ATP  (Na'/K'-ATPase); agp3: 3
PrimeScript RT (TaKaRa, , (Aquaporin 3)
) cDNA Roche ( ) FastStart
Universal SYBR® Green Master Mix (ROX) )
PCR qPCR 10.0 uL, PCR
[13 b2l
£ 95 °C 10 min, 95 °C 15 s, 40 60ec 21 1
30 s p-actin CFX96
C1000 TOUCH (BIO-RAD, ) Ct FCE WGR
-AACt SGR 3 3 ,10°C
’ ’ 5 FCE WGR  SGR
L6 ;A FCE B ( ) )
) , . FCE WGR SGR B (
FCE (feed conversion efficiency)
. . ) 16 °C FCE WGR
WGR (weight gain rate) SGR
. SGR ; B, FCE WGR
(specific growth rate) :
SGR Bl ( )»
FCE(%)=(W~W,)/C,,x100% , (1) .
WGR(%)=(W—Wo)/ Wyx100% , ) By ( ) 22°C
SGR(%/d)=(InW ~InW;)/tx100% , 3) FCE WGR SGR ,
s Wo W, Bi ( ) ) ,
(8); Cu (8); ¢ 32
(d) , 16 °C 1 , 10 °C
SPSS 25.0  (SPSS Inc, Chicago, 3 , 22 °C
4 FCE

USA) ,

E
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WGR  SGR 4 25% 45% 49%;
4 , FCE WGR SGR B, 8%,
(P<0.05) 12% 24%
H3 AT % ELAE A RAT B A EO 3% 22°C -,
Tab.3 Effect of temperature-salinity interaction on growth ,
performance of rainbow trout 18% 32% 42% 51%  63%:
1% 1% 1% 1% 10% 16%
Ay 13.03£0.34% 74.02+£4.50%* 2.64+0.12%*  100.0 19% 34% 47% , ,
A, 12.66+0.63%° 69.74+4.26% 2.52+0.12%°  100.0
10°C Ay 11.04£0.35% 57.69+2.43% 2.17+0.07°°  100.0 ,16°C 10 22°C
Ay 10.02+0.42%¢ 48.66+3.17%¢ 1.89+0.10%"  100.0 (P<0.05)
As  7.64x0.26% 32.84+1.04% 1.35+0.04%  87.5 5
B, 13.05£0.31%° 77.44+4.05* 2.73£0.11*>  100.0 5
B, 13.97+0.20* 88.16+3.67*" 3.01+0.09**  100.0 ’
16°C By  12.18+0.32"¢ 72.05+2.23"¢ 2.58+0.06"°  100.0
B, 11.68+0.27* 62.31+3.01* 2.31+0.09**  100.0 (P<0.05)
Bs  9.89+40.39% 48.05:2.40% 1.87£0.08* 958 2.3 “ 7
Ci 12.32+0.43%" 68.15+3.44" 2.47+0.10°  100.0
C,  11.37+0.60° 60.76+3.79" 2.26+0.11<°  100.0 gh 2a, ,10°C
22°C  C;  9.84+0.68° 49.39£4.52°° 1.91+0.14°°  100.0 gh s
C,  83920.76%Y 38.67+4.47° 1.56+0.15°*  100.0 6% 10% 18% 22% 31%
Cs  5.12£0.30° 21.44+1.33C° 0.92+0.05° 833 (P<0.05); 16 °C , gh
, Ba B;
(P<0.05), 005, 79%  47%. B,
(P>0.05), Bs 16% (P<0.05);
=4 ;‘Efﬁ%ﬂ?ﬂiE&E?&EJ’EFHiﬁﬂ@ﬁiﬁ'l&ﬁ%%ﬁﬂﬁﬂﬂﬂ 29 oC gh ’
BAEAENTPE ’
Tab.4 Two-factor ANOVA P values for the effects of 5% 7% 13% 19%
e o o " 28% (P00 i »
1% 1% 1% , igfl gh
0.000 0.000 0.000 ,10°C , igf~l ;
0.000 0.000 0.000 1% 1% 8% 29%
x 0.000 0.003 0.000 49% (P<0.05); 16 °C  , igf-1
, Ba Bs;
2.2 «“ 1 48% 21%, By
(P>0.05), Bs 16%
(P<0.05); 22 °C , igf-1
1 1 ,10°C , 1% 3% 7%
, 19% 27% (P<0.05) hsp70 2¢
, hsp70 ,
15% 16% 29% 53% 75% (P<0.05); 10 °C hsp70
12% 21% 30% 39% 25% 98% 132% 218% 494% (P<0.05); 16 °C
46% (P<0.05) 16°C B, B; (P>0.05),
) B, 73%  129%;
23%, 22°C 68%
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Tab.5 Two-factor ANOVA P values for the effects of
temperature, salinity, and their interaction on the intestinal
digestive enzyme activities of rainbow trout

0.000 0.000

0.000 0.000

x 0.000 0.000

128% 118% 246% 301% (P<0.05) aqp3
2d s aqp3
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@ 20 %*— b 201
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24
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Effect of temperature- salinity interaction on intestinal digestive enzyme activity of rainbow trout

(P<0.05),
(P<0.05)
(P>0.05),
9% 17% 25% 40% (P<0.05); 16 °C ,
B, (P>0.05),
10% 22%  33% (P<0.05);
2°C , CI (P>0.05),
6% 15% 25%
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nka
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Fig.2 Effect of temperature-salinity interaction on gh, igf-1, hsp70, aqp3, and nka gene expression in gill tissue of rainbow trout
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z6 EEMBERHEZEIERUHEERERS gh. (P>0.05),
igf-1. hsp70. aqp3 F1 nka ZMHWNEZHH P E 0 0 0 0 ) 0
Tab.6 Two-way ANOVA P values for the effects of 8% 14% 19%  25% (P<0.05); 16 °C
temperature, salinity and their interaction on gh, igf-1, hsp70, gh , B,
in oill ti £ rai
agp3, and nka in gill tissue of rainbow trout B, 77%  16% (P<0.05),
2%  11% (P<0.05);
gh igf-1 hsp70 aqp3 nka
22 °C , gh >
0.000 0.000 0.000 0.007 0.000 . . . .
0.000 0.000 0.000 0.000 0.000 10% 10% 19% 24%
X 0.000 0.000 0.000 0.036 0.000 31% (P<O'05) IGF 3b,10°C
» igfl .
(P>0.05), A, (P>0.05),
56% 155% 310% (P<0.05); 22 °C , C 7% 11% 18% 24%
(P>0.05), (P<0.05); 16 °C , igf-1
9% 83% 198%  365% (P<0.05) , B B;
s , 16 °C 10 °C 92% 7% (P<0.05),
22°C gh igfl (P<0.05) 7%  13% (P<0.05); 22 °C , igf-1
hsp70 (P<0.05) agp3 ( 16 ;
32 ) (P>0.05) nka ( 0 9% 6% 19% 23%  30%(P<0.05)
) (P<0.05) hsp70 3c, R
gh igf-l hsp70 agp3  nka hsp70 ; 10 °C
6 6 R hsp70 31% 29%
gh igf-l hsp70 agqp3  nka 97% 159% 205% (P<0.05); 16 °C B,
(P<0.05) (P>0.05),
gh 3a, 10 °C |, gh 34% 93% 124%; 22 °C
R A, 76% 71% 180% 217%
a 5
-0 -0 4 -0
0 8 =8 i 8
P =16 =16 i 3 =16
1 24 24 24
= =32 =32 22 =32
* 2
0-0 10 16 22 0.0 10 16 22 0 10 16 22
SKERE/C SHEDRE/C
d
151
8
] =0 =0
K 6 8 ¥ =28
™ -16 I - 16
= 24 B 24
@ =32 & =32
2
0 10 16 22
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Fig.3 Effects of temperature and salinity on gh, igf-1, hsp70, agp3,and nka gene expression in intestinal tissue of rainbow trout

ra. gh;b.igf-1; c. hsp70; d. agp3; e. nka +
(P<0.05),

16 °C 0 *

(P<0.05)

(n=3),
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285% (P<0.05) aqp3 3d, ,
agp3 , (2013) (Paralichthy
10 °C , solivaceus) , 7
4% 45% 304% 316% 497% , 2d ;
(P<0.05); 16 °C , 14 4d
36% 176% 273%  418% (2020)
(P<0.05); 22 °C , ,
5% 60% 257% 291% 5 ,
778% (P<0.05) nka 3e, 2
S nka > 2
,10°C R > >
6% 135% 469% 595%  606% 32 ;
(P<0.05); 16 °C , ,
61% 354% 597% 719%
(P<0.05); 22 °C , ,
18% 84% 350% 560% >
700% (P<0.05) ’ 16 °C (Buckel et al, 1995; ,2018; ,2019;
10°C  22°C oh  igfl »2020b) ’
(P<0.05) hsp70 (P<0.05) 12, (38) (Mylonas et al,
gh igf~1 hsp70 2009) ’
agp3  nka 7 ’ ’
7 , gh igf-1 ’
hsp70 agp3  nka (Martinez-Cardena et al, 2014; Goda et al, 2019;
Haider et al, 2021) ,
(P<0.05)
FCE WGR SGR (P<0.05)
x7 BEMBEREZTE/EMAMIIEAELI S gh. 16 °C 8 FCE WGR
igf-1. hsp70. aqp3 1 nka ZMERNEZFZEZSH PE SGR B, ’

Tab.7 Two-way ANOVA P values of the effects of temperature,
salinity, and their interactions on gh, igf-1, hsp70, agp3, and
nka in rainbow trout intestinal tissues

gh igf-1 hsp70 aqp3 nka

0.000 0.000 0.000 0.000 0.039
0.000 0.000 0.000 0.000 0.000
x 0.000 0.000 0.000 0.000 0.000

(Galbreath et al, 2004; )
2019) 1°C

, (Dicentrarchus labrax) (Bernardino et al,

2016) (Acanthopagrus latus) (Lates
calcarifer) (Mozanzadeh et al, 2021)
(Gadus morhua) (Arnason et al, 2013)
( ,2018) ,
(2015)

(Siganus guttatus)

(2004)
pH (Sparus macrocephalus)

>
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gh  igf-1
, 10°C 22°C ,
,10°C  22°C gh igf-l
; 16 °C
gh  igf-1
(2021)
, s 70 (Heat Shock Protein, hsp70)
, 5 ) 70, HSPs ,
16 °C 8 ( )
) , hsp70
, ( (Bakke et al, 2010) ,
,2015; ,2020; ,2020a) hsp70
hsp70 22 °C , 10 °C ,
s 16 °C hsp70
12~18 °C, )
( , 2017, , 2019; ,
,2021) ,
> , ; hsp70
(Volkoff et al, 2020) ) )
pH ;
, (Liu et al, ( , 2005; ,2019)
2017; Mozanzadeh et al, 2021) s )
, (Alosa sapidissima) ( , 2015)
(Epinephelus coioides) (Sakamoto et al, 1993) ,
aqp3 ,
(Growth Hormone, gh) , agp3
(Insulin-like Growth Factor, igf) Tipsmark  (2010) (Salmo salar)
( , 2004; R aqp3
,2008) Cutler (2002) Giffard-Mena (2007)
s , (Anguilla anguilla)
, gh igf-1 ,
16 °C aqp3
, 8 , agp3
(P<0.05), (Cutler
Madsen (1992) (Salmo trutta) et al, 2000)
. gh ; agp3
(2015) , ,
(Pseudosciaena crocea) gh  igf-1 aqp3

R Choi (2013) (Oncorhynchus
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nerka) , aqp3 1. ,26(1): 98-101.
s R s , 2020.
’ ’ 0], . 47(4):
aqp3 ) 181-185.
(Martinez et al, 2005), R , 2004. IGF-1
agp3 0. , 23(5): 37-40.
s R s , 2019.
’ ’ [I]. , 49(3):
nka 63-71.
Tang (2012) > , , 2018,
L . 7. ,
(Anguilla japonica) nka Chourasia 48(11): 33-41,
(2018) (Oreochromis mossambicus) . i . .2015.
nka nka . , 37(5): 442-448.
, , 2010. 1.
’ ’ , 23(2): 56-63.
> s , 2010.
(Zhang et al, 7.
2019; Saghafiankho ef al, 2020) - 40(2): 149-158.
, , ., ,2015. oh igfl
aqp3 nka , aqp3 hsp90  pparp 1. (
nka ), 28(4): 1-6.
> s , , 2020a.
[J1. (
4 ), 46(4): 466-471.
s s , , 2020b.
, ATP .
« B , 44(3): 562-569.
, R s , 2021.
,16°C -, 8 []. , 51(6):
s 26-33.
s R s , 2019.
’ 0.
) g , 49(3): 119-128.
, s s s , 2019.
hsps [J1.
,49(3): 129-137.
’ ’ , 1990.
, 1. , 9(4): 22-26.
, 2018. [1].
(3): 27-28.
R s , 2015.
[J1. ,
39(4): 653-660.
, , . ,2019. , 2017.
i  (Oryziasmelastigma) [J1. [J]. : : 6-7.
, 50(2): 378-387. , , , , 2018. pH
, , 2017. 1. , 42(3): 578-583.
[]. ,30(3): 1-6. , ,2012. GH/IGF-1
R R s , 2020. [J]. , 42(S1): 102-106.
1. , , , , o, 2021
50(7): 37-43. [J]. , 28(1):
, 2015. 57-65.
[D]. : : 40-46. s N s , 2019.
, , ., ,2005. HSP70 []. , 49(3): 57-62.
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EFFECTS OF TEMPERATURE AND SALINITY ON GROWTH, INTESTINAL
DIGESTIVE ENZYME ACTIVITY, AND GENE EXPRESSION IN TISSUES OF
RAINBOW TROUT (ONCORHYNCHUS MYKISS)

JIKai"?, HUANG Tian-Qing', GU Wei', LIU En-Hui', WANG Gao-Chao', WANG Bing-Qian’,
GUO Fu-Yuan®’, CAO Xue-Bin’, ZHENG Long-Hua’, DONG Fu-Lin’>, XU Ge-Feng'

(1. Key Laboratory of Freshwater Aquatic Biotechnology and Breeding, Ministry of Agriculture and Rural Affairs, Heilongjiang
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China; 2. College of Fisheries and Life, Shanghai
Ocean University, Shanghai 201306, China; 3. Yantai Jinghai Marine Fishery Co. Ltd., Yantai 264006, China)

Abstract Temperature and salinity are key factors on the growth and development of rainbow trout Oncorhynchus
mykiss. To understand the effects of temperature, salinity, and their interaction, we conducted a 21-day experimental study
in which combinations of temperatures (10, 16 and 22 °C) and salinities (0, 8, 16, 24, 32) were tested. The salinity groups
at 10 °C are denoted as A;~Ajs (1~5 represent the five salinity levels, respectively), 16 °C as B;~Bs, and 22 °C as C,~Cs.
The 16 °C and 0 salinity group (B;) was used as the freshwater control group. At the end of the experiments, effects of
different temperatures and salinities on rainbow trout growth, intestinal digestive enzyme activity, expression of
growth-related genes (growth hormone, g/ and insulin-like growth factor-1, igf-1), stress-related genes (heat shock protein,
hsp70), and osmolarity-regulated genes (Aquaporin3, agp3 and Na'/K'-ATPase, nka) were recorded and analyzed
statistically. Results show that the feed conversion rate (FCE), weight gain rate (WGR), and specific growth rate (SGR)
were significantly higher in B, (16 °C, salinity 8) group compared to B, (freshwater control). Amylase and lipase activities
in the intestine were significantly higher in B, group than B,’s by 23% and 8%, respectively (£<0.05). The other groups
showed a decrease in the abovementioned indices compared to the control group. In addition, the expressions of g/ and
igf-1 in gill and intestinal tissues were significantly up-regulated (P<0.05) in the B, and B; groups. In contrast, compared
to the control, the expressions of gh and igf-1 in the rest of the groups were significantly down-regulated (P<0.05); those of
hsp70 in B, and B; groups in gill tissues and B, group in intestinal tissues showed no significant difference (P>0.05); and
those of Asp70 in the other groups was significantly up-regulated (P<0.05). Under different temperature conditions, the
expression of agp3 in gill tissues was down-regulated with increasing salinity, while it was up-regulated in intestinal
tissues; the expression of nka in both tissues was up-regulated with increasing salinity. Rainbow trout of B, group (16 °C,
salinity 8) grew the best. Therefore, under a suitable temperature, a certain increase of salinity shall be beneficial to the
growth and development of rainbow trout. This study provided basic information for improvement in the domestication and
culture of rainbow trout in seawater.

Key words rainbow trout (Oncorhynchus mykiss); temperature; salinity; growth; digestive enzyme activity;

gene expression



