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Abstract

In this study, diploid (2n) and triploid (3n) rainbow trout juveniles with similar body length and
weight, and healthy with no disease or injury were selected as experimental materials. After tem-
porary rearing for 2 weeks at 15°C water temperature, they were transferred directly to the water
with high temperature of 23°C + 0.5°C. The purpose was to investigate the effects of acute temper-
ature stress on the survival rate, SOD, CAT enzyme activity and relative expression of SOD and CAT
genes in juvenile rainbow trout. The results showed that the activity of SOD and CAT in the muscle
and visceral tissues of the diploid and triploid rainbow trout increased firstly and then decreased
during the 48 h high temperature challenging period. The activity of SOD in the muscle tissue of
triploid rainbow trout was significantly higher than other time points at 24 h. (P < 0.05); CAT ac-
tivity in diploid rainbow trout muscle tissue peaked at 24 h (P < 0.05). At other time points of
triploid rainbow trout, the CAT enzyme activity is lower than that at 0 h. In the visceral mass, the
CAT enzyme activity of diploid rainbow trout appeared peak at 12 h (P < 0.05). The triploid rain-
bow trout showed an overall high expression level, and the difference was not significant (P >
0.05). In liver tissue, the SOD1 and CAT exhibited similar expression pattern, but the peak of dip-
loid rainbow trout appeared at 6 h (P < 0.05), and the peak of triploid rainbow trout appeared at
24 h (P < 0.05). In terms of the relative expression of SOD2, the diploid rainbow trout was consis-
tent with the triploid rainbow trout, which peaked at 6 h. The activity of SOD and CAT in the mus-
cle tissue of the diploid and triploid rainbow trout was not significantly changed when the water
temperature recovered to 15°C after 48 h (P > 0.05). In the liver tissue, the relative expression
profile of SOD1 and CAT was similar, that there was no significant change for all diploid rainbow
trout. For the triploid rainbow trout, the expression level increased significantly at 72 h, and at 96
h, it decreased to the same level as 48 h. This study shows that different ploidy rainbow trout has
the different antioxidant capacity under the same temperature stress.
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AL =k (2n) I =454 (3n)dT g O SEIe Akl REUAK. HEMIL, TR, A
IS f, E15CKREFEFR2ERE, BEEMEI23C + 05 CREARS, HIE I R e ST 8840 1 4
BENYEAE. SENEEREERER, SR EBEEAYEIE. SENMEEERMENREREN
B, SRERH: f£48 hiFiEiadES, LrRapiA. WEBHALSKSOD. CATEMYEMNE TG
TR, =R epRHA FSODIE AE24h 8 2 5 T H AR 8 & (P < 0.05); —fZAIT a1 KIH R
FHCATIEMEFE 24 hi BLE(E (P < 0.05), = A543 A s 1] A5 U] 232K T-0 h (P < 0.05); 7ERFFAHRA
H, “AEAITEETE12 hHPUE(E (P < 0.05), =fHFAIIEN ERBEARTKFE, ZRFAEEP >0.05); £
FFREEZH, SOD1. CATHIFMEX RIZBEMMEUL R, HE A6 hiHBIEHEP < 0.05), =fF
A HT B M 7E 24 hil PUEME (P < 0.05), FESOD2AEXT KRB E AT, AT 5 = 1540l s 2 —3,
#FE6 hib i IE(E . 48 WRE HE15CKEZ)E, LRANAHLAFSOD. CATIEEZUAEE P >
0.05), TEATARAHZH, SOD1. CATHIMX RIEELFEMM, #HR A EITHETHAREEP>0.05), =
FEARITE7E 72 hibE B E T, 96 hA(EE 548 Wil FE AN RIER . AR E R KL e
HFEKEEmE THRENRHIFEEZR.

XA
AT, =fRAkdres, \EPNE, AL
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1. 5|18

U 8 (Oncorhynchus mykiss) 3 J& 11 1 £ 24(Osteichthyes) i /£ H (Salmoniformes)ff: £} (Salmonidae) K
JBRIG )& (Oncorhynchus), J& T AL K E®AIS, & SAMMARITER1], PRILPRIBEESE . JolLE F S50
MRZHRE N EZ, R E TR FA K ERTFEI) F LR,  H i E 68 7258 1R LB A,
CRRIIfE A E 20 24 (T BIRK)BHATHE IR0, KSR ER I, Hilt. ARSI EFk,
KA 1030 55 0 DL RO B LA R 2%, 3 BT L 68 SR G R vt B0 T R AR Ak ™ E L BB AR ) T B
YU RE ) PR ) @, P E s 1 ) R A R R R (2]
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AR T YRR R K E, AiMae S ARSI AR, BAARKEER., M
WK, SWREREERA, MU IRE AR, (R AT DL I 238 5 KRS M6 () 75 R (3] AN E I =A%
PTT DU R o PR AR TG R AR KA i RITUR AL P ARSI R, IRORFRRE B3R T T A 6 3R 5 1
LT EL . B AR E M A BAz 6 B AR K R R LA IR, ORI 2 o ot B YR A
AR B L [4]. Fraser Z[S]IAA, RGOS T H =R GKR A haFEES,
RAEH AR BT R AT 75 s 5 T IR Ak s AR L. (F, A HAMIRIE Ny, =50 20 T 38R
M ELR BN HFZI[6]. 7R 52 iR AR RE 1 b, = A5t Rl f 8 B AR T R 5 AARANMA[ 7] [8] [9]
[10] [11].

R RARREN Y, AR TS KRR R S AR AV KOG R 2R, 6 A K fa s, FEFREEIT
IR AR 5 32 B AR P P [ 12] o W8 A 35 T P 0 R X TR )S, il /KR A 12°C~18°C, PRI 0t
FRPAIREE L R A i 25 AF (0 B 26 A B R B i o MR FEAE Jo s KPS AL VS M M R IR R 2 —, F X
AR I BT R R HIEF[13]. T m e S EWURRE R ER N, (EdE a R4, g
OREE T . BRI Z B MA S, WL A 2 1 B0s AR B XS IR BE AL, S HLAARE M 3E
Bija, PrEALERE T LSRR R K, R IAEE M IEE B ART R E R, PSP
AT E . Nk, E—EfRE L, HUEBES M E 2 15 F KT R ] S T ALK 31 58 38 1 R
[14]. BT R b 0P = 2 A Y BAGEF(SOD). 1t L ERF(CAT)SE, X LLff
FNFCAR P AR B S PUEA JT3E [RGB T WU A B A B A &, SRR IR S 2 S8 5, IS 1k
PN 7 A R T A DT ALK RSP ERRAS [15] . B E AL Y B AL B 2 B B R PLEGEG, |2 A0 T &R ik
W, SRR NS R B R B, A A A AR I A, SR CAT Xar Rl
FALE SRR TEFK, fE40M % T8 52 H0, S, MME BRI HUEIER[16]. Hitk, HEAD
AL SOD Flid F Al CAT ARG T — % Pra b 5%, RAEMRNIER BEZ R PrE i
THARERE . AU 7 2R A T, WL AR = AL . P 4L 2R R AL AL (SOD)
T EAE B (CAT)HIARA, DA TR ZH 23 SOD1. SOD2. CAT mRNA HIMIX £iE BRI, PR
AR URAIT 635 B P L 68 R 5 /0N, PR P AL ORI /0N, DU i 2 3 B PR AR AE — 2 IO TR, BT AR A )
N SE2 565 T 6 ey iy U A P B e 5 P I AL B R Rk R AT X LU LR, 28 7 0 FU ML 5 R R =
FEARTEAE R 1) il B 8 T R AR E R, AU RIS A BB S MME .

2. MN57E
2.1. SEHHHY

ARSI AE L AR AE M T I o L T 6 TR A B3R AT, P P Ay o g e K e SR S R AR SR
SEAEZFE I BB AR S = AR %) £, 2351 200 JB . =A%) 1ok H F KRS, S E N 95%
DAL, S F A0 5 ORUE S A . A& —,  SEge H R (4.60 + 0.28) cm. /K H M (1.66 + 0.16) g.

S A HCE T 50 x 50 x 50 cm FIIE 7 ARMIFE IR 2 JH, GIFRHAR R FFIESEAE 7.5~8.0 mg/L,
TR EARAFAE 15°C, FKFRME . BER B2 09:00 FIRA- 5:00 #6405 2 ¥k, LB IFIRRT— RIEIER .

2.2. SRt

B ZAEAR N = {5 AR AT 68 AE 23°C + 0.5°CHEE FiME 48 h, ZJFKE 15°C/KIE 48 h.

SEEGAE 2/ 100 L A EERHEAT A IEAT , F 46 5256 50 B AR n #4p /N R A, KR AR e 2] 23°C £0.5°C
Z ). R EETESER MR R, AR 5 MR 7 XA A S 06 [ AR P B SRR A, BEAE 200 RALEEL A, 1F
WL E83E R 5 min JG AT TR . o 2 S RN RIS, 3 5 [RAT O = A5 AR UL
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23, HRRERALE

BRI REERS ] 2059 0 hy 6 hy 12 hy 24 h. 48 hy 72 h. 96 ho FEANKFA] A&HL 20 45 REERTH
LIS TN T T R, DLV SRR SRR S50 1 o o PR AR ) 23 1) L S 96 A R ot oA O T (2
FEAE). DUAZEZR, DL TRERIATAFAZ T 1.5 mL B0, R E T h A, 5.

WL RBCE T 508 IR E, ERAIL g9 mL)# H B RS N A B3 K, 78
o I B A S R B, IR VR S JE TE 4°C254F B0 10 min (3000 r/min), B0 J5 B 3, fRAFF—20°C
UKFE R, TE 1 JE A HEAT AR DGPTSR AR 1 1€

2.4. $EARIEI

AR R AN ALER(SOD). A A BHCAT) AT R & 300 T /e nt g i LRER 7L, B
AR T A S W Fdk 47 o 2H 28R 0 s SR FH e A e 5 e 0 2 1 R, B gprot/Le

SOD 3% P4 : 7E A S Nk 2 SOD il 5 ik 50% R it Iz (1 Fifg & 9 — > SOD ¥ 71 ¥ {2 [U-(mgprot) ']
CAT i1 FZwHLUE AR E 1 pmol K H,0, I AN—ANE S AI[U-(mgprot) '].

SEB 58 B PCR: SR Hf & (Takara, Japan)#F{T i€ &350 PCR, LAl SOD1. SOD2. CAT H:K7E
W — A5 AR = A5 AR (RIS L. 518 T4 1w, ML6H B-actin AR IRS HREEA . 08 R G0H 10 ul
SYBR“PremixExTaq (TliRNaseH Plus), 0.4 ul ROX Z:tt 448}, 0.4 ul PCR L3514, 0.4 ul PCR R 514,
2 ul cDNA 54, MIAJE RNase 7K %2 20pl 78 5o [RBIFEF: S8 95°C FREAT&M: 30s, Z/EHAEISTT
AT 5 s, ZJEEIREN S6°C FIBK 30s, FLE 72°C NI THEM 30 s, —ILiEAT 40 NMEFR. i/
SEISVRZE, FEMFEMBE = N EAREE . AR H(2-AACH Y 7% (Livak & Schmittgen, 2001)3K it
HAHREE R Rk & .

Table 1. Primers used in expression of SOD1, SOD2, CAT and f-actin genes in rainbow trout Oncorhynchus mykiss
7 1. 4188 SOD1. SOD2. CAT #0 f-actin EEFRIKFTFA 54

Primer name Sequence (5'-3") Product size(bp) Tm (°C)

F:-TGGTCCTGTGAAGCTGATTG

SOD1 R:TTGTCAGCTCCTGCAGTCAC 201 56

SOD2 F:TCCCTGACCTGACCTACGAC

R:GGCCTCCTCCATTAAACCTC 201 56.5
CAT F:-TGATGTCACACAGGTGCGA
R:GTGGGCTCAGTGTTGTTGG 195 55
practin F:GATGGGCCAGAAAGACAGCTA
¢ R:TCGTCCCAGTTGGTGACGAT 119 59
2.5. BIRALIE

FT A S256 B0 Y CLCP YR 2) KR, SRR E T Z00T G, HAAEREZES, NERA Duncan
EMT 2 B, FRE AR T TR REUOTHE, BEAKTFREN a=0.05. TS fE R
RT3 5% B SPSS16.0 Al Excel2016 4T 5 .

3. ERE5 9
3.1. 4R E BT SR B S4B LEE SOD. THHEEE CAT FEERIS N
CaPEELEE A R T ESILEY SOD SEMEASAL LI 1. —f5ARI =45 (RN 68 Btk 3 AR (L, — (AT S
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W2 SOD Vi PELE 0~48 h P, J6 B FHE T B, (H A5 a] i 22 7 AN 225 (P > 0.05), 48~96 h iy EFHiEH,
548 h Z R ARE, HEZERT 0~6 h (P <0.05). —fHARULEEILH L+ SOD JEPETE 0~48 h N 2 I
Je BFE FRERES, 724 h HILE SE, W3 S T HAREREN(P < 0.05), E/KIEKE 2 15°CHG, 48~96 h
WAL RIS, HZFRFEZE R A EEP > 0.05).
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Figure 1. Changes of SOD activity in the muscle of the diploid and triploid rainbow trout
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Figure 2. Changes of CAT activity in the muscle of the diploid and triploid rainbow trout
B 2. HTESANEY CAT SEMMTN

VMR IR B A T T EEIILPY CAT WS PR L LA 2.

TRERUTEETEIR S IE 48 h N, CAT #METE 12 h FFiaTHeE, HZEFAEEP > 0.05), 7£24 h I
B EMEP < 0.05). 24 h 2 JEBEEPEE 2 TP <0.05), MERIEF{H. 48 h KIBKE S 15CHIE, KL
TAERAT Y CAT WA AR, (REFIEIE R E.

“AGARMT B LEYR FE M 48 h PN, 0 h [ CAT 36 PR 2 & T AR (8] &, 7E 6~12 h 23 EFHES,
12h BFEHT 6h (P<0.05), 12 h ZI R, 24 h BT 12 hiEE, (H5 12 h ZR AL FEEP > 0.05),
48 h 5 CAT 3G R I —ME/KF, E 2 15CHIEL, RI AR CAT WA, IREFIERKTF .

TABARS S AT AR L, 7E O h, SASRITES CAT WEVE R m T AT (P < 0.05), 7RI MHA
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ZJE, ZASRULES CAT iWSMERR 12 h 24k, FARE AR 2R T 5 AU 4P < 0.05).
3.2. 2YEEMEXIT SR AR BB {LE SOD, SRS EE CAT FFERFMm
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Figure 3. Changes of SOD activity in the internal organs of the diploid and triploid rainbow trout
& 3. HIESAAEE SOD JEMHIEL

SRR BE B T 65 P R[] SOD iE AR AL LK 3,

BT SRR B e 48 h PN, 0~12 h ) SOD TEME R 2 = T 24~48 h (P < 0.05), 2% FFF TR
ke, fF6. 12 hiZEIREE. KE 1SCHIE, 57 96 h B &1 SOD i, BE&TH
AL AT EF ] A5(P < 0.05) 6

SAGRUT A 7E T BE 3 48 h Y, SOD EEE 0~24 h %A &% Z F(P > 0.05), 7F 48 /N H LR ARAE
AR T HAh R 8] (P < 0.05). 48 h K E 15C )5, =f54AULE SOD i E L7, BEH T 48h(P<
0.05).

AR A AT AR EERR 72 b, SRR T RSN, FAR R SRR B3 (P > 0.05).
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Figure 4. Changes of CAT activity in the internal organs of the diploid and triploid rainbow trout
B 4. ETESAAEE CAT AR
SRR P A0 T ML Py T ] CAT 3 AR LA 4.
T BE JH B T T ARARUT A CAT WEPEREMA /2 B35/, 48 h N A AULE] CAT Wik 2%k EIHE T
Frrkass, 12h, 24 h kB EEE, 2F&T 0. 6h(P<0.05), 24h 25 2ILFFESE, 2 h KEIER
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i, 96 h HEI EAER, HIEARZEP>0.05).

SRR R A T, WA CAT M — BERFFEREKT, S EERAREP >
0.05), {ERWA 0hss ETF, 120 24h FFFE, 72 h F BT,

SRR A R S AE LR, = AL CAT (ARSI EEE M R E T A PR (P < 0.05), {HAZ
BREEMIETS, Z5RULE CAT iE AN &

3.3. A4S EMEXTESFTAE CAT. SOD1. SOD2 mRNA {ExFiEZERIZ M
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Figure 5. Changes in the relative expression of CAT in the liver of the diploid and triploid rainbow trout

5. STHERTRE CAT EXTRIAEMEN

BVEIR A T ML ST E CAT AR ik BAR L LIS 5,

TSR SETE IR FE A 6 h I CAT X RIE &= 1 U, 3 = TIEZ 5 48 h P9I H A A] A5
(P <0.05), fE£24hIFIEEINEES, £ 48 h il 15CAKIG, RI CAT FHXfRIL&E H Iz, =
F5 AT B8 LI B2 W8 24 h IR A, 5 RIS, fE 48 h s 15°CHIK)E, 72 h HEL—~/h
g, BEET 48 h (P <0.05).

TRERRN Z RS RALEEAR LG, SR oh 3 TE R 2 (P > 0.05), 6. 48+ 96 h T E 2 (P > 0.05),
1E 24+ 72 h PRANEAA A = 5K 223 = T A5 R (P < 0.05).
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Figure 6. Changes in the relative expression of SOD1 in the liver of the diploid and triploid rainbow trout

& 6. HTHEATARE SOD1 X FIXEMTL
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SRR 3 T AT 6% AT T SOD1 AR ik &AL LI 6.

TABAARHT S LR IR LA 6 h SOD1 AN KA B I i B, 3 T AR (] 2P < 0.05), 7E 24 /)
B2 5 MR R R, &I IE A SOD1 AR R IA & 2 7 B3 (P < 0.05). TERE 15CHRKZJER
U, SOD1 fHXf Rk & RIS, HBZFLT 0h EHKP <0.05).

AR AR SR 24 NI IR BIE A, 7E 48 h &b SOD1 KIMIRN FIABITIA T M. EWE 15CHA
KZJG, SODI AHXf ik & NI — EAHES, H25 48 h #LZE R A EE P > 0.05).

AR = A5 AR SOD1 AN RIA R ILE:, AS4E 0 h LREEZRFEP > 0.05), “AEARNIEER T =
AR IEAA o

1.6
14
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Figure 7. Changes in the relative expression of SOD?2 in the liver of the diploid and triploid rainbow trout

[& 7. HTHSATARE SOD2 FEXI FiLEMT{L

MR 3 T T 68 AT T SOD2 AR Rk B AR WL 7.

TAEAARULEE ) SOD2 M RIZELE 6 h HILE(E(P < 0.05), 24 h FFEE (P < 0.05), 72 h HHILHAK
fH, 96 hB&A FFt. —fERULEE[Y) SOD2 AHXTFRIAELE 6 h MG S, 25 M. 48 h k& 15°C/KIR
&, 72h BEUNERE ETF, BEET 48h (P <0.05), 25 FBE, 96 h IKRE X 48 h [AREHIRILE.

4. Wig

FENT 68 5 2R bR R i AL P i AR R, ARA DB B R VER iR R A, B 5] R 7R T v 2 {0 T i =
AR N, LR TR SR AR R PR R T 2 A B i, EEEOCN, B R
AP, MZAAEWIEZ G, BHERS KEAR, BN E RIS R [17]. Dk
KA AR R T — B e B iUk RGN IS 2 13 B AL . SOD Ml CAT RAFEET
AR )RR BB HUE D D RERE, B AR, LRI R e T AR AT E R B A B
SR sE HE BRI E A I EE ). ASEIGAT AL T SRR EA TR, 416 SOD. CAT fENLA. A Ak
(3 1 B AR P A R IA

4.1. SMREMEXUTSER . ABER CAT. SOD EgiEM RIS

fESWVE MG 48 h N, BR 7 A5 ARULEULA T ) CAT WG RASL,  HAt iE 1R AR s 2 ok &
THIE T o 35 2 i AR 22 0 FUSE SRARALL, 0 008 458 1 8 TAEBF 0 S R s BE P A 3o SRR 4y 1 T S AL AN S e 4
PRI AT A () SOD. CAT 3 AR (b [FIFE 2 2 FTH i R %
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WL AIERR SOD v AR T TH, A5 ARR =5 AR ML @12 4f SOD JE &R —AHE 1, A &
EER. AFPE, =AML EE) SOD W& It s E# e T — A AU 6, i BAE A ME R, = A5 AT 6 )
SOD iV i iR fE /N T A R, 3X 55 SR RS A5 19 1A 70 P 5L R ol J 0 — s ARtk DA R = 5 A i <
BT ST A SRR, OO FE R W P AR SRR AE 21 C I RIS T A i B (1) 22 57, B =K 6] SOD Ui
EME T FAR T . e, AIERTR CAT 3R AL T, =5 RRIR A CAT itk & T 6%
RIS, —AHAATEI CAT WML ETHE FRAES, REAE AR EIINHEZ T, CAT W&k
7E 6 h A AR TR dGys 1 . BF TR IL, /KR THE 2 25°C UL LI, #62F 8F(Paralichthys olivaceus)(] SOD
A CAT ML IR A TS HL[20]. XTI BE JJES RIMT =, SOD M CAT HIiEPESBEH A i
BRI B R 2R, R B R AR [21]. =R CAT W1
AARET DA, ve i A A5 15 = 5 (AT S JUL P A 23 A AR 2R 4 L B 3L, LA 32 B KA R R S AL 457
SRR, HA SRR RTINS, 0 nT DA B = A A T 68 52 31 R FE i S B

4.2. BB EIMEXITEEFFAE CAT. SOD1, SOD2 X FiEEHIE N

fERMERNRA 48 h A, ARIRAN =AU EEAT I CAT. SODI1. SOD2 AR &1k & 5 i 1AL
e —8n, AR st B E NRE. AR =5 RIS SOD1. SOD2 itifRiEm A &M, &
HREZES, R = ORI A0 E I (e T A0t BAR T R . Xt B ks AR =
FE RSB E O [RIRE =i 8 F, BB MR AR AN, = A5 A 68 SOD Fig v 1t & = (H ZE e T3¢
AT AR U = R SEAE T PR iR A B BRI e 0 B 2R T 5K, X 52 aiut s AL <
HXT P A 28 ST s e ) ORI ST AR B, A A A SN S iR B PR A RE ) R, AR AR SR N AL At
(Salvelinus fontinalis)Ti 5 Re IR T AR FAMEK[R], AR K PUVEEE(Salmon salar)fE 19°C N iIEAE /)
O T ARV [22], X — IR R PR T e 5 A s B AR A N Re E A O G, =
FE AT SR & A B A QU 2R w75 R H B 2 (W Re B R 4R R IR H AR R, DR 7 38 3 B2
TS, AR AT A R DA B 22 (e B F T3 A A P AR RS M RO B E (23]

4.3. WE 15°CIKENTHIT S8R 2

48 WA 15°CAKIRZ S, AR = (E PRI 85 SOD. CAT BT 1 LA K I mRNA HIxH 34 540
HILSEE), AL R WE S A, T = A5 ARULEHE 72 h A IR0 E, 96 h VAR IEHE,
48~72 h LB Y, SAMAABIBET:, AL BT IR . XU E R RMEZ B, SRk
ot R TR K AT — 5 O SO, RS I W S 7 T AT, 3 55 48 h P IR A AR AL, T L
0 = A T 0 BRSO R . (EL AR T IR AL IR R X R B R e, LR
AT LU 6t 3 — 30 S HEAT AR 2 RO 9 o

5. &5

ARSCHEFT T e R AR = A5 R . ABER] CAT. SOD B % AL AFAE T CAT.
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