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WE: 17 Z-E A R % (the ubiquitin-proteasome system, UPS) &4l N 875 & AR EE R %, 1E/KIR17.0+
0.5)CF, ¥ B fa(Ctenopharyngodon idellus)Z5% T 100 kg/m?* B 5554 58 JE S A7 A M3 038, ZE38 0 hy 1 h,
6h. 12h, 24 h # 48 h LR UHIMHE 5 GRFE BT 10 kg/m?)9 6 h F1 168 h SR 5 ML 75 FIEFF0 L PIRE &, A0 i 78 iz
R . WA AR E LI nrf2, hsp70 A1 UPS ARSI F K, JFEBE THIRALZ BEAKFE, %45
FHR, PABT A T BN B RS B LT, WL RN R s TR, DL LR AR RO A S 168 h Kk
SEBNNT B, SRbE . AR . NELEE AN (] A2 AR R A 168 h IR ST R T R ALK s hsp70 B nrf2 B 263K B AE M
8 48 h B s TR IR, S IIMKE BIXT IR, LA ub . psma2. psmcl . mafbx F chip ) mRNA FRik g 7E A
AR REE LA, WRAERE 168 h, I RFER B FERIEE; AFAZ RIEAKFEFENS 6 h f 12 h B &
FETHE, KA 168 h B WL E AR, BEoT W], SOMEIMBT I o 5 fo ™ A W S 0 BSOS N, kL R R S A T
BEMER I, RIS LA UPS MiGtE. 20t 168 h AURE, MRIZHHIKE 21E & A UK, EHLK UPS ffd:
AT S B ST IR A o T B Ml Ak Xt e A B ) R R AIL A S R A 1 A S s T ), R ORI R KT
168 h LAH Bh (R S8 #E ST UPS AR,
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1z £ - & 1 B & & 4t (ubiquitin-proteasome
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THRIC HARE A B, RJaiEiddr 198 H 208 W3
LRI AR 26S 5 U BEA S G YRR i briC 8
/MR IR, KT [ (heat shock pro-
tein, HSP)ZZJEAE ok THAR, S 52 E R
1B R, dEEgn i o AR R s, Mz
AR 1 i 1A SR Ty, kSR )
T CHIP #% UPS Ffi . UPS i85 % 28 1 5 ) J&]
BeayRe, R S LA Y A K B — S 1y 4
VEFYS DIAE RS R B, 02 i A K 5 ] g
5 UPS MIEMEAAAEACHE . U85 (Oncorhynchus
mykiss)HHFE A KR 5 1 208 8 B TE I 5 T
FHEM ) FEIR AR (Anarhichas minor) TEARTE 50E T
HNLA 208 25 11t (A3 Ve 55 LA A= 1< 3 RE A7 7 B
MM,

At (Ctenopharyngodon idella) & EIR K 37
B R B RN 5 58 o e 1) €2 R PR BB
30 ) | R RSO, ik R S 1 S T
REMRRARL 1T g A 0 Ak 5 B 5 v by T Al
UPS (438 IV B, ISR 98 2 L PR3 v B £
AR UPS I PEFNEE B e 3, DADRRR HAL
m AR T, o 2 BE IR, Rifa UPS
SRS AN R I — A, BRI AR B
PEREPE? X SIS D12 R UPS 281k 2
23 5 Wi 3] £ JYL P A R AE R 02 2 AR5 LA
BB LI H0 R SLER X AR, ) AR BE I E Y 5 R
SEH, BRSBTS A LN K- H
it 1A 2 G035 M LA KOs L AT o JB A S 00

1 #MEEFE

1.1 Lg & 53t

STUG R, R E(56.88+10.54) g, W AL
BENTRARE T RERMY, LRAERE 1 )4,
24 hHR2E 30 A R A0 SR G AR B IR K R T (K 200 em,
$& 100 cm, 7KIE 55 cm)H, FRAEZE K 10 kg/m’,
I AR S G X A — i SR A [, B
B IR AE R, 1S BT BT A, a0 % Sk
100 kg/m?; i 5 S IR, K 52 2000 46 35 5 %
FE(10 kg/m?); IFSESE IR0 BRZE . e b PR
X RRZH251% 3 AT . 43 lfEi 0hy 1 h,
6 h, 12 h, 24 h, 48 h I BUHMMAEIKE 6 h

1168 h, RELE M, F MS-222 (200 mg/L)it
IR, BRI AR 9 R S8 i E K IR
(17.0£0.5)°C, pH }y 7.5+0.3, 24 h H LIRS, WA
PREFTE 7.0 mg/L DL I

1.2 EWHE

121 MERREBESEWNE MIF KBRS =l
E A0 P R 5 P T3S e e i) & (L st b I AR
BARARA T it y BT 8 ER (GC-911
B, FEREH A A R ") BEAT I E, @
TR 9 T e SR A i ) B B e, I E Y
HEN ST RBUNT 10%, LR RREUNT 15%.
1.2.2 ALARMAFFERERENE 8 7 BLA
)28 Ak, 13 3 T8 R 530 P 4 JUL AR o 1) el
JEL OB BER T REETE . REIEAA A ] A A
BRI, R A A L 5 i 2 B] s B AN 20
241, EE5 AL 10 mmx10 mmx5 mm B9 77 H, BEE M
W3 ASEATRE M EATINE o FIH] TALXT Plus 544
P 52X (P [E Stable Micro Systems /A H)), 7E
TPA BN X ILA#EAT 2 R4, ARk 2
PIRATIEARSK P36, MR/ A 4 B
H65%, MEARTHARA 3 mm/s, WHAHA 2 mm/s,
I 2R 3 mm/s, 7Bk A Auto-5g, E(PE
AR R 200 pps, FTA FEmIIE SR T,
1.2.3 UPS HXERERZAKFRN L RNA £
HU M cDNA A i ] Trizol(Vazyme) 32 HUF5 L
IS RNA, 1.1%BIE W BE I HL DK A TIAE i RNA
SERAE, Il OOt TR E e R . Al H]
gDNA Eraser (Perfect Real Time) PrimeScript RT
(TaKaRa)i 7 &, AR B A7 e 5%

SRS et AR AE GenBank HAH G HEA
&%, f#i ] Primer Premier 5.0 #{4-%it51%, W
F 1.3 p-actin K SLHT S 5 PCR NS LA,
Sl B R TREBOR IR S5 A RA 7 G M.
X psma2(20S proteasome subunit alpha type 2)Fll
psmcl(20S proteasome subunit ATPase 1) 3{C 3%
26S B 208 WAL 19S W3,

SEETE i PCR: WA R L4 10 uL Hieff™
gPCR SYBR® Green Master Mix(No Rox Plus)
(YEASEN), I, TFiEg[¥45 0.4 uL, 7.2 pL WK
7K, 2 uL cDNA #i#l, 7 Quant Studio 6 Flex
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Real-Time PCR Detection System(Applied Biosys-
tems, USA) b #4790 5t SO0 o IOV AR IT: H 5%
95 CHIAEME 5 min, FHEFT 95 CAEE 105, 58°CIR
& 208, 72°CHEff 20 s, FEFF 40 1K,

F=1 ZWFAASIYIFS
Tab.1 Primers used in the study

519 SIYF 51 (5'-3")

primer primer sequence (5'-3")

B-actin F: TGAAATTGCCGCACTGGTTG 169
R: CTGAGCCTCGTCACCAACAT

_—- F: CGCTAACGCAAACCAACACA 102
R: GGAGCTGCATGCATTCATCG

PR /N bp

product size

70 F: CGTGGTGTTCCCCAGATTGA 194
SP R: CGCTGCACATCATCTTCAGC

chi F: ACTGTAAACACGCCCTCGAG 156
p R: CGTCTCCAAAATTCAGCCGC

b F: GCCAAGCGACACCATTGAG 150
u R: GGATGTTGTAGTCGGACAG

sma2 F: CAGGCCAGCTTGTTCAGAGA 100
p R: TCCCAGCCAGCAATCAGAAG

smel F: CGGCTGCTCTGTGTTACTGA 191
p R: ACTCTGGATGTGTGAGGGGA

afb F: CGGACGAGATCTGGTTAGCC "o
¥ R: GCTTGCGGATCTGTCTGTCT

¢  FTGTCTATGGACTACAGAGGAA 103
mur R:GGATTTCAAAGGAGGTTCAAG

1.2.4 Dot-blot MEZEUEBEE FHNA
SR PRI T RIPA LA 22 while () M HE R 2
YR A RA D, WM BCA &AM &E
UM AE R A RA ). i Dot-Blot
Tk E LR AL Nz BRI & . AR
7E Bio-Dot” (Bio-Rad) il i fil 1 24 2 5 % 2
L 27 4E £ (NC JE) (Millipore), NC 55 Je7E 34
WHIEE 1 h DHBEER R A, REh 2R
27 E 16 E PR (FK1) (Biomol, BML-PW8805-
0500) 4 CFA LK, /54T FITC pRid i =3t
(Fi/NE, BOSTER, BALIOD)FE . ¥ NC ftid it
Odyssey CLx(LI-COR, CLx-0813)& 57 #r, i/
Image J B2HUCAS BE s K BEAE, AT AR E 72507 o
1.3 HEZHITRSH

He DA X R as BER A 270 ik, SPSS
19.0 GEit 4 B85 Bl AT A Sr AR AR ¢ K3

LK 2 )5 2243 M1 (One-way ANOVA), >4 P<0.05 i,

Z5BE ., {1 Graphpad PrismV 5.0 E& .

2 HRE5SH

2.1  IniEREREEKFE

SCPESBT e R, R LT R R EE KO &
iTE% Ak (P<0.05, & 1), B BB e P67
Jopif ok # B W, TERE 12 h 3R E) e i
(44.79 ng/mL), 7EHGHMHE 5 ) 168 h k& 2| X%t i
HoKF

60 - =9: x+SE 1 X‘:I‘,Hﬁgﬁ‘ control
= * B b P4 treatment

E
5 40
)
< %
"
HE(
£id

0

0 1 6 12 24 48 6 168
B} [E]/h time

1 e avEg S e LR R R b
A IV R 5T R AR A
Pl rp B A A S P NI TR) L 6 b AT 168 h D Bkt )
PRIZIS (], * 87 ] — M (8] b BRZH 5 %) Bt 20
FOBA 1835 22 5(P<0.05); A [l B IR [/ —
Aub BREALAN [s] I [8] 53 2 18] A5 A 35 25 57 (P<0.05).
Fig. 1 Change in serum concentration of cortisol
in Ctenopharyngodon idellus suffering from
crowding stress and recovering from stress
The last two time-points, 6 h and 168 h, at the horizontal axis
indicate the recovery time after acute crowding stress. The
asterisk indicates significant differences between control and
treatment group (P<0.05) at the same time. Different letters
indicate significant differences at different time points in the
same treatment group (P<0.05).

2.2 ALARMIER

SEPIETME S, H LA A S M e bR A&
A i AR (P<0.05, K 2), SXFIRAIAHEE, 1
Bririn F%a@mm@r SR 7 FINE I
FEA. 20t 168 h VKA, S48hn¥aAa W& M Il

It @ﬁ\@%ﬁﬁaﬂﬁ%@m¥ LY
BRI R N ] AP A S R T X R K P

(P<0.05).
2.3 Nrf2 #1 hsp70 By FRiE

Nrf2 BRI 48 h I i 2% 5 T le 2
JKE(P<0.05, KI3A), hsp70 & EAEPH A 120,
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Bl 2 FESVENEEME LR A o A v e i LA SR e R 1 AR 1 A8
P&T F 8 A R dne S5 P I TR] 53 6 h T 168 h Sy b J5 WK S ) ). * 3673 (] — I 1] Ay Ak B2 5 %o B2 LU B0 B 38 2% 57 (P<0.05);
AN A AR () — b $LH AN () ) s 22 [ A 3 22 57 (P<<0.05).
Fig. 2 Changes in the texture profiles of muscle in Ctenopharyngodon idellus suffering
from crowding stress and recovering from stress
The last two time-points, 6 h and 168 h, at horizontal axis indicate the recovery time after acute crowding stress.

The asterisk indicates significant differences between control and treatment group (P<0.05) at the same time.
Different letters indicate significant differences at different time points in the same treatment group (P<0.05).

24 h Ml 48 h ¥yl E X R AK - (P<0.05, E

3B). Nif2 Fl hsp70 Rk i AEBGHMME S 6 h BT

PR FIN R K-

24 ZEEABERSEEMKGI
ZPEPN B 1R UPS AR G DR 32 ik 1 ol

Ar . SXTRRAMA L, 4P ub. psma2. psmcl

mafbx Ml chip WFRiEE T E L(P<0.05, Kl 4),

FEPR A N A I AR B0 BEAK S, 53R B
W RIB R, murfl TERE 168 h I B E KT XF
WA P 6 h F0 12 h, FEALAZ R4k
EESERETEP<0.05, K 5), Mz ZEH
K V-5 % B2 TG B P 25§ (P>0.05), FEIK A
168 h B, AbHRLHYZ 28 & & R KT X
I8 44 (P<0.05),
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K3 e e B i AR RS i R B A LA nrf2 . hsp70 AHXS ik 1942 1k
P&T F 8 A bt S5 8] £ 6 h AT 168 h A B389 52 I 1] . * 38 7R [ — ][] P Ak B2 5 00 BR 2 U3 1 3 2% 57 (P<<0.05);
AN R B 3R (] — Ak #ZH AN [R] Bk ] A5 e BEA  38E 25 5 (P<0.05).
Fig. 3 Relative expressions of nrf2 and hsp70 in the muscle of Ctenopharyngodon idellus suffering
from crowding stress and recovering from stress
The last two time-points, 6 h and 168 h, at horizontal axis indicate the recovery time after acute crowding stress.
The asterisk indicates significant differences between control and treatment group (P<0.05) at the same time.
Differen letters indicate significant differences at different time points in the same treatment group (P<0.05).
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S E R LA 1 5 B AR b i S AR e, e
B = 2R IS T 2 A W (Paralichthys adspersus)
AL E A B4R I, mafbx F murfl
FEAL ST b 3R B % e fif 0 R B UL AR
F TR A bR o pl e o] USRI, S 30 % N 3
iR UPS 930 DL 4ERp A i 25 1 AR, AL
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4 TERUESRBTIIE LSS ik B B A LY UPS AH G HE PR AR X ik 1 1Y 221k
Vel v A 5 J B ) 66 b A 168 D g B30 5 Pk S i 3 [] — o i) Py Ak B 55 %o B A B A 3 2% 57 (P<0.05);
AT B R [ — Ak B AN () s ) A PO A0 W 28 4 22 5 (P<0.05).
Fig. 4 Relative expressions of genes related to UPS in the muscle of Ctenopharyngodon idellus suffering
from crowding stress and recovering from stress
The last two time-points, 6 h and 168 h, at horizontal axis indicate the recovery time after acute crowding stress.
The asterisk indicates significant differences between control and treatment group (P<0.05) at the same time.
Differen letters indicate significant differences at different time points in the same treatment group (P<0.05).
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T 52 e UL PR it B o 5 JiihaE s, s i L ARE 32
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B omse [ DX control L7 B ) 1 e B 368 DR T % 4 S0 i
* b EDAbH4H treatment N
.+ I3 F . i AT LUK 2 B 0E 3 % BR 2L KE, (HAFLIE UPS ZE
1ol b T 12 b AL AE R 2R 12 R R A

ZEAEA
ubiquitinated proteins

05t
o4
0 1 6 12 24 48 6 168
fitEil/h time
Bls  fe 2 st e LR i R

A NLAZ AR FA S AR
Pl r s Al e S B T 653 6 h T 168 h S k38 S PR BB ).+ 3%
718 [ [H] P b BE2H 5 %0 BRZH LU A5 35 22 53 (P< 0.05); ANIF]
FREFRIR [Fl—Ab BRER AN [R) I R] 2 LB 1 381 22 57 (P<0.05).
Fig. 5 Change in the relative content of ubiquitinated protein
in the muscle of Ctenopharyngodon idellus suffering from
crowding stress and recovering from stress
The last two time-points, 6 h and 168 h, at horizontal axis indi-
cate the recovery time after acute crowding stress. The asterisk
indicates significant differences between control and treatment
group (P<0.05) at the same time. Differen letters indicate sig-
nificant differences at different time points in the same treat-
ment group (P<0.05).
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Effect of acute crowding stress on the ubiquitin-proteasome system in
the muscle of grass carp (Ctenopharyngodon idellus)

XIONG Mei', Kommaly Onxayvieng" %, LI Dapeng', WANG Haishan', LIANG Xiao', TANG Rong', LI Li',
ZHANG Xi', CHI Wei'

1. College of Fisheries, Huazhong Agricultural University, Hubei Provincial Engineering Laboratory for Pond Aqua-
culture, National Demonstration Center for Experimental Aquaculture Education, Wuhan 430070, China;
2. Department of Livestock and Fisheries, Ministry of Agriculture and Forestry, Vientiane, Lao PDR

Abstract: The ubiquitin-proteasome system (UPS) is an important system for regulating protein degradation and
function. In order to evaluate the effects of acute crowding stress on flesh quality and UPS in fish, we randomly
distributed Ctenopharyngodon idellus (initial body weight: 56.88 g + 10.54 g) into 6 aquarium tanks (length:
200 cm, wide: 100 cm, depth of water: 55 cm) at two stocking density (three replicates for each group). Water
temperature (17.0+0.5)°C, pH (7.5+0.3) and dissolved oxygen (7.0 mg/L) were maintained at the same level in
each group. Fish serum and muscle samples were collected at 0 h, 1 h, 6 h, 12 h, 24 h, and 48 h after crowding
stress as well as at 6 h and 168 h after the crowding stress was removed (treatment group stocking density changed
from 100 kg/m? to 10 kg/m?). The serum cortisol, muscle texture, the mRNA expressions of nrf2 and hsp70, and
genes related to UPS as well as the content of ubiquitinated protein in fish muscle were investigated. The results
showed that the serum cortisol level significantly increased after acute crowding stress, suggesting the crowding
environment led to fish stress. The serum concentration of cortisol recovered to the control level after 168 h of
recovery. Crowding stress also exerted an influence on muscular texture characteristics of cultured grass carp.
Muscular hardness and cohesiveness decreased significantly in grass carp suffering from cute crowding stress, and
the two flesh quality indexes recovered to the level of the control group after 168 h of post-stress recovery. How-
ever, muscular adhesiveness, chewiness and resilience were significantly higher than those in the control group at
the end of the experiment. Compared with the control group, the mRNA expressions of Asp70 and nrf2 in muscle
of fish stocked at the treatment group were significantly increased after 48 h of crowding stress, and then returned
to the control level after 168 h of post-stress recovery. It is implied that the acute crowding environment might
cause cellular stress in fish. In the UPS pathway, the mRNA levels of ubiquitin (ub), psma2, psmcl, mafbx, and
chip were significantly increased after crowding stress. The transcriptional levels of these genes did not returned
to the control level after 168 h of post-stress recovery. Moreover, a significant higher content of ubiquitinated
proteins occurred in the dorsal muscle of fish in the treatment group at 6 h and 12 h after crowding stress. Subse-
quently, there were no significant difference in ubiquitinated proteins of fish stocked at two densities, while ubiq-
uitinated proteins in the treatment group significantly declined compared to the control group at 168 h of recovery.
It was concluded that the acute crowding environment induced the stress response and altered the muscular texture
as well as improved muscle UPS activity. The deleterious effects of acute crowding stress on fish physiological
function and muscular texture were reversible. Post-stress recovery time should be extended more than 168 h so
that the stressed fish reestablish the homeostasis on UPS.
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