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, HPI 10 mg/mL, ,
CRHR ), ,
2 , fiil(Ameiurus nebulo- 0h Oh 2h 4h 8h 12h 24h
sus)t’! 3 CRHRI 5d : 5
, CRHR2 175 mg/L  MS-222 ,
8] CRHR ,
CRH CRH , 4 ,—80°C
, , 1.3 RNA
CRHR1 , fifi" (<01 g 1 mL RNAiso Plus
(Oncorhynchus keta)[g] (Cyprinus carpio)[w] (TaKaRa, Japan), (
filfi (Fugu rubripes)[1 . (Astatotilapia ) , ,
burtoni)' , RNA, NanoDrop
2000(Thermo Scientific) RNA ,
(Megalobrama amblycephala) ODs60/D2go 1.8~2.0 , PrimeScriptTM
, RT reagent Kit with gDNA Eraser (TaKaRa, Japan),
, RNA DNA,
’ 50 ng/pL RNA ,
CRHR1 , cDNA -20T
: CRHRI1 14
, , 7500 r/min, 4°C, 5 min,
1 20C ACCU-CHEK
1.1 Pertorma ( )
ACTH MAGLUMI
, 1000 ,
, , (445+32) g, (32+4)
cm , 2, 1.5 CRHR
(25£1)C, , CRHR
: 3% .13 ; C D RACE
1.2 (Invitrogen) SMARTer' ™ RACE c¢DNA Amplifi-
cation Kit (Clontech) 5’ 3’
10 MS-222(175 mg/L) Clustal Omega(https://www.ebi.ac. uk/
, , Tools/msa/clustalo/) CRHR
Netphos
12 ,—80°C (http://www.cbs.dtu.dk/services/NetPhosK)
CRHR (http://web.ex-
140 , 2 pasy.org/cgi-bin/protscale/ protscale. pl)

2 )
(1 mL/kg ,

(TMHMM Server v. 2.0, http://www.cbs.dtu.dk/
services/ TMHMM-2.0/) CRHR (NP_004373)
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CRHR (Bootstrap)1000
MEGAA4.1 Neighbor-Joining ,
F1 HEX% CRHRI 2 REEALEE PCR A
Tab.1 Primers used for M. amblycephala CRHRI mRNA cloning and the quantitive real-time PCR reactions
(5-3)
primer primer sequence (5'~3) usage
CRHRI1-f CTCAATGCCAGGAGATTCTCA CRERI
CRHRI-r TTCCACAGTATCAAACAGTC
CRHR1-3 TAAGCACTCCATTCGGGCACGGGT RACE CRHRI 3’
CRHRI1-5 CGAGGAGAAGAAAAGCAA RACE CRHRI 5’
B-actin-F TCGTCCACCGCAAATGCTTCTA Real-time PCR factin
p-actin-R CCGTCACCTTCACCGTTCCAGT
RPII-F CGCGAGTCATTCCTGTAACATC Realtime PCR Rpil
RPII-R TGACCCTTCCTCAGCTTTACCA
CRHR1-F GCGATGCTCTGCTCCTACTC Real-time PCR CRHRI
CRHR1-R CCCAGGTGCCATTAGCAAGA
1.6 PCR ( D), 49.51 kD,
PCR(qRT-PCR) 9.53, 0.283
, 1, [-actin R (K, R)42 ,
RPII (131 (D, E)23 (A,LL,F, W,
( ) V)81 (N,C,Q,S, T,Y)132
qRT-PCR SYBR Premix Ex Taq"™II (Tli 2.2 CRHR
RNaseH Plus) ( ), ABI , CRHR
PRISM 7500 Real-time PCR System GenBank CRHRI1
() : CRHR1
cDNA ; 3 99.07%,
1.7 CRHRI1
SPASS 18.0(SPASS 84.35%, 83.86%, 91.42%, 88.76%
Inc., Chicago) (One-Way 89.88%( 2) « 2),
ANOVA) T (Independent samples CRHR CRHRI1 ,
T test), 0.05 CRHR1
) 23 CRHR1
CRHRI1
2.1 CRHR mRNA ( , HormR
CRHR , 7tm 2;  3) , HormR
937 bp, CRHR , ; Ttm_2
5'RACE-PCR  3'Tail-PCR 5
3, 508 bp 457 bp; CRHR1  1Ile'* val'™®
1690 bp, 1290 bp Ala'”  Cys*® Trp™® Phe’™ Thr'* Gly’”
,G C 49.26%, 429 ( 4
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1 TATCTGTTATCCACTTCTCTTTCTGCCCTCTATCTACTGGAGCA 44
45  ATGAGTCGCATCCTCCACACACAGGTGTTGACCATCTGGATTACACTAATCTCCAGGGCAACAGCT 110

1 M SRILHTQVLTTIWITLTISZRATA 22
111 GACCTGACCTGCGATGCTCTGCTCCTACTCTCCACAAATCTTACAGCTCGCACTTTCATCCTATGG 176
23 bLTCDALZLLLSTNLTARTTFEFTITLW 44
177  AACCAGACGTCTAGTCCCACCAACTCTACAGGTTTGTTTTGTAATACTTCGATTGATGGCATTGGG 242
45 NQTSSPTNSTGLFCNTSTITIDGTIG 66

243 ACATGCTGGCCCAGGAGCAGTGCAGGAGAAGTGGTGTCCCGCCCCTGTCCGGAGACATTCCTCGGG 308
T CWPRSSAGEVVSRPCPETTFTILG

309  GTCCGATACAACACCACCAATAATGTGTACAGAGAATGTCTTGCTAATGGCACCTGGGCAAAGAAG 374

89 VRYNTTNNVYRE CLANGTWAKK 110

375  GGAAACTACTCCCAATGTCAGGAAATCCTCAACGAGGAGAAGAAAAGCAAGCTGCATTACCACATT 440
GNYSQCQETTLNETEZKZKSZKTLHYHTI

111 132
441 GCAGTCATCATAAACTACCTGGGACACTGTATCTCTCTGGGAGCCCTGCTGGTTGCCTTCATCCTC 506
133 A I I NYLGHCTISTLG L L AF I L 154
507 TTTATGAGACTCAGGAGTATLL(J(JT(,TLT(,A(,AAATATLATLLA(,T(,(,AALLT(JATTAL(;(,LATTT 572
155 S C A 176
373 ATCCTGCGAAATGCCACCTGGTTTGTGGTGCAGCTCACCATGAATCCAGAGGTGCATGAGAGCAAT 638
177 I LRNATWPFVVQLTMNTPEVHESN 198
639 GTGATCTGGTGCAGGCTGGTCACAGCAGCATATAATTATTTCCATGTGACCAACTTCTTCTGGATG 704
199 C A A 220
705 TTTGGAGAGGGCTGCTATCTGCATACAGCCATAGTACTGACATACTCCACAGACAAACTGAGGAAA 770
21 F GEGCYLHTATIVLTYSTDTEKTLTREK 242
771 TGGATGTTCATCTGTATAGGTTGGTGTATTCCATTCCCCATTATCGTCGCGTGGGCCATTGGCAAG 836
243 264

WMFICIGWCTIPFPTITIVAWATIGHTK
837  CTGTGCTATGACAATGAAAAGTGCTGGTTTGGGAAGCGGGCCGGCATTTACACTGATTATATTTAC 902
265 LCYDNEZ KT CWEFGKTRAGIYTDYTIY 286
903  CAGGGTCCCATGATCCTGGTCCTACTGATTAACTTCATTTTTCTCTTCAACATTGTGAGGATCCTG 968
287 Q G PMILVLLTINFTIFTLFNTIVRTITL 308
969  ATGACTAAACTGAGGGCCTCCACTACCTCAGAGACCATTCAGTACAGGAAAGCGGTGAAGGCCACA 1034
M TKLRASTTS SETTIQYRIKAVKAT 30

309 3

1035  CTGGTTCTTCTGCCCCTGCTAGGCATCACATACATGCTGTTCTTCGTCAACCCTGGCGAGGATGAG 1100
33 L VLLPLLGITVYMLTFTFVNEPGETDE 352
1701  ATCTCACAGATTGTCTTCATATACTTCAACTCITTCCTAGAGTCCTTTCAGGGATTCITIGTGICA 1146
333 1 S Q1 VFIVYTFNSTFLESTF QGTFTFUVS 374
1167  GTGTTCTACTGCTTTTTGAACAGTGAGGTTCGCTCAGCCGTTCGTAAACGATGGCATCGCTGGCAG 1232
3% V FYCFLNSTEVT RSAYVREKTERWHTR RUW 396
1233 GATAAGCACTCCATTCGGGCACGGGTGGCGCGGGCCATGTCTATTCCCACCTCTCCAACGAGGGTC 1298
37 D K HSTRARVARAMSTIPTSPTR RV 418
1%?8 AGTTICCACAGCATCAAGCAGTCGTCGGECGTCTGACCTTACAGAAGCGAAGCGCCCGTCTCCC 143&491

S FHS I KQSS AV
GTTTCTTCTGCTCCTGCTCTTTCTGTCCTCAGCTAATCATCAATGTCCTCTGCAAAACCCAGGGAT
AACAGCTATGGGCCAAACAGGGTATGATCCTCAGCTGAAACATAGATGAAGGGTGGAAAATACACA
AACAAAAAGGTCCACCTGCCGAACACCGTGAAGAAGAATCAGAAACAGATTAGAGCATCGGTGGTC
TCAGACAATGATGGGAGACTGTGGGAGGAATCTGACACACACAAAAAAAGGTCAATAAATACAGAC
AGAGTGTATTTATTCAATAGATAAAGT TATATGTCGCACTAAAAAAAAAAAAAAAAAAAAAAAAA

1 CRHR cDNA

Fig. 1  Full-length nucleotide and deduced amino acid sequence of M. amblycephala CRHR
The deduced amino acid is shown below the nucleotide sequence. The start codon is in bold and the stop codon is indicated by an asterisk.

47— 48 C. carpio (ACV67270)
53[L BT A D. rerio (XP_696346)
100[L 445 C. auratus (AAV98393)

97 13k 855 M. amblycephala
55 L =B A nebulosus (AAK01068)
98 ——— FUEA 6 E. lucius (XP_010890807)
TO0L— KRS 4 O. krta (CAC81753)
1 B8 46 6E L. oculatus (XP_006638357)
K4 L. crocea (XP_010750137)
KVGEEME C. harengus (XP_012672246)
U IRM A. carolinensis (XP_008111607)

29 109&5&@%’- A. sinensis (XP_006017931)
72 FIMIEWIHE A. mississippiensis (XP_006268675)
JEAY C. livia (EMC85320)
6al 7258 G. gallus (NP_989652)
VLAY P, gutturalis (KFV04499)
ERE P. lepturus (KFQ77935)

INFR R M. musculus (AA105676)
A\ H. sapiens (NP_004373)

50
34

2 CRHRI1 NJ
Fig. 2 Phylogenetic tree of CRHR1 amino acid sequences built using NJ method
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838
1 75 150 225 300 375 429
Ttm_2
HRM superfamily | | 7tm_2 superfamily
3 CRHRI1
HormR: ; 7Ttm 2: .
Fig. 3 The conserved domains of M. amblycephala CRHR1
Horm R: Domain present in hormone receptors. 7tm_2: 7 transmembrane receptor.
20 . Prot§cale oytput f(l)r user sequence . . VallSO Ala175 Cyszzs Trpzso
Transmembrane tendenoy — 300 340 170
15k ] Phe Thr Gly ( 5)
1.0f ) CRHR1
0.5H
jol
2 00 TMHMM ( 6),
05} (
o 63%, 29%, 4%, 41%, 49%.,
21%, 38%;
-1.5+
2.0 /
- 50 100 150 200 250 300 350 400 0
Position *x100%0) ’
CRHRI1 CRHRI1
4 CRHRI1
. ’ ' Netphos K 1.0
Fig. 4 ProtScale of M. amblycephala CRHR1 310
The higher score means the stronger hydrophobicity. CRHRI1 Thr PKC
TMHMM posterior probabilities for WEBSEQUENCE
1.2 T T T T . T
2 ~ a I
= 0.8 | ‘ [
2
<]
2 0.6
£
X 04
02 f ‘ ‘
|
0 Luliirmer———————il L] il 11 I?, i | ‘ “I.. \,i
50 100 150 200 250 300 350 400
BB X 3 transmembrane pmmmm  JI5 Y X 5, inside BEARX IR, outside
5 CRHRI1
Fig. 5 The predicted transmembrane domain of M. amblycephala CRHR1
24 CRHR1 ,
CRHRI1 : ,

, CRHRI , 7N
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1 s o
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2[141 tissue
7 CRHRI1 mRNA
H: ;L ; SP: ; GI: ; HK: ; HY: ; K ; SK: ;1 ; M: ; G ; P: ;
CRHR1 (One-Way ANOVA, P<0.05).

Fig. 7 Tissue-specific expression of CRHR1 in M. amblycephala
H: heart, L: liver; SP: spleen; GI: gill; HK: head kidney; HY: hypothalamus; K: kidney; SK: skin; I: intestine; M: muscle; G: gonad;
P: pituitary. Different letter indicate statistical difference between different recovering time (One-Way ANOVA, P<0.05).

2.5
, ACTH

12 h

24 h

( 10
CRHR1
, CRHR1

2.6

8h ( 11A)
, CRHRI1

s GGV” , 4 h
( 11B) CRHR1
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( 11C,D)
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5 A ABE Ap[] AB
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«G;:-:%
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Ar
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2h 4h 8h  12h 240  5d
Hf[E] time
8 ACTH
ACTH (One-Way
ANOVA, P<0.05), ACTH

(Independent samples T test).

Fig. 8 Effects on serum ACTH level during recovery from
exogenous cortisol-stress
Different letter indicates statistical difference between different
recovering time (One-Way ANOVA, P<0.05). Asterisk indicates
statistical difference between different treatment at the same time
(Independent samples T test).
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P<0.05).

(Independent samples 7 test).
Fig. 9 Effects on serum cortisol level during recovery from
exogenous cortisol-stress
Different letter indicates statistical difference between different
recovering time (One-way ANOVA, P<0.05). Asterisk indicates
statistical difference between different treatment at the same
time (Independent samples T test).
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(Independent samples 7 test).
Fig. 10  Effects on serum blood glucose level during recovery
from exogenous cortisol-stress
Different letter indicates statistical difference between different
recovering time (One-Way ANOVA, P<0.05). Asterisk indicates
statistical difference between different treatment at the same time
(Independent samples T test).
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(One-Way ANOVA, P<0.05).

(Independent samples 7 test).

CRHR Iexpression in tissues of M. amblycephala during recovery from exogenous cortisol-stress

Different letters indicates statistical difference between different recovering time (One-Way ANOVA, P<0.05). Asterisk indicates
statistical difference between different treatment at the same time (Independent samples 7 test).
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Molecular cloning, characterization, and regulation of Megalobrama
amblycephala corticotropin-releasing hormone receptor expression

CHEN Kai" 2, XI Bingwenz, TENG Tao* 3, Wang Yabingz’ 3, GAO Jinwei" 2, LIANG Liguoz, XIE Jun®

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture; Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;

3. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 204182, China

Abstract: Corticotropin-releasing hormone (CRH) and its receptor (CRHR) play important roles in the hormonal
response to stress by regulating the release of adrenocorticotropin (ACTH) from the hypothalamic-pituitary-in-
terrenal axis and consequent secretion of glucocorticoids. In this report, Megalobrama amblycephala CRHR1
cDNA was cloned by rapid amplification of cDNA ends-polymerase chain reaction (RACE-PCR) analysis and
characterized by bioinformatics analysis. The expression profile of M. amblycephala CRHRI in different tissues
was analyzed by quantitative real-time PCR and changes in expression with stress were detected following a cor-
tisol injection. Serum glucose, cortisol, and ACTH levels were monitored after the injection. The full-length M.
amblycephala CRHR1 mRNA contained a 1290-bp open reading frame and encoded 429 amino acids. The amino
acid sequence alignment showed that M. amblycephala CRHR1 had 99% sequence identity with Carassius auratus
CRHRI1. The tissue expression analysis revealed that M. amblycephala CRHRIwas expressed at high levels in the
pituitary and hypothalamus, but lower levels were detected in liver, kidney, muscle, skin, and heart. Serum glucose
plateaued at 2—24 h, serum cortisol peaked at 12 h, and serum ACTH and mRNA expression in different tissues did
not change after the cortisol injection. A significant decrease in pituitary CRHR1 expression was detected imme-
diately after the cortisol injection, whereas it increased significantly in the head kidney and heart. The change in
hypothalamic CRHR1 followed a unimodal pattern of increasing slowly at the early stage and then decreasing
slowly at the end. In conclusion, we cloned the full-length M. amblycephala CRHR1 mRNA and detected changes
in CRHR1 expression after a cortisol injection.

Key words: Megalobrama amblycephala; corticotropin-releasing hormone receptor; gene cloning; expression
analysis; tissue distribution
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