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) , 8
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4.0g/kg
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Tab.1

Formulation and nutrient composition of the feed for C. auratus (DM basis)

(%)

Ca(HzPO4)2
CrZO 3

20.00
8.00
28.00
32.00
3.00
3.00
0.5
1.0
0.5
2.00
2.00
100.00

32.18
7.67
9.53

0.01g;

CoCl-6H,0(10%), 0.005g; CuS0O4.5H,0, 0.03g; NaCl, 0.1g; ,0.15¢g;
1.3
1.3.1 CSAD cDNA
., RNA RNA, —20°C
NCBI CSAD ,
CSAD
CaCSAD-F/R(  2),
RNA ,
cDNA cDNA PCR
94°C 4min; 94°C 30s, 56°C 30s, 72°C 3min,
32 : 72°C 10min PCR 1.2%

: VA, 0.02g; VB, 0.01g; VB,, 0.015g; VBg, 0.015g; VBy,, 0.008g; VC(35%), 1g;
, 0.002g; VE, 0.4g; VK, 0.32g; VD, 0.31g; MgSO,.7H,0, 0.6g; ZnSO47H,0, 0.6g; MnSO,7H,0, 0.08g; KI, 0.0015g; Na,SeOs, 0.003g;

, 0.04g; , 1.2g;

s

,4.7805g; ,0.1g; ,0.2¢g
pMD™]9-T s DH5a,
PCR
2
CaCSAD-3'F1 CaCSAD-3'F2, 3'RACE
; CaCSAD-3'F1 3'RACE Outer Primer
PCR , : 94°C 4min;
94°C 30s, 59°C 30s, 72°C I1min, 25; 72°C
10min 10 CaCSAD-
3'F2  3’'RACE Inner Primer PCR,

PCR
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Tab.2 The primers for the study

(5'—3")

CaCSAD-F
CaCSAD-R
CaCSAD-3'F1
CaCSAD-3'F2
CaCSA4AD-5'R1

CaCSAD-5'R2
3'RACE Outer Primer
3'RACE Inner Primer

CaCSAD -qPCR-F
CaCSAD-qPCR-R

5'- CCTGTCATCCTCGGTTCT-3'
5'-AGAAACAACAACCATACGGAAGAAG-3'
5'-AAACTCTGTGACTTGGAACCCTC-3'
5'-ATGGTCTTTCAGAGCGAGTG-3'
5'-GTCCGTTCCAATACCAAG-3'

5'-CTATGCGGGTCAGAGGAT-3’
5'-TACCGTCGTTCCACTAGTGATTT-3'
5'-CGCGGATCCTCCACTAGTGATTTCACTATAGG-3'

5'-TTCTGGTTCATTCCACCCAG-3'
5'-TGCCACGCTTCATCATTCTC-3'

B-actin-F 5'-CCTATTGAGCACGGTATTG-3'
B-actin-R 5'-CTGTTGGCTTTGGGATTG-3’
CSAD ORF ; MatGat2.02
CaCSAD-5'R1  CaCSAD-5'R2, 5'RACE CDS ;
Primer A 90uL Tricine- pl/Mw (http://web.expasy.org/compute_pi/);
EDTA Buffer, —20°C CaCSAD- MEGAS5.05 (neighbor-
5'R1 10xUPA joining)  ; SMART
94°C 30s, 72°C 3min, 5 ; 94°C 30s, 65°C 30s, 1.3.3 CSAD
72°C 3min, 5 ; 94°C 30s, 60°C 30s, 72°C CSAD
3min 25 ; CaCSAD- CaCSAD-qPCR-F/R, p-actin
5'R2 10xUPA (AB039726) B-actin-F/R;
0.0g/kg
1.3.2 CS4D ORF finder 6
(http://www.ncbi.nlm.nih.gov/ projects/gorf) RNA, cDNA ,
R3 CSAD BREEBRFIERS
Tab.3 Amino acid sequence accession number of CSAD
GenBank
Homo sapiens NP_057073 61.0%
Rattus norvegicus ACF07922 61.2%
Ochotona princeps XP 004583244 62.0%
Macaca nemestrina XP_011727141 57.3%
Elephantulus edwardii XP_006883946 63.2%
Ophiophagus hannah ETE60237 58.7%
Parus major XP_015507533 60.0%
Gallusgallus XP_015128899 63.2%
Danio rerio AAI64685 88.2%
Lepisosteus oculatus XP_006629342 67.3%
Seriola quinqueradiata ALF39406 67.8%
Oryzias latipes XP_011475423 65.7%
Clupea harengus XP_012697185 73.6%
Cyprinus carpio BAE73113 97.2%
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CS4D mRNA
1.3.4 CSAD 2
0:00 3:00 6:00 9:00 12:00 15:00 18:00 2.1 CSAD
21:00 24:00 0.0g/kg CSAD cDNA , RACE
3, , —80°C , CS4D , CSAD
Total RNA , CSAD cDNA 2364bp (1 ), ORF
, 1503bp, 5' (Untranslated region, UTR)
1.3.5 CSAD 186bp, 3'UTR  675bp CSAD 500
, 3 , , 56.82kDa  5.77
-80°C , Total RNA , SMART , CSAD
PCR CSAD , Pyridoxal _deC R
CS4D ( NCBI

N

TCTAATACGACTCTCTATAGGGCAAGCAGTGGTATCAACGCAGAGTCCTGGGGGAATCAG
61 GCGAGTGCATCCACGTATATATACGACCTGATCATGCGACGAGCCGTGGTATGTCTCCAG
121 AGTTCACATAGACATAAAGAAACAGCAGAGTCTCAGTGCTGATCAGAAAGGATATTAAAC
181 CGCACGATGAGTTCATCTGAAGAATATATTAATGGGCACGTCCACCTGGAAGAATCAGAC
1 M s 8§ S E E Y I N G H V H L E E s D
241 ATGTACGAGTCAGATGGCAAGCTGTTCCTCACGGAGGCTTTCAATGTGATTCTGGAGGAG
19 M ¥ E s D ¢ K L F L T E A F N VvV I L E E
301 ATACTTCACAAAGGAACTGACTTGAAGGAGAAGGTGTGTGAGTGGAAAGATCCCGATCAG
39 I L. #H K 6 T b L K E K Vv ¢ E W K D P D Q
361 CTGAGAGCCCTTCTGGACCTCGATCTCCGAGAACATGGAGAATCTCACGAGCAGTTACTG
59 L R A L L D L DL REHGE S HE Q L L
1561 ATGGTGGGATACCAGCCCATGGATGGACACGTCAACTTCTTCCGTATGGTTGTTGTTTCT
459 M VvV 6 Y Q P M D G H V N F F R M V V V s
1621 CCTCAGCTGACCACCAAGGACATGGATTTCTTCCTTGATGAGATAGAGGACCTAGGGAAG
479 P Q L T T K D M D F F L D E I E D L G K
1681 GACCTGTAGTTAGTTTGAATATATATGGTCTACCAATCACATTACCCCCTCATCTCATCA
499 D L
1741 TCTTTAAATTTGCGATAAGGTTGCTAAAATGTTGACTTATAAGCGGTACATAATACTGAC
1801 TTCAATGAGTAAGCGAGCAAAAGAAGTATGCATCTACAGAGGTCATAAAGTGAATGAATC
1861 TCATAGATTCTGGCCCACCTAAGTATTGAATTCATTTGGAAAACCCAGTTTTAGGTAGCC
1921 TGTTAGAGCCTTTACTAATGAGCCTGATTATATAAATCATGTGTATTAAATAAGGGCAAC
1981 ATCCAAGATGTGCACTACAGAGGCCACTACTGAGACGCACTGTGTCTGTAAACGTGATGT
2041 CAGCAAAACTGAATGTGCATTGTGCAAAATGATTCACAGGAGGAAAGCGTTTCTGATTGG
2101 CTAAATGCATGGGCTGTTCCCCGTTCTCTCTCTCTTTTCTCAGAGCCAAGGGCTGTCACC
2161 AAAACAGAGTGATTTTTTAAGCACACTTGCTTCAGTGATATCTGTTAATAAGGTGATTTT
2221 ATGTGTGCTGTTGAAAAATAGCTTTACATTCAAGTATGCAAACATTTTTATTTGAGTAAA

2281 TACATTGTTGTTTAAAGGGGCCCTATTTAAAGGATATTTTTAAGTTTGGATAGAGGAAGG
2341 GATTGTGTGTATACACCACGTGTG

1 CSAD cDNA
Fig.1 The sequence of CSAD cDNA and the deduced protein sequence of C. auratus
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330 340 350 360 370 380 390 400 410

Fa AD‘v’CClFHGL\N_HVDAA‘\"GGSVLLSHF‘HLLE iRADSVAmPHKLAAGL@‘SALLL DTSNLLKPCHG$A5WLFQ 365
421 ADVCARHGLW. HVDAAWGGSVLL SGIHRHL L G| MRADSVAWNPHK ML AAGL QCSALLL@DTSNLLKRCHGSQASY L F Qalok]
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HVDAAWGGS VLGS KEHRHL S 352
HYDAAWGGS VL [@SKKHEHL AGI ERANSY 345
HVDAAWGGSVL[@SKKHRHL LIGI ERANSV 340
HYDAAWGGS VLES 345
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420 430 440 450 460 470 480 480
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560
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PALT®ADNDF B MERL GEIDL 558

Rattus norvegicus RLSEVAPV vewv' T MMBGY QPHG JpguFFPWVA F‘uLAD DFL EERLI;DD 493
Gallus gallus vAPEI KERMMKE NFF RV SPA 493
Oryzias latipes VAPVI KERMMKEGT r/w G FS C| 508
Cyprinus carpio SPOLTTROMDFFLDE| E[EL GK 500
Clupea harengus S P SIIRYeROMDF @ DE | ERL GKDL 495
Carassius auratus LT TNDMDFFL DE | EEJL GKDL 500
2 CS4D
Fig.2  The alignment of protein sequence of CSAD in different species
3) CSAD ( 2) CSAD 3
) , CSAD ,
97.2%, 73.6%, R
61.0% MEGAS5.05 N-J
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Fig.3 Phylogeny of the CSAD
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Fig.4 The expression levels of CS4D mRNA in different Fig.5 The circadian rhythm of the expression level of C.
tissues from C. auratus auratus CSAD mRNA
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12
0:00 s 210
, 600 CSAD ER
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0 2 c
. O
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CSAD mRNA , 0 25 0.4
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Fig.6 Effect of taurine on CSAD mRNA expression level of C.
(P<0.05), (P>0.05)( 6) auratus
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MOLECULAR CLONING AND EXPRESSION OF CSAD IN CARASSIUS AURATUS

LI Xiao-Jie', TANG Jian-Zhou"?, SONG Peng’, WU Qing’, QU Fu-Fa’, LIU Zhen®?, LU Shuang-Qing’
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. Collaborative Innovation
Center for Efficient and Health Production of Fisheries in Hunan Province, Changde 415000, China; 3. Department of Biotechnology &
Environment Science, Changsha University, Changsha 410003, China)

Abstract
nested PCR (polymerase chain reaction) and RACE (rapid amplification of cDNA ends) techniques, and the relative

The CSAD (cysteine sulfinic acid decarboxylase) cDNA sequence in Carassius auratus was cloned using

expression levels of CSAD mRNA in different tissues and circadian rhythms fish and in the intestine of taurine-feed C.
auratus were analyzed. The results show the following findings. (1) The cloned cDNA sequence of CSAD was 2364bp in
length, including 186bp S'UTR sequence, 675bp 3'UTR sequence and 1503bp open reading frame encoding 500 amino acid
polypeptide. The homology analysis showed that CSAD gene from C. auratus had 97.2% uniformity with C. carpio.
Phylogenetic analysis indicated that the C. auratus CSAD was most closely related to CSAD of C. carpio in confidence
level of 100. The encoded protein molecular weight was predicted for 56.82kDa with a pl of 5.77. (2) The highest
expression of the CS4D mRNA was observed in the muscle, heart, intestine, and liver, and the lowest in the brain and gill.
(3) The highest expression of intestine CS4D mRNA was found at 6:00 am, and the lowest at 9:00 pm. (4) The relative
abundance of the CSAD mRNA decreased gradually with the increase of taurine. Therefore, this work could deepen
understanding on the molecular characteristics of CSAD in C. auratus, and provide a theoretical basis for future study on
the nutritional regulation of fish CSAD genes.

Key words CSAD (cysteine sulfinic acid decar-boxylase); taurine;

Carassius auratus; relative expression
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