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cDNA Cloning and Tissue Expression of Creatine Kinase Gene from
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Abstract: Creatine kinase (CK) plays an important role in the process of cell energy metabolism by
catalyzing the reversible transfer of phosphate group between adenosine diphosphate (ADP) and
phosphocreatine. This study aimed to investigate the characteristics of creatine kinase gene and its expression

patterns in tissues. The cDNA full-length of the creatine kinase gene from Huanghe schizothoracin
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(Schizopygopisis pylzovi) was cloned using RT-PCR and RACE methods, and then the bioinformatics analysis
was conducted. The results showed that the full-length cDNA of CK gene was 1 599 bp, including a 1 143 bp
complete. Open reading frame (ORF) encoding 380 amino acid peptide. The creatine kinase of Huanghe
schizothoracin contains a N-terminal domain and a C-terminal catalysis domain. Sequence homologous
analysis of amino acids showed that the CK of Huanghe schizothoracin has high homology with the M3-CK
of zebra fish (Danio rerio) and carp (Cyprinus carpio), with the identity reaching above 94% (Table 1).
Phylogenetic analysis showed that the CK of Huanghe schizothoracin and the M3-CK of zebra fish and carp
were clustered together and formed a monophyletic group (Fig. 3), from which the CK of Huanghe
schizothoracin could be tentatively identified as the orthologous gene of the M3-CK of zebra fish and carp.
The mRNA levels of major tissues from six individuals of Huanghe schizothoracin were detected and
analyzed using Quantitative Real-time PCR. The result showed that the CK transcript was highly expressed in
muscle, intestine, eye and heart, while weakly expressed in hepatopancreas and brain (Fig. 4). In conclusion,
the high expression of CK in muscle, intestine and heart is consistent with its function in cell energy
metabolism, but its high expression in eyes may be related to other functions, which needs to further
researches.
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Table 1 Primers for creatine kinase gene cloning and analysis in Huanghe schizothoracin
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MCK3-2F GACTAAGAACTGCAACAACG RT-PCR
MCK3-2R GACAACAGGGAAGAAAGGAA RT-PCR

MCKTrace5R1 GGGTTGACTTGCTCCTCAGTTTGT 5'RACE-PCR

MCKTrace3F1 GCGTCTTCAGAAGCGTGGCACAG 3'RACE-PCR
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MCKrealR1 CCAACAGCCGTGGTGAGCGTAGA Real-time PCR
GAPDHF GCGAGCCATGCCAGCAGACAA Real-time PCR
GAPDHR GTGAAAACACCAGTAGACTCCACAACA Real-time PCR
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Fig. 1 The PCR results of cDNA sequence of
creatine kinase gene
a. cDNAKZ.LJFH1; b. BRACERISRACE =4, 1L, 145RACE
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a. Major fragment of cDNA sequence; b. 5RACE and 3'RACE
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ACATGGGGGGGCAACCC

CTACATTGGCTTGTGAACAGGATCTGATCCCAAGGACTGTTACCTTTTCTCCCATACAGATCACCGGAAGAGTGCAATC
TTC GCT GTG GAG GAG GAG TTC CCT
Phe Ala Val Glu Glu Glu Phe Pro
CTG ACT AAG GAC ATC TAC AAC AARA

ATG ACT AAG AAC TGC AAC AAC
EEE Thr Lys Asn Cys
GAC CTC TCC CAG CAC AAC AAC
Asp Leu Ser Gln His Asn Asn
CTG AGG AGC ARG TCA ACC CCC
Leu Arg

Asn Asn

Ser Lys Ser Thr Pro

GAC AAC CCT GGC CAT CCC TTC

Pro Gly His Pro Phe

TAC GAA GTC TTC ARG GAG ATG
Tyr Glu Val Phe Lys Glu Met

PKC (102-104)
GAC CCC AAC TAC GTT CTT AGT

Asp Pro Asn Tyr Val

GAT
Asp
CAC
His
AGT
Ser

ATC
Ile

TTC
Phe

GAT
Asp

AGC

TAC AAG
Tyr Lys
ATG GCC
Met Ala
GGA TTC

ATG ACC

Met Thr

GAC CCC
Asp Pro

CTG AAC
Leu Asn

PKC (127-129)
CTG CCT CCC ACC AAC AGC CGT GGT GAG CGT

Pro

Pro Thr Asn|Ser Arg Gly Glu|Arg

CK-2 (146-149)
CTA AAC AGC CTG GAT GGC GAG TTC ARG GGC

Leu Asn Ser Leu Asp Gly Glu

ARG GAA CAG GAG CAG CTC ATT

Gln Glu Gln Leu Ile

CK-2(179-182)
CTG TTG TCT GCT GGC ATG GCT
Leu Leu Ser Ala Gly Met Ala

AAC AAG ACC TTC TTG GTG TGG
N-glycosylation (221-224)

CAG GGT GGC AAC ATG AAG GAG
Gln Gly Gly Asn Met Lys Glu
GAA GTC TTC AAG AAG CAC AAC
Glu Val Phe Lys Lys

'Tt’p

His Asn

ACC TGC CCC TCT AAC TTG GGT
Thr Cys Pro Ser Asn Leu Gly

CTC AGC ACA CAT GCC AAA TTT
Ser Thr His Ala Lys Phe

ACA GGT GGC GTG GAC ACT GCC
Thr Gly Gly Val Asp Thr Ala
N-myristoylation (322-327)
CTG GGC TCC TCC GAG GTG CAG
Leu Gly Ser Ser Glu Val Gln

GAA ATG GAA AAG AAA CTG GAG
Glu Met Glu Lys Lys Leu Glu

Phe

GCT
Ala

CGC
Arg

GTG
Val

GTC
Val
CAC
His

ACC
Thr

GAG
Glu

TCT
Ser

CAG
Gln

ARG
Lys

Lys Gly
GAC CAC
Asp His

GAT TGG
Asp Trp

AAC GAG
Asn Glu

TTC AAG
Phe Lys
GGT TTC
Gly Phe

GGC CTG
Gly Leu

ATG
Met
ARG
Lys
ACC

Arg

ARG
Lys

TTC
Fhe

CCT
Pro

GAG
Glu

AGG
Arg
ATG
Met

CGT
Arg

AAG
Lys
GTT
Val
CTG

Leu Thr Lys Asp

Ile Tyr Asn Lys

GAT GAC TGC ATC CAG ACC GGT GTG
CK-2(51-54)

GTT GGC TGT GTG GCT GGT GAT GAG GAG TCC

Val Gly Cys Val Ala Gly Asp Glu Glu Ser

N-myristoylation (72-77)

ATC ATT TCT GAC CGT CAC AGT GGC TAC ARG

Ile IlesSer Asp ArgiHis Ser Gly Tyr Lys

CK-2 (58-61)

PKC (93-95)
TTT GAG AAC CTG AAG GGT GGT GAT GAC CTT
Phe Glu Asn Leu

CGT ACC GGC CG
g

PKC (132-134)
AGA CTT GTG

Leu

TAC
Tyr

CTG
Leu

GAT
Asp

GAT
Asp

TTC
Phe
TGG
Trp

GGT
Gly

Val

TAC
Tyr

TTT
Fhe

Ala

His

TGC
Cys
ARAC
Asn

GGT
Gly

GAG
Glu

ccT

Pro

Asp

Arg

CTG
Leu

GTT
Val

Glu

GTC
Val

N-myristoylation (289-294)
GAG ATC CTG ACC AGA CTG

Glu Ile

GTT GGT
Val Gly

GTG CAG
Val Gln

GGC GAG
Gly Glu

Leu

GGG
Gly

CTC
Leu

TCC
Ser

Thr

GTG
Val

GTG
Val

ATC
Ile

Arg

TTC
Phe

GTC
Val

GAT
Asp

Leu

GAC
Asp

GAT
Asp

GGC
Gly

Lys Gly Gly Asp Asp Leu

AGC ATC AAG GGA ATC ACC
Thr

PKC (135-137)
AAG CTG TCC ATT GAG GCT

Lys Leu Ser Ile Glu Ala

CTG AAG GAC ATG_AGT_GAT
"

Leu Lys Asp Mets

[142]
[202)
[20]
[262]
[40]
[322)
[60]

[382]
[80]

[442]
[100]

[502]
[120]

[562]
[140]

[622]
[160]

PKC (179-181)

AAG CCT GTG TCC CCC CTG
Lys Pro Val Ser Pro Leu

GGC ATC TGG CAC AAT GTC
Gly Ile Trp His Asn Val
N-myristoylation (215-220)
CAT GTC ATC TCC ATG CAG
His Val Ile Ser Met Gln

GGC CTG CAG AAG ATT GAG
Gly Leu Gln Lys Ile Glu
CAT CTT GGT TTC GTC CTG
His Leu Gly Phe Val Leu

CAC GTC AAG CTG CCC AAA
His Val Lys Leu Pro Lys
CGT CTT CAG AAG CGT GGC
Arg Leu Gln Lys Arg Gly

ATC TCC AAC GCT GAC CGT

Ile|Ser Asn Ala Asp|Arg

CK-2(336-339)
GGT GTG AAG CTC ATG GTT

Gly Val Lys Leu Met Val

ATG ATC CCT GCC CAG AAG
Met Ile Pro Ala Gln Lys

N-myristoylation (374-379)

AATGGCARAAGTGCTTTTCTTTTTTTATTTGTTCTTTCAAGCAGTCATGCCATCTTGACTTTTCCARGAGACACTCCAC
CCTGCTCCCTTTTTTCAAATTTATTCTCTTTCTTTTCTTTCCTGTTGTCTTATTTTTCCTGCACTTTTCCTTCTTATCT
TCCTGTTCCTTCTGTAACATCCTGGGATCAAACCTCCACATAGCTAGARARACCCTAGCTATGTTGTATTCACCTARACT

TTATTTTTTGGTTGTACAAAGTTAATAAACGGCCCCATGTAACAATCG,

B2 RN ANRBEEE 2K DNARFS R HHES MR ERF5

Schizopygopsis pylzovi (3 F 1)

[742)
[200]

[802]
[220]

[862]
[240]

[922]
[260]

[982]
[280]

[1042]
[300]

[1102]
[320]

[1162]
[340]

[1222]
[360]

[1282]
[380]

[1285]

[1364]
[1443]
[1522]
[1599]

Fig. 2 The full-length cDNA sequences of creatine kinase gene and the deduced amino acids sequence from
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G2 ETD MRIZARSRIGEN T ATG; » FonIEgidZALIRm & B8 T MR T ROR S R IR BAME . HREHER RIS, 8 e 11

o
Starting codon ATG are underlined. The asterisk in amino acid sequence indicates the non-encoding termination codon. Boldface characters
represent open reading frame (ORF). Casein kinase II phosphorylation sites (CK-2) are in black boxes; N-glycosylation sites are in gray boxes;

Protein kinase C phosphorylation sites (PKC) are in black dotted boxes; N-myristoylation sites are shadowed in gray.

R2 HMRA AL LSS DNREEEER TSI LR

Table 2 Amino acid sequence homologies of creatine kinase between Huanghe schizothoracin and

other vertebrates
L JillNize (=it TR TS —3HE (%)
Species Creatine kinase type Length of amino acids GenBank accession No. Identity
M1-CK 381 AF055288 86.88
fif Cyprinus carpio M2-CK 381 AF055289 86.88
M3-CK 380 AF055290 94.49
N . . M3-CK 380 AY260853 94.75
HL 5% Danio rerio M-CK 381 BC056706 87.93
B A5 X4l 1ctalurus punctatus M-CK 381 NM_001245943 86.61
UTf# Oncorhynchus mykiss M-CK 381 HG315740 87.66
JEfil Oreochromis mossambicus M2-CK 380 AY034098 88.98
TLER Pagrus major M1-CK 381 GU135652 86.61
¥ Paralichthys olivaceus M-CK 381 EU024928 86.88
] #hLk HfA Platichthys flesus M-CK 381 FN432387 86.09
L4510 Poecilia reticulate M1-CK 381 EF408826 86.09
M3-CK 381 BT043801 87.14
AHFEE Salmo salar M2-CK 381 NM_001139716 87.66
fit Siniperca chuatsi M-CK 381 FJ613633 88.45
VU EFRER Astyanax mexicanus M-CK 381 XM_007260973 88.71
‘I Bos taurus M-CK 381 BT021173 75.53
J53%% Gallus gallus M-CK 381 NM_205507 73.87
A Homo sapiens M-CK 381 NM_001824 76.25
/N, Mus musculus M-CK 381 NM_007710 76.25
i Oryctolagus cuniculus M-CK 381 NM_001082239 76.01
KH Rattus norvegicus M-CK 381 NM_012530 76.01
N . B-CKa 381 NM_001077163 77.43
5% D.rerio B-CKb 381 BC064285 77.69
HBES £ Esox lucius B-CK 381 NM_001304218 79.00
B 5 )R 1. punctatus B-CK 381 NM_001200451 79.53
IT4% Oncorhynchus mykiss B-CK 381 NM_001160490 75.07
KtiyEdt Salmo salar B-CK 381 NM_001139778 74.80
SEPYEHREL A mexicanus B-CK 381 XM_007230924 76.12
4 B. taurus B-CK 381 BT020708 67.93
Ji# G gallus B-CK 381 NM_205310 69.36
A H.sapiens B-CK 381 NM_001823 67.93
/MR M. musculus B-CK 381 NM_021273 66.75
it Oryctolagus cuniculus B-CK 381 NM_001082261 68.17
K R. norvegicus B-CK 381 NM_012529 66.98
Lyt D. rerio mt-CK 417 BC048050 54.92
ABEfyfa E. lucius mt-CK 414 XM_010901369 54.90
&1 )24 Xiphophorus maculatus mt-CK 415 XM_005807450 54.80
i+ B. taurus mtlB-CK 416 NM_174275 54.63
JRAS G gallus mt1A-CK 417 NM_204182 55.82
A H. sapiens mtlA -CK 417 NM_001015001 54.63
mtlB -CK 417 NM_020990 54.63

/MR M. musculus mtl-CK 418 NM_009897 54.60
K R. norvegicus mt1B-CK 418 NM_001012738 55.11
i+ B. taurus mt2-CK 419 NM_001034656 55.11
/N M. musculus mt2-CK 419 NM_198415 55.34

KB R. norvegicus mt2-CK 419 NM_001127652 55.34
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Fig. 3 Phylogenetic tree of Schizopygopsis pylzovi and other vertebrates based on creatine kinase amino acid

sequences (R0
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Numbers at the nodes denote the bootstrap values of 1 000 replicates; Scale represents the numbers of substitutions per 1 000 bases; M-CK,

B-CK and mt-CK refer to muscle-type, brain-type and mitochondrion-type creatine kinase, respectively.
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Fig. 4 mRNA expression of creatine kinase gene in different tissues of Schizopygopsis pylzovi as revealed by using

RT-PCR (a) and Real-time PCR (b) methods
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a. MRNA expression detections of creatine kinase gene using RT-PCR; b. mRNA expression detections of creatine kinase gene using Real-time

PCR.
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