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Sequence analysis of AK1 gene from Jingyuan chicken and
construction of its eukaryotic expression vector

ZHANG Juan', HU Honghong', DENG Zhanzhao’, MU Tong', GU Yaling', XIN Guosheng’
(1 School of Agriculture, Ningxia University, Yinchuan 750021, China; 2 Animal Husbandry and Technology Promotion
Service Center of Pengyang County, Pengyang 756599, China; 3 School of Life Science, Ningxia University/
Ningxia Feed Engineering Technology Research Center, Yinchuan 750021, China)

Abstract: [ Objective] To explore the structure and function of protein encoded by AK/ gene screened by
transcriptome sequencing of Ningxia local breed Jingyuan chicken, and construct its eukaryotic expression vector.

[ Method] According to the original chicken 4K/ gene sequence published on GenBank, specific primers were
designed for its CDS region, and the CDS region SNPs of AK/ gene were screened quickly by cloning and
sequencing. The eukaryotic expression vector of 4K/ gene was constructed. The bioinformatics function of the
coding region was analyzed. [Result] The full length of AK/ gene coding region was 585 bp, which encoded 194
amino acids. AK1 protein had no transmembrane domain, and it had two CpG islands, 18 phosphorylation sites and
10 antigenic epitopes. AK1 protein was a stable water-soluble protein, and the spatial structure was mainly a-helix
and irregular crimp. The results of subcellular localization showed that AK1 protein was mainly located in the

cytoplasm, and GO enrichment analysis showed that AK/ gene was also enriched in the cytoplasm, which was
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consistent with the result of subcellular localization. Gene co-expression analysis of genes interacting with AK/

showed that AMPD1 and PKM?2 coexpressed with AK/ gene, and the co-expression coefficients were 0.116 and

0.063, respectively. The AK1-pEGFP-N1 vector was successfully constructed. [ Conclusion] The results of this study

provide a scientific basis for further study of the function of AK1 protein and AK/ as an inosinic acid-related gene.

Key words: AK! gene; bioinformatics; Jingyuan chicken; gene co-expression; subcellular localization
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ReFHIEXS A BE R 15 K (WA 7R PR ), SRAE
FR AL B JUL T U R, Al [ 5058 = T80 °C IRAE
#%H . W H: Trizo, Hifair® Il 1st Strand ¢cDNA
Synthesis SuperMix for qPCR(gDNA digester
plus) W5 & (L EEY A ), DNA loading
buffer( A & 7)), MR EH (ZHK %), pMDI8-T.
DH5a 5L/ 42 8l 77 s 3 i 3 I B e e
DNA [ i & (KHR), T4 E## (NEB),
EcoR 1. BamH 1 (ZEWHIRAF]).
12 REHE
1.2.1 % RNA®RRERHX Eidfks
Trizo(Invitrogen, USA) 7442 HUEH S5 XS &L 1 AL
L RNA, 5 H RNA A0, Se M IR EEEAT G
. KA Hifair® 1 1st Strand cDNA Synthesis
SuperMix for qPCR(gDNA digester plus) 57 & &
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ANATHERS AKT FEF 751, R Primer 5.0 #4F &
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=1 32538 4K1 EF CDS X3|¥57

Table 1 Primer sequence for CDS region in AK1 gene of Jingyuan chicken

A B S F(5'—31)" P op BRI E/C

Gene Accession number Primer sequence Product length Annealing temperature
F:TCCTCCACCCAGACAGCA

AK1 M37901 741 57.6
R:ACGGGAAAGAGCCAAACA
F:ccgGAATTCTCCTCCACCCAGACAGCA

AK13 M37901 759 62.7

RicgcGGATCCACGGGAAAGAGCCAAACA

1) A FRIK 855 B Bbnis B, AKI3 £ T #5415 314 NEcoR | F2BamH | Bxbnls 5

1) Underlined sequences are restriction sites, and forward and reverse primers of 4K 13 contained EcoR 1 and BamH 1 restriction sites respectively
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1.2.3 AKI R CDS R4 ¥ e %A F PCR
P18 Bk RN 20 uL: cDNA FESH 1 L, b RSl
)% 0.5 uL, Tag PCR Master Mix 11 pL, ddH,0 7 pL.
AK1 %P CDS [X PCR § L7 Jy: 94 °C FilAL {4
5 min; 94 C B 455, IBK 405, 72 °C 2EfH1 45 s,
3£ 31 MR 72 C LA 10 min, 4 C fR4F. PCR
FEVNIEIT 10 g/L B3R BRI FRLIKAS I S, A5 FH
i B g W e Jie DN [R1USCls) o H /9 v Bodt AT
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H ) B e (b 1) DHS o0 2 25400, 0K 30 min,
42 °C #4390 s, VKB 3 min, JIIANTCHUR A LB 1577
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NG RHUER LB WK 772 220 r/min 7235 5
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P2 (L) A IR w BEAT I
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U1, MEGYIR Z 9 50 uL, AR &S50 9: 11 uL
ddH20, 5 pL 10xBuffer, 2 pL EcoR 1,2 pL
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e R L R IE M GO Tl REVE R 23 Hr i i 7 2 I
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2.1 = RNA 2
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3N, JOIE R R . AR B ORI RNA 1
D10 nm/Dago nm TE 1.8~2.2 2 ], 58 BT (RIN=
6.5), AT Ja 8585 .

1 2 3 4 M

1. 2: B fL; 3+ 4: BEAL; M: Trans2K Plus DNA Marker
1, 2: Chest muscle; 3, 4: Leg muscle; M: Trans2K Plus DNA Marker

1 ERREBEHLAE RNA ZE
Fig.1 Total RNA extraction from different tissues of
Jingyuan chicken
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750 bp 741 bp

M: DL2000 DNA Marker; 1~5: %1% /- B¢
M: DL2000 DNA Marker; 1-5: Amplified fragments

&2 #[EE AKIEF PCR {18 k(E

Fig.2 Electrophoresis of PCR amplification of AK1 gene
in Jingyuan chicken
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750 bp 759 bp

M: DL2000 DNA Marker; 1~5: 41 /Bt
M: DL2000 DNA Marker; 1-5: Amplified fragments
3 RIS AKI EFEMESYIRLS PCR ¥ 1B e K [E
Fig.3 Electrophoresis of PCR amplification of AK1 gene
with restriction site in Jingyuan chicken
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M: DL2000 DNA Marker; 1~7: 434 /i Bt
M: DL2000 DNA Marker; 1-7: Amplified fragments
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Fig. 4 Restrictive enzyme digestion and electrophoresis of
AK1-pEGFP-N1 vector in Jingyuan chicken
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The full length coding sequence of AKI gene and corresponding amino acid sequence
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Fig. 6 Nucleotide composition in CDS region of AKI gene
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R2 AKI ERRIDEONTERERR
Table 2 The composition of amino acid coded by AK1 gene

B Ko A%
Amino Acid Number Frequency
Ala 10 52
Arg 10 52
Asn 2 1.0
Asp 11 5.7
Cys 2 1.0
Gln 6 3.1
Glu 18 9.3
Pro 6 3.1
Thr 13 6.7
Val 15 7.7
Gly 19 9.8
His 4 2.1
Ile 9 4.6
Leu 20 10.3
Lys 22 11.3
Met 5 2.6
Phe 5 2.6
Ser 9 4.6
Tyr 8 4.1

FHIEF AT RS 5 (B 7) R B, 26 15 4
AR (Val) B K1 58 (5 70 %8 1.933), 3
105 A2 2R (Glu) R KM f ik (B I8 73 251-2.589),
SRR N T 0(-0.469), i iZEAEE
BRI SR K X 4
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Fig. 7 Hydrophobic/hydrophilic analysis for AK1 protein
in Jingyuan chicken
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& (Tyr) W R A AT 55, 43 A7 T 38 35, 118 155 fif
(Kl 8).
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FIH immuneepitope 7528 AF T AK T F P 4
T2 IR R AL (B 9), 45 B R IEE Y AK1 &
HAFLE 10 4> B dliffu i i 2 AL, 43 AL T 1, 17~25.
38.48~56.85~88.97~111.122~124. 134~147,
155~158. 176~181 fir g SRk % .
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Fig. 9 Prediction of B epitope of AK1 protein
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Fig. 10 The secondary structure of AK1 protein in Jingyuan chicken

11 FBEXG AK1 ER RN =REH
Fig. 11 The predicted tertiary structure of AK1 protein in
Jingyuan chicken
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JL B B AT REME A 17.4%, 4047 76 40 i % R A AT R
PE A 13.0%, 73 A6 1F e R AR i S AL B4R . PN
}AHE AT BE 20 9N 8.7%. 4.3%- 4.3%. L HE
Wr, AK1 FE R g 5 7= 4 5 BE1E 40 I 5 b R A B
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*®3 AKI EEH GO ERIH
Table 3 GO annotation analysis of 4K gene

HiH GO%H ik FEH %" HiR R
Item GO term Description Gene number  False discovery rate
R GO:0009167  PEMIZBERTT BRERR ML AR 4(41) 2.78x10°
Biological process Purine ribonucleoside monophosphate metabolic process
GO0:0009165 I HREME R 4(40) 2.78x10°
Nucleotide biosynthetic process
GO:0009150  MERSRZHEAZ T IR AR B 72 4(49) 2.78x10°°
Purine ribonucleotide metabolic process
GO:0009168  MEMSKZHEAZ AT BLBERR AL A A L AR 3(25) 7.56x10°°
Purine ribonucleoside monophosphate biosynthetic process
GO:0009152 MR AZBERZ BRI ALY A T R 3(29) 8.98x10°°
Purine ribonucleotide biosynthetic process
GO:0017144  Z5WpfRistid e 3(68) 7.47x10°°
Drug metabolic process
GO:0006188  WIHEAEME Rt 2(7) 8.04x10°
IMP biosynthetic process
G0:0046040  MIERICHILFE 2(9) 1.20x10™*
IMP metabolic process
GO:0006165 BTSRRIk 2(14) 2.40x10™
Nucleoside diphosphate phosphorylation
G0:0009142  BH =BEREM A KL 2(21) 420x10™
Nucleoside triphosphate biosynthetic process
GO0:0046034 ATPACHHT 2(31) 8.40x10™
ATP metabolic process
R 3 G0:0003824  fiEALIETE 5(642) 2.00x10”
Molecular function Catalytic activity
G0:0016301 PR 2(98) 7.50x10°
Kinase activity
GO0:0005524 ATPZ: & 3(202) 7.50x10°
ATP binding
GO:0016787 /KRG 2(271) 3.13x107
Hydrolase activity
N 2H 5> GO0:0005829  “AMIAJ 3(264) 1.43x10°
Cellular component Cytosol

1) #5 RS ATE RN A A LR, 55 M SRR 27 20 AR 4

1) The value in brackets represents the number of all genes enriched to this GO term, and the value outside brakets represents the number of

significantly different genes
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W& 2E A RS RR R, R an R 2% 1 2k IR 445
SR R B ARE F AR B B T A S R
o MG BRI i ST, AU
A RRA AR AR SR AR A A AR BR A R
BRI I HEA BN, ECfBiERA
FRIEDIYLBE T2 = 1, U2k D 4L e e 4127 B
5 2H 5 A 2H 5% 0 T A 4 i 2 R T B S
RGRE T,

JiREF B ARG (AK) 38 A7 7E T AR, (b IR
WEL A 1% HF R 1 AH L #5 4: Mg® +ATP+AMP=Mg*'+
2ADP, fERFEM A WHA L p O L% EH 6 Fb
1 % AK [F T (AKD)™, EATH E B e 2 4k 57
Y1 M ) RE AR A, AL 5 20 i Ak = R AR O AR
159, R E SR IZ H IR AKL & —H
N 6 S5 T, E R UL L 0 i Al e B R
Morp R IA, HiE R T Mg 8 Mn™ 5 1, 7E%H
AK1 BT BRI T R K S 3 AKT H
KIZ1°8 6000 L X, B 7 NAME T4 5%, Suminami
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42 B

U LENS AK1 AR 2R I 5 IR T (AK2) Z [H]
(1) BB B R I, AK T S DRI AT gl il sl ok 1 Ahak 2
AN TN AK2 BRI AL TR 1. 50 FE R IS
AKI1 H— R 55 AKL — BRI 85% KM
U, DRI, $R 5 AKL ) 2R = 2 5441 ot
EH TS AKL, 1 H R AKT AN 4 A5 R
Xk AK24 B AR i e, © A% XA B
T ATP 454 AL THREDY . ASHI 5T K B i S 1
AKI 3K CDS X HgmTd 194 MREIER, HIE S H
KN 8.68(>7), ANFaEFREA 21.56(<40), g lli+a %L
N 85.88, HEWTIZE (&R e E ALY, BEAKR
ST T 2 T 5 W AE 0 1) 2B A T s R AT A 3,
U, AK 1 85 A B A R E 140 i 8 A AR A s 30 .
AK1 & H SR SEIKPEIIE R-0.469(<0), 1t 1%
R TEMEER A . (55 RORE5 5 45 44 3 70 & 30
AK1 E ARIEAEAS 5 A 54, VL% E AR
N A, A ReE I RS2 Rk R IR, 63
HEAT Al AL TT B B A TR . R AL AL s A AT R R
AK1 HEBEAAAE 8 NIRRT (Thr) BERRALAL S 7 A
22 1R (Ser) BEERALAL s 0 3 ANEEEIR (Tyr) MR
AAE 55, SX A7 A5 AT DA T — e A g ) A A S
S, %8R (T RE T ELE RS R R AL AD 25 1k
P& AX 52 A 40 Jf AR L A DA R R R R AP, X
Carrasco 25" RN AK 1 & 1k 1] GE & 76 i i 28 bl
RN KATP J83E 2 (A4 15645 5 BT 0 75 B B 98 45
R—8. B =R R AKL 8 E LA
o MR HERITE RN o3, H B iR A A ™),
AT IH AT e e ek 52 el 2 1 o UK TR O AR RN 2 AR 2
(I PECY, BET R AR T RE . B BR D SEE AT
RIR g e Gt fEEa b S E2,
W2 BT R R A 2 IS, BRIk, AKL & AL
J5 2 o T R I B 10 A B 4B R R A . JE
Rl AL R IE M R, 1A AK1 Fl AMPDI
PKM?2 {45 3L3R15, 11 AMPDI1 R PKM?2 #3721
2 (Inosinc acid, IMP) M k& Rl 12 i S B 2L A,
I AK1 FTREAEAE S AMPDI1YS PKM2 FLII T e,
Al AK T FEDE N5 IMPAH 5% 1) Th g 3 R 3047 1
Fio CpG By Ar T 5= IR e S PR 42 X BRI, i Ji 3
AKI FERFAE 24 CpG 5y, X NG AK 1 FEH #
SEIX CpG & HEAIRS I 7+ EE. W41
SENL KRB AK L B AL T 4088 i, 55 R kAT
GO 4l 443 5 BT A1 Choo £8P BF 50 45 R — %, H
UEHEWTZ & (A ARG b R AR ER

g% b, AW T A S S A B BT A s 2
{8 1) A SR NS A [F) 3002 5 TMIP AH 2 1) O i 22 0k

AK 1 BAT o B i o 7 A S D7 R e
H A FIEH AR AK1-pEGFP-N1.

B R AK 1 BEH CDS X 42K 585 bp, AK1 &
HEH 194 MR, £ B ARBORMSEK X R
PR, AKL B H W REAFEAE 7 222 R (Ser) B
B AT A, 8 DNTRE MR (Thr) BERRALAL £, 3 MR
% (Tyr) BEEALAL A I HEAA 10 4 B 4ifu i %
B, 2 A CpG &, T 7E40 M i o R AEEF, 5
AMPDI. PKM2\ ADSL 1715 3:3RIE, AK1 HH %
SERIRN = R AR UL o e AN T RN 25 Bl R = (F
AME A 86.39%).
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