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B cdk2 B4 FHIE. RiZFEREERS COX2 HEEEH
&

MEG, BZEE, TRER, BAL KR, TRA, AR, FHF, HE,
G, wan, THR, %"

1. KPR A S52e TR2EBE, KAEDWERSHREEME S ESLRE, HE K1Y 410022;
2. WL KA an Bl f2A e, S m s ShRE MM M & B A S0 %, W Kb 410081

FE: NIRFH AL (Crenopharyngodon idella) cdk2 W) T HHE . CDK2 HH 5 CDX2 WAH H AR KB E IR IR,
A i AR R AT cdk2 JERFF, HIF R EEHE 897 bp, ZnfY 298 NEIAEER, SHALYF CDK2 FILEF
B FVEPEIRE] 80% L I, HEA MRS S_TKe g, 2T cdk2 BB F Il vE SR BN HEW, Fa 53D m
(Danio rerio) 5% K Fiwilt; MX T cdk2 RSCU MRIEHT, HTF CDK2 & HM)TFF M R G AW o BELF A
LG R 25, LRI AHT A R F W], B cdk2 mRNA 7E I & 20 2133 34 K 5 785 (P<0.05), JFFHEFII A vk =2 o
T3 Ay X RN B XU A A A T R CDK2 5T IR L IR 3 1) CDX2 BYAH EAE, 45 3R] CDK2
5 CDX2 B MEAEH . AW — 0 i S5 SCI R T Rk iR B A KT B 24 5518 CAA (T ES lys il
glu). ik KE (lys-glu, KE), =Jk GHK (gly-his-lys, GHK)X} cdk2 fyZeik s, 45 R0, MR, 0.5% GHK
PR cdk2 mRNA WA MEHAVE iR, EIERR CAA ML B A FAE MR ALY KE Tk, AL cdk2 £
Ko L5 BN, B cdk2 FEDNFERER 44U Sk, CDK2 5 CDX2 MHE AR, cdk2 335 7K 32 Bk h & JEBR A
ANRIKSE IS0 o AR5 T S A58 HALRE B €02 edk2 47 FHRIE, Wi DhBE 3L i AR AL &R, IR G
LI cdk2 B PR 2 R SN BK B #6328 TR U F AL T 5 42 e JE Al

G A cdk2; CDX2; MIEAER, 5

FESZES: S917 XHRERERAD: A XEHE: 1005-8737—(2025)05-0581—14

21 e S5 1 2R O BB (cyclin dependent
kinases, CDKs)/&—J8 22 2 IR /I & W2 £ H B g,
B 22 05 2 FR USRI 1k, LU T 1 2 RE ) R
B e T 5 HAHE R cyclin WAE3T 0 K& i 5 /&
[, Bl CDK & B MS —RIKZ &Y LU
VT S AN [R] A A P AR 200 ) A R A
P4 2 (cyclin dependent kinase 2, CDK2) J& CDK
FEW A Z—, BENZRGEEN Y P EF) 21
AR SRS . D RE AR 7
B AR UEER ) % CDK K HE S HLR A BT

Yrfm HER: 2025-02-08; 1&iTHH3: 2025-03-23.

53R, CDK 24 B ZoEN, 25
gAY . BAEE . TS, DNA WE 2 &
A g AR & 10 KA CDK R
AR YESE G1 93] S ARy kR Bl
AR, BN AR XK = 34 CDK Y HE i
RIT T HARAMIBEGE . TEK = shrh, Z3int
5 F W] CDK ¥ KRR & &, Ui Zhang %51
WS & BRI BE L fl(Danio rerio) cdkl 52 WHE T,
NG IR AR AT 22 57 24 78, 5 3040 S B9 A DNA
SHIAR DGR GRS w, DI gL A A,
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ARBE Tt A5, 7R A RS T Webster 2E01%
W cdk21 S FEBE S AR ET A LT
FEARIBE PR A BRI cdk2 W 3RIBKF-1E R
WilR B A T 1Y B i £ (Pelteobagrus fulvidraco)
OB 20 g G AR BT B R IR (Palaemon
carinicauda) CDK2, CDKS8 il CDK9 = 50§ %
B, WEPEEANM R e | AN DN Y R A s
LA % B0 82K 1 155 ) Matrone 2801 B
BEEy £ cdk9 1) FIR 23 T SO0 Mg G/, FF-HEn
AT, s S AR E K A E .
B cyclinA2-CDK2 #§fR{k UHRF1 520 iR
i, FEAn MR K U Ty T, A BE Dt
CDK9 I PE2s /b0 WLAH MBS 56, 40 35 R o
O JUE X 8005 ) R B ARk A B Af (Epinephelus
coioides)BF a5 2R 1 JSALN W3 o 0% 40 o S 30
cdk2 SEAE R A0 M 5T FE Ak R 22
TG M P R IB KT R R Y edkS B S RE 3
Rohon-Beard (RB) #iZ c4ufa =", HAL
ERES (Lampetra japonica) cdk2 [R]JFFEE AT LI
YN R T, A R A S0 R A A T O aE
AT T D A A TR
TEL M ¥ 0 T, TP ARG B (Eriocheir
sinensis) cdk2 WFIRZERTIAMIAY GO-G1 A1,
HSE S 3 e G2-M 18 & BRI, i = A Lk
(Hyriopsis cumingii) cdk6 ‘FEH5 4140 i o k38 i
GO/G1 ik A S 12,

CA MR, AKRRIE bz 40 2 B A ¢
[R] YR & % s I FF5 M 2 (caudal type homeobox 2,
CDX2)FE G /R 4EFF 5 1 (chromosome region
maintenance 1, CRM1)F1 CDK2 W EIFEFH T, M
MMz iz 2 ARM B, 9% CDK2 #EfR{L/5 A
Z Z ALK fREIE . CDX2 s iniE b 4E
AL YERE OGS T R AR OCHE/ERT . CDX2 TE
JiE Bz A oAk AR S CDK2 X H iy iR
WHHH KR, JE—L M5 E B, CDX2
5 CDK2 M H 1, CDK2 i a3 4 1 1 i R
LI CDX2 iz Ll iz B4k m >, 5
CDK2 TEMiZL Wb i) Z B9 AH L, FRATX
CDK2 fEARSFHMESh ¥ a2 Ve A Z 570
AUGHH TR Y], #f CDX2 HHAA

2R AL, i 26S-8 A A Eibig
RAEATRE AR, R CDK2 ##i 5 Roscovitine 4h 34
FIK T HA CDX2 WA I Fota iy E 4u i, Fifa
CDX2 MM mRNA 423K K AL, cdx2
mRNA N K AR b 35 25 52 e B ff /N ik 15 3R
F1 1 (oligopeptide transporter 1, PepT1)HJ 3 k7K
SO DL ERFSE SR, ARt ] BEAE A S A
IR FL B ALY CDK2 5 CDX2 M E AR FHLHI,
SRIM G T CDK2 765 ff v 1) D) RE JCE SR R4 5T
H i I i A A

A R IR E T A B IR K IR B S L
=g A 4 EROK IR A8 a2 it vp A A
2023 4R H A 77 BT 594.13 J7 127 B An A
X LA R R R R BRI, B e
A PN 22 B8, 11 6 P 9 T A P o 22 3 e i/ IS R 5
FHMR, AW A edk2 XPAMNRE IR S
M N AFSE, XFTREELL CDK2 SRyl 40 3 o
EFEMO, e 2 ey R £ DR A ISR
R A G AU A T 7K ™ o (0, 3 B B A T B A A 7 S B

AR AR AT ST CDK KIGAFTRN
T cdk2 F:H CDS X, #47 cdk2 WHEYIE B 2250
Mr, Hf cdk2 TEASHARIKR P, 5 CDX2 1Y
FHEAE ST, FRIEAS R KV 24 35 1R FUA [R] 7K -
ANFIFHIE NIRRT cdk2 ik B RAE AT, R Ffh
cdk2 W3 FRHE, HAEH S CDX2 MAHEAEH &
HFBEFAE, A#ENT CDK2 Xt CDX2 iy
BL, FRFEAS [FDELE 2 X0 B A 38 cdk2 B JR4E
WFFE S A P A

1 #MBEFE

1.1 EIedrd

AT BT B A &)y ) B 8 R AR K R A AT
FEHT o TR I AEAS VDT B IR X 77 i 5 Hh = A )
FEEAT . AEIESIRASCIRTT 12 d, Pr A FRgE Y
FHOGT R Ak MR 7 AT I S 56 2. S I IR i —
FASEr, F 60 mg/L MS222 JFREE, i 630 FEHLA% I
A7 H AR Y B 4 11 [(10.69+0.07) g], BEHLAIC
RTH, BHIANEL, 21 PMFE(.0 mx1.0 mx
1.5 m), BEA~MI%E 30 BB f o fF 2L AN S 3 ]
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S WA cdk2 W7r THRE . IR LHE RS CDX2 AR EAE 583

KAC T BPET R B, AP ) e — ok
S, KN 25.3~35.7 °C, pH N 7~7.4, A
WeBE<0.05 mg/L, %A >3 mg/L. 7£ 63 K
RN, BK 9:00 M 17:30 A THME 2 W&,
H 4R 2 R 3%,
12 HmRE

TEABE ST o, A B S 56 1 f 7 fig ) w
60 mg/L M S222([a] 2 3 7K H iR £ Tk Y Jod ik iR 6,
% HE Sigma-Aldrich 23 a]) JFREE, FHICTE 39T 4%
T RS, G A BT S B ] 43 B R A BT R
EME AL, . sk, T, 5. T
Wi B WL LA, HTASRE ST
FEAR, REAHLURE 6 ANEE, BARH A
UK EHEAT, BURE 5 R 8 R TR A B
17, RIGHEBE-80 CHETT
1.3 Ef cdk2 EFIAESH

B FEAESERI R 2 B 0.0% . 0.5% .
1.5%H91iF B 2 2 R A 2 RIR S (lys Al glu,

CAA) . L-#i & -L- A & Bk — K (lys-glu, KE, Ji
MA Y, bR L-H 2 - L -2 - LR 22 e
—Jk(gly-his-lys, GHK, €44, m )AL 7 Fh
sy iEkl, BURRC IR 1 FiR . RAESNMAE
PEAT SR, BEAAEERA] 3 A RAE RS AE 30 B S
K £0[(10.69+0.07) g], 4 HI7ER: K 9:00 Fl 17:30
TR 2 Wk, FREEEWICh 63 Ko HUMERT, SEg
HASEr 24 h, BENLERL 3 SRR, AR A R
LB 2 Rfa, UK - HRE G EH SSRGS
JVAREAR, 3 AN AL 3 NRAREARAE R B Ab
PRAL ) A2 R AR, Je 2T qRT-PCR 43 #r
cdk2 B XS FRIKIK o
14 Ef cdk2 WEER BN RIEHEH
¥

M NCBI H W3R H M edk2 [FEF TS,
FIF primer5 i F ke cdk2 2K 519 K&
M EE W PR Rk 30K pBridge M9 TERED I W (cdk2-F:
5'-CGAGAATTCATGGAGTCCTTTCAGAAAGT

K4

&1 AHRERARETSHK

Tab.1 Formulation and composition of experimental diets used in this study

Ji 4y ingredient

SIS AE} experimental diet

0% 0.5%CAA  1.5%CAA  0.5%KE  1.5%KE  0.5%GHK  1.5%GHK
S ALNEHS choline chloride 0.1 0.1 0.1 0.1 0.1 0.1 0.1
/MK peptide 0.5 1.5 0.5 1.5
# R lysine 0.25 0.75
KA glutamate 0.25 0.75
T RL-B-INRES: DMPT 1 1 1 1 1 1 1
faf} fish meal 1 1 1 1 1 1 1
L4 21 TR vitamin&mineral premix 1.5 1.5 1.5 1.5 1.5 1.5 1.5
BRHBELT4E R CMC 3 3 3 3 3 3 3
a-JEH} a-starch 5 5 5 5 5 5 5
[ # wheat flour 15 15 15 15 15 15 15
214k & cellulose binder 15.5 15 14 15 14 15 14
FEKIEH corn starch 20 20 20 20 20 20 20
&K 1 casein 32.2 32.2 32.2 32.2 322 32.2 322
43 fish oil 2.85 2.85 2.85 2.85 2.85 2.85 2.85
5.3 soybean oil 2.85 2.85 2.85 2.85 2.85 2.85 2.85
A3t total 100 100 100 100 100 100 100
I L4 ), proximate composition
ML [ protein 26.4 27.6 28.5 27.9 28.0 28.1 28.8
HMLIE A lipid 6.8 6.2 5.8 6.9 5.5 6.7 7.0
7K/} moisture 13.11 12.19 14.00 13.32 14.84 11.66 13.99
JK 43 ash 96.95 96.92 96.93 96.96 96.98 96.93 96.96
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GGA-3'; cdk2-R: 5'-CGAGTCGACCAGGCGTAA

GGGAGGCACT-3"), K JH & {# B i PrimeSTAR”
HS(Takara, Cat'R040) Pl 50 uL AP SRR, LU
B ff cDNA KA, g PLF SCRER R 98 C
30 s FASPE; HEF Ok 30 MEFR(98 C 10 s AR,
56 ‘C 30 siBk, 72 'C 45 s {Eff); 72 C 5 min
JEIEf; 16 Croo, FLRE I B 20 BRNEHE 5 I H Uk
Je I Il We, - R FH Bt g AR o 5 1l s it ) 8 (R AR,
DP209)X} cdk2 ¢ w435 i Boit AT sl Ak mliie; 5
2Lt —2 R HRR il P VI EcoRI 1 Sail (TaKaRa)
XF cdk2 473G\ B S WEREFR A UK pBridge 17
), BYIS 0 cdk2 R Bt M pBridge AR L H ik VI
B2 1T Wi - SR FH B B 2 Tl e 6 e A i [l
W, BEYIZEALSS 1 cdk2 R B M pBridge K2 T4
T T ) 3 R S A AR # DHSa,
PREBHME e PCR ARSI, 2RI cdk2
() ELAA P 51) K R 3% 15 HE 21 844 pBridge-CDK 2,
1.5 &2 RNA WREUE LR EE PCR

P BUREATE A P W 5, KA TRIzol 12
PEIFEA G RNA, #2016 RNA 28R Lk M
nanodrop M %E 4} 7 J5 2 B8 PrimeScript' ™ 1T 1st
Strand cDNA Synthesis Kit S 55857 & (TaKaRa,
Kusatsu, Japan) Ui 45 L1 1 pg & RNA ARG AL
c¢cDNA. *fH SYBR® Green Premix Pro Taq HS
gqPCR 57l & (Accurate biology, AG11701), F il
20 pL By B RVEZR, FH Prism 7500 & & 4X
(Applied Biosystems, Foster City, CA, USA)if i
AR RBLFERF: 95 C 30 s WA, Bfijm kAT 40
MEHO5 C 10 s, 55 C 30 s), UL B-actin

(f-actin-RT-F:  5'-GCTATGTGGCTCTTGACTTC
G-3'; p-actin-RT-R: 5'-GGGCACCTGAACCTCTC

ATT-3) NS5 T & AR cdk2 3L (cdk2-RT-F:

5'-ATGATTACTCGGAGGGCACTGTTTC-3"; cdk2-
RT-R: 5'-AAGGAGGGTTTGTAGTCTGGCATTG-

3NHYRIXF AR . R 27 A edk2
mRNA MIXFE A&, A4 REN 3 WY&
BT {EEAR 2 (X £SD)
1.6 Efa cdk2 F5I RS

ARWFFELE GenBank W4T blast 73471, A5 33
YN cdk2 FEF KR T, 33 AP0 cdk2 1)
GenBank &35 U#E 2 Frin, K SMART

K2 33BN cdk2 BEEFEHZEHES

Tab. 2 Accession number of cdk2 genes of 33 species

P L/ GeneBank 5
number species GeneBank No.

1 H A7 #R MHO006613.1
Macrobrachium nipponense

2 VRN JQ936559.1
Macrobrachium rosenbergii

3 43 Ovis aries FJ422550.1

4 &4/ Mesocricetus auratus D17350.1

5 JKUE Hydra vulgaris MT653637.1

6 L ICEE W Ambystoma andersoni MT653636.1

7 o P B 11 R MT653635.1
Ambystoma velasci

8 ERPYRRE MT653634.1
Ambystoma mexicanum

9 WU IR Patiria pectinifera AB481376.1

10 K& Bombyx mori IN833622.1

11 JEXS Gallus gallus EF182713.1

12 4 Bos taurus BT020790.1

13 12 Capra hircus EF035041.1

14 N Homo sapiens BC003065.2

15 F . Mus musculus BC005654.1

16 AEWIRYE Xenopus laevis BC106636.1

17 BEE . Danio rerio BC062836.1

18 WK Rattus norvegicus BC061832.1

19 BEHIXSUR Penaeus monodon KT727915.1

20 0/ IN B Sk KC968966.1
Rhipicephalus microplus

21 ¥ Ctenopharyngodon idella XM _051913113.1

22 SRAH Carassius carassius XM059538485.1

23 &HE Salvelinus fontinalis XM_055869196.1

24 WILEE Oncorhynchus mykiss XM _021610105.2

25 KPEEE Salmo trutta XM_029693771.1

26  EWBALBEM Centropristis striata XM_059328988.1

27 ZBURHS Morone saxatilis XM_035661622.1

28 MR Siniperca chuatsi XM_044170772.1

29 FIMEE Anguilla rostrata XM _064305379.1

30 BKUNGR Anguilla anguilla XM_035386873.1

31 PRk Misgurnus anguillicaudatus XM _055216284.1

32 KOsy Micropterus salmoides  XM_038696430.1

33 BEA RN Ictalurus punctatus  XM_017451095.3

(http://smart.embl-heidelberg.de/) T il £5 1 25 #4) 4k ;
K JH Bioedit {144 CDK2 3L/ F 5143 5
5 AW A Y B R P 91 22 L X o ASESY
FIH CodonW X AF Y cdk2 #4750 F
Rt 08 . A Cluster #1 MEGA 11 #4538 5t
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A0S WM cdk2 P FHRRIE . Rk HE R EEAS CDX2 HWAHEAEH 585

LR H AL T CDK2 MR 74 1) R Gt AL,
1000 ¥ H 2 5 5 A dorE A AR i A3, F ] SPSS18.0
BRAEXT 33 2578 AR [7) S35 5 fif FH 2 (relative
synonymous codon usage, RSCU)K FH 41 ] 3% $2 1:
ST AR cdk2 RSCU R HrmtR 1A,
PACHIBAS R ST cdk2 JEPRAESEE B 2%
G R Z I LB R SRS M i TR 17
1.7 Efa CDK2 5 CDX2 HEIERKS T

A5 ek H MOE (molecular operating
environment) 3 HEA T [FIJR AL, AT LigX %
H BT F RS FIME W W), 78 pH 7.0, HREE
26.8 CiHATIRAL . HARIF A 587 51 #E17 LLXT,
R 4l AN [7] P R RO 5 e e S ), 7 i A A AR oh
TEICRATA I T 5 2257 F X 4550 B - R H MOE
XHERE AT A SE AW FAHE, A 8T
HEM 4 e T London dG HEFTIESY, ARG
GBVI/WSA dG XJ T 30 MYZR AT 1135104k, &
A A Re s m AR AIF B o (E B i A AR R PR
MEASENREMS, RIFZWE THANEA
FHEAE R EAE B

it — 20 SR R AU 58 52 90 S ik £ CDK2
5 CDX2 WM EAR M . BARA0T: R LiAc ¥k, #%
B4 Clontech BEBFELILALTE, B B4 24 IR pB-
CDK2/pG-CDX2. pB-CDK2/pG. pB/pG-CDX2.
pB/pG AL EEE;: AH109, iEid SD/-Leu-Trp
i 0 BHE Ak, -3 — 2038 2k R PCR Azl BH
SURE, S5 St — 2 B T A A R i B
F2 3t SD/-Leu-Trp-his itk HAH HAEH
1.8 Hitath

il SPSS 18.0 X fir Ay S g Bl A7 H I
TS, M P<0.05 YCHHEA B EMEER LR
55T LY PR HEIR (X £SE) R

2 ZERE5HMH

21 Hfack2 BEERERESISH
AW N E M cDNA CEH TR H] cdk2
(NCBI GenBank #5¢%5: XM _051913113.1), HJE
PRI FF T ) 1324 897 bp, hifith 298 2L (K] 1),
SMART TEZ 4 %W CDK2 F%H S_TKc
DIfe AL (B 2). 5N [R Y R an oK B8 (Hydra

vulgaris) . K & (Bombyx mori) . Ji ¥ (Gallus
gallus). 4 (Bos taurus). N(Homo sapiens). F R
(Mus musculus) . FEVNTWE (Xenopus laevis) . Bt
fi(Danio rerio) CDK2 B9 J7H1 [F R 43 45 SR %
%t CDK2 5 H ALY F CDK2 H A7 4 1 ] 5
(& 3),

1 aat aga ttt aga gtg gaa gtt tcc ccg gaa aag ggg gag ttt gac atg gag tcc tit cag
1 NRF RV EV S PEIKGE ETFDMESF Q
16 aaa gtg gaa aag att gga gag ggg aca tat ggg gtg gtt tat aaa gec aag aat aaa atc
6 K V EX I G E G T Y G V VY K A KN K I
76 act gga gag act gic gecg ctg aag aaa att cga tta gac aca gaa act gaa ggt gtt ccc
26 T G E TV ALIKIKXKTIRTILDTETEG V P
136 agc act gcc ata cgt gag atc tct ctg cta aaa gag ctc aat cac cca aac ata gtc aaa
46 s T A1 R E 1 $ L L K ELNHZPNTIVK
196 ttg cgt gat gtg ata cac aca gaa aat aag ctt tac ttg gtg ttt gaa ttt ctt cac caa
66 L R D VI HTENZ KTLYTLV FETFLHQ
256 gac ctg aag agg fttt atg gac tca tcc tct gtt tct gge ata tct ttg cca ctc gtg aag
8 D L K R F M DS S S V S G 1S L PL VK
316 agt tac ctg ttc cag ttg ctc cag gga ttg gee ttc tgt cac tcc cat cgg gtt ctt cac
106 s Y L F Q L L Q G L AF CH S HU RV L H
376 agg gat ctc aaa ccc cag aat ctc ctg atc aat gct cag ggec gag atc aaa ctg gect gac
126 R D L K P Q N L L I N A Q G E 1 K L A D
436 ttt get ttg gec aga gea ttt ggt gta cct gta cgg act tat aca cat gag gtg gta act
146 F G L A R A F G VPV RTYTHEV VT
496 ttg tgg tac aga gct cca gag att ctc ctg gga tgt aaa tat tat tct aca gct gtt gac
166 L. W Y R A P EI L L GCXK Y Y STAVD
556 atc tgg agt ttg gge tge atc ttt get gaa atg att act cgg agg gea ttg ttt cct gga
186 1 w s L G ¢ I F A EMTITU®RTRATLTFTPG
616 gac tct gaa ata gac cag ctc ttc cga ata ttt cga aca ctg ggc act ccg gat gaa tct
206 b S E1 D Q L F RITFUZRTTULGT®PDES
676 ata tgg cct gga gtc acc tca atg cca gac tac aaa ccc tce tit ccc aag tgg gea cga
226 1 W P GV TS MPDY KPS FPK W AR
736 cag gac ctg tct aaa gtg gtg cct cct ctg gat gat gat ggc cga gac ctc ctt gcg caa
246 Q D L §$ K V VP PLDUDUDGT RDTLTLAQ
796 atg atg atc tat gat cct aac aag agg atc tca gca aaa aac gec ctt gtt cat cgg ttc
26 M M 1 Y DPNI KT RTISAKNA ALV HRF
856 ttc cgt gac gtc acc atg cca gtg cct cco tta cge otg taa ggg cac cag tac ttc age
286 F R DV TM PV P P LR L *

Bl 1 Hiff cdk2 CDS 74 KA SR IT 5
PR A4 atg FoREIR R T *FRE LT
Fig. 1 cdk2 CDS and amino acid sequences in
Ctenopharyngodon idella
The “atg” marked with underline indicates the start codon;
* represents termination codon

SETKc

0 100 200
E 2  Fifh CDK2 & A RSF 45 4 B Fm

Fig. 2 Prediction of conserved domain in CDK2 protein
of Ctenopharyngodon idella

a4 B, BT ARG [R) S AT Tl
RSCU HYFA P BR i fh cdk2 Tt 5 HoAth
Yy Z A AL — 2 BRE AU, TR R A 2 A Py o
cdk2 FEPRI XTSRS # S CUG Fll AUC B i35
s oAb, oA B (Carassius carassius)
VIR BEE . cdk2 BEPITERE RS TRk B BA &
JE B R AR R 3
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10 20 30 40 50 60 70 80
I IR IE S IR ISR ATS IR AN IPSRUTI S ATS Ut IRRIR I ITURUR Sl URI I ARt TRl IPUT SRR (PP E Ut ISP UT SN NEUARRN |
JKUE Hydra vulgaris MAVPNDMK S (D 1§ KIMEK IGEGTYGVVYKAKNK@®TGAVIIALKK IRLDTJTEGVPS TA I y

2% Bombyxmori - - - - . . . . .. MENFREIVEK IGEGTYGVVYKAKDEMTGOENIA LKK IRLENEREGVP S TAM 70
¥ Gallus gallus - - - - - - - - - - MENFQKVEK IGEGTYGVVYKARNKMTGEVVALKKIRLDTETEGVPSTAI 70
% Bos taurus - - - - - - - - - - MENFQKVEKIGEGTYGVVYKAKNK[MTGEVVALKKIRLDTETEGVPSTAI 70
N Homo sapiens - BEMMENFQKVEK IGEGTYGVVYKARNKMTGEVVALKKIRLDTETEGVPSTAI 70
KB Mus musculus - BMMENFQKVEKIGEGTYGVVYKAKNKIMTGEVVALKKIRLDTETEGVPSTAI 70
HEBH)TUE Xenopus laevis - BMENFQKVEK IGEGTYGVVYKARNRETGEJVALKKIRLDTETEGVPSTAI 70
L4 Danio rerio MEFQKVEK IGEGTYGVVYKAKNKMTGERVALKKIRLDTETEGVPSTAI 70
B4t Ctenopharyngodon idella - - - - - - - - - - MENFQKVEK IGEGTYGVVYKAKNKITGEQVALKKIRLDTETEGVPSTA I 70
90 100 110 120 130 140 150 160
B B A IR IRIRTEEN RN IR SRR BN NS A SNt IR IR ICAT AT NP SRR
JKUE Hydra vulgaris QS - - Q AR AT Y LQDLI\I\MDIKSVQLLGACHHRVLHRDLKPQNL IWEGINTI KLADF G LK
2% Bombyx mori LAS S D S[AN - IIREEy JAN VDERNR 1Y 1 I\(yl’ll’[l)kl G| I KLADF G Lty
¥ Gallus gallus BENKLYLVFEFLHQDLKKFMDJNS FENE DA 148
4= Bos taurus ENKLYLVFEFLHQDLKK FMDJNs ISHIG 1 [3 BIGH 148
}\Homosaptens ENKLYLVFEFLHQDLKKFMDES g8 " E[GA 148
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Fig. 3 Multiple sequence alignment analysis of Ctenopharyngodon idella CDK2 and other known CDK2 amino acids sequences
The black shaded part indicates the completely matched amino acid residues.
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Fig. 4 Heat map of RSCU values of cdk2 from 33 species
1. Macrobrachium nipponense; 2. Macrobrachium rosenbergii; 3. Ovis aries; 4. Mesocricetus auratus; 5. Hydra vulgaris;

6. Ambystoma andersoni; 7. Ambystoma velasci; 8. Ambystoma mexicanum; 9. Patiria pectinifera; 10. Bombyx mori; 11. Gallus
gallus; 12. Bos taurus; 13. Capra hircus; 14. Homo sapiens; 15. Mus musculus; 16. Xenopus laevis; 17. Danio rerio; 18. Rattus
norvegicus; 19. Penaeus monodon; 20. Rhipicephalus microplus; 21. Ctenopharyngodon idella; 22. Carassius carassius;
23. Salvelinus fontinalis; 24. Oncorhynchus mykiss; 25. Salmo trutta; 26. Centropristis striata; 27. Morone saxatilis; 28. Siniperca
chuatsi; 29. Anguilla rostrata; 30. Anguilla anguilla; 31. Misgurnus anguillicaudatus; 32. Micropterus salmoides;

33. Ictalurus punctatus.
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Fig. 5 ENC-plot analysis of c¢dk2 in different species
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Fig. 6 Species cluster analysis based on CDK2
a. Phylogenetic tree of different species based on CDK2 amino acid sequence by NJ method, figures on the nodes represent
percentage frequencies for tree topology after 1000 interations; b. Cluster tree of different species based on cdk2 RSCU value.
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Fig. 8 The interaction analysis of Ctenopharyngodon idella CDX2 and CDK2
a. Simulation analysis of Ctenopharyngodon idella CDX2 and CDK2; b.Yeast two hybrid interaction analysis of
Ctenopharyngodon idella CDX2 and CDK2.Yeast recombinant vectors PB-CDK2: pBridge-CDK2;
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Molecular characteristics, expression regulation and its coding protein’s
interaction with CDX2 of cdk2 in Ctenopharyngodon idella
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Chemical Engineering, Changsha University, Changsha 410022, China;
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Abstract: To investigate the molecular characteristics, interaction, and nutritional regulation of CDK2 in grass
carp (Ctenopharyngodon idella), we obtained the grass carp cdk2 sequence by cloning; its open reading frame is
897 bp, encoding 298 amino acids. It exhibited a high degree of sequence and structure conservation in the
analyzed species. The results of codon bias and cluster analyses based on CDK2 suggested that the grass carp has
the closest relationship with zebrafish. Compared with clustering based on c¢dk2 RSCU, a phylogenetic tree
analysis based on CDK2 sequence was more consistent with the conventional species classification. Tissue
expression analysis showed the highest cdk2 mRNA levels in blood (P<0.05), liver, and spleen; molecular docking
and yeast two-hybrid assays were employed to analyze the interaction between grass carp CDK2 and its
downstream phosphorylated substrate protein CDX2. The results showed that grass carp CDK2 interacted with
CDK2. Furthermore, the regulation of different inclusion levels of free amino acid CAA (free amino acids: lys and
glu), dipeptide KE (lys-glu, KE), tripeptide GHK (gly-his-glu, GHK) on cdk2 expression were examined, and the
results revealed that compared with the control and other treatment groups, cdk2 expression showed the highest
expression in the 0.5% GHK group; cdk2 expression of the CAA groups was higher than those of the KE dipeptide
group which showed similar amino acids as the CAA group. In summary, cdk2 expression in grass carp exhibits
tissue specificity; CDK2 interacted with CDX2; and its expression was regulated by the inclusion level of amino
acids and oligopeptides. This study provides new clues for studying the molecular characteristics of grass carp
cdk2, exploring the regulatory mechanism of intestinal function in other teleost fish, and provides a theoretical
basis for further study on the molecular regulating mechanism of cdk2 on transporting and absorption of amino
acids and oligopeptides.
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