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ZOU Pei-Yuan'", ZANG He!'?***, DONG Shu-Nan!, YE Dao-You!, DU Li-Ting!, QIU
Jian-Feng!?3, FU Zhong-Min'?3, CHEN Da-Fu'?**", GUO Rui'?*" (1. College of Bee Science
and Biomedicine, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. National
& Local United Engineering Laboratory of Natural Biotoxin, Fuzhou 350002, China; 3.
Apitherapy Research Institute of Fujian Province, Fuzhou 350002, China)
Abstract: In this study, the expression of Apis mellifera Cyclin-dependent kinase inhibitor 1
(CKI1) gene AmCKII was validated, and the physicochemical property and molecular feature of
the AmCKI1 protein were investigated, followed by determination of the expression profile of
AmCKI1 in various tissues and developmental stages of worker bees, aiming to provide reference
and foundation for further functional research. PCR and Sanger sequencing were performed to
verify the expression of AmCKII. Relative software were employed to predict the
physicochemical property and molecular feature of AmCKI1 and conduct phylogenetic analysis.
RT-qPCR was utilized to detect the relative expression level of AmCKI1 in seven different tissues
of the workers (tentacle, brain, hypopharyngeal gland, midgut, posion gland, cuticle and fat body),
in various developmental stages (egg, larva, pre-pupa, pupa and adult), and in adult workers of 1,
2, 6, 12, 15 and 17 days-old. The AmCKIl was truly expressed in the midgut of worker. The
molecular formula of AmCKI1 was Ci104H1793N3330331S7, and the molecular weight was about
25.26 kD, and the lipophilicity coefficient, isoelectric point and the average hydrophilicity index
were 71.88, 10.18 and -0.674, respectively. AmCKI1 were potentially localized in the nucleus,
mitochondria and cytoplasm. AmCKI1 included 32 phosphorylation sites but lacked typical
transmembrane domain and signal peptide. One CDI structural domain and three same conserved
motifs were included in CKII proteins from A. mellifera and six other bee species. The highest
homology was found in CKI1 between A. mellifera and Apis florea. AmCKII was expressed in the
tentacle, brain, hypopharyngeal gland, midgut, posion gland, cuticle and fat body of workers,
without significant difference in expression levels (P>0.05). AmCKII was differentially expressed
oin egg, 3-day-old larva, 7- and 8-day-old pre-pupae and 12-day-old pupa, the expression level in
egg and pre-pupae was significantly higher than that in 3-day-old larva and 12-day-old pupa
(P<0.05). AmCKII was also differentially expressed in 1, 2, 6, 12, 15 and 17-day-old adults, the
expression level was the highest in 17-day-old adult and significantly higher than thatin 1, 2, 6, 12
and 15-day-old adults. AmCKI1 was a putative intracellular and hydrophilic protein. CKI1 was
highly conserved among A. mellifera, A. florea, Bombus terrestris, Bombus impatiens, Apis
laboriosa, Apis ceranae, and Apis dorsata. The homology of CKI1 between A. mellifera and A.
florea was the highest. AmCKII was specifically and highly expressed in the egg and 17-day-old
adult.
Key words: Apis mellifera; Cyclin-dependent kinase inhibitor 1; molecular characteristics;
phylogenetic evolution; expression profile
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PEPEE (Cyclin dependent kinase, CDK ) 1 41 it J& # 8% (9 44 6t 14 B4 B 30 1] [l 7 ( Cyclin
dependent kinase inhibitor, CK1) & f% 5 B[] 3 Fhi i & B4 85 1, e A2 18] () AH ELAE FH A0
B BC A T e B S W A P 24T 2K (Gao and Liu, 2019) . CKI @i 5 CDK
B Cyclin-CDK E-&M)45 4, FH1E CDK [0 S ) ey s 4, 3k T 8 42 240 i J) 38 1 ik
12 (2t 2023) .

H AT, AN AN BB A W0 K B Mus musculus F175 W0 B AT 28 B2 Caenorhabditis
elegans 1 CKI i Fith A 2 HEOIRN CETRIE, 2016) , X T EIEEIEEN WA RZHE
B, MR AT LU IS . FEFS TR ATZR b, CKI ZRRRG A CKI1 T IE 522 4H Al & 39 )
B e 6 35 KT (Buck et al., 2009) . Foley il Sprenger (2001) #ff 7% & ¥l 48 Drosophila
CKT (Rux) 97544 B 200 M0 ) 30 b SR B A B A T B 2B Y, 33898 Rux vl DUCKH452 308 (4 4T J 340
TR N A . TG )5 W% Apis mellifera & —Fh EZ I E B A TF R L, E4EREST
i AR A P FIHER) 20 R e 45 T TSR B T B ARMPER] (Suner al., 2023) o {HEH
FAIEHE R B, P B CKI S BB =, Tiftie S A0,

AR TN P67 B CKIT HEDR (AmCKID B AT oy oo be, B RS B2 7 R
#r AmCKI1 25 H B BUR 7y 749 E, 21T AmCKI1 A1 A CKI1 1 OR~F 55 57 A
GEMIIR A 5 e R GEHEALHT, HETTINSE AmCKIT HIW 52 22353, B 1 NIRIT AmCKII 1E75 75
B0 A R U4 o R DO RERE T $R AL S S K

1 RS

1.1 S8

G 75 B8 e T A AR P K 27 i 2 5 A D B 2 2 o 2 ek R B AR AL A1 7 AT A £ 1
FRWeRt . WTIATTAL, ORI E SRR CRIESE, 2023) #1400, Zhh, 7 M
8 HI AT M2 12 HESEAORE s 1. 24 64 124 15 A1 17 HER T ke s k. AR R
. Al FEIR. RERIRITASE 7 ANELUEE S
1.2 PCR # 185 Sanger JFF

M GenBank $(# % (https://www.ncbi.nlm.nih.gov/gene/409900) 1 N# AmCKII (&%
5+ XM_006568899.3 > W &% w B & & ., M H £ & &K
( https://crm.vazyme.com/cetool/singlefragment.html ) 7E % 1% [X ¥ i+ £ FiF§ 514 (F:
5-GCAGGAATTTGGGTGGAG-3’, R: 5’-GGGCATAGGGTTCGGGTA-3’) , T J&%: PCR
P, FIFH RNA #i$A7& (Promega, 5ED $2HL 8 Hi T1% (n=3) HIHHE S 114 RNA,
FAIFH Oligo (dT) BIMitAT [ 5%, 3511 cDNA VENBEIR AT PCR &4 . 4% [ 5818 2%
(2023) [IRIE B E MR RFIFET . PE2 1.5% 0B IR B e L vk i e AR A (5%
i, B FHHMTOEAAE, IR S GRS, R ED EE A B, R



JA¥ES pMD-19T #fA (TaKaRa, FED , ¥ K E DHSa (R, FED , SRR
BT LB AR (NP IRGHEFE 12h, BUDER BT PCR %€, 45X N
RO 2 Bl AR AR TAEA IR A R 3ET Sanger MIFF

1.3 £MEEESHT

FIH NCBI M5 _F# ORF T.E (https://www.ncbi.nlm.nih.gov/orffinder/) il AmCKI1
I IEMR)F 4. Bid PSORTI# M (Sedaghat-Nejad et al., 2021) #E4T AmCKI1 (#3740 i &
AT . 15 Expasy M3 Chttps://www.espasy.org/resources) _I-f¢] Protparam F1 ProtScale %X
23 3 I AmCKI [ BLAL AR 5T 6 K 4 . SR A SignalP 5.0 Server, TMHMM, NetPhos 3.1
Server, SOPMA FI Expasy M3 '] SWISS-model # A4 73 5 TN B BR LA s 55 Bk B bigh
s R = g5 . ] STRING #2£/7 (https:/string-db.org/) 43785 H i i EAE
[

M NCBI Protein #(## % (https://www.ncbi.nlm.nih.gov/protein) H 25 I F1 T . 4 /7 % I
Apis cerana~ B KE W Apis laboriosa~ KE W Apis dorsata~ /NE ¥ Apis florea BRYNAEIE
Bombus terrestris~ SR IBAEWE Bombus impatiens. FK WA N Homo sapiens 1] CKI1 2 &
FR )T %], B F| H Blast [1] CD-search I E (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
AT MEME #ff (Bailey and Elkan, 1994) 73 7| %5 FiR & CKI1 &5 #4385 IR 57 27
PA_E B 2R BRI S L

iHid DNAMAN 8.0 #f4 (LynnonBiosoft, Quebec, Canada) X Pt /7 %, /NEEwE. R
REME . SEPNZRFMAGIE ., FEOREIE, RI7EE., REE, HAMNRE CKI #1724 EER 741
ZEX. K Mega 11.0 % #F (Tamura et al., 2021) KI48$#27% (neighbor-joining) 4% 3
T B CKI1 2R 7P R, wE 1000 XEE, HAMSEI NRAERIA .
1.4 RT-gPCR #&

it I A B AmCKI1 |) qPCR 51 %) (F: 5°-CCTAGCACCATCCACCATGAA-3’; R:
5-GAAGCAAGAATTGACCCACCAA-3") . fifi] RNA filifZil7i| & (Promega, SE[E) 737l
FEHL 11 W TR AN H SR . ANFR B BB i 15 RNA, RFE k& BRI cDNA. i
i ABI Quant Studio 3 %)% %€ & PCR &4t (ABI /Ad, FEE) Kl AmCKII R FHLAR
[ R BU B A RIE T . Lh actin 25 [F (GenBank &% 5: 406122) fE AN S . &R
BT 3 IREAREE M 3 IFATEE . SR 27 k5 AmCKIL AR RIE &, FFIH SPSS
Statistics 20 FAFHEAT BRI 7 Z 04T (ANOVA) , Lh P<0.05 R EMEBIE 2, FIF T
BRI ZEARICTE NS S0 B 3047 9 9 LA 20 #

2 HERS55h
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Wi PCR § AR BIRF G TN (£5250bp) MHMF B (B 1D o AEWERS S

SR EIR, AmCKIl % 224 NEIERR, 5738 CriosHi73N3330331S7, 7 F L4 25.25 kD,
NEIE RHCH 71.88, SFEHLAN 10.18, W EREAR T4HMIAZ (47.8%)  Zkifk (47.8%) Al
YR (4.3%) 5 AmCKIL FFI5E K RECN-0.674, SRKEEREEZ THKEER (K
2-A) 5 AmCKII % 240 AN IE AT RIERR (139 4> Arg 1101 4> Lys) Fl 234 A~ B faf 2L R

(151 4> Glu A1 83 > Asp) , PLA 16 N2 IRBEIRAAL 1, 13 DIRARBER AL S 3 A

MR IR i (B 2-B) , (HANE BG5S IR g5 Ktk (18 2-CL D) &
AmCKI1

DNA marker

A

250 bp

100 bp

B

TTTGGGTGGAGGACG

’W\;}W\W

UV iV VU
Bl 1 AmCKII £ F B0 1 5 b
Fig. 1 Molecular cloning of AmCKI1I gene’s fragment
H: A, AmCKII F B W= Bk B, BRI B Sanger Il 7&Kl . Note: A, Electrophoresis for the

amplified fragment from AmCKI1; B, Peak diagram of Sanger sequencing of target fragment.
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Fig. 2 Hydrophilia (A), phosphorylation site (B), signal peptid (C) and transmembrane domain (D) of AmCKI1

protein
2.2 AmCKIl EBAMZRLEN . ZREMFIEIEMLE

AmCKI1 % 127 4> (56.70%) TR, 75 1 (33.48%) o-#2iE, 151 (6.70%)
TERKBER 74 (3.12%) B/ (K 3-A) o =& HHr4s R E/R AmCKIL A JE 00 4 il
Mo-R et il N F |, 5 Raintai R —2 (B 3-B) . AmCKIl 55 CycE 4§ 10 Fiiig
FVEEEAE, M1 DNEEEAAEMS, TR0y 114, LECy 424, P R 7.64, F
BIRHEE R 0.767 (B 3-C) .
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Fig. 3 Secondary structure (A), tertiary structure (B) and protein interaction network (C) of AmCKI! protein
2.3 AmCKIl FE A5 CKIl B EMNEHE R IRTEF
AmCKI1 & 1 /> CDI 4543k, 755 37~83 A IEIR 2 18], J&T cl03494 85 i i
TE/NE W | WO BEVE Bombus terrestris FEPNARFR RGN . SR B | 7R 7 S AR B i 1 CKI1
Hh [F R S AR (B 4-A) o Bb4h, 7E AmCKIL % 5E 3 3 AMRSFET: Motif 1.
Motif 2 1 Motif 3, Fi& 3 MESFEFWAZIE T34l 6 MR CKI1 (B 4-B)
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Bombus impatiens
Apis laboriosa
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Fig. 4 Comparison of structural domains (A) and conservative motifs (B) in CKI1 between Apis mellifera and

other 6 species
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Fig. 5 Phylogenetic tree of Apis mellifera and other 8 species based on CKI1 amino acid sequence
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Fig. 6 Relative expression level of AmCKI1 in 7 different tissues of Apis mellifera worker
e BB T EAb R M EAR PR RZEREE (P<0.0) . FIFl. Note: Data in the figure were
Mean+SD. Different letters above bars indicated significant difference (P<0.05). The same below.

AmCKII AE5R, 3 Higghd, 7 A1 8 HES T [z 12 H ik 2= 573838, (EIP Rt E
e HAR & m T 3 HIR g Rl 12 Hig i s & (P<0.05) , TE 3 HidghdihiRik
ERACHEZCT O, 781 8 HieTiimh Az 12 Hildwirh iRis & (B 7-A) o 514h, AmCKII
FETHERT 1. 24 64 124 15 A1 17 HESpRAVAN 257380k, £ 17 HEd iR iRk B
BEET 1. 20 6. 12 81 15 HEE AR AN A&, e 1 HE R A N Fk B R H
FART 15 A1 17 B R AR N IR 3RIE B AmCKIT 1E T M RS AR P (1R IE /KT S AR R I A R
g EhE (K 7-B) .

1.5

oy

8.0 —

6.0 —

40 a

HHAT L
Relative expression level
VRS Srs
Relative expression level

K B W B Developmental stage KB M B Developmental stage
7 VU TG (A FIRH (B) REMEBY AmCKII AR RIL &
Fig. 7 Relative expression level of AmCKII in larval (A) and adult (B) developmental stages of Apis mellifera

worker
3 g Siie

AR CKI fE K 7 Bombyx mori HUp5E B MIESE (Wei et al., 2022) + JH
# (De Nooij et al., 1996) F143%4 (Foley and Sprenger, 2001) 555 Fh it 2| EE e, HE



W) CKI WF 7L TR WARIE . AWF5E g, PCR F 10 Sanger MF4E R (& 1) R KILwE
V&S| AmCKII WIHE R By B, UE %38 KA 7Y 7 B0 i bl rh sk . AR5 Bp e birdh
FER, AmCKIL 15T 38 CrioaHi703N3330:31S7, 73 F 8L N 2525 kD, i 2E08 71.88,
S5 H R 10.18, AT [ B SE A T4 A% « ZORLAAFI 20 T HLAS & JURUE S JIRRN 5 L 45 44 3 (1)
2-C. D), UtH] AmCKI1 & TEMNEE: AmCKIL [F PRI K REUN-0.674, KR
R R 2 THKERER (B 2-A) , SHARERKEED. s AR CycE B
7 SR 0 22 BEAT i B4 5 (Shen et al., 2018). AWFFTH, AmCKII 5 CycE Fl Skp2 %5 10 Ffi g
FIEEEAE (B 3) , B R AmCKIL i 5 FR R 1 B R E 41 8 G R i 20 18 45 25 0 T R A%
VETEMThRE. DL RS R T AmCKI (U ERAGME TR FHRRE, vt — B Th Rt Fide it T
HEMSHEEEL.

HARBEA SRR G, FFp R R HE R 741t B [F Fe 5 0 X8k, 3@ B — €
MThAEMER (Kitagawa er al., 2022) o H 15 45 KA 28 11 R 1) B /N Dl RE AN S5 K S, e
Hi 30~100 /NEUEERRZH e AN [F) (14 2 115 T et A R IR A M 3, a8 3 s g 2 Mg el o AL
AAHELRIZIEE (Chen et al., 2020) o AL PG J7 B AN H A 6 P& (¥ CKI1 3y e 3] 1
ANHFEIR 25 H 38 (CDD A 3 ANMAHE R EF (Motif 1. Motif 2 1 Motif 3) (& 4) ,
YOI CKIL 7E b3k 7 Pl b BEAR S o ARWFTUHT,  FRGUBEAG 23T 25 SR 78 U7 350 1/ B I 11
CKIl A—3, [RIVE MR o HETE A S I adE A3 75 v 176 77 2 e R /)N 3 i 1Y) CKL 75 AR B
FH AL ThRE .

TEA 225734, CKI 4T DNA FE#AE S, 20 3R I AT A 4 i o A 5 55 3 5206
#H % (Narbonne-Reveau and Lilly, 2016) . Deng %5 (2010) ¥ X} #l/d 7+ Arabidopsis thaliana
CKII WZIEBGHATINE , RI CKII FEAE S, MRAGEE T RIE . HILATEhY) CKII
FISBER I TR . AR IL, AmCKII 1E7E )5 8¢ 7 NARFAL, AREBSLARFEE
B BRI RIE, R AmCKIL Sy A MZRIE W) IZ M R I Re I BB . bAh, BRI
AmCKII TEVE J5 8 TN 7. 8 HIdTUMINREBR S, JFREST 3 Hid4hdm 12
Hi&um (B 7-A) , W7 HALE GR AR TIU H R $5 R e, AR — PR L. 1EA— T
Fhoe By, PE 5 B TG B 0 BT I L B AR R R AR 23 o DI P e o AR R i
PR SRR T A s 5~12 HS 0 Tl 3= BRAAM & /N B TR 12~18 H S 3 2K
B, RS TAE: 18 HiR i CREM B (¥, 2007) o« RBFFLH, AmCKII R
R HE gz Lo, &2 17 Hig kSR s (B 7-B) o W AmCKI1 257677 %
W TR ERRE 7> T, AH R B — 2D i FUIESE
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