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EAFZE amPFK EEHEESRIESH

HAEAT XY xTWE RMEEET
(VLR GRS, Laplees TR¥EEE, 22 730030)

B E [BM] A0SV E RN &R R (amPFK ) SEH P IVRE B,
WE—W5E amPFK FEAE5 M A & PG IhBER e Bg LRt . [ 53k ] RAH RT-PCR HAR e T amPFKﬁEl
IR IR P A AT T 0 i RT-qPCR ¥l T amPFK i H7E 75 KR 2 M A A)

F A BRI RBEN, [HER] FUEFE TERFEE anPFK 14K cDNA J751, ,\Eljﬁﬁﬁllfﬂlﬂf
(ORF) 2486 bp, 4ifith 757 NEIEMR . FHMRM, amPFK fEitAbid e BAT 5w MR sr bk, nlREAF
FEPI AR AR RG2S 38 amPFK A EE i o B IEM AL, 2 — e KR n, HA 16
MHAEE Vhadd, KSR E/R, amPFK SEFFER KA EBEARFHHR . AL BHBHERLEERE
F(P<0.05); MEWe | ¥ TR amPFK (&K 2B e T 5 AR T m i ka4, Pkl dUs %
KR ANRRHEI Y R — H Y amPFK (358 B, ﬁﬁﬂ%fhbﬂciﬂ%i%ﬂfﬂ%ﬂ’]i’%_ﬁﬁﬂ
BETTE, [Fit) =RMEY anPFK e | HE¥ER4) R sl 0 & s B v e 5 NG &
R AN AL B & T AN A A R AR 6

KB BARRIEE; BRI o FRE; R B

Cloning and expression of the amPFK gene in Apis mellifera
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Abstract [Objectives] To provide a theoretical basis for research on the function of the amPFK gene in Apis mellifera.
[Methods] The cDNA sequence of the amPFK gene was cloned by RT-PCR, and its amino acid sequence and protein
structure analyzed using bioinformatic methods. RT-qPCR was used to detect the expression of the amPFK gene in different
castes and developmental stages of 4. mellifera. [Results] The open reading frame (ORF) of the amPFK gene is 2 486 bp,
encoding 757 amino acids. Sequence analysis indicates that amPFK has been highly conserved, and may have two phosphate
fructose kinase domains. The amPFK protein is mainly composed of an a-helix, which is a stable hydrophilic protein that may
interact with Vha44. RT-qPCR indicated that expression of the amPFK gene is significantly different in different castes and
developmental stages. The expression of ampfk in different drone and queen age classes tended to first increase, decrease, then
increase. Expression was highest in adults. Among larvae of different ages expression of ampfk was significantly higher in one
day-old larvae, and expression in queens and drones was significantly higher than that in workers. [Conclusion] The
relatively high expression of amPFK in the early larval and adult stages of queens and drones may be related to the energy
metabolism associated with cell proliferation in the early stages of postembryonic and reproductive development.

Key words  Apis mellifera; phosphofructokinase; molecular characteristics; expression pattern; reproductive regulation

*BEHTH Supported projects: EIZK HARTESTH (31660628 ); Hili& ASAIEETH (1606RIZA058 ); Pk R KA £ RHH A
FH (Yxm2019141)

*#2f —VE¥ First author, E-mail: 2578958063@qq.com

=457 A /E# Corresponding author, E-mail: oyxhui316@126.com

Wik H W Received: 2019-12-17; #£52 H I Accepted: 2020-05-28



-+ 118 - R B 244k Chinese Journal of Applied Entomology 58 1

TR AL ( Phosphofructokinase, PFK)
WEBE IR (EMP ) iy SC 4kl 5 R il
( Chitlaaru and Pick and Pick, 2001 ). PFK A ™M
ANZEH . PFK-1 Ml PFK-2, A 6-Tm 500 5l
ALK 1,6- - BETR T HEN 2,6- IR 54 . PFK-1
A 3 PR AY, AR RN R AR B P ALK
T A 2= RN REIE A FAE . PFK 500
it . R R A T A A 1) B[R] R EMIP i £ o
3 ANRHA[E R N, 7F EMP P95 fPfe B /E (b
SEFIEINE, 2007 ). PFK J& THERR MG B
( PfkB )2l Shirakihara and Ebans, 1988 ).
W KB, PFK LA Fk v i 6-BimR
SRWH G Pl 45 = A 2247 (AN 7.1 U/ODgoo 14
1| 14.5 U/ODgoo) , R4 P A 1) 3 3 A AR R A 52 i
( Maria and Nicholaos, 2011 ), R b Rl W
Rift PFK-1 58I REHY), R Z M
LR, TS PFK-1 AT P e ) e
R fR i aRgs (4AREfG, 2016 ). NRELAAET A 5
PFK 1 45 G 1 T 42 28 IR A e ok 1 2 e e 4
MIfRE TR (Enkins ef al., 2011), BAALiE
JF#E 1 NRX fE'S5 PFK1 M EAEM, GEE#ES
PFK1 45612 38 g i B2 f% ( Funato et al.,
2013 ). iz 3l b1 Al R E T PRK 36 MR R i
fifRE LN e (P&, 2014 ), PFK2 Al 5
M) 2, 6- TR SR A 7K ST 552 B0 Xo B e i 3 B 01 1
DA A2 B 440 e 458 5 %o R 119 PG R >R ( Liu and
Kong, 2012 ), HHl PFK TEMFL sh# e A
JRIATEE 2, e R U ARG A D
i R R H e = o SR AT A B, PFK
5 SR A B A R v O 200 R 1 R AR
WA (Luo er al., 2003 ), #EEAE R—FhEEUR
R R T A5 B B S T AL S A (
EHE, 2020), FHEZEMMRENL, KEEE
Fw B e R ZREPE (SRS, 2012), W
AHFE LTS KR E e ot 4, W H amPFK
FRAT T wBEMAEYE B0 br, JFEa
qPCR AN T 1235 PR A 8 R 28 0 AN T iy A [
REWNBINFEIERE, W T amPFK 145> T-454
FRIEMZR I, ISP M amPFK 25
KR 48 e A 2 1 R A T HILER B S St

1 MRS
1.1 #H#

BRI R A HON A 22 M R ISR
WS, SREEANE . TMEIRCR 2 KIER, 55 3 K
RIS L, G HUBIsE 5. 7. 9. 11 RIZIH, i
WP . AR . ZDARAE, PR AR ke
552 RIYEN, 553 Ripfbiaghdy, %) s 4.
6. 8. 10, 12 KWL, WHIAR TG . AR |
CIHRE, SPIAb AR B EICE 2 RIER, 55 3 K
PEAbigh AL, GIHUNES 4. 5. 6. 7 KAY4hH,
BRI TR . AR . ZTHREE, SPIRR

Trizol 4 H Invitrogen 23y Fl; &% st &
Taq DNA E 4 . DNA Marker . 77 & 2% 1k
pMDI18-T . K#F % DHS5a JEZ 25411 . TB Green
Premix Ex Taq IT ( Tli RNaseH Plus ) Il 5 K%
FAYTAAA; RO E . Bk Bu 7]
& A ZEEACOHRATL 51496 A DNA
FEHIINE AR T TR (B ) e A B
SERL; A= B A Al

12 Fi&

1.21 EEFRE R Trizol HHEBGEKF) &1
fE RNA (ZEFRKLL, 2013), i i kA&
PrimeScript™ 1st Strand cDNA Synthesis Kit % i
VLI RNA 5% cDNA, R4l GenBank H
PFK B4 [FJEF5] (XM _016914361.1), FIH
Primer Premier 5.0 4% 115 91( % 1), LA cDNA
AR EAT PCR 4 . VAR R K. e, Tiff
519145 0.2 uL, EX Taq i 5 uL, 54 0.5 uL, #x
JiHl ddH,0 #MEZE 10 uLo PCR RN : 95
CHIAE: 5 min, 98 °CAPE 105,52 °CiR kK 305,
72 °CHEMf 180 s , Ak 30 MEFR, 72 °CHEfH 10
min, 4 °CIRfF. SBBRWHEEIE 4 1) B 1 Bl
FHRE G G, HS pMDI18-T #RiAiE %,
HALZ Ecoli DH5a, #FPF LB FARIGFRHE F4%
FiI5, PP, ¥R, £ PCR Y HEGIE H AL 1
BN, RIS R pMD18-T-amPFK, 3£
EAETAYTRE (LiF) BhAaRARNE, #
EHA P H1$238 2 GenBank.,
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*1 51957
Table 1  Primer sequences for different PCR
FLIN 4 FR Gene name 5| ¥4 FK Primer name 59173 Primer sequence
amPFK pfk(F) ATGAATGCAGCAGTTCGAGCA
pfk(R) AACGATACGTGTGTGCATGA
amPFK q-pfk(s) TGACCCGTCTGAAAGCAC
q-ptk(a) TTCCGTCACAAATACCATAAAC
amp-actin qp-actin-2F TGCCAACACTGTCCTTTCTG
qp-actin-2R AGAATTGACCCACCAATCCA
122 FFISH R ORF finder #MAEIFHB T HILET—A> 2 274 bp MFF U EAE, Hiid—

PEME, BHEERESLRR TS . SR DNAStar #17
FEH R EE e, it MEGAS.0 HK/F3ETF NJ
MR G . SR Protparam il ProtScale
M amPFK EEAETERT; SR Interpro il
amPFK W45 5 ; R SOPMA Hl SWISS-
MODEL #iill amPFK %5#%5; R Antibody
Epitope Prediction #iljll B 4ifdrlsizéfii; kH
STRING Fill HAE&E M .
1.2.3 ELHKAREE PCR HHERFEERIE
WX DR KRHE K pactin (F T
NM_001185146.1 ) HHZHH (51975 L&
1), ALY E & PCR {1 T RT-qPCR #5
D LA R ) 8 e AS ] s AN (] B 30 R o 1Y)
cDNA AR, REANFEMRE 3 NEE . SR EOk
FEf PCR MW AKZR (20 uL) N: TB Green
Premix Ex Taq II ( Tli RNaseH Plus ) ( 2x ) 10 pL,
FF5I#4 0.8 uL, cDNA 2 uL, RNase Free H,0
6.4 uL; RN FRFE N : 95 CHIAEE 1 min, 95 °C
AP 10s, 58 °CiEk 30s, 40 PMEH., R
27 ANC AT RE AR X Rk T, WA SPSS
| AT R T 25 i M2 & g, JFFIH
GraphPad Prism 7 324 .

2 ZERE5HH
2.1 amPFK EEHEE

22 RT-PCR ¥'##, fcZ3ff9—2% 2 486 bp 1Y)
Hryga (K1), fmbElly, Xrse,
RSB R E W PFK S P31, Ay 44 8 amPFK,
#5258 GenBank, #3558 : MK713970,

ANH1 757 DN EEERRA A E 5

bp M 1 2 bp

2 000 — — 2486

1000 —
750 —
500 —
250 —
100 —

1 EKRFEHE amPFK PCR #iE4£R
Fig. 1 PCR amplification of amPFK
gene in Apis mellifera

M: 2000 Marker; 1: BAPEXTHE;
2. amPFK 3K/ PCR 7=,

M: 2000 Marker; 1: Negative control;
2: PCR product of amPFK gene.

2.2 amPFK LRSS

HAEPERR TR, BORA B S e | 56
YRR g i N BRCUN BB Y PFK 4K 1 S SRR ZH A
HA—H, MEBRERNFKEER, SHRE
2 ZERR YN Gly, E—FEnTs 2R, 7k
PRy P 2 B A P i

2.3 amPFK FE3I Lt o4
3 5[] R e X 5 SR R, B R R b
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amPFK % K 5 t %  Apis cerana ( XM_
017065122.1 ), SEVNAFRAEE Bombus impatiens
(XM_012391619.2 ) BR Y AEIE Bombus terrestris
( XM_012312901.2 ) . [A]l 4% ¥ Habropoda
laboriosa ( XM_017935298.1 ). 1455 ¥ Polistes
dominula ( XM _015329664.1 ) . E[ & Bk oY
Harpegnathos saltator ( XM_011142331.3 ), F&JX{
FLIRME Drosophila_ananassae( XM_001956408.2 )
(1) PFK P (1) 7 51 RHARLE 435311 R 86.9% .85.5%
85.1%.81.5%.79.1%.34.2%.33.4%, 7] W, amPFK
S5t PFK JEP P SIARRE e, Hak
SRR AE RS | WU RERE | [l S5 | T 4CHA 0%
IR I 2 B RE BRI R KBS
FIH MEGAG6.0, %:F NJ( Neighbor-Joining )
Poxt O RS B B R PFK R8T R G 5 & 40HT
SR WoR, BORME e 5 hig i SR O R ik,

57

I 5HT LR Rl — K, 5 B0 EEBRCR
I JXUAL SR 1 56 R LA , X S5 R A SE Btk Ak
IREARAT, Ui PFK R FE ik fbad fE il A
SF(E2)

24 HEWER KN

Interpro U .75, amPFK TE% 1-294 .
379-663 Nif s () FERR AL 73 A — D WEIRR
Wi mg2sFaik (& 3 ), SOPMA Wil amPFK —.
Gaikty, Hob a-420E ( Alpha helix ) i 45.18%.
B-Fi £ ( Beta turn ) [ 7.00% . #EfH%% ( Extended
strand ) 5 16.51% . JoHL#E: Al ( Random coil ) 5
31.31%. o-BR0E . B-H Mk ae bim, A~
SR, B4R R A RS, FREEA.
BRFE Y amPFK — A5 o-1805E 5 3225350
5%, #EM amPFK & - — P EFRE R,

100 Bombus impatiens N ZR B AE
Bombus terrestris BRI BE 1

74

Habropoda laboriosa 7] %% 1%
Apis mellifera 78 KH| 2 ¥

100 Apis cerana i

Polistes dominula Y& 45 &
Drosophila ananassae WXL 1R

—
100 Harpegnathos saltator EJJE kil

B2 ETEAFER amPFK 5EMER PFK S ERFIINRFLE LK

Fig. 2 Phylogenetic tree based on the amino acid sequences of amPFK from
Apis mellifera and PFK from other insects

1]

» Domain

1 100 200 300 400

500 600 700 757

B3 FilK amPFK B &1
Fig. 3 Predicted domains in the amPFK protein

25 ZHEN

i i SWISS MODEL #kf4:L) 4xz2.1.B Wi
M amPFK #E47T =5 A R EAE, 255
Bl 4 Ji7R, B o-SRERE il 32 B4 1), AR St DU T
RIE, N ST C 5t 2 4S5 FI R A9 XA AL,
BANK AL S 1A PFK 450058, Y SRns-6-i
fR 45 & F N i 45 #948 . Antibody Epitope
Prediction #iiill /%, amPFK 4 35 /1~ B 40t

R, Hob A 7 A B (&14, #15). B
AN BT A KRR BE , — o T =4k
R FIAEMRKEESTEBAL, B amPFK 3 H
Je— R MEE A .

2.6 amPFK E{EEBNHT

{8l STRING %4f A i amPFK W3R H B
YER 2%, 451 BoRAa 1 AT AT EEE 11 Vhadd
5 amPFK FHEAEA (E 6 ).
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B4 EXMEEamPFK EA=REH
(REIHH B HMERERNA)
Fig. 4 Tertiary structure of amPFK protein in
Apis mellifera (Green parts show the epitope
of B cell antigen)

A: 27-42 (T EFERR; B: 203-212 { &R ;
C: 237-247 (i Z R ; D: 445-456 LI
E: 506-516 [ & FEER; F: 640-651 &L ;

G: 668-683 {3 F IR .

A: 27-42 amino acids; B: 203-212 amino acids;

C: 237-247 amino acids; D: 445-456 amino acids;

E: 506-516 amino acids; F: 640-651 amino acids;
G: 668-683 amino acids.

— [#{f Threhold

1843 Score

100 200 300 400 500 600 700
{\/ & Position
B 5 amPFK A B fifE RS

Fig. 5 Analysis of B cell antigen epitopes of
amPFK protein

amPFK

H

|

E6 il amPFK HEIEER
Fig. 6 Predicted interaction protein of amPFK

27 EHRERXREE PCR

amPFK JEFRPEARR FHA R & E iR
XKk, HAREZEFP<0.05), TPkt
FORmEART T M S EAEON . 4
WY |l AT Rk R Y R ST S BRI R
Frrmyad, PRl Rb R (B 7).
AN BRI EI, amPFK
FEANTA] G R0 &y OB — H IS 9 38 3k 1 B B
=, I EL P A AR S B R 0 B o T T
(E 8)

3 itig

AR A | B S A A T S AR T B R
Aed, HOKEBIrt ATP $24, TiCihEm &
B ATP AR . S A 030 Sy R R T A

(FBRWIAE, 2016 ), MEMREAH 4% 5 B2 PR
TR R T P SR W o O TR SR AR VT LA ATP
Wk, ¥ AMP #E ( Garrett and Kim, 2012 ).
FEA GO, I 20 M3 A 2 b A P R A 11 4
FEWETRIL AR RE & , 7 Bl 20T 32 SRR T it 4
A&, T e 2 R R AT AR AR Tt R B b
FEfRARICRE &, PRILRRN A SRR AR . BETR
SRR LR PEK-1 5 3 e 6 2 i
%] (Weber, 1977 ), PFK-1 7E—S6fifgi 441
() 2235t 5 YR, A TV Ie 4 1 M T At 24 v
FE 51 A ¥ EAE A ( Zancan et al., 2010; Moon
etal., 2011 ),

Hiii, XF PFK MWt £ 2 h e 330
V00 Pl 40 6 55y TR A e S R A A S A
D ARG TR B T B R AN e amPFK 3L
P4 248 6 bp, Hit 757 NEIERR . [FIE >
i, amPFK 5 FALE de, Rl e 5 i PFK
HA B SR, D amPFK e
P EARERSFE. amPFK H o-120E . B-
Wi 52.18%, a-MRfE . B-FE fAL S AE LA
. AN, BRI m R, R
FEH; B AMBURRN KRB, — T
PUR =4 R0 T I A LR KT S4b, amPFK
A 354 B AR RN, HHEKREH

- 0.141, HAEN amPFK & — M EE R £
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ES! E. b e 9%
K82r o4 &8
oo fef RE =
=& .| d g ==z 10t
ES 1} d S2r EER b
° e e € ¢ cd 7 0 c ¢ CCccococ
0
N R » NARRYC
SEES PGS +++++++++$+ PR
TR H B Eﬁ e A I 3 TR F A I
Development stages of worker bee Development stages of drone Development stages of queen bee

B 7 amPFK ERAREREAFELEMPNENREA
Fig. 7 Relative expression quantity of the amPFK gene in different grades and different
developmental stages of Apis mellifera

A. amPFK JENAE T8 AR A T I WA 55 B, amPFK HE DR ME S AN R] A 7 I S0 AR AR X 208 5
C. amPFK J& TR T AN 5 7 I A AR X 04
G-2, G-3: AT 2, 3 HIAUIM; G-5, G-7, G-9, G-11: T 5. 7.9, 11 Hikghduh]; G-Y: fillfi; G-B: FIH
s G-H: ZIHRMH; G-C. mill, X-2, X-3: H#itE 2, 3 HiREIHE; X-4, X-6, X-8, X-10, X-12: Hi#% 4, 6. 8. 10,
12 Higghdul; X-y: Bilf; X-B: FIRIE; X-H: Z0HRME; X-C. pifi, w-2, W-3: 2. 3 HiIRO,; w4,
W-5, W-6, W-7: ¥ 4, 5. 6, 7 HER4IMm; W-y: Flf; W-B: FIHRER; W-H: ZLIREE; W-C: S Fpil.
M AR AR R T B R R 2 BN R 7 2200 22 5+ 3% (P<0.05, Duncan [R 2 HLEE ).
A. Relative expression of amPFK gene in different developmental stages of worker bee; B. Relative expression of

amPFK gene in different developmental stages of drone; C. Relative expression of amPFK gene in
different developmental stages of queen bee.
G-2, G-3: Egg stage of 2 and 3 days old; G-5, G-7, G-9, G-11: Larval stage of 5, 7, 9, 11 days old; G-Y: Prepupa;

G-B: White eye pupa; G-H: Red eye pupa; G-C: Adult stage; X-2, X-3: Drones 2, 3 days old egg stage; X-4, X-6, X-8, X-10;
X-12: Drones 4, 6, 8, 10, 12 days old larva stage; X-Y: Prepupa; X-B: White eye pupa; X-H: Red eye pupa; X-C: Adult stage.
W-2, W-3: Queen bees 2, 3 days old egg stage; W-4, W-5, W-6, W-7: Queen bees 4, 5, 6, 7 days old larva stage;

W-Y: Prepupa; W-B: White eye pupa; W-H: Red eye pupa; W-C: Adult stage. Histograms with different letters indicate
significant difference in variance analysis of single factors (P<0.05, Duncan’s multiple comparison).

KVEEH . amPFK $ABA 2 AWERRBE G

w
o

[ = T.#% Worker bee
-m- £ Drone ghpgll, X 5HEWRM—I, EANE . BRI
20| > ¥ Queenbee FL sy b LATR) R DU SR AR 9 T U7 A, A AT

A TR G S, DA SR 3 % | B 4 i
RRABIRIR S, WEBT C A R R LA
Vhadd (1) B FRIRTE M BE T K A e v 5 | Jirh g
FEH %A (Petzoldt et al., 2013 ), i IR

FEXtF3k 5 Relative expression
S
T

0

E I F L Y B H C N R N o .
TR R ] 5 I A I Ak PHEBRTE bR 280, JF B A fRZ8 1M, R LB
i il dovelopmental saags BeRsro T, WSS T, BEA R
E8 amPFK EREEEAFEERERR b, FEGL A K (Petzoldt et al., 2013 ),
AEE BRI R T E AWFFEIE] Vhadd WTHESE amPFK M HAEE

Fig. 8 Line chart of amPFK gene expression in F1, e PFK ] B85 40 BB s 4 26
different grades and different developmental ’ . _ e

stages of Apis mellifera amPFK FERTEA R S AR A= K & B
Ee 05 T SEMEME; Fe A0Sy Lo dphips - VA 208, (ARSI A L) I R
Hi Y. Hilf; B: FIURNG; H: Z00R06; C. ik, FIE, XSGR PFK S8 B BEREKE T
E: Egg stage; I: Incubation stage; F: The first day of the 5, H—25FH PEK TESR AT K AL S ) 40

larva; L: The last day of the larva; Y: Prepupa; B:

White-eyed pupa; H: Red-eyed pupa; C: Adult. 1Jc IET H £ A ﬁz Y 45 5 — B ( Tennessen
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etal., 2011), WAKMEYIRBIRINAZ AT
FEAE ATP, TR IE SR | NE AT IR IW &
B, M SCREIALIE A, T LA B 301 31 4 030
amPFK &R A 155 2 35 1T HE -5 5K — At 30 40 it 34 4
(A RE AR I A VIR 5C

WFICIESE , WFLah W 58 & B A 5 1
eI 3 5 bR A0 i — A, (HRTE H 2N
TAEFEANMIY IE & o e 5 e AR SR
J& amPFK FEH PRI D E RS THERT
WY, L T T, 45 AELshY PFK
T Ji I8 200 it 548 g 1) il B A I8 O I % B A
L5, AN PFK 7575 R 8 0 A B 1 1)
F AT BE S AL S —AE, TS P HURRS 5L
& AR P A A A A R R QI G, AR AT 4
SRENE Wt — LT SY amPFK TE4:58 % & T 9]
AEZE S BB HEAL
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