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Proteomic comparison between the newly emerged drones and the sexually

mature drones of Apis mellifera ligustica ( Hymenoptera. Apidae)
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Agricultural University, Nanchang 330045, China)

Abstract; [ Aim] This study aims to investigate the differentially expressed proteins between the newly
emerged drones and the sexually mature drones of Apis mellifera ligustica through comparing the proteome
profilings of drones at these two different stages, so as to provide the basis for further studies on the drone
developmental biology. [ Methods] Two-dimensional gel electrophoresis (2-DE) was used to establish the
proteomic map of the two kinds of drones, and part of differentially expressed proteins were identified by
mass spectrometry analysis and database searching. [ Results] The results showed that 2 490 and 2 317
proteins were detected in the newly emerged drones and the sexually mature drones of A. mellifera
ligustica , respectively, of which 157 differentially expressed protein spots were found. Furthermore, 102
and 55 proteins were significantly up-expressed in the newly emerged drones and the sexually mature
drones, respectively. FEighteen of the differentially expressed proteins were identified by mass
spectrometry analysis. Among them, the Troponin, SEC13 protein homolog and DJ protein were up-
expressed in the newly emerged drones while the paramyosin, arginine kinase and cofilin/actin-
depolymerizing factor homolog were up-expressed in the sexually mature drones. [ Conclusion] A large
number of proteins in drones of A. mellifera ligustica show expression changes during maturing, which
might be related to the development of cuticle, flight muscles and sperms.
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Fig. 1 2-DE analysis on protein expression in the newly emerged drones (A) and sexually

mature drones (B) of Apis mellifera ligustica
F A ARIC Y SN R E M E S . The marked spols are the protein spots subjected to functional identification.
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Table 2 Up-expressed proteins in the sexually mature drones of Apis mellifera ligustica
5 A FHE AFE(Da) || Y ZR [N SHS AT E(Da) || S5 HfE FiE T i(Da)
No. Ratio pl MW No. Ratio pl MW No. Ratio pl MW
DO1 1 000 000 5.59 64 085 D20 8.74312 4.23 32 536 D39 2.44603 6.46 18 756
D02 1 000 000 6.07 57 051 D21 1 000 000 4.10 34 206 D40 4.23964 5.89 17 424
D03 2.4079%4 5.93 52 985 D22 3.70190 5.45 33 638 D41 5.89136 5.94 17 234
D04 2.34728 4.90 44 739 D23 3.84508 4.28 33112 D42 1 000 000 4.88 17 276
DO5 1 000 000 4.84 44 850 D24 2.07562 6.28 32 847 D43 1 000 000 4.85 17 227
D06 1 000 000 4.98 46 671 D25 2.63336 6.47 31 386 D44 1 000 000 4.99 17 129
D07 1 000 000 5.99 44 627 D26 1 000 000 5.06 30 149 D45 1 000 000 4.89 16 838
DO8 1 000 000 6.36 40 400 D27 1 000 000 5.38 28 200 D46 1 000 000 4.66 15 237
D09 3.03906 4.88 38 965 D28 2.4267 5.50 27 772 D47 8.46814 5.80 15 064
D10 2.91332 4.98 38 521 D29 2.90009 5.73 27 938 D48 1 000 000 6.05 14 852
D11 2.08525 5.50 38 288 D30 2.79029 4.87 27 455 D49 1 000 000 4.67 14 416
D12 2.27183 5.43 38 363 D31 2.01339 4.94 24 436 D50 1 000 000 6.01 13 942
D13 1 000 000 4.97 37 895 D32 1 000 000 5.13 23 245 D51 2.29554 5.01 13 267
D14 2.99344 4.52 37 157 D33 2.23636 5.12 21 893 D52 1 000 000 4.98 13 119
D15 4.86583 4.57 36 793 D34 2.32432 6.08 21 126 D53 2.19054 4.88 12 894
D16 1 000 000 6.41 36 613 D35 1 000 000 4.89 21 522 D54 1 000 000 4.95 13 057
D17 1 000 000 5.37 36 703 D36 1 000 000 6.41 20 827 D55 2.05675 4.51 10 444
D18 2.18416 5.48 34 944 D37 2.96717 4.93 20 679
D19 1 000 000 4.18 32 795 D38 1 000 000 6.17 19 840

FEH ) A R R A S 0 5 R S e A 06 R 2R SR O K BE L . The ratio in the table is the gray ratio of the expressed protein in the sexually

mature drones to that in the newly emerged drones.

Table 3 Basic information of eighteen identified proteins from Apis mellifera ligustica drones

*®3

BAEREECEEN I8N EARELRER

HH R HEHAK GenBank %585 AP EER(%)
Spot no. Protein name GenBank accession no. Score Sequence coverage
SR 1 4
C06 178101806 384 39
Troponin I isoform 6b1 &
R H .
C19 1328790061 166 15
Hypothetical protein LOC408772 isoform 1 &
T
C22 Hﬂ“%gﬁa i 178101801 178 23
Troponin T isoform 5
2 3
C38 ZHRARET . 21148129806 191 35
Na*/H* exchange regulatory cofactor NHE-RF2-like
SEC13 M
C48 11110756630 199 20
Protein SEC13 homolog &
FERH T .
C65 1166565249 194 31
Elongation factor 1-beta &
B A ‘
C80 gi 166524513 575 51
Hypothetical protein LOC551742 &
DJ & .
2878281 71 4
89 Protein DJ-1-like gl1328782818 3 6
ML R 1 .
C101 1328793595 72 37
Ribonuclease UK114-like isoform 1 &
1121
C102 _ 1&1&4% = 21166514755 148 42
Hypothetical protein LOC552685
=L
DO1 B}J‘ﬂﬂ“ ;kﬁa . 21166510482 253 30
Paramyosin, long form-like
Yok £ s S il
D11 W PR R 21158585146 381 35

Arginine kinase
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ZE3R 3 Table 3 continued

HH RS EHAK GenBank %585 EORGy  BER(%)
Spot no. Protein name GenBank accession no. Score Sequence coverage
=L T
D17 o HORIRER , 41328775950 129 27
Transcriptional activator protein Pur-alpha-like

NI

D22 AR . . . i 1335892820 199 27
Pyruvate dehydrogenase E1 component subunit beta, mitochondrial

f I

D27 ﬁl\ﬁﬁgﬂj‘ . i 1328787128 189 31
Coatomer subunit epsilon
H 4 3 1B K]
D43 . ".g’m@.%%ﬁﬁ”¥ i1 110756009 142 38
Eukaryotic translation initiation factor 1A, X-chromosomal

- <

D50 . .mzﬁ@aﬁ%%‘.% 21328789760 314 48
Cofilin/actin-depolymerizing factor homolog
KRR N .
D52 1328792982 299 28
Endocuticle structural glycoprotein SgAbd-1-like &
PER PR PR, A M T NI Py e R Y
s Ny 2
3 iFig KA o

AT B AL AT TR 2 e P S s e 5 1
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AT REE RSN H B I, AR A X k5 , MR 2230k
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157 A~ Herp 102 A~ 8 G 78 NI H s o e v 90 2
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JULBE S s A o A6 2001, T LA 25 T Al U ) AL
L7k 8 ATPase {ifi P ( Perry, 19995 5 %%,
2010) o ASBEFEEE R A, X WA LS 8 E AL N B
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FEH #8845 (Stagg et al., 2006; 4-JHK, 2013)
FEAREAI T~ 12— Fh e 40 B A 5 3l A7 AR HoR Rk 1Y
Z R AR B BT, 7R3 R 3 R R i s
HE/EM 4R 5] mRNA E 9% 5 F1 (RNA |
RS T, HA AR A DO RE (JE A B 55, 2007 ;
MAFSE, 2008) , B RELAAE R = R A 45 G LBl iR
EI£F4E, I 19 20 B ZE 1 iz s vk (R ok S, 2007)
ARSI AR b X PR AR LRI S s e v s
K, AT REAE RN IS B e e A T I R B F
T 2 Kt SEC13 FIGE I K12 5 HAH G P &35 |
RS R
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A K
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ity L IR A B LR 2 5 AT WAL S 1Y
WL e i o

R R B AT @ A S 2R 5 ATP Z JH]
AR AT BV, K BE it A7 T B TR 2R Y s BE
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SR BSR4 IR R I AAAE TSI SRR i
M ISR H 3 20— H B L N-K
Ui Ser-3 Bk i MR Ak AT LA H 5 WLBh A B 45
BRI PE(F2ILEE, 2007 ) o LEPE A IE R i
FIk T RETELERP RS 715 ) B0 I SO R ke
HEENAIER.

g SR A T30S A 1 & — 2R ] AL DNA ¥ 91
YRR SAZ IR T ST I 5 2 5, O B
P BE PR ik iy s A R -, H 5 DNA (9455
HA ¢ 51 (Hope and Struhl, 19865 $8F L Ml it
B, 1995) o ARSLIGEIR b AR TR R
R ERIE T RE SN R AR A O X A
fFF 2098 SESE

S 23 #k (References)

Fang Y, Li JK, 2008. Analysis of developmental proteome at egg stage of
drone honeybees (A. m. ligustica). Scientia Agricultura Sinica, 41
(11): 3793 -3800. [ f55, Z=#FR}, 2008. =K F| %M (A. m.
ligustica) i 9 51 93 & B 282 A BT AL 43 7. o B ARO B 2, 41
(11): 3793 -3800]

Fang Y, Li JK, 2009. Comparative analysis of proteome between drone
eggs of high royal jelly producing bees ( Apis mellifera L.) and
native Italian bees (Apis mellifera L. ). Scientia Agricultura Sinica ,
42(7): 2552 -2563. [ B35, @R, 2009. F I # AR
Tob TR ) e e U S T 3 B SR . P AL B2, 42
(7):2552-2563]

Fang Y, Song F, Zhang L, Aleku DW, Han B, Feng M, Li J, 2012.
Differential antennal proteome comparison of adult honeybee drone,
worker and queen (Apis mellifera L. ). Journal of Proteomics, 75
756 773

Feng M, Song F, Aleku DW, Han B, Fang Y, Li J, 2011. Antennal
proteome comparison of sexually mature drone and forager
honeybees. Journal of Proteome Research, 10: 3246 —3260

Guo CY, Ji X, 1995. Structure and function of transcriptional activator

proteins. Bulletin of Biology, 30(6): 13 —15. [ E8#& DL, i1#r,
1995, BESRPEIE H M S IIRE. A=, 30(6): 13 -
15]

Guo XJ, 2010. Molecular Cloning and Expression Analysis of Tnl and
MEF2 in the Ant Polyrhachis viciva ( Hymenoptera; Formicidae ).
PhD Dissertation, Shaanxi Normal University, Xi’ an. [ F8#F %,
2010. $URZHBOVLAN MG 3 2 S5 T A Y
SURE AL R T P RIRVITE. V% PRPGIBIE R0 2
B3]

Hope TA, Struhl K, 1986. Functional dissection of a eukaryotic
transcriptional activator protein, GCN4 of yeast. Cell, 46 (6) .
885 - 894

Li JK, Feng M, Zheng AJ, 2011. Advanced research on honeybee
proteome. Scientia Agricultura Sinica, 44(17) ; 3649 -3657. [ %
R, B, AR, 2011, B H RN IR, PR
Bl2E, 44(17) : 3649 3657 ]

Li RL, Zhang L., Han B, Fang Y, Feng M, Zhou TE, Li JK, 2013.
Proteome comparison of honeybee (Apis mellifera ligustica) worker
venom between collected from venom glands and electrical
stimulated. Scientia Agricultura Sinica, 46(7) ; 1448 —1462. [ Z=
Rm, iK%, W, BEE, B, Rk, AFEE, 20130 Bk
I TP 1 5 o O 1AL E e, o AL B
2, 46(7) : 1448 - 1462 ]

Niu XB, 2013. Functional Study of the Role of sec13 in Organ Ogenesis
During Zebrafish Embryogenesis. PhD Dissertation, Zhejiang
University, Hangzhou. [ ZFJHif, 2013. BE L f secl3 FLHTEES B
RELSBRPINREDITE. AU WL REF 208 3]

Pang JX, Huang J, Hu XC, Xu J, Yu XB, Bao HE, Lang SY, 2007.
Screening of EF-1 gene, the functional gene of adult Taenia asiatica
by bioinformatical method. Journal of Tropical Medicine, 7 (6):
513 =515, [Pegsh, L, §RK), 3, RFm, GmE, B
U, 2007, S PHTER H HUE A B -1k B B E R A A3 AT
PR R, 7(6) : 513 -515]

Perry SV, 1999. Troponin I: inhibitor or facilitator. Molecular and
Cellular Biochemistry, 190; 9 —32.

Platzer EG, Wang W, Thompson SN, Borchardt DB, 1999. Arginine
kinase and phosphoarginine, a functional phosphagen, in the
rhabditoid nematode  Steinernema  carpocapsae.
Parasitology, 85(4) . 603 -607.

Shen PX, Wu X, Huang J, Hu XC, Yu XB, Bao HE, Liao XJ, 2008.

Journal  of

Prokaryotic expression of elongation factor 1 gene of Taenia saginata
asiatica and analysis of purification and immunogenicity of the
recombinant protein. Journal of Xi’ an Jiaotong University ( Medical
Sciences) , 29(4) : 379 -382. [ WIPER, R, WL, HIEHI,
A, AR, BT, 2008. Y A-717 25% B HE {71
B RIS B R e . PSR AR (R R
29(4): 379 -382]

Song FF, 2011. Antennal Proteome Comparison of Drone and Worker
between Apis mellifera ligustica and A. cerana cerana. MSc Thesis,
Zhengzhou University, Zhengzhou. [ 2% KK, 2011. 7 K F| % i
I A e T e 5 T i AP 22 S B L BRARL MM RROH BN K

SR 2 AR S



3 SR/NBERE - TERAEE I I B 5 1 Pl e 1) 3 1 i A 22 52 A 263

Stagg SM, Giirkan C, Fowler DM, LaPointe P, Foss TR, Potter CS,
Carragher B, Balch WE, 2006. Structure of the Sec13/31 COPII
coat cage. Nature, 439 234 —238.

Woltedji D, Song F, Zhang L., Gala A, Han B, Feng M, Fang Y, Li
JK, 2012. Western honeybee drones and workers ( Apis mellifera
ligustica ) have different olfactory mechanisms than eastern
honeybees (Apis cerana cerana). Journal of Proteome Research, 11
4526 —4540.

Wu XB, Wang ZL, Li SY, Gan HY, Liu H, Yan WY, Zeng ZJ, 2014.
Transcriptomic analysis of Apis cerana cerana ( Hymenoptera:
Apidae) queens and drones newly emerged and sexually matured.
Acta Entomologica Sinica, 57(8) : 905 -913. [ Z/Nk, £ 1,
ER s, i, X, GUEE, G5, 2014, PRI R
i H A 2 e e E R e SR 2 A0 A, B AR, 57(8) 2 905 -
913]

Yang K, 2010. Advances in research on DJ-1 protein. Journal of

Xinxiang Medical College, 27(2) ; 211 -214. [ #%#, 2010. DJ-1
HEAIIERE. B % BEAEB AR, 27(2) : 211 -214]

Yang P, Yu HZ, Chen JA, Zhu ZR, 2005. The proteins in flight
muscles of insects. Chinese Bulletin of Entomology, 42(6) : 726 —
731 (BB, R, BEE, PSR, 2005, RAECKITHLEG
. BRHUANRR, 42(6) : 726 -731]

Yu XJ, Liu HJ, Ni H, 2007. The role of actin depolymerizing factor in
animal reproduction and embryonic development. Progress in

Physiological Sciences, 38(4) : 347 =350. [ F24IL, XI4EA, il

£, 2007. WLBHE MR R 78 S A B R R & b A
. AERRLEEE, 38(4) @ 347 -350]

Zeng 7], 2009. Apiculture. China Agriculture Press, Beijing. [ ¥ i
1, 2009, FRME. dJbat: opELOl) T IR ]

Zhang YC, An SH, Li WZ, Guo XR, Luo MH, Yuan GH, 2011.
Cloning and mRNA expression analysis of arginine kinase from
Helicoverpa assulta ( Guenée ) ( Lepidoptera: Noctuidae ). Acta
Entomologica Sinica, 54(7): 754 - 761. [ 3kJuhi, Zit{E, 2=
T, A, B, SRR, 2011, KHB RS 2 R L
M FERE 2 mRNA Fgk 7. RLHUEHR, 54(7) . 754 -761]

Zheng HQ, Hu FL, 2009. Honeybee: a newly emerged model organism.
Acta Entomologica Sinica, 52(2): 210 —=215. [ ¥ k7, HIfE R,
2009. HEE—FRALY). BRHCER, 52(2) : 210 -215]

Zhou B, Cao C, Liu CX, 2007. Advances in research on translation
elongation factor 1 alpha. Leiters in Biotechnology, 18(2) . 281 —
284. [JElvK, i, XUfERE, 2007, EHEEEEM A F 1A ABFST ik
J&, FEMHOREIR, 18(2) : 281 284 ]

Zhou TE, Fang Y, Feng M, Han B, Zhang L, Li RL, Li JK, 2013.
Comparative analysis of proteome and phosphoproteome of drone
embryos between Apis cerana cerana and A. mellifera ligustica.
Scientia Agricultura Sinica, 46 (2) ; 394 —408. [ JHKIK, BT,
s, FE, K2, 20N, 2R, 2013, AR SRR
IR R 25 SR (R4l S B AL A AL AT R E
ARl 46(2) : 394 —408 ]

TS B



