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HWHE DT — 71— (Mercer and Menzel, 1982;
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2007), #z FE (Harano et al, 2005, 2008a)
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HEREZECHVS C ki Uk, EakidRotE
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6, RRITHEVWY Y —L (ER 4cm, &
T lem) ZREOMFBCTYH—Fv MR
L7z, &6, Yy—LOBICTFRESE 4
XEIC L, XEZHITEET 5E8Z207 2
Uz, {EENEZ I U 7B A S ik 2 fl i U,
M R—RIVEBELZORBMETHZN-T
2 F )V F—/33 & 7% HPLC-ECD % T2 B -
ERL, HimliEaE e OBFRZ#EANE. 20
FER, EEIEEHRICIKEFEL T LR LTS
e o iz (Akasaka et al, 2010) (X 1 Al
& Bl). {EEIEDEVHERTIE, ¥ ¥ —LAT
HWERBT Uk Ak, BT BZEDRT
fEtk, H3ViIEFEEFIDRVEERDIVED,
BRITZ1TS 6 Btz o<icoNn, HEE
TUET AEEDOEENZ Ao TWhWolz. —
A, A R— I VERZIEES ~6 BME
TERELTVE, Z0%, BPLTniced
/o 7z (Akasaka et al, 2010) (X1 A2 &
B2). A F—1RIVEOEIZT TICHES
NTVWBIA F—/33 VEDfEA (Harano et
al, 2008b) E{lTW/z. IfMHN-7tEFIVF
—RIVEDLEFIZ 10~ 12 HHETHLN,
i R—=RIVEDO LR X0 BRI KL EHEh
Hbniz (K 1A3 & B3).

BHICBT BRE0HIT LWV o Toddh S & —
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ZTT, MR, - REEEEETIN O R —
NIVEZRUCHEKTEELETS, Th
5OERID F—/32 VEIF TN TR ERITHLA
FHiE T ERIT B Moz (Akasaka et
al, 2010) (X 2).
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% (Tozetto et al., 1997; Giray and Robinson,
1996).
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RPN Tz 2T EITo 7 fElk, BEAEAERTE
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TVEERLTWS. *i&, 0Hiime 8 Hifiic
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MNHBT %ZRLTWVS. Akasaka et al. (2010)
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i 2B MEMTEN D /3% — > DRI
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HEMNEAD L, ASMCHRTRENEL Koz,
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TERIZEL 20, 1EEEIXEE L7z (Akasaka
etal, 2010) (K4). WXL LTIYNFE
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A R —/8X VEICHBIN A SN (Sasaki and
Nagao 2001), R—/R3I VEREOEREE3
OB FEMNEE T B (Dombroski et al,
2003). A ADGE, MEFNIPMLERDY OIh
¥0, F—RIVELHBIIKELTLERTS
TEMD, R—ISIUCKBEFHBEDHED
BEDPFREINS.
FADEFEREIZFICETFRAERET BIEHE,
LEINR T RIS 2%, TLTHET
ICIRET 2 7DD EEET BB 5
%5 BRI AIHEBETESOATED, P
EROBEENELAEV. Xz, OO
HiiH, 5530V 7V—-LEBE LTS, 48
HERCMT TREIZER, THEEZORERE T
Nl R%. DFED, KEMRTICHF TESLN
TRFIAERBERICEZDNTVLREEZDLN
3. Eiz, TORHORBEITERD D> Tz
%. IREEIEPE% 8 ~ 12 Him TEENEL,
TZETSH. £ie, (VEMEEE TR 4 Hiln
FTERL, ZETA. TDOLHIC, ¥W8H
ME CICAIEREDRENT T IS LICED
#H , 1989; Harano et al., 2008b) (X 6).
TR RRTIEH B D, HHDA R R—
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L, s E0ERZELZET A, F—N
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IV B ETEREFEDEMFR M TE
Thotz. LHL, F—RIVERERELTWL
fez b, ERNIC R—RI UHEDAE N
TLIHERETETED, SBERTILELND
3. ¥fz, A ROBZTEANFBEZITI L, F—
IS VEOEMREHED LE, FFEERE DK
BV o A - ITHIORENENS T L HVE
mENTz. A ARBIZT—hH—h5DMHEZZ
FTHRRAT 2R E, T—hI—\DREENS
W ehsh, Haoaoo=——nkslcT—H—
MRV 2R 2 EREBENTHERT 208D
HBDMNE LNEL.

BEHSMEERICEEDS
FIERIEDZEL
B PR g s a) = el = e VAN |
(RIWINFINFRT I FHNF) &, IR
BUAZANELL, HICHEZARRTS. AR
ZEFEIN T TEL, BIEDORME, Rk
EB175. ZLC Y —A—HTkT 5 L,
TERIEINCERTS. TOLSIC, FIANE
HEMNFETRE, A—X MNETOREEHE
FEHELTWERL.
YA IAVTEIVNFNFIZBWT, mH
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>37Y3vN\T
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PRGN B DFEE

DA PETREA{L

BIIUNEREL LI EH 3% (Bloch et al,
2000ab). ZD &S EHEFREHEEDT v+ A4
NFIEBNTEEREEN TS (Giray et al,
2005; Sasaki et al,, 2007). &5, 7¥FH
INFIT JH B =32 UROEEETTS &
YIEFEMEEET NS (Bohm,1972; Sasaki et
al, 2009). TN HDHMRAN S, FRIEHNEMS
ENFTIE, HRRF—1IickD, ED
REMNaVPO—EhTWEEEZLNS.
—HT, TNHDOFETE, JHRZY—h—[KD
DHEICEED>TWVWB LI THB. TVFHN
FD1ETIE, V—A—ICJHEBHT B L,
HOBGEPRETHMNFEI NS T LHAMEE
NTW% (Giray et al, 2005).

SYUNFIE, LhOfEEIEELRD, LELY
—H—DEGE L O —HERREE e Iic 0¥
LTW2EEEHRNEETHS. COETRE,
EINZEME T2 EREINT —H—0 JH B
BENET — 1 — L EENTEL, A#Y—Ah—
L FEEETHS (Robinson et al,, 1991). f
ICEWL DDA S, S YNFDART
&, JH OHERRHRIBERIVEY & UTOREEZ L
bRTWV3EEZS5N TS (West-Eberhard,
1996; Hartfelder, 2000). Kb b ic, JHIZY
— A — DR FEZHE T EIR—AA—H—
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(R EH TS
JH > [ SR

@D B DR

FEGNTT B D FEE
DA PEBRTTE) i)

SYNF AR
(BEEHRHERE)
JH

D B TH) O
SR E DFERE?
DA

B 7 JH & F—/R3 Vi &K 2 BFIEHORER- - AL
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FIVEVE UTHEEL T3 (Robinson and
Vargo, 1997; Page and Amdam, 2007). # A
KRBWVWTIE, JHOMBRERVEELTD
Beelx+o@RAXENnTVAY. LML, 20
EEBEERMFREDE— 7 ERERITD
BHRARHH & — L TH O (Tozetto et al,, 1995;
Giray and Robinson, 1996), JH*® JHA (XY
TLY) UERBEIOMAKICHT &, RERT
DiEE RO B N TE% (Giray and Rob-
inson, 1996; Tozetto et al, 1997) T &b,
JH 1347 < & BI7EIMH Tld A4 A DBEIE 2 (2
THRREANDZ EZEND. TORIVEVIE
EHIC, FADMAR—NIVEZHHEITS
EHTRBENTEHD (Harano et al, 2008b),
SERLEEREEDES L, JHE R—/1X
Ve HICA ZADHGEZ FIEH LTV B ATREMED &
nWEEbns.

FROMREE LD B L, FIFNELSEE
THA57 VT HNFRIIVNFNF T, JH
ER=NRIVOWAHDEIEZEEL, JHIXEE
MA¥LRETT 256055, —FH, GEEM
EETHBIVYNFOARTIE, JH OPERRH
HRIVEY & LTOMREERDN, F—1RIYV
BMIC X A2BIOMRENAENS (KT). L
ML, AT, FHEHNEASEEOMEED R
FEINTHED, JHR F—R3I VI3 Bz (2
95 (B7). CTOXSKJHEF—1RIVIC
XBEFEOREER, BHREETHE 3w
VavunNTThHEbNET ML (Gruntenko
and Rauschenbach, 2008), Bt oD L5 il 1)
A LSS ZIHRO TV B ATEEEDE X
bhs (fek7K, 2010) (B 7).
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IS U DRETENZ T 2 LWV MEDD
v (Schulz and Robinson, 2001), 41, # A
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27
FARNB T Lic kb, RERTICATTERK - X
HHEEDZ LR AN DI EREANDEZH S
ML TV T EE, SEBOFED—DTHS.
TNODWEMNERT BT Lick b, #HElhE
{LOBREFEE > TN THA .

GRIR !, fE&ARLS, FE2 ERE1S 1 T 924-0838

ANEBEELHARMES — 1 @IRITERZE NAL -
(b8, 2: T 194-8610 R EHTETT E/I[ZE

6-1-1  FIRZEMFI ST, 3: T 924-0838 f4
JNEELT/ GRS — 1 @IRTEREABERY
AT LSRZERT)

5 | Rk

Akasaka, S., K. Sasaki, K. Harano and T. Nagao.
2010. J. Insect Physiol. 56: 1160-1166.

Beggs, K. T., K. A. Glendining, N. M. Marechal, V.
Vergoz, I. Nakamura, K. N. Slessor and A. R. Mercer.
2007. Proc. Natl. Acad. Sci. USA. 104: 2460-2464.

Bicker, G. 1999. Microsc. Res. Tech. 44: 166-178.

Blenau, W. and A. Baumann. 2001. Arch. Insect Bio-
chem. Physiol. 48: 13-38.

Bloch, G., D. W. Borst, Z. Huang, G. R. Robinson, J. Cnaani
and A. Hefetz. 2000a. J. Insect Physiol. 46: 47-57.

Bloch, G., T. Simon, G. E. Robinson and A. Hefetz.
2000b. J. Comp. Physiol. A 186: 261-268.

Bohm, M. K. 1972. J. Insect Physiol. 18: 1875-1883.

Bozi¢, J. and J. Woodring. 1998. Comp. Biochem.
Physiol. 120A: 737-744.

Burrows, M. 1996. The Neurobiology of an Insect
Brain. Oxford University Press, Oxford. 704 pp.
Classen, D. E. and A. E. Kammer. 1986. J. Neurobiol. 17: 1-14.
Dombroski, T. C. D., Z. L. P. Simées and M. M. G.

Bitondi. 2003. Apidologie 34: 281-289.

Draper, I, P. T. Kurshan, E. McBride, F. R. Jackson and
A. S. Kopin. 2007. Dev. Neurobiol. 67: 378-393.

Evans, P. D. 1980. Adv. Insect Physiol. 15: 317-473.

Giray, T. and G. E. Robinson. 1996. Proc Natl. Acad.
Sci. USA. 93: 11718-11722.

Giray, T., M. Giovanetti and M. J. West-Eberhard.
2005. Proc Natl. Acad. Sci. USA. 102: 3330-3335.

Gruntenko, N. E. and L. Y. Rauschenbach. 2008. J.
Insect Physiol. 54: 902-908.

Harano, K., K. Sasaki and T. Nagao. 2005. Naturwis-
senschaften 92: 310-313.

Harano, K., M. Sasaki and K. Sasaki. 2007. Sociobi-
ology 50: 189-200.

Harano, K., M. Sasaki, T. Nagao and K. Sasaki.
2008a. Physiol. Entomol. 33: 395-399.

Harano, K., K. Sasaki, T. Nagao and M. Sasaki.
2008b. J. Insect Physiol. 54: 848-853.

Harris, J. W. and J. Woodring. 1995. Comp. Bio-
chem. Physiol. 111C: 271-270.

Hartfelder, K. 2000. Braz. J. Med. Biol. Res. 2: 157-177.

Miyatake, T., K. Tabuchi, K. Sasaki, K. Okada, Y.



28

Nishi, K. Katayama and S. Moriya. 2008. Anim.
Behav. 75: 113-121.

Mercer, A. R. and R. Menzel. 1982. J. Comp. Physiol.
145: 363-368.

Neckameyer, W. S. 1996. Dev. Biol. 176: 209-219.

Nishi, Y., K. Sasaki. and T. Miyatake. 2010. J. Insect
Physiol. 56: 622-628.

Nomura, S., J. Takahashi, T. Sasaki, T. Yoshida and M.
Sasaki. 2009. Appl. Entomol. Zool. 44: 403-411.
Page, R. E. an G. V. Amdam. 2007. BioEssays 29: 334-343.
Pendleton, R. G., N. Robinson, R. Roychowdhury, A.

Rasheed and R. Hillman. 1996. Life Sci. 59: 2083-2091.

Robinson, G. E. and E. L. Vargo. 1997. Arch. Insect
Biochem. Physiol. 35: 559-583.

Robinson, G. E., C. Strambi, A. Strambi and M. F.
Feldlaufer. 1991. J. Insect Physiol. 37: 929-935.
Sasaki, K. and T. Nagao. 2001. J. Insect Physiol. 47:

1205-1216.

Sasaki, K. and T. Nagao. 2002. J. Insect Physiol. 48:
1075-1085.

Sasaki, K., K. Yamasaki and T. Nagao. 2007. J. Insect
Physiol. 53: 940-949.

Sasaki, K., K. Yamasaki, K. Tsuchida and T. Nagao.
2009. Naturwissenschaften 96: 625-629.

ARGk 2010. LLB AR A2 27: 3-9.

Schulz, D. J. and G. E. Robinson. 2001. J. Comp.
Physiol. A, 187: 53-61.

Schultz, W. 2007. Trend. Neurosci. 30: 203-210.

Tozetto, S. O., A. Rachinsky and W. Engels. 1995.
Experientia 51: 945-946.

Tozetto, S. O., A. Rachinsky and W. Engels. 1997.
Apidologie 28: 77-84.

Vergoz, V., E. Roussel, J. Sandoz and M. Giurfa.
2007. PLoS ONE 2: e288.

West-Eberhard, M. J. 1996. In: Turillazzi, S. and
M. J. West-Eberhard (Eds.), Natural History and
Evolution of Paper Wasps. Oxford Univ. Press,
Oxford. pp. 290-317.

Wicker-Thomas, C. and M. Hamann. 2008. J. Insect
Physiol. 54: 1423-1431.

o ARG, 1989. W 3Ff14 10: 132-138.

SHINYA AKASAKA!, KEN SASAKI'?, KEN-ICHI HARANO?
and TAKASHI NAGAO'®. Behavioral development
for reproduction and its endocrine mechanism in
male honeybees. Honeybee Science (2010) 28(1):
21-28. 1: Graduate Program in Bioscience and
Chemistry, Kanazawa Institute of Technology, 3-1
Yakkaho Hakusan, Ishikawa, 924-0838 Japan, 2:
Brain Science Institute, Tamagawa University, 6-1-1
Tamagawagakuen, Machida, Tokyo, 194-8610
Japan, 3: Human Information Systems, Kanazawa
Institute of Technology, 3-1 Yakkaho Hakusan,
Ishikawa, 924-0838 Japan.

Biogenic amines act as neurotransmitters, neu-
romodulators and neurohormones in the central
nervous systems in both vertebrates and inverte-
brates. Dopamine regulates diverse insect behav-
iors and physiology including associative learning,
locomotor activity and reproductive maturation. In
females in primitively eusocial wasps and honey-
bees, similar regulatory roles of dopamine in repro-
duction have been reported. Juvenile hormone (JH)
plays a role as a gonadotropin in solitary insects
and primitively eusocial Hymenoptera, including
bumblebees and paper wasps. In honeybee workers,
however, JH plays a role as a pacemaker hormone
that regulates age-polyphenisms. In male honey-
bees, the role of dopamine and its relationship with
JH have not been elucidated. Hemolymph JH titers
increased in parallel with the brain dopamine levels
in males. In addition, completion of reproductive
maturation and onset of mating flight in males cor-
respond to the peak of brain dopamine levels and
hemolymph JH titers. Therefore, it is thought that
dopamine promotes development of reproductive
behaviors in male honeybees. In the present study,
we determined hemolymph levels of dopamine and
its metabolite (N-acetyldopamine) in 0-16 day-old
adult males. The development of locomotor and
flight activities were recorded for the same period.
Hemolymph levels of dopamine and N-acetyldop-
amine were found to increase at the time of onset
of mating flight activity and those of dopamine
decreased thereafter. Both locomotor and flight
activities increased with hemolymph dopamine
levels but the increased activity levels were main-
tained following decline of dopamine levels. Dop-
amine levels in the brain and meso-metathoracic
ganglia showed a similar developmental profile to
hemolymph dopamine levels. Locomotor activi-
ties were temporarily inhibited by injection of a
dopamine-receptor antagonist (cis(Z)-flupenthixol)
into the thorax, and were enhanced by injection
of a dopamine-receptor agonist (6,7-ADTN). These
results suggest the reproductive function of dop-
amine in male honeybees. Our findings link the
role of dopamine with that of JH in enhancement
of basic behavioral activities for mating in males.
It is therefore possible that dopamine regulation in
reproductive females operates independently of JH,
whereas dopamine in males appears to act down-
stream of JH. Further studies will be required to
address how the dopaminergic systems in regulat-
ing female reproduction could be independent from
JH controls in honeybees.



