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R EDOBEE (F£30) : To clarify the gonadal functions of most primitive vertebrates, hagfish, we
measured plasma concentrations of sex steroid, estradiol, with respect to gonadal development. In both
sexes, plasma E2 showed a significant correlation with gonadal development, suggesting that estradiol is
involved in the regulation of functional differentiation of gonads. We also isolated the cDNA sequence
encoding cholesterol side-chain cleavage enzyme (CYP11A), which involves in the first reaction in the
process of steroidogenesis. The enzyme was localized on the Leydig cells and follicle cells in testis and
ovary, respectively. The CYP11A transcripts increased significantly in accordance with the
developmental condition of gonads. Our findings suggest hagfish might possess similar process of sex

steroidogenesis, as proposed in jawed vertebrates.

AR EH
(BN - 1)
[ERESES [ 12eE 2 & @t

2010 £ 1, 400, 000 420, 000 1, 820, 000
2011 1, 100, 000 330, 000 1, 430, 000
2012 R 1, 100, 000 330, 000 1, 430, 000

FEE

FHE

=6
=>4

il 3, 600, 000 1, 080, 000 4, 680, 000




WHIE5r 8 - B
BBEOSF - B - LAY - TRRE - 1
F—U— N s, AR BhE, dik, RrEs

(o

1. WFFERRBYIDER

FHEEMIZ. 5D L% b EFERNITHBIL .

B & 22 BB IS U CAE BRI A IR, kA
R TEIz, BHEEN OB R DT T,
IR LCN R E VS T AR E R O AL
LE DR D AR LRS- TD, T
RIL, FHEBY IR O Thb, &
BETE BN WA ZE DIRILE L L&D AR BRI AR
WEY (GTH) ZEA - WL T\, — 7 F
HEEN) DHEL DI AN HHBLL 72| SHA R/
WVESESE » XA T S RICBWNTE, ZRET T H#
PR VE L O HBECHEREMRIT I 2 REN TH
5 ZOEW D AFEBIG LN 53 W 2 G O
(T 25 Ridd TZ LoTe,

WFFEARKFH BIL, FHRRPED 757 )%
(Paramyxine atami) ® FTERNOHFR CTIX
CHT GTH 73 Fa AL | XZ 7 I W
Th GTH MAFTEN 7 BLSR O AR 72 N4y
WK ThHILERLTEIZ, SHIT, Mz
B GTH % KEITHEFEL | MR LB A XS
U RO AFTEN 3 W R O BRSO N
PEAROMSLIZIT 720 EB 2 TND,

— 07 O AEIZB O T, TR
Sz GTH 1%, Z OB EREIr U CTAERIRIC

TERIL, BR % 72 AT AR DG E R 28T,

B AR - D TE AL - B A P o T — 38 oD A 5l B
REDFEBLZF 5L TW\D, Lo, X¥ T X5
IZBWTIE, 2O AR OMRE kiR
BN LA OV TR ICHERS
TV, - T, XFTTFHICBWT, GTH
oy Fa L LT, AR OBERE /L E N 53 Wk
RIZEDHIHBEEZ X ZOBMREICB TS
AETEAN S W BL R AR FERNC BRI D281, W
FEARA R ThHHEEZHND,

2. WFFEEDEK
A TIL, XZTFFHEICBITS GTH OH

BELMEHLZ T GTH OEHZ ZA00EL, ().
AFEARCEUE - O iR R L L AT R AR
DLYWT a7 7 AN BT D, (2).EAT
BARDZEM, PEAT aAR AR Dl
BRI A8 T BUC B L 72 K 70 & A B i
BEBED I LIBIE L0 b~ — T — 7 - Z R
WZREL, ENOOFR BB REZHE X | A FH ik
REDFE BT m e A& PR T2, (3). AFEBIGIC
B33~ H RV 4y - S EUR T O T ik BE
~ == FIE DRRIAERZ R > D)% | 2
BRMERL LTRSS, (4). EFEIROH
RE DAL E N AT RIS K D IR 2 2y (2R
fEL, GTH ZIZL0LLALEL S F52 NS
BB ~IGHT 222 BIEL TD,

3. D FHk
(1). AFEBORERBEIG UM P HERT o

ARDGWT a7 7 AN DEEfE

B O FEHOMEAT oA RPERELTHNVS
MTWDIRE [ 3 il i So % I E 1 (TR-FIA)
ZREL, 7aXZTFXOMIE T O 4 FEOMA

711K (estradiol-17p, progesterone,

testosterone, 11-ketotestosterone) D] E %
ZHENLL | Bx 7R BB 2R 9 R oD o
PEATBAROEREEIER | XF T FFHITBT
BEABFTERR EMEAT oA R O B2 B 57>
EEAE

(2). EFHROBRE ML EIEIEL S D~ — N —
e L.

BT, HEAT RA RO AR RICEEL
T AT B A R S WA SRRSO MEA T B AR A
R, ICKE DT R BEE J D RE S > /37 72
& AFERROBUR F OB BRI b AR L 500




FHENHEES L, 2N H05 FFEO R BLENE
GTH oMEAT AR EOERERE TSV CHE
RSV TN D, XX FFHRITE W TH, BUAL
THEHD S cDNA 747 7V — 25 | FBliE
(G BEONBRRIN S — A ZEMTEATVO, AR
THRET o~ — W — o TERET 5, 2kl
1TLC, XX XD GTH Z#a—KN9 58T
FooI% 3l R LN TIEICLY, A
PaR R GTH ZH55EL ., = OR %
AL AR T RSB DN T D,
(3). AFHARMSEE DI LD FROF
BLENRE LER REARAT

A B RS B T RE O M REAI R R I L R
ESNT=~—— 5y T DR BB ECRBES
H728 | AFEIRCEE 7 O LR R U
{r+-3¢ 8% Real-time PCR {EIC IV E &
%, [RIEELZ, in situ hybridization 112 K0 AEFiE iR
(Z31F DR BN L 5 BLBh RBA- KL A I iR
Wrd %, ZNHDORRE (DB EL
ARLERA L, BEESIV TR, BLE T
TERGAFE D & D B B CHERET BL T DD % i
Z. FEAR GTH AT oA RB/LVE - LA GE
JRHERE 2> 1 L ORERERYZ2HE B A BN T 5,
(4). FBERBRERICIDATAROBEES KL
W R I D A oD B AR

AR - T R 0D T 1 R0 b R DR A I 3
WTC, FEE(R GTH OMEAT B A RO 5 b
RE~— I —ITXL ., EDRRZR N R A IE T D
ZHAGINTU . N B RN ORETIZ AT 77
3%, BRI, Mz GTH 245 RO
FH R ERCR ML BRE~ — I — D
B H) % Real-time PCR iEIC KV ERT 5,

4. IR
(1), XFUFXomMpHERTa AL RELE
VEDSWENRE

FHEBN O E B2 MEAT BARFLESTH
%, TANTZY—/L 178 (B2), 7By =AT
(P), TAMATBY (T) IZOWTC, Z7uxXyy)

sk E2 1 (ngfrnl)

O M (AR S5 0 7 1. 375 4 R ) 3 i i
s M EVE (TR-FIANC L | A HE AR O fE Rk
EHTRY L TN EDSEATHERRE Z AT 2T, £ D
R WTNOMATaEARBLEAAZDONTH,
FEVER IR & DO B FATIED RO B, ARLE
AERDCENLS IV, RIS, Bk & T2 BE S
ZoR I EARDER L | [ HFHPERT oA A
ELTZ, ZORER, B2 OB MERELE (A G IR
DFE B L H S AU CF B
DI B2 O REZRY), — . TIXE2 I
FEA_TMm AR EEDY 1/10 FREETHY, T & P IZE
U CITATER D I LA B BADSFED HALR
Drolz, LLEORERDG XET O MR
(i, A7e<Ed E2, T, P 2SFALEL ., B2 A34:5H
JRSCEC AR - /L FE 12 B -9~ 2 N /0 AR -
DONEDTHDLIENRIBENT,

e = . l

0.5mm>§p{E 4mn-< 5BEE < 10mm
0.5m<BE-<4mn 10m< BEFE

(]
1

L]
1

=
1

(2). AFERRCRIT BB T HOERIRER
R HED ORE BA BRI | A5 HL cDNA 71
TV —EMEHEL | FEBL T ORI R TR
REATHT=, $EK 5136 T—2 DL —4r o Afif
PrafTuv, RERY — MR EIT o7 i R A
JREEREIZ B -5 5 L L C L EAGRD B,
ZOHZNE, AT EARFVEL OMENCHD 2
VAT a—Anb T L7 3% ar~DE#H
B L LT b, AT uARE R OHERE#
LLTHELND L AT a— LA 84 U] % 3%
CYPHA) R E EN TVl b, Lk
CYPIIA IZH AL, LA FOfEr a7z,
(3). CYPUIA Drua—=y 7L E DRI HE
PCR {E&#HWT, X#TUFF CYPLIA O R




DY H | 57 R O —E A BR K4 DL
Btz —lr o AfRHTCE T, $£72, CYPLIA D%
ﬁ@%%g%%@%%&%@dﬁf%ﬁbt
FER AEFEARZE1T D CYPL1IA O mRNA &I,

FEH. T GSI B E<RDI#EN T EAT5Z
&L METIZINEEA 10 mm LA _E Ol EAHEF T{IE (4
TRMICEBLENEINT 2R STz,
Fio, SEMRR L FIERS NS in situ
hybridization VEIZXD, AT mARG AR ORE
ALY, KSR CIET AT v Efifaic, SRR T

VIR AR SRR S LTz, ZIUHORE FIX, I
HRH TR AR HEEN A « XX T O L FERRAS | Tl
AHEE GO HFRBMIE L EAT AR
RIVECRGRED DIEEREL TND,

(4). AFERROBRELZ DN W RISl

X7 FXO N EARCTHEAZILD GTH O #
AN E L EREEE LT, BLL L RT1E, T
/) 40 KDa THY , BB A&, &
#)25 KDa & 22 KDa Z/RL7-, EHIZ, Zhvb 2
FEFED S 37 1E, HLXZ 7T % GTHo $551
RE B HPURICENE NGRS E R LT, LA
FORERIE, EH U B 23008 2 BiR
WEZ LD | TR T 5 R GTH (2
O THULIAEE THHZELRLTND,

WU, EH X A GTH %, R BURRR & Ve
PRE R AR ERRICH LT, T OREE, Mz
GTH 73, H 38 H~D B2 & T D4y ibAa Rtk 4
HEEHIZ, CYPULA BT ORBLELIEET S
ZEMHBNEI ST, ZOZ LT, XFT XD
TR GTH 23, EHAICAETHMERER BLS
FLOWNDULK 7 THY | TR EE R, JRAEHY
IR MEENY) - IETEEIC BV T T EIR-AEGH
RS RER SR S L TOVDZEATRIBL TNV,

AT F RO BHARXNTIZE AL BRI
THELT | MIHIIRAIE T IEDL LD T
W7 R THD, ERLD R FR R T
L. GTH MEATrARE # K ~DF 5 FEERIZ

ISHLL At XA I
FOMESLIZE T T2 EZ 2 TD,

BIFD N LI

5. ERRRHE
(WFgefseds . wFge
1T

Gy HHE e ONEEERT 78812

[ﬁEn:L uHHjC] (%I‘ 10 'ﬁ:)
@D Nozaki, M., Uchida, K., Honda K.,
Shimotani T., Nishiyama M. (2013). Effects

of estradiol or testosterone treatment on

expression of gonadotropin subunit mRNAs
and proteins in the pituitary of juvenile
brown hagfish, Paramyxine atami.
Gen.Comp.Endocrinol., in press. #tH
@ Uchida K., Moriyama S., Sower S.A.,
Nozaki M.

(2013). Glycoprotein hormone
in the pituitary of hagfish and its
evolutionary implications. Fish Physiol.
Biochem., 39:75-83. DOI:
10.1007/s10695-012-9657-6, A Hifi

® Pierce AL, Breves J.P., Moriyama S.,
Uchida K., Grau E.G. (2012). Regulation of
growth hormone (GH) receptor (GHR1 and
GHR2) mRNA level by GH and metabolic
hormones in primary cultured tilapia
hepatocytes. Gen. Comp. Endocrinol., 179:
22-29. DOI: 10.1016/j.ygeen, & #iA

@ Iwata M., Kinoshita K., Moriyama S., (ff 6
44 (2012). Chum salmon fry grow faster in
seawater, exhibit greater activity of the
GH/IGF axis, higher Na', K'-ATPase
activity, and greater gill chloride cell
development. Aquaculture, 362-363:
101-108. DOI:
10.1016/j.aquaculture.2010.10.035, 5t

® Kanemaru T., Nakamura M., Murata R.,
Kuroki K., Horie H., Uchida K.,
Senthilkumaran B., Kagawa H. (2012).
Induction of sexual maturation of the female

honeycomb grouper, Epinephelus merra, in



the non-breeding season by modulating
environmental factors with GnRH analogue
implantation. Aquaculture, 358-359: 85-91.
DOI: 10.1016/j. aquaculture.2012.06.026,

® Nagashima H., Kuraku S., Uchida K.,
Kawashima-Ohya Y., Narita Y., Kuratani S.
(2012). Body plan of turtles: an anatomical,
developmental and evolutionary perspective.
Anat. Sci. Internat. 87: 1-13. DOL:
10.1007/s12565-011-0121-y, A FHiH

(@ Osugi T., Uchida K., Nozaki M., Tsutsui K.

(2011). Characterization of novel RFamide

peptides in the central nervous system of
the brown hagfish: isolation, localization,
and functional analysis. Endocrinology
152:4252-4264. DOLI:
10.1210/en.2011-1375, & HiH

NHBEA (2011). & & JFAREIZ2HHES)
W X20FFOTERENSHEEESN
T AR AR L v & 2 O
V. BN 37 (140) 32-36.
https://www.jstage.jst.go.jp/article/n12008;]
sce/37/140/37 140 32/ pdf il

@ Pierce A.L., Breves J.P., Moriyama S.,
Hirano T., Grau E.G. (2011). Differential
regulation of Igfl and Igf2 mRNA levels in
tilapia hepatocytes: effects of insulin and
cortisol on GH sensitivity. J. Endocrinol.
211:201-210. DOTI:
10.1530/JOE-10-0456, #5t

Uchida K., Moriyama S., Chiba H.,
Shimotani T., Honda K., Miki M.,
Takahashi A., Sower S.A., Nozaki M.
(2010). Evolutionary origin of a functional
gonadotropin in the pituitary of the most
primitive vertebrate, hagfish. Proc. Natl.
Acad. Sci. U.S.A., 107: 15832-15837. DOL:
10.1073/pnas.1002208107. i

(3] (G 101F)

PEILER, NHEBEA. TAREM, BiRE
. /X P UFFIIBIFLSa L AT
—VRIBHOIM R D 7 v — = 7 & 3
AT, BB 225 83 [AIRk4. 2012
F9OH 13 H~15H, RKRKFEPFv
N, KRB
KERE, HRILERIT, Yusoff N.B., FEf
W, NUREA. =2 hu Y AR
OROBGIZED~ad LA peT
1Y = OENFE. SRR 25 AR HAK
PEF RTINS, 20134E3 H 26 B (k)
=30 A (£) , BOUMEERF)F v
INA, HUR.

Nishiyama M., Uchida K., Moriyama S.,
Chiba H., Awata S., Nozaki M. Study on sex

steroid hormones in the hagfish-Their serum
concentrations and sex steroid biosynthetic
enzymes. 7th Asia and Oceania Society for
Comparative Endocrinology Congress,
March 3-7, 2012, Kuala Lumpur, Malaysia
Nozaki, M., Shimotani, T., Nishiyama, M.,

Uchida, K. Evolutionary origin of a

functional gonadotropin in the pituitary of
the most primitive vertebrate, hagfish. 7th
Asia and Oceania Society for Comparative
Endocrinology Congress, March 3-7, 2012,
Kuala Lumpur, Malaysia

v LR, NHEBRA, FRILERIT. THET
W, TREm BREE. JuxX2y)
FIZBTDMEAT v A FE R OHE
. HABWZRE 82 MR, 2011 4F
9 A 21~23 H, dtifpEE)IH

Uchida K., Moriyama S., Sower S. A .

Nozaki M. Evolutionary origin of a

functional gonadotropin in the pituitary of
the most primitive vertebrate, hagfish. 9th
International Symposium on Reproductive

Physiology of Fish (fA1#3# 1), August



9-14, 2011, Cochin, India

@ PNHEBBA. ZRILEIT, B EE (L3 4) .
JFABTEHEERNY) - X &2 O F XHEHOPES 2%
IRV E LD, BARKENSY
WP 8 35 IRl A R, SRk 22 4211 A
19 A, &7 vy, i

® vHER, NEBA. FRILEST, BiRE
B (fh24) . 7 axX2 T XOEbHR
BT DMEAT A REARORERE. H
ARECHE N WA 23 5 35 [BIERIA K23, 2010
11 H19H, #2777, Hii

© WHBA. 8RR, ZRILEST, BIFE
B (fh24) . 7eXZ2TFX0 FERA
MR LY VR ALVES O
ABEME. HABM TR 81 BIRIK
23, 2010 4F 9 H 23 H, HFERFHET,
FOR

© BPIFFEE. AREEMR, A, TSR,
NHBBA. X% T F X TEEKD GTH
Jllokf 3 2= A ha v T A RAT
oG OB 201049 A 23 H, B
FURFBEED, B

(HME) Gl 4
@D Takahashi H., Kudose H., Takagi C.,

Moriyama S., Sakamoto T (2013). In Vitro
Effects of the Prolactin, Growth Hormone
and Somatolactin on Cell Turnoverin Fish
Esophagus: Possible Mode of Opposite
Osmoregulatory Actions of Prolactin and
Growth Hormone. Prolactin (Nagy G.M.,
Toth B.E., eds), In Tech, p.21-34. DOI:
10.5772/2950

(PEZETY PEHE)
Oy Gto )

SAFR
FEHAE
FERIE -
FEEA
T

HFEFH B .
E N2 DR -

ORI GHo )

Py
LR
MR
FHYE -
g
BASFEA A
EINA DR -

(Z Dfh)

T B D K A — Bt
http://www. niigata—u. ac. jp/research/10_
research_010/hagfish. html

6. WFIERER

(D WFFe R EE

WH /A (UCHIDA KATHUHISA)
IR R - R - HEEER
9535 50360508

(2) BfFFE Sy

il 2 (MORIYAMA SHUNSUKE)
JEEL K - KPESED - iR

WF7e& %5« 50222352

(3) ELEEMF I

R &% (NOZAKI MASUMI)
FrERE - BRFIER - B%
9835 70136232



