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AN AR T EREERET LS M/ oMb R SBEYERRES
CRER T - THEEANS » BORIEER » BOREE TR TERAGMILTE 2 5
FELME o BRREEMIMET R Z AR » LB E % B ss » LIP3 (Hoar, 1969
Lam er al., 1978; Fontaine and Burzawa, 1978; Idler and Ng, 1983 ; &=FEFk 1986)
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WEELOCFESYOEMI S ERER — R REA R UME TRERSEEETER
ATEREA E o BRAEEAXCTRESEZEY Z%E  RIEBUREY o
N TE2E>E @R RAREZAEH

FHESD (Ao %KEfa - -BFEA > WS- RTE - BERMILE) 8FYE
HIPRRIER LIS T MBI ELR (hypophysis, pituitary body, pituitary gland,
pituitary) o — M E » JE T HEH » SIS T EM® (neurohypophysis) RGBT &=
#2 (adenohypophysis) #E (B—) o BHE LK TEE » B ABERGLEEKE » WS
TE RN AR T A TR | TIARRK » TR ERI /AR 0 (ectodermal ston-
eodaeum) Z sk (plate) [ (4 L& | LTI o Fit > WK T ERARBKT =
B HEEEEREL-

RERE2ESE  BERARIESBHIZKTEBOEFE fEKTERZ
R ROBRHEE » BRAEAZER - KBBKTEB/RSHS (E) » g%
(pars intermedia) » BE4RE[IZE (rostral pars distalis) ERiTvEZAI¥E (proximal pars
distalis) » HEMBRETFBLHFEEM » BB TEES 7T EHREDETRR N HEE

RPD PPD Pt

AProl QACTH @GTH *TSH ASTH @MSH OPASinPI

Fig. 1. Schematic representation of a sagittal section of a teleost pituitary showing
the distribution of the functional cell types in the adenohypophysis (ACTH,
corticotropic cell; GTH, gonadotropic cell; MSH, melanotropic cell; PAS in
PI, periodic acids Schiff-positive cell in pars intermedia: PPD, proximal pars
distalis; Prol, prolactin producing cell; RPD, rostral pars distalis; STH,
somatotropic cell; TSH, thyrotropic cell; stippled area, neurohypophysis).
(From Van Oordt and Peute, 1983)
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(B—) s K& ARIRES W ZBEERNE » 60 {R IR % 5 0 80 8 4 SR 5 IR
PERRBR ( U RHERRTE ~ MERRIE K ~ BUMERRE ~ B4%E S ) (gonadotropin » %3 ;
gonadotrophin X » fiif GTH) » B LR X EMKE S WML s WILEL MR (18
WA R L) » ARMES WA » EFRIBRES WM » REBHES W
Fo—fRPK > —~EMRSW— BT » (B E TS W IAE R EIKE » 10 corti-
cotropin, endophins £ o SRR AS AL T M LML » BHEUR S W2 EE (HXHBARW
5% ) (hormone) s F|AgK— o

X— HREREBETEBIMC  MEREKES

Table 1. Hormones, cell types and anatomical parts of adenohypophysis
of a typical teleost

i i) 8 i W oz R W W E
fRHERR MR 2 WA AR R ERE {RtERR #E Gonadotropin
Gonadotrope, Gonadotroph Proximal pars distalis
BB LI E S W BRI - {RERE#E Corticotropin
Corticotrope, Corticotroph Rostral pars distalis (ACTH)
; féWE¥ Endorphin

WIBE S WM BEARE (U WELBFE Prolactin
Lactotrope, Lactotroph Rostral pas distalis
H RS WA | EsmEmE B #F Somatotropin
Somatrope, Somatotroph .~ Proximal pars distalis | 8¢ Growth hormone
R BARER 3R 2 WAE AR SEvmE AIZE & PR #5% Thyrotropin
Thyrotrope, Thyrotroph Proximal pars distalis
REFS WHME | rhe {RE®F Melanotropin
Melanotrope, Melanotroph Pars intermedia (Melanocyte stimulating

‘ hormone, MSH)

i
|

SR T EE R TR L (hypothalamus) Zi#fETT (neuron) Ri#Z#k#E (nerve
fibers) JEF TARTMM » FWMEKMEE (FEF ) FEBRBE (peptide hormone)

s I0 arginine, vasotocin, isotocin, oxytocin, valitocin, aspartocin Z£ o

ENH LSRG E LS FAR I F 247

RS T ERRMERMEZ MR > 158 1960 FR c B4 » HHREJTH
MARREME (R2) - BEBRIHIMARERBTE » HHE (purity) R4y
M (biological activity) ¥R o W HZ A BEBEAEERE ~ ngk ~ KK -
HA > R ER - BRPRFARR AN (BHFER L REAEELERE ) RBY
FT( ERERE ) ZHMLERRZERRBEERAWIR



£ AFETEBREREE Bz —EX
Table 2. A summary of species of the partially and highly purified
piscine gonadotropins
! : 1
R & | E X % B 4 X B
il #+  (Cyprinidae)
£8 1 | Common carp Cyprinus carpio : Clemen et al., 1964
' Sinha, 1971; Sundararaj and
~ Samy, 1974
i ! Burzawa-Gerard, 1971, 1974
i i Idler and Ng, 1979
Huang er al., 1981
Yu and Lin, 1986
& f& | Golden Fish Carassius auratus Haider and Blum, 1977
S # | Silver Carp Hypophytholmichthys Kobayashi er al., 1985
_ molitrix Yu and Lin, 1986
1B f8 /& | Catla Catla catla Banerjee, 1987
(Hamilton buchanam)
/i g ! Mudfish Labeo umbratus Smith Hattingh and Dutoit, 1973
i #  (Salmonidae)
= #£ | Chinook salmon | Oncorkynchus tshawytscha | Otsuka, 1956
Groénlund, 1969
Donaldson, et al., 1972
Pircee et al., 1976
Ng and Idler, 1978
Breton, 1981
=] fit | Chum salmon | Oncorhynchus keta Yoneda and Yamazaki, 1976
Idler et al., 1975
i & | Rainbow trout Salmo gairdneri Breton et al., 1976
= # # (Bothidae)
ENK BHE | American plaice | Hippoglossoides Campbell and Idler, 1977
platessoides Ng and Idler, 1979
A Z Hfs | Winter flounder | Pseudopleuronectes Ng and Idler, 1979
americanas
i #  (Acipenseridae)
in f1 | Starred sturgeon \ Acipenser stellatus Burzawa-Gerard et al., 1975




x£Z (#)

% & K X & B % } % B
[ g{ (Channidae) “ B - o 7 .
i %A’ Murrel 5 Channa punctatus (Bloch) ! Baner jee, 1;2;7"_ o

% #8 # (Cichlidae) N I —
éé %;'f;é 77(\77 T Tzlapza m;;s%bica o Farmer ana_i’gg;kgff,l977 ”
2 B & ] Hyder et al., 1979
# 8 % (Muraenesocidae) ' )
R B8 & g Pike eel Muraenegz; cinereus Huang et al., 1981 B
#E R A (Clariidae) -
MR A \’ African catfish Clarias gariepinus ‘ Goos et al., 1986 -

Wy SRR R EFIRRRENFN

AR B

FHEEYETERREEREE (GTH) » REAENUN » TS RHE ; —RIR%XHE
¥ (luteinizing hormone, LH) » B—B{RIEHEEFE (follicle stimulating hormone,
FSH) o HRZERETESR LH R FSH; A —RBBESREREE - AREERK
RZEBIDE EEEROBETERIER » OQRRBEETREN » ROPEEIEM o MM
RO FERRIERE » OUMERREAR » ROPIRMEA - ATEHR FELH R
FSH MERFEZIER o (B8 » ingk Idler -+ E8SE (Idler e al, 1975¢c; Ng and
Idler, 1978) &S HHFET L BIREXREE | —RIPFEREMHRIKE (vitello-
genic gonadotropin, VGTH) 5 — R I KAEVEIRBSE (maturational gonadotropin,
MGTH) WM EEREE » EEEITEEZERY » EEBRAK » £EREREDE
L AEEER o VGTH BB KL &WEER MGTH, MGTH g% R #H E—i%
BBz GTH» 11 VGTH ENRFED ML 75— ERMEMREFE s MGTH #E{RFEINEMEME
# (estrogen) ;2 A 1K » 5 dy ML KR 15 B BR (R HERT B AE IX IR 3 Wi & (vitellogenin), VGTH
AR MESR R E e IR 2 W R L IR (egg yolk) » fEHERHIAEE « MGTH gE{EAE
FEEHEYER AN s IR T A IRMER o Idler KEBRZE WAL (Salmon) » [ A M
(plaice k& flounder) Kl (Carp) #fAILRIEN GTHo

B.3FHE » RETRELSH

PR EREFERL DR ST 2RI NE—5 REEE S EHEE (slyco-
protein hormone) » 4 FHEA 30,000~41,000 ; HAFILBFBMEZ T TERIE
RoEHHESEWEDTFZ 85% 3 HEASEEX » 11 hexose, sialic acid, amino sugar



B o A Z BRI IRINGE Z EULBALK B % £ 47 (Fontaine and Gerard-
Burzawa, 1978) ; S#S{RMEMRIRERMIE LH B FSH » &ABEARC LML=/t
7~ o — %A » cysteine residues REF » ffij histidine residues ®{€ ; HSILFEEM o
TEAEBRA R > EE P E RS MENR R » h BB SLIE 2 LH & FSHo filfn»
¥ GTH HEEsisl 2 FSH» KBRS E & 2 aspartic acid & glutamic acid
» {EFZZ arginine s BF—J » Az GTH BLHIESL LH ARRESHFR
%2 proline J leucine o E4 » MEATEKAEE CGTH 4T 2BEEABEAK T EF

(sequence) o

Table 3. Comparison of amino acid composition of some fish and
mammal gonadotropins (from Fontaine and Gerard-Burzawa,

1978)

A;2§3° cGTH* oncGTH? sGTHe tiGTH¢ bLHe hFSHe
Asp 21 22.6 17.8 21.5 11 15
Thr 16 22.6 15.2 14.4 16 22
Ser 13 13.0 8.9 16.6 14 14
Glu 17 19.4 15.7 22.9 14 22
Pro 19 14.0 11.6 17.2 27 11
Gly 7 11.4 7.0 15.2 11 6
Ala 7 6.4 5.8 15.8 15 12
14-Cys 22 23.8 12.0 7.6 22 22
Val 20 11.8 12.0 14.6 13 13
Met 5 4.8 3.7 6.2 7 4
Ile 5 8.0 7.0 11.4 7 7
Leu 14 9.2 10.0 14.5 14 9
Thr 11 7.6 5.0 6.9 7 11
Phe 6 5.4 5.4 7.1 8 8
Lys 14 11.4 9.8 9.4 12 13
His 6 3.2 6.3 6.1 6 6
Arg 9 5.4 6.9 8.2 11 8
Trp 0 — — — — —
Total 212 200 160 215 215 203

* Data on ¢GTH are from Jolles et al. (1977). Values (expressed in residues per mole)
are very close to those previously published (Burzawa-Gerard and Fontaine, 1972)
except for methionine and cystine. Destruction during hydrolysis probably explains
the lower figures previously found for these for these amino acids. ‘

® Data on ¢cGTH are from Pierce et al. (1976) (preparation SG DEAEI). Values are
expressed as residues per 200 residues.

¢ Data on sGTH are from Breton et al. (1976) (preparation t-GTH,.). Values are
expessed as residues mole.

¢ Data on tiGTH are from Farmer and Papkoff (1977). Values are expressed as residues
per 215 residues.

* Data on bLH and hFSH, calculated from sequences, were taken from Pierce et al.
(1976).



{EPERRIKGE » b2 (BREIT (subunit) K :a B B K I BRI o T L, 8M urea R
propionic acid 4Bf (dissociation) s JR#] LI DEAE-sephadex & 24 #74r58 (Fontaine
and Gerard-Burzawa 1978; Lo et al.,, 1981) o RETA S Z EWIEH K o 1 kg
J. (subunit I) » EN/RIR K & DEAE-sephadex s 4+ F & 14,000 » i I # 2%k %8 3¢ (subunit
) F& 17,000 ; RETLFLAE A (reassociation) » [E1{5 2 F K% M 4 F 2 4 Wk
(Fontaine and Gerard-Burzawa, 1978) o @:EE% Fontaine -+ FEE 87 carp
gonadotropin subunit II % NH,-terminal §j 26 { amino acid sequence > ZFIJ 4R
8 GTH 2 B-subunit » BMF. 3 LH B FSH ;¥ B-subunit {1 » | MKk B T2 NH,-
terminal g 33 {# amino acid - §7EH » BIMEELIE LH B FSH ${L o Hit » LIME3L
¥4 LH, FSH s TSH 2 a-subunit §& carp GTH Z B-subunit #£4 » 5 carp GTH
Z a-subunit B sturgeon (f#&f ) GTH 2 B-subunit §E4 o (BR4EH:LL carp GTH
Z a-subunit BAMEEL3E LH = FSH ;> B-subunit & o

—RRERAE » £FHEFWZ LH, FSH R TSH » 3 a-subunit 2 EERERERE
fl » T p-subunit ZERIEK o S-subunit BB Z AW IE MR A BEIHE ;
Fontaine J Burzawa-Gerard (1978) #Hi s carp GTH ¥ a-subunit EF{E# aden-
ylate cyclase activity Z#87 » T B-subunit REZMERFE K HE 2 adenylate cyclase
receptor system Z(EASRES] o

RREEBRERZSFERTR » ~HMFHES W EERE (LH R FSH) »
BERAERZ MRRT AR EX % » EERIREFR (cyclic AMP) R¥ " 2 (second-
ary messenger) (Fontaine and Gerard-Burzawa, 1978) ; A#ERERER EER
RZ (e RIE o BRA R AR IR cyclic AMP {82 = » T h Bl
RN o

A RERBEFZ-HAGILT EARBLFR

BN RBREREE S MR ERZ TS » BRESEKBHILEZ ik - §1970
FUR s TERERMEZRERBELR c EF% RRBEEDLERARESHE
B RABZTEHE N - AL T ERR RS S MRS o MALRERIKF T ET
ARTILE EREETE  UFEBWHEA » L3R RABEI M E » £
SRBESE » IREMAL o AN BA— MBS S RBEEERTFEAZ
THERARRERMEMCR BB Z @A,

A —EM{ERSBESE

1. BElS ko8 (solvent fractionation)

BEJR & EVERI (solvent) REEHT (salting out) {§fSfARF 508 Nk Wi Wk 5
ZHE—BE | fA (Burzawa-Gerard, 1971) fi:fs (Donaldson er al., 1972; Yoneda
K Yamazaki, 1976) #&f (Burzawa-Gerard et al., 1976a,b) RI{bf%E (Kobayashi
et al., 1985; Yu and Lin, 1986; Banerjee, 1987) o

2. BETFAHERE: (ion-exchange chromatography)
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z \
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Fig. 2. Proposed cellular mechanism through which a peptide hormone effector might
activate gene expression of an endocrine cell. In model shown, binding of
peptide to plasma membrane receptor activates adenylate cyclase, leading to
formation of 3/, 5'-cyclic AMP and a cascade of reactions leading to conversion
of inactive to active protein kinases; kinases then phosphorylate specific
proteins. The presumed final active protein in this cascade of reactions is a
phosphoprotein that interacts with regulatory sites on the gene, thereby
activating gene transcription and expression. C and R refer to catalytic and
cAMP-receptor subunits of protein kinase, respectively.

SRS S MR E R BRI (charge properties) 7E@ M (chromatographic
column) w » METHF BT EAIHEN 5 —BRK > FAREHETRRYE » A
#£ : DEAE-cellulose (Burzawa-Gerard, 1971; Donaldson et al., 1972; Breton et
al., 1976; Huang et al, 1981; Kobayashi et al., 1985; Yu and Lin, 1986), DEAE-
biol-gel A (Idler et al., 1975b; Breton er al, 1978) & DEAE-sephadex A-50
(Burzawa-Gerard et al., 1975b) ; JR7{# Fi carboxymethyl cellulose ( FX P EMBHEE )
(Pierce et al., 1976; Hyder et al, 1979; Idler and Ng, 1979; Kobayashi, et al.,
1985), Amberlite CG-50 7#R#(F A (Farmer and Papkoff, 1977) o

3. @Aty (affinity chromatography)

B4&fFF affinity chromatography fi{t @B EREE » BmEK Idler ZHER
sz (Idler et al, 1975b; Ng and Idler, 1979) ; {# /il Con A-sepharose o R %L EE
S5 BRI (i 3 (Pierce et al., 1976; Breton er al., 1978; Goos et al., 1986) o i
THREFER S » T8 Con A-sepharose Rz H AR Con A 15 MR ZHS
» B Con A Il » GRS FLEEERK (buffer) sfp A a-methyl-D-glucoside i 4t/
(elution) Hi#k& (Idler et al., 1975; Pierce et al., 1976) o IR IM AE S EIMEA (pro-
lease inhibitor) filin Trasylol R & FEHET ~ 65 (Ca**) ~ £ (Mg**) ~ B4R (Mn**)
» FS MR RELT o BIEAEBER (immobilized lectin) FREFEMR 5 HFIAH a-D-
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glucophyranosyl end groups HAHZ 2-0-linked-D-manno pyranoly BE£H SR Ik
glycoproteins 7 #e 4t » i MSEB AL A2 B A B R BBMAERPS o Ifn A ethy-
lene glycol (50% v/v) s {# Con A II ZEIMZERE o ldler REFHZS Con A-
sepharase 8 RILM M MEYE 2 ML T B » LI BT ME: (Stockell-Hartree, 1966)
glycoprotein hormone 88 protein hormone FRREALS M AR - HivmE>
immobilized lectins (FRRABAILEWES ) » ERMRBEZ » 1 lentil lectin-
sephadex, wheat germ-lectin, sepharose, helix pomatia lectin-sepharose o B HE
A MEARE Bhattacharya #3% R H I8 LHge4: Banerjee 3T FH 4 5% BA & 23
(immunoaffinity chromatography) fifb B BRI E (Banerjee, 1987) o

4. BBREHTE (gel filtration) J

ES BRI ZHBE > /8 gel filtration » RAMESERWE (IR I K

R)DFEKPZEM o Sephadex G-100 ® G-75 WEEHHE (Burzawa-Gerard,
1971; Idler et al, 1975b; Yoneda and Yamazaki, 1976; Farmer and Papkoff, 1977;

Banerjee, 1987) o A AfF A ultrogel AcAS4 B AcA 44 (Breton et al, 1976; Ng
and Idler, 1979; Goos et al., 1986) o M B A (flounder) B » HoFEES
(60,000) » Tif# A ultrogel H, Sephadex G-75 TEEBERF o
5. BERRERKRRBEXE Y (preparative polyacrylamide gel electrophoresis,
‘PAGE)
EMACBRPZE—SE » FABKE S » UM ARRERYE (Burzawa-
Gerard, 1971; Huang et al., 1981) o

BEARSNARERERZ MR MR

EXRREE/HBRMAEARBEKTEBERMBREE (Yu and Lin, 1986) »
MATERFAEARBERETCRENE (B=) s M= REZEFETES
* WrTFAAER (acetone) » fRREEHS » B RESMEIL — TEAE > Bie 24 INFEZ 2R IR
» LERTUBBEZ Q%K (glycoproteins) » Hh& HRMIRMER R PRIESE » T8
DEAE-cellulose (Whatman DES52) MEF AR A4 R Fractogel TSK CM-650(S)
BEF MBS o FIBS RO BERMEN LRI X LEREE (UV  spectropho-
tometry) » SBERIEMERRINGE » B BRABE 3 ERE (peak) ; TIRAEMITUAGE
s AR F L L RE 1 HRSERIE o

EWEERNE > RUBRE OSSR ERRE (RAT T EmERNE | ) ;
EWEEES  EARMAEUIREEI RS 02ng & 1.2ng » o TR #E8R 3 00 4 e
FAER o Bt SARMMRIRE » EXAREIBMAENLE » BESHESHM
7 E AR NE R IR DA BU HERR- 125 BiE 4% o 300 SR b O MR I 2 5 & %0 T R HE
(cross-reactivities) » JL#E IR HARND o R o R 8 T 4T B0 B0 £ (0 M IO 988 2 JRE 032 4
o HRBERRMEIREGR o RAE KB~ S 2 EUIRRELTT REBE o &
RIH LR Z R ENR IR » REEIERERL » 7205 I W5 (R YERRIGE (PMSG) ~ 2 (@35 B v
# (O-LH) 5 s ST RIE - AR TR (HCG) o #6336 95 [
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Acetone-dried pituitary powder

extracted with 6% ammonium acetate
in 40% ethanol, pH 5.10

N2 v
Supernatant Res idue
(Glycoprotein (growth hormone,
hormone) Prolactin)

96% ethanol till
80% final concentration

v 1%

Precipitate Supernatant

(gonadotropin- TSH)

dissolved in S mM ammonium bicarbonate
pH 8.0
A 4

DEAE Cellulose Column (Whatman DE 52)

eluted with 400 mM ammonium bicarbonate
dialysis
4/equilibrated with & mM ammonium acetate, pH 5.50

Fractogel TSK CM-850 (S) Column

CM II fraction: eluted with 1M ammonium acetate

Fig. 3. Flow chart for purification of pituitary gonadotropins from common carps and
silver carps.

80T

! i cod 1 ) n oL P | ot sl

0 005 01 05 1 5 0 50 100 1000 10000
Gonadotropins, ng

Fig. 4. Cross reactivities of antiserum against the silver carp gonadotropin (ASIZ-
HM-G1). The purified silver carp gonadotropin was iodinated (I-125) and
incubtated with the antiserum together with increasing doses of unlabelled
piscine and mammalian gonadotropins. The data are expressed as the
displacement curves. A. Common carp GTH (ASIZ-CC-G1, Yu and Lin, 1986);
B. Common carp GTH (Chang and Huang, 1982); C. Silver carp GTH (ASIZ-
HM-G1, Yu and Lin, 1986); D. Silver carp GTH (Huang); E. Pike ell GTH
(Huang er al); F. SG-G100; G. Salmon GTH (Syndel). (Yu, unpublished data).
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» JRETHOBE B I AL B M B T AR M R 5 F 2 B B E L (phylogenetic evolution)
R o AV B HTRILZ A G vk » HBURE R 5 ML 2 MR B 68 (T vE i
W3k o 2 BIKIR 100 K 200 picograms/m1 B BT B HIE 2K « AHTBE M AE » ARG IS
MM K P ZREIR IR R » LUBR M E S W2 B e o Kobayashi er al. (1985) 7x
RREMARERZEZBLTE » MESe A mK P EERKES HE o

NN R EZ A PG4

TRRRYERRINR 2 A2 TR I RE 4% » VT P A 0 ok v S o M A A M v
ELBRERERRUIRIAE 2 £ iEE R /SR o

1. FF 4K (spermatogenesis)

AT LB BEMRYRR BRI L EEERE » BH2 SG-G100
(BRI ZRERME) REARERERLTRES T 4K (Sundararaj er al,
1971; Burzawa-Gerard, 1974; Leloup-Hatey et al., 1981) o fEfa 2 MGTH w {4
BT EE 2t B BBRMAME T AR (Upadhyay, 1977) o RE > GTH FR{EEYKRIET
ERZRANARBTFER (Hyder ef al, 1979) Ng K Idler (1980) #4 MGTH {2 1t
BEAFEEZ#ME | 11-ketotestosterone J testosterone s EHEERITEE o 4%
BRERML » EAEURBE » RSB AR RS T A 5Ne » B B A
BERERE  AAEGRBI - Bt » SEARBEAL AL REREER LR
TER LR o

2. HE¥5 (spermiation)

BERERBREERAETHHBA o IRETERNSE » SG-G100 (RHg
R A RBMIPER (Yamazaki and Donaldson, 1969) » FI B IVEE » FT/ESBISE (R M
WRBRZERENEE (BRI EWEE | HE ) o 886 » BB N el REE
Ft& (Sanchez-Rodriguez ef al., 1978) » il » BB fa 2 (R ARG BE R | B HERS (R » )
RERRFER N R A RAMG o %> MGTH #EREVRISTE®B> L E B R
MY ER (Ng er al, 1980) o

3. fEEHEMFE AR (testicular androgen synthesis)

MILEZ LH o SRR HORBRIMAR (interstitial cell) s KM (Leydig cell)
ERRSWHEMER (REK > 19815 Yu er al, 1981a) o SEEMREEREZ LH >
TOHE - R BRI RER M M KA R o BB 2 AR » AR LR S ST
By (MMELE ) — 4 iR A K% E (BE) o GTH SUERMES T
(receptor) 54 %% » 518 cyclic AMP 2 &K (BA) 3 BIEAEMPBEESSERE
FE4 BB (steroidogenic enzymes) ZEERIEL > MEFHEREEE (cholesterol) A R HE
5% (androgen) s §i testosterone, 11-ketotesterone F o MR XiNEEE (mitochon-
dria) R RS (smooth microsome) » B AR EREME (ML) o EHMEMHE
SRR SR B AR M 2 BB > S REfR HEMetE 35 4 I8 (Ng and Idler, 1980; Leloup-
Hatey er al., 1981) o BERSKEZE SRS SLAA M BDRRIMNE » 352 FOS (R M IR IKE F1IK T
EEEMEMESR o IR{ERMEISAEMIERESN (R T £MEMNE | 5E ) » RUSERERR
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Sertoli cetl

Lobular
lumen
// Spermatid
Interstitial = A
5 asement membrane
celi - /

™~~Blood vessel

Fig. 5. Diagramatic representation of a portion of a testis of the tubular type demons-
trating a close relationship between germ cells at various stages of development
and Sertoli cells. Interstitial cells are located in the interstitium. (From
Nagahama, 1983)

Testosterone <« PREGNENOLONE
(3RD MESSENGER) ? 3

SPECIAL
RECEPTOR

(IST MES-
SENGER)

INDUCER =1
PROTEIN +

3'-5'- AMP ey PROTEIN
(2ND MESSENGER)  KINASE CHOLESTEROL

RIBOSOMAL

ACTIVATION
8LOOD LEYDIG CELL CYTOPLASM MITOCHONDRION
VESSEL CELL MEMBRANE

Fig. 6. Model to show how a-specific receptor site binds a particular hormone (LH in
this case). The target organ (testicular leydig cell membrane) contains a
hormone-specific receptor protein as part of its adenyl cyclase system. Binding
of LH results in activation of adenyl cyclase with a resulting increase in the
production of cAMP (second messenger). The cAMP then activates the protein
kinase in that particular cell which leads to testosterone (third messenger)
production by the mitochondrion.

PR B AL TR T B B e v AR USR5 Wb 2 P BR R o
4. PREMEMEFE 4R (ovarian estrogen synthesis)

A EEIIE A E — B2 (estradiol-178) BE## (Gottfried, 1964; Lupo and
Chieffi, 1963; Horvath et al, 1978; Kagawa et al., 1982) o M| JE BF L8 N = [ i
HMEHE SR AR > P REEZFER LH R EBME (theca cell) AR MM 5 M FSH
{REBRIRANE (granulosa cell) N HEvERBERCIMENE R (E/\ ) o 1L/ Falck (1959)



14

ACETATE CHOLESTEROL
S.E.R. MITOCHONDRION
BIOSYNTHESIS CHOLESTEROL
- oF HYDROXYLASES
CHOLESTEROL > AND 20-22 LYASE
Bg~3 B-HYDROXYSTEROID
DEMYDROGENASE ISOCAPROIC
ACID
ISOMERASE
r 1T ~HYDROXYLASE [ t——— PREGNENOLONE
17 -20 LYASE
17 B -HYDROXYSTEROID
DEHYDROGENASE

Y
TESTOSTERONE
Fig. 7. Diagram illustrating the enzymes present in subcellular organells (smooth
endoplasmic reticulum and mitochondrion) involved in steroidogenesis in the
interstitial cells of the testis.

l Basal lamina

Cholestenol Estrogen

(+)

Androgen
Androgen

_/

THECAL CELL 3 GRANULOSAL CELL

|

Fig. 8. Synthesis of steroids by the ovarian follicle, Conversion of cholesterol to
androgens is stimulated in the thecal cell by LH. Androgens must diffuse
through the basal lamina that separates the thecal cell and vascular supply
from the granulosal cell. Under the influence of FSH the granulosal cell
converts androgens to estrogens using aromatase (AR). (From Norris, 1985)

.

PR i » T SE BB 4 SRR IZ (000 5 WLBN T AR [ AR 2L ARSI | A% (two gona-
dotropin-two cell model) o faXA7E5E 7/ 2 B9 » T4 BEIG o WLAER 0 HAKZ Naga-
hama 1§16 GRULTT T 2 HTJE TR 4 » ALl (use RS BR HLTEZE » 45 1 R0 M ( Bl s
AR BRI AR ) AR BRMEME S 4 (Nagahama er al, 1982) > PUE » {UL{FTEE 114t
[ RRERRAE J e CRAJL ) 5 i7EmSfo » WREHLAIE o 76 (6000 » 2 [ —FEIRERW
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Cholesl:_ry

Testosterone

N il
Testoslerone
‘ ,;...,..—---7
170-Estradiol

Fig. 9. Two cell-type model for the synthesis of follicular 178-estradiol in the
amago salmon (Oncorkynchus rhodurus). (From Nagahama, 1983)

Thecal layer

Granulosa layer

FEMRRE | # X (one gonadotropin-two cell model) o
5. DRERIE AREIBE A K (vitellogenesis and egg yolk formation)

B GTH EAESNFH AR MR » M BB EINENE AR » Bk
BE > EIOREEEAINF MM INE (egg yolk) o gt B GIFFR ORI E £ »
ERANETHSEY (HKECE -&EFE -FEE  FES  RTESEH) £88%
(Yu et al, 1981b) ; @EFREESLI EZEEH » & FSH B EHINENIE &I RN H I
F ol Idler RFEIFEH » AEFE _HERMARINE » BN vitellogenic gonadotropin
(VGTH) » e R I ERIE M INE s Wit » &% VGTH Z{eA » i RSAHE R
i mFINEFHSY FSH Z1EH o

6. DRFR{ENK HESE (egg maturation and ovulation/spawning)

RER AR EGR R E P S0 2 A F W AJE EEE (maturation-inducing steroids)
» LR RINF (oocyte) Z5RTH » M5 REPESR-B I 17a, 208-dihydroxy-4-pregnen-
3-one R EFHERA B EEKFE (Goetz, 1983; Nagahama, 1983) o B 17a-
hydroxyprogesterone JRAg{EM o FESNFRBAMME » A OK P Z LR _BEE
FEMRBEZ G > TR FRAEMBE (Campbell er al, 1980) o (R EE BEA
A granulosa cell 4 ¢ 17«, 208-dihydroxy-4-pregnen-3-one (Young et al., 1983) ;
Rt > Nagahama 2 BB R HEE GTH (REINE thecal layer £RITE » AR
17a-hydroxyprogesterone ; 3%§ij H ié A granulosa layer H#B S 17«, 208-dihydroxy-
4-pregnen-3-one (Negahama, 1983) o {H » [ FAEMBSEEEE | FEMRKEL
F{EHEHEER (ovulation) ; R BB AZF UK SEFER » RIS B0 » TEER]
T HEIN (DeMontalambert et al,, 1978; Jalabert et al., 1978) o EHELE R EXE eI
WA > WERFLMBATINRE (prostaglandins) HEFEAE ; 78 » I0E LFE

BN TR EE o

L~ dhEHp

ERCWERRME TR A SR | B4 ERE 1k (radioimmunoassay, RIA) » J&#k
X Mk (radioreceptor assay, RRA) » B4 4llEE (biological assay) £ o 4aaF Al
ik RFIAPUR—HIESHE M 5 T RI2E A5 O bR (5 5L o 00 5L M0 e 2 1y 28
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BEEERBR 2 W0 > (BEREER  BTREREWFERIE o £HREE » QIR AR
PERRIRZ TR IDRE » LIRS Bl 5 i > MeARAEAE /I » SRIE MR R R B A
ETRIPEE o GUIN{R AR SORE R MBI 4 USRS U e e 5% » DBSLEE 2 M 3R > HRIPBLhRE &
HE ;s WABENNE > TR ERRMEZ M RIERIRIE o /65 MM/ - (RSB
VR PENRIBR UG SR > AR TS » WEREE A MIEHREHE - RETHR
iEHE (in vivo) ROEER (in vitro) M ; —XRA » HERTEMKRERE » FFEAR Y
U MERRIOR R R K - (R T BRI BE 5 T v RO E R 78 » R O B 2 (R MR
BRENTT » (BRBEB SRR £ WBIT T i o ML 8BRS » 4 AN s s
PR DA B RSB B R e i SR 2 A BRI 4 o

A FREDEHIE

ENERRBRH AT EEY » DREREREEZEWIESE o Flin » B8 P55
(Yoneda and Yamazaki, 1976) » 3855 8 % /& (Clemens and Grant, 1964) » /NEZEFEEL

ZB% Y (Donaldson ef al., 1972) s g:3FHERS B EEDP (Fontaine and Gerard-Burzawa,
1978) » 48 HEIP (Sundararaj and Goswami, 1966; Sundararaj et al.,, 1972a,b,c;
Lam et al, 1978; Kime and Dolben, 1985) s faJipK% (Sundararaj and Nayyar,
1976; Ng and Idler, 1979) » BR# 4 (Sundararaj et al., 1972b; Campbell and
Idler, 1976; Ng and Idler, 1978) o ﬁyﬁﬁ%ﬁﬁﬁ%& s INBEREE TR E R EER
EIRRIE M o

1. BEEYE (spermiation)

EREPAMMEIL BB (flounder) » RAEPEHEZKM TE®EYBR (hypophysec-
tomy) BEEEHE 6 K » WHHMEHEIRIKGE 5 48 IR » LIFEHREREES » BEEE
PBREE S » 4K HE AR (milt) o Yamazaki K Donaldson (1968) P&t
(gold fish) Carassius auratus 7 PREB K » ERIRMIRIKE L MTBRBT o e
TEBMBEY  0.001~0.03mg/10g #BF » EAT K TEBYR | B6 K2 ef
A SIREHERS c HCG 100U Ll 1-/10g B4 % » Bl 1004 RIE - SRBELHERS » &
RMOR  LIFREATI » SMiBHA 3R BECRELAHRE o

2. /PNEEFEE BT B R M e (chick radiophosphate uptake)

ME R Donaldson {875 it B2 & Mt ek £ (R M RR IR0 PR M 2 5 fR4B 4R Flors-
heim (1959) K Breneman (1962) % s #&® Follet & Farmer (1966) {5k o EpLL 32P
ortho-phosphate Yt A— A M/ NAEE » IREAWE ¥P Bk B o NABMWL 12 /B
B BT EM 2 RWAZRHIREE (02ml s R 12 PFE 1K) » #2 RIERIRE
SRIESIRT 6 /NFF » TESE 3~4 uCi 3P s 4 2 RUESTEE 12 /NI » TUSSLARSER » DU i
PRERET S5 B MO MR -32 » JLBURESS 1.0 g NIH-LH-S1 > /f FSH 2% 10 fEE
FREFEEARL LH 52 RFE o

3. fRAEIRIEM (ovipositor elongation)

fimf CHER » B8 3L/ ) (Rose bitlerling, Rhodeus ocellatus ocellatus) o 1€ 4 i 25

B o MEMEEINZY (ovipositor) JEf# (B4 ) » EEINHITEE (freshwater pond mussel)
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Fig. 10. Male and female Bitterling (Rhodeus sericeus) with freshwater pond mussel,
X% The female is about to deposit eggs. (From Norman and Greenwood,
1931)

s (Norman and Greenwood, 1931) ; BR7E T 1940 BEENI B & FHIZL B W 2 HE
A EZ £ YiESRIE 28 % (Duyvene de Wit, 1940; Bretschneider and Duyvene
de Wit, 1947) o MiRIE » HAR T KB EBER KGR Aida KERE (Asahina er al,
1983) MEFZBRERFARRERKREYFEERNE » WE-—FR » ESNSHLE
(ovipositor ratio) RRA{LPziEBEMERBTEZ LT MRS (Aida er al, 1980) HH|
B o T HESBMIRIEE 24 & 48 R > PIEESIFEMRE LA - MEMA(
2 BB RN FE (SIAGCDSS) » HAYEM » HRM{LE (aceton powder) & 55
t& 5 MFLBZ prolactin, ACTH, TSH RWEH T EZEB I W HMETES ERE ; HE
ERE WIS LH R HCG ( ABURBMERMEREE ) HEAE - Bit » HfeR%
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Fig. 11. Dose-response curves of various salmon gona&otropin preparations by the
bitterling ovipositor elongation test. *, ovulation. (From Asahina er al., 1983)

RES  THRARREREEZEWEENE » MAKRERES o

RBRRMERREE » R EENRME » FEELEREMEAREERY T » it
Ca1-steroids, 17a-hydroxyprogesterone = 17a~hydroxy-208-dihydroprogesterone o
ME+ TR B E R RS e IR R 2 Ve R R R o T 7D PR S P
FERE XS (final oocyte maturation) B /5 EESR (ovulation) o

B. REpS £ MEHRRIE

FIRERESEANE  ERA LR BT EERSEE R ERENE - BT
RIPFERBRERTRAEES 1  (FREMEIREE L WIS RERME 2 % o
L BRSNS LB M 4 B (gonadal cyclic AMP formation in vitro)
BERERZEERBRERT 1970 £8 - QBB ETRES AL » £HEER
NTELERBRER (cyclic AMP) (Fontaine er al., 1970, 1972, 1981) » Wtk 7 BURREE
£ 20°C K » £% 0.5 microgram carp-gonadotropin/ml o B+= R RBIREEEE KR
RHERR R 2 A B AERE o
WAE R R TR AR SR » MWE4 cyclic AMP (Menon R Smith, 1971;
Idler et al., 1975a) » BAEFE 0.0l microgram/ml o Idler et al. (1975a) » & F|
MR B A (Trout) #ig (30~50 mg/1.3 ml) » B2EKZ 445 8 mM theophylline
» R Z R IRHR — A 3 2 R B A » /5 10°C F » 8 1 /NS 5 1% cyclic AMP
EAE HERERS 055G unit (1SG unit=1 microgram NIH-CH-S18 in chick
bioassay) o pfi ~ fEf ~ A8 ~ M8 RSB AR T B T (R NRIK R £ cyclic AMP »
TERBERE T8 » W IREIRE Z EWIEN o
2. MERSDRELME B84 X (ovarian estradiol formation in vitro)
ROIRDMRAE MRS RN LT » B T(RMEIRMR RN 5 B A MR MR b 2
(estrogen) {EEEMIRBELWIEM 2 MI%E (Fostier er al, 1979: Yaron and Barton,
1980; Kagawa et al., 1982; Bona-Gallo and Licht, 1981) o
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Fig. 12. Elongation patterns of ovipositor following the administration of steroids or
salmon pituitary extract. Each value represents meanz=+standard error of five
fish. Steroids were dissolved in ambient water (20 ng/ml) and pituitary
extract (glycoprotein, 2 ug/g body wt; Aida et al. (1980)) was injected
intraperitoneally. Only solvent was added to the control group. (From
Asahina et al., 1983)

LEFz Yaron {4 HE % (Bogomolnaya and Yaron, 1984) #4 > DIELF|TE
KRE0# Cichlid fish (Sarotherodon aureus) Z SRSALVEMEEAYWIEWHE TIE; — & F
B 7~20 BRZINEGE » UBREBRA 40~50mg Z YR » BREHER 15
ml YL » FERT 3 /e 0 iR 3~4 REEBKRE > £ 30°C TREE 3 /MR 5 LU
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Fig. 13. Increase in cAMP concentration in fragments of eel ovary incubated with
c¢GTH: dose-response relationships (Fontaine-Bertrand er al., 1978). About
100 mg of ovary was incubated for 20min at 20°C in 4ml Krebs-Ringer
bicarbonate buffer, pH 7.4, including bovine serum albumin (1 mg/ml), glucose
(1 mg/m]l), theophylline (20 mM), and various amounts of cGTH. At the end
of the incubation, ovarian samples were transfered into 0.5ml of boiling
tris-HCl (50 mM)/EDTA (4 mM) buffer, pH 7.5, for 3 min and homogenized
after being cooled. The suspension was centrifuged 10 min at 0°C, and cAMP
was assayed in the supernatant according to the method described by Tovey
et ql. (1974). Each point corresponds to the mean of two cAMP determina-
tions done on the same supernant. Each curve (e, a,a,0) corresponds to
results obtained in a single eel. (From Fontaine and Gerard-Burzawa, 1978).

SRECEM LR  MEHUAHTR o LIERZREREE » TXREBER cyclic
AMP > FFEHETR R E £ AR BB Z estradiol o

Bogomolnaya % Yaron (1984) gRGERFINER SBEINE L VIR PRI E3E % »
BERE T EE 2 WG o AR TR MENR TR IR o AT ME T RS A BB - R 2 IR AR
B MR R R TR EA L EE kSRR s RHEANEH RS
V] B R A SR U0 e o Y 08 R B A SR B o PO/ TR MR M MR I 5 2 e 4 7
HRRE ©

EXRERE LERFAMAINMM AR  FREBREREFZZHEREYEY
BE o flf (BIE 810g, GSI 35.6% » DRHLE 288g) » RPESP» HIHRTEF 12
B » 7 25°CH GO EEE 100 X » 7€ 95% 0:-5% CO. T 4 /NKF » LUtk st
MR EME TR B R o ME TR E R BB AR MIRKE » B R IFH



Fig. 14. E, output by incubated ovarian tissue of S. aureus
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concentrations of tilapia pituitary extract (T-PE), carp GTH (¢GTH), and

ovine LH (bottom abscissa) and dbcAMP (top abscissa).
contained also IBMX (0.5 mM).
SEM of three incubation tubes.
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(From Bogomolnaya and Yaron, 1984)

Silver Carp GTH (ASIZ-HM-G1)
Carp GTH {ASIZ-CC-G1])
Satmon GTH (SG-G100)
Satmon GTH (Syndel)

11 el

L1 s il fo byl 1ol 1

0 0.05 01 1 10

Fig. 15. Effects

1000

100

Gonadotropins, ng/mi

of various piscine gonadotropins on estradiol-178 production by

preovulatory ovarian follicles from common carp. Each incubation tube
contained 10-12 follicles and was incubated for 4h at 25°C. The data
represent a single experiment of duplicate incubations (Yu and Lin. unpubli-
shed data).
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AR o HBURERR 0.3 nanogram/mi 5 (ERBIBEEEH R 208 » INHEM —
RRAENE R T B o SR S e ok 32 4 VR BF o
3. B fOR SLBERS 3% 3% JE BB 42 5K (in vitro testicular steroidogenesis of common carp)
HHEBWREE (20) ARNMRE B REHERT » BETEEREKE ikt
HEYEFE o
— B A HEABMAR (rat) /B (mouse) ZRERIMANE » H25 AIFIR IR
FEAHEUFEENBIE (Farmer and Popkoff, 1977; Huang ef al, 1981: Yu and
Wang, 1978) o (@ H{HEAKIEUIRREZBTENBEEER (Yu et al, 1981a;

1984) » MR RIGEEERM o MAESEHABREREEET NG REHEE
A£EEN® (Bona-Gallo and Licht, 1981; Chang and Huang, 1982; Kime and
Hyder, 1983; Yu and Lin, 1985) o

EXRREIFRRFES MDY REERDMIIEE » (ERTHRB YRR
BRZHERERENLE o LREA - BEREAARKEREEERZEE (Yu
and Lin, 1985) o ZEML M /MERR AR R Z UK ERRE » FRASRRMEREE
ZEVERERERBHUUILE - B4 RBRAFELNEEZ ERATEREWEY
BE » —BHEEME MR o

BEREBOWR B (slicing) » @R (mincing) » @ERK Y (homogenization)
' DN B RBREERE (mincing and collagenase dispersion) o 7EH B N K ITREZ

¥EMPBR (Yu and Lin, 1986) @ @-HAFF » BREZEERERENRE ML
VR &R - BRI » EERNRBRMITRE -

4o

w

X

Androgen, ng/100mg Testis/ml/Vial
~No

\l

l

0 02 ] 5 20
SC~Gonadotropin, ng

Fig. 16. The effect of various methods in common carp testis preparations on androgen
formation capacity. A. Sliced; B. Minced; C. Homogenized; D. Minced and
collagenase dispersed (mean+SEM, N=3). (Yu and Lin, 1986).
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a). HEASGEMORE ML RE R UE (R M 4 K (testicular androgen formation by com-
mon carp testis in vitro)
iRt 2~3 R (R E 400~1100g) » HAREEE L (GSI), 8.3~30.3% ; HIE
BRI RHL » LIBY ) RS IR BR » B30 1 BB » RIS AL (Petric dish) » 3
EHILAT R ARZRKR (Hank's balanced salt solution, HBSS) » E&BE AL (95%
0:-5% CO:) (WM MBBEMERBHLANE 1:1) » FHLIYIFH (Osterizer -blade
blender) £0f 3 % » BR# 1 & o B » BRILREWH®K » MMAFE HBSS %> 1)
EH R A AR R AT IR » FFLL HBSS 3k o TR S AR » THE KB M medium
A (medium 199, with Hank’s salts, L-glutamine, penicillin 10,000 units/100 ml,
streptomycin 5 mg/100 ml, 0.1% bovine serum albumin, 0.2% glucose; 25 mM Hepes,
and 10% sodium bicarbonate 1 ml/100 ml, pH 7.40) » #£ 25°C & | /nEE 5 - E G E
BRER » VTR M AEEE B medium B (medium A containing 2 mM thenpayiune) s 7
25C TERBFAABR (E5E 100 R) s BROSE TR EEIR kst es
WEE EEEMRRYZRERE LUEBEZSAREREEREGHLHRLR
FEE G MNBA- LR U RERZRRARE » ISR 4 /MK Y RERET G
P BEREE S NR ) U RAERBTEEN - S BEREBREFREREEER L
BEBEREA » R TTHAMEM ) —REE - A 2~4 B o
RTGHBAEAEEERELERIIRENIWZHEER > RELEBR BT ER(de
novo synthesis) I HEIME LR » MAELER T HW ; SRHI—RB 5 RETHEE
PR » MU ZBEEREE A Z M E o mE A FRR FESE BT > MR
MRS EEREEE  IAMAREREEEE » 4/ % HESRELERATS
L BNRARBEZREBBFE-BEE  MEREBRETOE SEEE - S
TR BN AR EEEE  RESREGEERR  THEEEMTEREEE S
B £ S0ZTOWERRR - Wit » WIEERE b2 Z G EERTFS

17l SC-Gonadotropin
A Ong ) 3
0} B 02 R e
Cing 1 = E
gl D 5ng Ao eeT

E 20ng T 4C

~

0 o ] J

Androgen, ng/100 mg Testis/ml/Vial
N o

Incubation Time, hrs

Fig. 17. Time course pattern of scGTH-evoked androgen production by minced carp

testis preparation. The data are expressed as mean+SE from three separate
incubations. (From Yu and Lin, 1986)
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Fig. 18. Changes in androgen content in testicular tissue and in medium following
4-hr incubation of minced common carp testis on stimulation by scGTH. At
the end of incubation, the cell suspension was centrifuged, and the tissue
pellet was homogenized with a Polytron homogenizer followed by diethylether
extraction. The radioimmunoassay of androgen content in medium and in
testis is described under materials and methods. The data are expressed as
mean+SE from three separate experiments. (From Yu and Lin, 1986)

Silver Carp GTH (ASIZ-HM-Gl)
Carp GTH(ASIZ-CC-GI)
Salmon GTH (SG-GI00)
Saimon GTH (Syndel)

Ovine LH(NIH S22)
PMSG(2390 iu/mg)
Ovine FSH{NIH i3)
hCG (3360 iu/mg)

~
T
IomMmMmMoOomr

|-
Control

Androgen, ng/I00mg Testis/mi/vial
FaN

Oy 1 i 1 i 1 L i 1 1

0 005 ol 05 | 5 10 50 100 500 1000 10000 50000

Gonadotropins, ng

Fig. 19. Comparative effects of various piscine and mammalian gonadotropins on
androgen formation by minced carp testis. The data represent a single
experiment of duplicate incubations. (From Yu and Lin, 1986)



25

PR ADEN o E-HAER s HEANRWASRERRERERAREEEEERENZ
Folg o WE SR MR R A s YR IR » ENER AR » BT {EEB R MM R AR o
HRUBMAREIREE » MEREERBFINERE 5 ERMABRERRE » 0
PMSG, HCG, ovine LH RIE % » A mME » Fojo| AR EEEREN o WIHE
SIS R AR R B BRI » BRI RZ BT
7% LAGSHBTRESIERIE o R WIEFME T R ATe 68w FUE R IR iR E
(4n puberogen g gona-hormone ) {ER BB HE R » PXFEPEINR: » VASEHE T AKX
Koe—REB—RHE» —REZ» FE 500~10001U fy HCG 5| HEIN 5 LB SN
A — BB PR s RABEREEAT  HEFTHEENER - EHREEST
i 3 BRURS A R B S22 o BEE R AU B L TR S s (B REEMAL » Rt &EREM
A RS VTSR EIRMEE A ERERE -
b). BIZEFE 4K (progesteroid formation)

AR EFRBHEEFRERZIE (precursor) ; RNEEEH EMARBEMETEK
BREAKR ) WARERPERZEL  BRNFRENEAREREERE R FHIEM
B A REARSE - HEERELEEREE  MAKEHNZEER (KREHRK
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Fig. 20. Comparative effects of various piscine and mammalian gonadotropins on
progesteroid production by minced common carp testis in vitro. The data
represent a single experiment of duplicate incubations. (Yu and Lin, in
preparation).
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4. BEESBBREHEBHMNZ 4K (rooster testicular androgen formation in vitro)
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Fig. 21. Comparative effects of diverse vertebrate gonadotropins (GTHs) on androgen
formation from rooster testicular slices. The data are expressed as mean -+
SEM. The numbers of incubation experiments for each hormone are indicated
in Table 3. All hormone preparations assayed are expressed on the basis of
weight. (From Yu and Waug, 1987).
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Fig. 22, Diagramatic representation of the follicle layer surrounding an early vitello-
genic oocyte of salmonid fishes. The granulosa layer is separated from the
thecal layer by a distinct basement membrane. The thecal layer is composed
of fibroblasts, blood vessels, etc,, and large special thecal cells. (From
Nagahama, 1983)
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6. MRS Y M IR SRR (L B B ES 1 9B W (in vitro depletion of nonesterified cholesterol

from murrel ovary)
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Fig. 23. Log dose-response curves for the Oryzias oocytes incubated with SG-G100 and
LH. (1) curve obtained by incubating the oocytes with SG-G100 at 13:00 hr;
(2) oocytes with SG-G100 at 10:00 hr; (3) oocytes with LH at 10:00 hr. At
each concentration 4 to 5 experiments were conducted, and vertical bars
indicate the SEM. The percentage coefficient of variation is indicated in
parentheses. (From Hirose, 1980)
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Fig. 24. Profile of total, free, and esterified cholesterol in response to increasing SG-
G100 concentrations (histogram). Curve above the histogram shows the
pattern of f-cholesterol mobilization in this experiment. (From Mukherjee
and Bhattacharya, 1981)
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Fig. 25. f-Cholesterol depletion in response to increasing SG-G100 doses in four
individual ovaries from four different murrels, F,, F;, F; and F, indicate the
serial number of fish. (From Mukherjee and Bhatacharya, 1981)
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This article introduces the purification, structure, function and bioassay of piscine
gonadotropins, with particular emphasis on information obtained from our laboratory.

Most studies indicate that a single gonadotropin exists in pisces. However, two
types of piscine gonadotropins were recently identified: one is “maturational gonado-
tropin”, the other is “vitellogenic gonadotropin”. The maturational gonadotropin is
more comparable to mammalian luteinizing hormone in its biological activity, while
vitellogenic gonadotropin is not comparable to mammalian follicle stimulating hor-
mone. Nevertheless, piscine gonadotropins, like luteinizing hormone and follicle
stimulating hormone from all higher vertebrate species, comprise A and B subunits.
The amino acid composition of piscine gonadotropin also resembles, to a certain
degree, to mammalian luteinizing hormone and follicle stimulating hormone.

Hypophysical gonadotropin regulates the growth and function of gonads from
both sexes, such as spermatogenesis, ovulation, and steroidogenesis. Based on the
principles of such physiological functions, various biological methods were developed
to assay the purity and biological activity of gonadotropins. This article outlines
the principles and methods of nearly 10 such bioassays of both in vivo and in vitro
systems, such as testicular and ovarian steroidogenesis, oocyte maturation, cyclic
AMP formation by gonads, etc. Both piscine species and other vertebrate species
may be employed as test animals, with the former species being more responsive.
Particular emphasis was placed on the in vitro bioassays of piscine gonadotropins
using in vitro androgen production system by testes from common carp and roosters
developed in our laboratory.

Our work on the purification and isolation of gonadotropins from common
carp and silver carp pituitaries as well as on the development of antiserum against
the silver carp gonadotropin are also included. Such antiserum is useful for radio-
immunoassay of gonadotropins from phylogenetically closer piscine species.



