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Changes in Female-Specific Serum Proteins during the Course
of Induced Maturation of Female Japanese Eels
(Anguilla japonica)*

Youji Tagasamma**, Kazunori TARANO**
and Akihiko Hara***

Abstract

Silver migratory forms of female Japanese ecls were induced to mature by weekly
injections of 2 mg (per 100 g body weight) of powder of acetone-dried pituitaries
of salmonid fishes in 1976 and 1977. All of the 65 fish treated with pituitaries
showed noticeable gonadal maturation, and 4 specimens among them naturally
ovulated after 8 to 10 injections. However, the eggs obtained from these fish did
not show normal development.

Changes in female-specific serum proteins (FSSP) of the fish during the
course of induced maturation were analyzed by means of dise electrophoresis and
Mancini’s immunological method. Immunoelectrophoresis revealed that two
protein fractions appearing in the globulin region of the disc electrophoretic
pattern corresponded to FSSP. In initial control fish, FSSP fractions contained
about 109, of the total protein in the disc electrophoretic pattern. After the
commencamsent of induced maturation, FSSP increased markedly with an increment
of the number of injections, and attained the highest level of about 609, of the
total amount of serum proteins in some individuals with gonadosomatic indices
(GSI) of about 60. In the fish which had exceeded 40 in GSI but could not ovulate
in spite of their full maturity, a superfluous amount of FSSP was kept in the serum
until up to the time of sacrifice. On the contrary, serum protein fractions except
for F3SP gradually decreased in number and lost its affinity to dye during the
course of maturation. Distinet changes in the composition of serum proteins
were not observed in saline-injected control fish throughout the experimental
period. A similar trend of variation of FSSP was also revealed by Mancini’s
msthod. The serum total protein content measured by the biuret reaction ranged
from 21.1 to 49.3 mg/ml, and no obvious changes in these values were detected
throughout the maturation.

The hepatosomatic index (HSI) was about 1 at the start of experiment, and
then slightly increased following the gonadal maturation. The liver cells of
the initial control fish with a small roundish nucleus were stained weakly with
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hematoxylin. In maturing females, the cytoplasm of liver cells became increasingly
basophilic, and the nucleus showed a hypertrophy with a single obvious nucleolus.
The liver cells of fully matured fish were characterized by having large vacuoles
surrounded by a scanty cytoplasm and nuclei which were irregular in contour and
varied in size. Since the vacuolation could not be detected in the liver cells of
saline-injected control fish, it appears that the characteristic profiles of the cells
seen in the fully matured fish were related to maturation rather than starvation.
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BLEVRER I STFY Y F XHOFERZH - 12£{ DRADTR D T, WELDD @4 rH
AONTEE2 AOTABEBRCRIIL, 1D T =k 97X (Anguilla japonica) OW{LIFA%
Blr. ZOH%, THorXOABMBBCE - TREIT HRBMUFAREIIC EPHERCTHREIN
10D B, CheDEFACRLNG X5, AE By rBRAONTEEOKEREI L 5 RAFE
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FeiEy 515D, COMERRL TRAHBE 2RO ICLBEREKEFRERRRER I
P REFBEHBRIISICEBHT 2, 317, COBRCRAZEI NI - IbiEEREKE
SRR RO I T 20 KA, FMPEEERICL» bBHOEERDT, O
BRI 1) 5 MBS L TREVKEXRMLOASIK Y 5 R sHEBIE L B 2HE, TIER
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HRICESFHILEL BT 3,
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HEES, AEAKIERETT 18£1°C wffd, RIRAZEAL b1z, LHERABEDY > ¥0D
fAEIX 255~1080g T, FBRICHEST - CTL2BEFECERZMAU I, BRLBKIRY 5y B Iy v XDOHK
TEREDOT ¥ L ERERPHAV, Thb ORTRERERE UTREL, AEBEARFORE 100g
Yh 2mg P AHK (0.6% NaCl) WREL T, HE 1@, MS-222 THEELIZY F ¥OEHICHERL
720 MERBRIERFONBRALE LT 7 EEkE, S0 AR 65 @R 41 B2 ERAM Ok % SR E
BUTHBMEZIT -2, T DM, 1977 EOERLEBREROXBA 7 ML, REKkOA2E1E, &
12 BIESU 72 1 {EfED» 5 SBRML 12, BTk A% MS-222 CTHEL THE, FEZHRAILE
%, BRE2ORL, RBREFCmEERRL I, MESEREET 5 2 TR THELZH#, 3000
rpm T 10 5EELL ThiE 2L, ST T —20°C CREL. BMmE AR FRER
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TIEDSHFIC id 7 4+ 2 7 BREKSIEE & Mancini % U0, 74 A 2 BEKKEEIRE - BRI
LTI, 7.5% ONBRY VERCTEEILIE a<o—T VY70 T~ %L 12,
HKEBROETOF VKOV TEBREE /e b X$ + F 2 HNTT v M5 a2 E85KL, 20
B E» S £EAIRY T 3SR MIEER (female-specific serum protein, UL T FSSP) AEDE &
2ROz, 28, RPOEKEEHCI: e b iniE 2 SRICHNTEROD W & 2HHBL 72, Mancini #
HEHES 10 OFEBECEIRL TIT o1 BV, BAR510 ik by T HEAZ AV TRE
PRINIIMEY > ¥OMIES complete adjuvant (Freund) & HICHKBICEHNL, FiMy F ¥HmE®
TERIL 7288, S5 ICHEY > ¥ B CIRILL 12 FSSP Hili&Tdh 3, & ORMBCONTHE, »5HL
DEFR EOM v » ¥ Mg RIPRIEOKE S x4 o L OHEY > ¥ fiE% LT Ouchterlony

(EMES19) Itk - THRHAL, FIZE L DALRRIEZRTC L 2ERBL TRV, 21, LOWE
TRURBEEANOMBEGES Wb ozizy, JNRIBBINEBRT Ch 5 L & 2HERL 72 3EEAOH
OiFEE 7 - L, ChPHEEMFE LI, COBELFEOFOWRERZFEEMIC 100 & L, #E
OHFER2 M ZETERL I, &8, RUHALE2 AV THBBL P OFER L - TF 4 R/ REE
KRB 2T, S thd FSSP HEOME 2 HEEL 12,

MFEFOEE R Biuret 319 2 X o THRIEL 120

® E
BRICHES EMEEFROZE(E

ANEBRL Iy 7 FOIREIPORMBRIZILAS D T L - THU{BREShTEY, COWETIR
LN THDFEBRME 2R AU 120

SLERBREARE DXBAR 7 Ak &, BBEUHEZZU MY » X0, MTEARSEBOMIMCHE S £5H
RS (EFERER/EE x 100, 2LT GSI) OF{LEH 1A KRU T2, AEBMRROTH v
FHED GSI i3 1.8~3.4 (g 2.6) 2R T2, Thd D7 HEEKIZTNTE 1 RIBEBRBICEL TV e
M, Z ORI, FOARRFCIERSOTIERD SNIBRED LO» S, T TREEAIRNS
TEBEVEATVE DI T, B - TEEBR SN, AEEHEE BMTEEOBRLEEKEHE
T ERAECHEBMME 3 R, 5~7 ETGSIiZ 10.0~24.1 (5 17.6) iTEL, % 2 RIFERMY
RASTOWI, 25BETENED L DOTIE GSI A 17.1~35.6 (F#27.8) TH 3 kIBEIRI,
32.6~68.6 (50.3) THEBEIR], 48.5~64.5 (57.6) THIREM L, GSI OBK & IHIFWITL TR
REDHETEZRLI, L0 5L THRBAZEINT 65 FEF, HIRBED s NIz Db T4
BETHD, L dBoNIIIRATZREEEREERISb 51, 3, &HEK2E1ES 12
E#5-L oA GSI 4% 2.5 T, 1 RYFEBRIICE - T\,

LEROBHER I 3 FRIBHE (FRER/EE x 100, LT HSD) OFk%2 1B KRLIL
WMEBRMRED Y F FO HSL i b LOFIETH Y, MRS/ L, BEUOMRESA
2 hFL YO RDERIRPEIDATH S (M2), MTESORERECHE, T HSLRPPHKT S
BErERUI. COM, %< OEEORFEIIZ 1LEOKREZE2S0AHOBEZAL, £ OHER
AT PSSV CRBETS (F3), U L—EOEEKTIRIFBOEAIC S - THIROBESRLY,
mEFDOMIBBA= +F ) R T 2B SRR EE T 5 DICHL, MOWALOE L OHRT
12 % DHIFSRINICKPDOZEREEA TV S (K 4), BAAREYHED TR - T L D & 5 LiFHlE OEAL
ZRRTEEYEL 2D, TEREE T 5 RBBALEEN 5, IFRORBENSERB B b JIk
BRI ET 5 5, MERTHIC b ABERRET 3RS EL, BRIFHNTH -2 (B
5)e ULHL CORBIRBNT B -8B, BEEMFHEUZAZRO TRERLEOADHIED
BH2EDTWIFb RN, i, AEAZEELIIHEAD HSL 2 0.8 T, FFHINE I MR
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Fig. 1. Changes in gonadosomatic indices (A) and hepatosomatic indices (B) during
the course of induced maturation.

BEENFEAOLEH

74 RO BRKENER X 3 E: 954 2 ABESEKERICT 5 FSSP SEOME 2 b 5 1-
DERFEBIIKB 21T -2, ZORRE, 07 ) AL OTTBEEED/N S 2 458Eh T NiCiEN T 3
cEMFRINT ®T),

PREVED YV % R DHEFTHRIC B 7 DX S b, TRRSIIZCHEDF bbb EI
Fro b TS5 aDd bREHLPIERUIZ. CNEORHLBELH 3 & 5 i, RESEL ST
FSSP RO ED 2HEMMERK R 2 ), FBFOMBELAESEEE HiCEL { BT 5,
—%, BEHKOHBREL ISHRADKERIX, LEBEEEO L 0L AR aERikm (F8), 25
KINEDF v 55 A0S EN S FSSP E2BHU, GSI i X OREBE & ORGP AT (F
9)o BIED & 5 AIRBRFOMET T TIIBEDOEM S IE->TH Y, 205 5 JIEERMEDTHicH
BUNEREOEETS, %0 FSSP &Y 10 BigOB O ER2 R L2, 0%, 5 3KIFERcEL
{EWERTRU 72 1280 T, FSSP 813 GSI OBNC A CIHIFEMAIC L, WE oM
B2 0.77 BRT, UL, GSIH 40 284 2 &, FSSP &id 20.9~60.6 & {EEEBEL {72 o
120 FBEIRLIZ 4Bt 313 5 FSSP BiIZZNFR 31,9, 41.9, 42.6, 50.0 Th - 12, DD
FSSP & & A & OBRICDWTR T, GSI DA & RIS RBED T i 2h T ® FSSP &

— 53 —



6 & K 2 oz # 30(1). 1979.

VA AR SN (K)o RAMEOBMERINICS &0 5 &, BIAREEOR 1 RIPEEKI T 11. 3
£0.93, 452 JRIMEBRIIT 21. 764,16, 57 3 BRI T2 35.7£11.00, & b ICIRIABEINIT 39. 6
+13.19, BiAEEHICIE 41.8410.61 THh - 12,

: poia b

Fig. 2-6. Photomicrographs from sections of liver of the Japanese eels, fixed in Bouin’s
fluid and stained with Delafield’s hematoxylin and eosin. Fig. 2, liver of initial
control fish (x400); Fig. 3, liver of maturing female examined at the early phase
of pituitary treatment, showing hypertrophic nuclei and the cytoplasm stained
strongly with dye (x400); Fig. 4, liver of vitellogenic female, revealing the
appearance of roundish vacuoles in a part of liver cells (x 250); Fig. 5, liver of
matured fish, showing a vacuolation of the cytoplasm in the cells extended over a
wide area (% 400); Fig. 6, liver of saline-injected control fish (> 400).

Mancini $5iC & 2t 74 2 2 ERIKEEIC X 5 THOMTL o3 oM & + 3 41 EkS, 59
BLUNO R EERER)IC 3~5 f, &3k 25 flic2u T, Mancini #:% 0T FSSP it 2 Hshi o hi i &
LRI, COfie, GSI & LOAEE & OBIMRZ 10 1T/ L 72, 2 ORI F + 2 2 BAKE)
HBIT L S T2 E 05 & B FROMRZ Y, BEREMICE U < EOERRL 7 12RO,
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PEL T,
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Fig. 7. Electrophoresis of blood serum proteins of female Japanese eels. The leftmost
gel shows the result of immunoelectrophoresis for female-specific serum proteins; two
precipitin lines are observed near the origin for protein migration (arrows). The
seven disc electrophoretic patterns were obtained from the following different
females; A, ovulated fish after 10 injections of salmon pituitaries; B, fish at the
pre-maturation stage (after 11 injections); C, fish at the migratory nucleus
stage (after 13 injections); D, fish at the tertiary yolk stage (after 7 injections); E,
fish at the secondary yolk stage (after 5 injections); F, initial control fish; G, saline-
injected control fish.

FREGZHE S B E AR OZ b Biuret B2 X o THIEL 72 MFTOEHRES GSI e 3l T

IITRU T, ABMRL 12y F ¥ OMFEHRIR, GSI40 2 Tl—HEREWL, Zo%EfE» K
22O EMBRT, UL, 1977 €11 AL mEAELO T h o+ ¥ T3, < OfED 21.1~
45.4 S R LEBIL, MEFEEROEIRITE A S COESREIC ST,

% g

R0 T, BEGE EOMEMEOESKENRIC, BRI RANDVERIEASEBHET 5 C
LI0 F 1L OEAMBFMTARI N, MiER2 AL CHREFTDINCE Y AT 5 IIHNEWE T H
2L EMPHMENTL S, L, CO FSSP OFBICDNTOHEIRZ L {, bfhit=v~
220, 72D, 7574 5D T, DFRLKELIZCOBEELRBOETIC LS T RficE
HLEPREINTOAICBE LV, COFFETIZ, 74 2 2 BRIKEIE & Mancini % 0,
ANBHNCHEI L 129 > FORBUCPES FSSP OB b2 F~I. ZDOFE, WEFNOFHEIL X5 T
GSL D#k, BT REE OHEFT & 12X WATL T FSSP mAS8ns 5 s sdn btz EE
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WHWIZTF b o+ 302, AR I 3 T g 1 RIFBEERBIIGEL T 1293, Z Oo#ic» 51
T HED FSSP R, Ch T, AEHORBBREICE 5 FSSP OB
DNTIRIBEAFHLMTINTE LT, HITMIC Aida ez al. 22 Pl VERKEIE2 BV T,

UAWOB 0o ¢ ¢

Fig. 8. Disc electrophoretograms of whole blood sera from (A) initial control fish at the
primary yolk stage, (B) fish at the tertiary yolk stage, (C) fish at the pre-maturation
stage and (D) saline-injected control fish. Origin of protein migration is at 0 and
FSSP fractions are showed by arrows.

7 2 TGS S RERC Y 0B A 28, 11 HA»SH9, 611 DEMBIIEROERE & b
KEMT 5 E2MEL T BIZUTH 3, UL, ¥=xIEDWT Ouchterlony % A TH~I:
BRETIE, HERHOBAETCITRIOBHSHEL TWAE* e, ThorX T3 FSSP 04K
IR OMBRIC T - THEBIN T2 b0 EBbh s,

MRS, T EEOBREEIEHTC BB N, MO FSSP & & ERMCEmL,
74 2 2 BEEBETIE GSI50~60 T FSSP #52EHD 50% 28T/ B 5 h 5, MEHET
Thurston®? i3 HRAEFAL 12 = 2 <~ ZDE 10 45FH 70% K bET B EBNTBCEd s, ABLE
o FFRONTHEES NIERSLTL  BRIKE L OTIR 2V, UL, EREL 21y
> ¥ DAL, GSI 23 40 DL E THIRBHIGEL T2 5 PEIBL B0 EEB L <, T h & of]

*ORREE
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Fig. 9. Relation between FSSP levels and GSI for eels injected with salmon pituitaries.
FSSP level expressed as per cent of total protein in disc electrophoretograms.
Each mark represents the maturity of the specimens used; (o) the primary yolk
stage; (@) the secondary yolk stage; (O) the tertiary yolk stage; (w) the migratory
nucleus stage; (a) the pre-maturation stage; (®) the ripe egg stage.

FEOELLEE - TV 3 T & REBHL TV 3, #5T, P LAY rRADKMTERERAVTY ¥
OERPEBIY ., Tid, GSI40 2 KEEOHL L L T TERADRELK Y, s NRHHIGEE
OMBRHF B EHBHET L e COEBEZEIREIC & 5 A 512Dk 4ER (biopsy) MWARIIFBE
2359, VIhiee SHEETHIBREE AR T 3 C L WEBEORETH 5,

%O FSSP OBEBRZHL it T 312, COWETRIESEDT + 2 7 BREHECMA T,
Mancini i & 22 RA 1, L OFEIICh TREOENIMEREAOEENEE L L THb
NTW3%, RED FSSP OMT Vgl eve SERANDOHFEII & - T $, 1IZRKRO
FSSP DOEEREMRINIY, FOBEE L HERCEET 3 mhicid, MEOLEATRBY S
FSSP 4 & LT HA ZERESIEL H b, BH—HRELEENET 205 ENTFE2 AV 35
IhEOTH B, T, HoHUDHFHROMRELRD 5 2T ahif, Mancini EOFRER S
LITHITY B L Bbh 3,
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Fig. 10. Relation between FSSP levels determined by Mancini’s method and GSI. FSSP
level expressed as a relative amount against an amount of antigen contained
within the standard blood sera which are three pools of sera collected from vitellogenic
females. Each mark represents the maturity of the specimens used; (o) the
primary yolk stage; (e ) the secondary yolk stage; (T) the tertiary yolk stage; (m)
the migratory nucleus stage; (a) the pre-maturation stage; (e) the ripe egg stage.
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Fig. 11. Relation between serum total protein concentrations and GSI. The marks, (o)
and (a) represent the values of initial control fish caught in 1976 and 1977
respectively. The mark (e) indicates the values of ovulated fish, and the mark
(@) shows those of the specimens sampled during the course of maturation.

AED NSRBI T, FRREOHETICHE T FSSP SEOED 3HADKY L 2o 108, #Hi
BEOMBELNEIIERE L b ELULBPU I, FHEOCIIRZEY, RULABERLIIVFF
DOMMFEEE OB DN TiE, EE LD MBIy VEKKEBEIC L - THRNTV 2, ZRIRLE B L,
KEMRO 5 DE ORI TIRERAEL EEAOHEPELEOMBH LI LA LEL TV DRI,
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B Y > ¥ TIRRBCHE S TE 2, B54EEHVR 6 h, Zh:RAFBCHRAOE 1 HE
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5595, 1, HELWRMFBLHERREL &R RBERINTIBTRRURBTR LEVE
25EL, Z0O%IE GSI OBKICELTHRILIZEWV S, SEOREHR TS, GSI40 2 TEFEL &

5 WU ERIHED S htds, ZOBRCEEERUIELED THEAEVELEDTYHY Y F ¥ TO
PIEEOESHBEICAS L &b, COFERMPERSIDEZRALZINLV, UL, COEHERK
DT, EOBEBASEOLE LHR T30 cRkd2zEAQ, BRAACEERBODEICLEL
MAHERIT DN TOMRAEL THA 5 EHEI L,

BRRD & 5 SR OEFTICES FSSP OB EFEITL T, ZOAROH & EA 5 I TV 3R
b, FRRRSEAICEL WEMLE S C EMBEINT, ThabL, HBELEBRAECI TR O b/
WORIE R RERCZ LV, TEEAOREREC I HRECHRIIEAL, MIBEO AN
Ulze 36 REOBYER 132 HEPE OFRBHAL, BESHBRBERTCEBERIN
1o MNMBBEBU 1#E Y 7 ¥ OFFMISI ZRSHR T AHERTTREAL W R I THEINT LV 3,
—3%, Inui and Egusa?® 12 BHIESRBICI Iy 5 2 Y > ¥ OFFAIRLICERS AL, BR2H
B ERRES>TEOERIBEZICE S L ERREL T3, - THEBEINIFHRORE
BA—ETRIMRIC L > THIIHINTE BB b 1 5, REKDOAEREL IRAOHM
P, BN OELEBADHBREIZEALEL NI LS, ThyrFHOREKEIINIBELS
BB EESEDY 2 A OHRTH I LEALLN D, ‘
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nica) BECOWT, 74 22 EKESIEE Mancini #% B0 TREGCHE S R RMFEER (FSSP) ©
BIR%T~, R Biuret Hit & - TIEBEHERREL 2. ® b ¥ THBROBEBRFHEMLZOV
THEBL 7, REBEORE L U THREERE (GSD &, IJBRIIOERFRBIERICE D %
H iz,

1. JUBBERED Y+ ¥ O GSI i 1.8~3.4 T 1 RIFERHIIC D 5 1203, BT REOERLGEYE
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IZWFL TREBEOETSR L NI, A 65 B 4 BHHRPEIRL 12 2%, ERBEBIGOnL
o lle

2. WLERBRREEEOEETIX, FARROBIL/NETHRE S A~ b3 Y vtk A RAENSTE <,
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