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ABSTRACT

In red seabream, Pagrus major the female specific protein in the vitellogenic female serum
was identified by Ouchterlony’s immunodiffusion test and immunoelectrophoresis. The female
specific serum protein might be vitellogenin based on the results of the immunological
analysis for the male and vitellogenic female sera and crude egg extracts. Also, it was
identified by the immunodiffusion test that the purified yolk protein from ovarian egg
extracts has antigenic identities shared with the female specific serum protein.

To study the relationship between the maturational stages of gonad and plasma levels of
vitellogenin, the;se were measured from the late resting period (January) to the vitellogenic
preiod (April) by the modified enzymeimmunoassay (EIA) using antiserum against yolk
protein. The level of plasma vitellogenin began to increase in February (previtellogenesis
stage) and continuously increased with the ovarian growth during the vitellogenesis period
(March to April). The plasma vitellogenin levels were significantly different between the
fermales and the males in February.

Validation for the modified EIA system was tested. - The absorbance curve of serial
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dilutions of serum from the vitellogenic female was paralleled to the standard curve of yolk
protein; 109*5.6% recovery was achieved by the modified EIA. And the intraassay
coefficients of variation were less than 10% within the concentration ranging from 31.3 ng/
m to 1,000 ng/m.

These findings suggest that the sex determination in adult red seabreams could be

possible by using the modified EIA as early as in February.
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(1) Enzymeimmunoassay (EIA) system
Engvall and Perlmann (1972)¢] @478 2437 918 g ¥3ske Fig 19 dehd 24
Tol o wyos P dPoRATH e %& A5 9T EIA systemE A3 st
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1. add antigen, 200pl
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2. block wall
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3. add 1gG, 2o00p!
(anti Vn rabbit 1gG)

wash

4. add anti IgG, 200p!
(AP conjugated)

wash 888
w\@ﬂ‘*‘ n O
5. add PNPP, 200p! /7 @
g0
6. ABS at 405nm 00

Fig. 1. Schematic procedure of the modified enzymeimmunoassay (EIA) for vitellogenin. 96-well
EIA plate (Nunc-Immuno Plate Maxisorp F96 Centificate, A/S Nunc) were used as solid
phase. AP; goat anti-rabbit IgG (whole molecule) alkaline phosphatase conjugate. PNPP;
p-nitrophenylphosphate.

ox FHANF Az Yz T standard® 200 % EIAE well plate (Corning Biological
ProductA} AE)S] wellol ol 4TolA a9 WAste] welld] U FAANL F, 005%
Tween 20, 0.15N NaCl 18]% 002% NaNs7} *%¥ 01M phosphate buffer (pH 72, 3t
PBS-TAZHZ welle 33 AAsAth. FAS welld] ¥& o Fdo] 24 &2 29 well ¥
of gH7 BA ¥rE 87 H3td 001% NaNs7t 388 PBS (pH 7202 A3 1%9 BSA
(bovine serum albumin)&°8< 300 z¢ & 2z} wellel o] 27CAA 2412F F<F WA AA BSAE 3
A7) & PBS-TAZ 33 AHagth ololA oln] ziztd d3ddwdd g £79 3 23
PBS-TAZ 25008 3Alate] 2zt wellol 200 w4 ¥ol 37TolAM 1A wgA1 7 F, well 8|
g g9dn AFHA stg. 1 ¥ PBS-TAZ 33 A¥% 3 alkaline phosphatase’t A€ @
€7) IgG Y42 PA(SigmarE)E PBS-TAZ 8000M2 3|4 & A& 2 welldl 200 w¥ ¥of 37C
oA 1A]7+ ¥reA17l ¥ PBS-TAZ 33 MH3kich.  o]olA p-nitrophenylephosphate® 0.5 mM
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Fig. 2. Immunoelectrophoresis of crude egg extracts (E), matured female serum (F) and male
serum (M) against antibody to male serum (aM) and to matured female serum (aF).
Arrow indicates a precipitin line of female specific serum protein.
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Fig. 3. Immunoelectrophoresis of crude egg extracts (E), matured female serum (F) and male
serum (M) against antibody to matured female serum absorbed with male serum
(aF-M) and to matured female serum (aF).
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Fig. 4. Ouchterlony’s immunodiffusion test of crude egg extracts (E), matured female serum (F)
and male serum (M) against antibody of matured female serum absorbed with male
serum (aF-M).
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Fig. 5. Elution pattern of yolk proteins isolated from crude egg extracts on Sepharose CL-4B
gel chromatography. Fractions near the peak I were pooled.
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Fig. 6. 5% polyacrylamide gel electrophoresis of purified yolk protein (Peak II wao pooled as Fig. 5).

Fig. 7. Immunoelectrophoresis of purified yolk protein (YP), matured female serum (F) and male

serum (M) against antibody to matured female serum (aF) and to purified yolk protein (aYP).



Y8 - FEE - WA - 947 - PHE

s ¢ el TARE ¢ SolWHVRARE 9 FUHE /HT 48e T & AN
ou, B@ o] ¢ Bol¥RUMAL YRVNAL FHRE FYR UHVUATAYE & F 9
ek,

o Eolgyuiilay = 3kl ZA(vitellogenin)®} 2 @dENES Aoz BE AAG Jdgh
WA FE FAAL Za Lo FAHERH, G NA U3 FAE o] &3 FF *F}
g Ao g aAudEAYe gL AT

Fig. 8. Ouchterlony’s immunodiffusion test of purified yolk protein (YP), matured female serum
(F) and male serum (M) against antibody to purified yolk protein (aYP).
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Fig. 9. Standard curves affected by diluted male sera added into serial dilutions of yolk protein.

2.00r
~6— mature female serum
1'00_:_ —8— immature female serum
- —d-- male serum
0.50
£
§ N
<
0.10
0.05
0.02L \ . R | , | N 4
640 320 160 80 40 20 10 5

Dilution of sera (x10*)

Fig. 10. Absorbance curves for the serial dilutions of matured and immatured female sera and
male serum.
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1,000 ng/mé7hA 9] AR} 50,0008 oA 1,600,00081712] &A% & EH AR AN 74
Z} Log Y=0.959 LogX-1.878 (R=0.996)3} Log Y=0.942 Log X-1.882 (R=0998)°1 o1, o] F 7
Aol BgAdel 3 fold ol UAT

Dilution of mature female serum (x10')
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r 1 1 i T 1
2.00
1.00E LogY = 0.942Log X -1.882
s (R= 0.998)
050}
E -
n
e =
-
<
0.10k
o Log Y= 0.959Log X -~ 1.878
0.0sF ( R=0.996)
-
0.02L . 1 . . . .
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Fig. 11. The relationship between the standard curve for yolk protein and the absorbance curve
for serial dilutions of matured female serum.

Assay A9 8F&S ALY Yste] & BB Ao HAE dRTHAL o] 100,0008H 2
MAAS W 27+ 100, 200, 300, 400 ng/mE A HE A B(n=9)°] diste] & E2HHHHEE A
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A3 A5 R=0.9900]3]th.
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10%0l ol ed, 156 ng/m$t 7.8 ng/miol A= 15.3% % 19.5%F A 10%0) 4 o2 eyt
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orzlol WXL Fig, 130 Uehigon, Wi zxdzel Wi Fig. 140 YERAATE GSIS
SIE 0140
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Fig. 12. Recovery test for the yolk protein added to pooled male serum.

Table 1. The intraassay coefficients of variation for measuring of serum yolk protein

Standard Mean SD Cv N
(ug/mb) (ug/md) (pg/mb) (%)
1.0000 1.1201 0.1086 97 6
0.5000 0.5605 0.0404 7.2 6
0.2500 0.2683 0.0183 70 6
0.1250 0.1274 0.0085 6.7 6
0.0625 0.0756 0.0041 5.4 6
0.0313 0.0381 0.0033 8.7 6
0.0156 0.0150 0.0023 15.3 6
0.0078 0.0082 0.0016 195 6

SD; standard deviation, CV; coefficient of variation, N; number of assay

A 344%0°l ©l21 1 & 4974 A AgEtn YAk zEin BuaRdae] okx GSI
o] T A 2L oz deEtd, dF RN ATA ] %S 390 7.16 mg/ml, 4¥9) 936
mg/mée] %3}, .

dao 24849 WaE BA(Fig 14), 199 YAaule URhTEe

79| HaEFFHol7}
HolA3(Fig. 14-1), 29 HASWA il 271433974 As B o] F

0121%1
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Fig. 13. Changes in GSI (open circle) and plasma vitellogenin (closed circle) levels in red

seabream during January to April, 1992.
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HAstn Y FFHA 7 B UAHFig. 14-4).
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362 mg/molA 962 mg/mie] Hol, 4¥olE 820 mg/mol A 1356 mg/mee] Wl AA 7
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Fig. 14. Histological changes of ovaries in red seabream from January to April, 1992. 1; late
resting stage (January). 2; Previtellogenesis stage (February to March). 3; early
vitellogenesis stage (March to April). 4, vitellogenesis stage (April). X 100.
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Fig. 15. Changes in plasma vitellogenin levels in seven experimantal individuals (4 females and
3 males) of red seabream from January to April, 1992,
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Hojx ko™ (Hara and Hirai 1978; Hara 1978; Hara et al. 1980; Hara et al. 1983; Matsubara et
al. 1985). SEENAL DA XA GFGAATA JeE TS0l diaule YEMEL =
Helo] GEAR AgstAgte AR de Ao webd g pae] o] dup
W 2EEA dojuta gyl i dFe EAlste dFURATH Y 4Gx gakx|F © oo,
dae Ak Jo wet 2 ° Zo|th. aEng Be ARIEL gAY PAs Wy Yo

& dob7] 9 dEuldgAe] g A dgdAd ol IS o)Lt Wtz

WS S8 3ol &4t IR A A Fe HFste th. Hara et al (1986)2

Mancini¥-& ©|-83} Salvelinus leucomaenis® 3 dFAdAT o} )3t FEe A =3k
Sk

o, B2 ¥ A8 BM37dE B FNE gelS V= WARZ L) Bl HIo: e
Fo ARE ALY & AS B ol AUEE L ARG E o) ALEon, o Uy
& o838t dMF A Salmo salarol thate] AA %] WE dF JFPRALNE HL3 v}
7} det(dler et al. 1979 So et al. 1985). 224} RIAYME o]&o] tHsy AUEs} H& v
BAMA S AR Eel AN At B HF4e BRuAAS A HYE A5 o) 2
ol mEA Hrt. A Wl SME Fd3 FAE A A% WA SR F4v EXE
FAE o8 F2XUARZAY disle] ortx] WEEe] AEHIA T rh(Tijssen 1987;
Kemeny and Challacombe 1988).

B AT e dA71E ZAs7] 9% Engvall and Perlmann (1972)¢) #HHS o] &8te] 89)9)
FE FAE 5 Jde PHoE WEENS o o wdo] gde] Fdd AL sMERRY EBRAL
Atk 2 Aol ol 88 assayAE ASE ¢ FE Ao dste Solde zm e
Fig. 10914 <& 4 AAvh. 22ln 33auA9) standardst ¢ #E FHo] i3t FPA ZAHFig.
1D, assay A7} G B A2 ol diste] Arh} &3] ZAHT Y2 dolry] 93 3
T& £AHFig. 12) 283 assay A 9] WEAT 2A 23K Table 1S 9j5te], & A7) A
A GFEHHFA g AU dSgELe dagowAe] 2%} 1000 ng/molA 313 ng/mle]
HoAWA M= P dgdudTH $2 F40] st & 5+ AU

Aol A 3 u_" Z*?iﬂ-"f] AAaTEAEHY 93te] AAZ EAHslo dio W
dREH PR 9E5g vagd Zo(Fig 13), GSIg MEH 3 JRAwATH HELS 7
2L e RYFa de E\E\_ othvel, B z7]d oln dEauATA e Aol vhebygth
et EF GRFYHATAE Ao HAS2T| ASA]d St RS e
T3t BHE F AVTE AR A5l 0E P dEENATA Fo W thae] AA
FoFA Lampetra japonica®t L. reissneri (Fukayama et al. 1986) 18la ®|%2] Misgurnus
angullicaudatus (Teranishi et al. 1981)o14 Mancini¥ &2 AFE vl7} 9o} o5 A AE
oAM= AAx7E deddo] uel daue dFDUNATA ] ST T Zrkste AL Yehgm
AolA AU dHGHATA Y FH ML FA Foad & AAie 2Y gAZ pHAHo
2 3T 7 A 2YFa Ytk

a3, A 85 dRGRdTA Y S MES AN AI(Fig. 15), WA Ado] dojut
7l A 1€RE {oAd 2ol oAt Fagwld A o] Fo A ¢t 5 x}e)} °1‘— AL HolF
Reu 29 FEle o - 79 Aolrt etz ik ol ARERRE FE9 ¢
ojde = shestelgta AZEHA T, 29 olF FHEEs B dFoA HFY FAUAZANG o] &3
U gEs] of - ¢ o) hesitan & ¢ ok
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g Fol o FE A Ude & SolgygNdo] &8 o] Ouchterlonyd HY
AR Ay Ar|FEo osto wazon, oj2d o SolFHEHAL - HH GF
1 ZAbe] o8] Gl Aol WAk EFH dFEHer Ry HAE o
waAe dFATAL FE Tl JLx AGstAA FAL) 95t & 4 ATk
3 gArEAEAH BFAL AT 9A BEE AT AsFd & HY FR=
o ggumde gEaxn Fygsigch B aadgEgHe) B s5ES 109£5.6%010 2
, 109% ©]U¢] assaydl ¥WEASF H9E 31~1,000 ng/mee] AT
Aaxe] A A N A3 dFdRdLA e duo BAE
FIQ9)RE d3¥4714e7A dad Ao g dAE o] &%
2 GgduA T g stk dawd AFA Y] 4L dFEHA W 295H Sl
A1Ztete, GEE A7) (3EEE 49) SUdols do] AA3EA AL Frtsidrh 29%E @l
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