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I. Introduction 

Intraspecific variations in the blood serum proteins of animal species occur as a 
result of their genetic constitution and the influence of environmental and physiolog­
ical factors. Deutsch and Goodloe (1945) and Moore (1945) performed the initial 
electrophoretic patterns of serum and plasma protein investigations of carp 
(Cyprinus carpio) using the Tiselius method. Since that time, a large number of 
studies have been concerned both with fundamental analyses of fish serum compo­
nents and with differences in these due to migration, age and development, starva­
tion, temperature, salinity, and diseases. 

Deutsch and McShan (1949) studied serum protein fractions in various species 
of fishes using electrophoretic technique for the separation and quantitative analysis 
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of proteins. 
Irisawa and Irisawa (1961), working with elasmobranch sera, concluded that the 

serum albumin fraction was missing in the skate (Raja kenojei) and shark (Heter­
odontus japonicus), and suggested that the lower vertebrates had a different plan of 
producing serum proteins than do the higher vertebrates. 

Saito (1957) examined the electrophoretic patterns of serum proteins in a 
variety of fishes obtained under almost the same condition. He ascertained that the 
specificity, in quantity as well as in quality, of the serum protein composition was 
more or less conspicuous corresponding to taxisonomic relationships or to the 
habitual environment. 

Engle et ai. (1958) found proteins which show electrophoretic characteristics of 
gamma globulins in the serum of elasmobranchs but not in the serum of teleosts. 
Their finding was based on the presence or absence of a fraction comparable to 
human gamma globulin in electrophoretic characteristics. 

Mairs and Sindermann (1960) made a thorough study of Atlantic herring 
(Ciupea harengus) serum by means of electrophoresis. They found a considerable 
variability and concluded that it was inadvisable to assume species specificity of 
electrophoretic patterns unless a considerable number of specimens were examined. 

Fujiya (1961) showed a variation in the electophoretic patterns of various fishes 
caused by starvation and by various concentrations of industrial wastes and chemi­
cals in ambient water. 

RaIl et al. (1961) examined the plasma components of lamprey (Petromyzon 
marinus dosatus) under metamorphosis. They described that a new component in 
the mature fish, which was of major quantitative importance, was considered to be 
an alpha globulin rather than albumin. 

Sulya et al. (1961) reported the electophoretic studies on plasma proteins of 26 
species of fishes from the Gulf of Mexico. They showed that analbuminemia was 
observed not only in elasmobranchs, but in gars and some clupeids, as well as in two 
species of higher fishes. 

Fine et al. (1963) examined the number of serum proteins in the eel (Anguilla 
anguilla) by means of starch gel electrophoresis and immunological techniques. 
They observed twenty-one components in eel serum including a new component at 
the Y2-globulin region after immunization of eel against human proteins. 

Thomas and McCrimmon (1964) found that variations in lamprey (Petromyzon 
marin us) serum protein concentration, positions and sizes of the fractions were 
associated with growth stage, sex and disease. 

Mulcahy (1967) examined the total amount of serum proteins and electrophor­
etic patterns of sera from diseased and from healthy Atlantic salmon (Salmo salar). 
He found marked differences between the sera from healthy and diseased fish. 

Solomon and Allanson (1968) reported the effects of exposure to low tempera­
tures on the serum protein of cichlid fish (Tilapia mossambica). 

Rolan (1968) reported the species difference of catfish plasma comparing to that 
of human serum by means of polyacrylamide gel electrophoresis. 

Yamashita (1969) observed seasonal changes in blood elements and in electro­
phoretic patterns of serum proteins in rockfish (Sebastiscus marmoratus). He 
showed that the components of serum proteins were separated clearly throughout the 
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year in the female, while sometimes they were not separated distinctly in the male. 
Belcheva and Khristov (1972) studied on serum proteins of two species of 

salmonids and five species of cyprinids by means of electrophoresis and im­
munoelectrophoresis in agar gel. 

Perrier et al. (1973) reported experiments concerning rainbow trout (Salmo 
gairdneri) plasma protein separation using disc electrophoresis, gel filtration and salt 
solubility fractionation. 

Y oneda and Ishihara (1974) reported disc electrophoretic patterns of serum 
proteins from chum salmon (Oncorhynchus keta) and masu salmon (0. masou). 
They observed interspecies differences and individual variations in both species of 
teleosts. 

Harris (1974), in an investigation of the protein components of dace (Leuciscus 
leuciscus), found intraspecific variations throughout the year. He also made a 
comparison between polyacrylamide gel electrophoretic characteristics of human 
and dace serum proteins. 

Weinstein and Yerger (1976) reported an electrophoretic investigation of spot­
ted sea trout (Cynoscion nebulosus) subpopulations in the Gulf of Mexico and 
Atlantic coast of Florida. According to that study, the serum protein patterns 
proved to be a more sensitive criterion for detecting population differences than lens 
proteins. 

Studies of fish plasma or serum proteins in regard to sexual differences have also 
been reported by many investigators. Vanstone and Ho (1961) reported a slowly 
migrating fraction in the serum of maturing 2.5-year-old female coho salmon (0. 
kisutch) which, they believed, might be serum vitellin (an egg yolk protein). It was 
absent in the plasma of males, immature females, spawning females and spawned-out 
females. 

Ridgway et al. (1962) reported that blood samples taken from individual red 
salmon (0. nerka) differed in antigenic constitution when tested by the 
immunodiffusion method with rabbit immune antisera. They found that maturing 
female salmon possessed a complex antigen in their sera which was not detectable in 
the sera of males and immature females. Subsequently, Krauel and Ridgway (1963) 
quoted that the above component, which they termed Sm antigen, might be identical 
with the "serum vitellin" reported by Vastone and Ho (1961). Fine and Drilhon 
(1963) identified a similar protein in Atlantic salmon by immunodiffusion. They 
explained that the existing evidence of serum vitellin might account for the 
sequence in oviparous vertebrates where, under the control of the pituitary, estrogen 
produced in the ovary stimulates the liver to produce proteins that are transported 
through the blood to the ovary and are utilized for yolk formation. 

Utter and Ridgway (1967) reported that a serologically detectable serum factor 
(HM factor) was associated with maturity in the English sole (Parophrys vetulus) 
and Pacific halibut (Hippoglossus stenolepis). The factor was detected in the serum 
of some immature females of both species during the spawning season. Evidence 
associating the synthesis of this factor with the action of estrogenic hormones was 
obtained when the production of the factor was induced by the injection of estradiol 
into male English soles. 

Thurston (1967) examined acrylamide gel electophoretic patterns of blood 
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serum proteins from rainbow trout, and found sexual differences in the composition 
of plasma proteins in relation to gonadal maturation. 

Plack et al. (1971) reported the occurrence of egg proteins in cod (Gadus 
morhua) serum. They noted that the major components in the egg extract were two 
similar lipoproteins with molecular weght of about 400,000. These lipoproteins 
were identified by immunochemical methods in the serum of female cod with 
developing ovaries, but not in the serum of males or of immature females. 

Markert and Vanstone (1971) purified three egg yolk proteins of coho salmon. 
They showed by immunological techniques that these proteins were present in the 
plasma of sexually maturing female coho and of estrogenized immature coho of both 
sexes, but not of sexually maturing males or nonestrogenized immature females. 
They concluded that at least two of the three egg yolk proteins were corresponding 
to the lipovitellin and phosvitin of amphibians. 

Amirante (1972) also reported the physicochemical and immunochemical char­
acteristics of rainbow trout lipovitellin from eggs, serum, and from several organ 
extracts. 

Aida et al. (1973a) reported of the ayu (Plecoglossus altivelis), similar observa­
tions on the sexual differences in plasma protein composition, its hormonal control 
and relationship between plasma protein and egg yolk protein, using electrophor­
etical immunological methods. They named newly formed proteins in maturing 
female ayu as Female Specific Plasma Protein (FSPP). 

Pickering (1976) reported that the electophoretic analysis of the serum from 
gonadectomized, estradiol-implanted, female lamprey (Lampetra fluviatillis) 
revealed a very dense protein band which migrated slowly towards the anode. 
From the results, he considered that vitellogenesis in the river lamprey was stimulat­
ed by estradiol administration. 

Emmersen and Petersen (1976) showed the presence of a specific lipophospho­
protein in female flounders (Platichtys flesus) during vitellogenesis. They conclud­
ed that a lipophosphoprotein containing alkali-labile protein phosphorus was pres­
ent in vitello genic flounders, and that the synthesis of this protein could be induced 
by estradiol treatment in both sexes. They assume that the isolated lipophospho­
protein is identical to the yolk-precursor protein, vitellogenin. Furthermore, it was 
found that the process of vitellogenesis was correlated closely with changes in the 
synthesis of RNA and DNA in the liver (Emmersen and Emmersen, 1976), suggesting 
that this organ was the hormonal target as well as the site of synthesis of the yolk 
precursor protein in the flounder. 

Craik (1978) demonstrated the occurrence of vitellogenin in an elasmobranch 
(Scyliorhinus canicula) for the first time. The author reported that in this group, as 
in other oviparous vertebrates, the yolk granule protein was synthesized in the liver 
and conveyed to the growing oocytes by the plasma. 

The preceding cited reports clearly show the appearance of a specific protein in 
the blood during vitellogenesis of the female as well as estrogen-treated male fish. 
Recently, the term "vitellogenin" has become the generally accepted name for this 
female-specific protein, especially in teleosts, elasmobranchs and lampreys as well as 
other oviparous vertebrates. The name "vitellogenin" was first used for the protein 
which specifically appears in female insects (Pan et al., 1969). It is purely func-
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tional and does not imply any definite characteristics of the proteins. Avian and 
amphibian vitellogenin, which is also a sex-limited serum protein, has been well­
characterized and is considered to be a complex of lipovitellin and phosvitin. It is 
now regarded as the immediated precursor of these proteins in egg yolk (Wallace and 
Bergink, 1974; Christmann et al., 1977). However, such characterizations of the 
female specific proteins in fish (fish vitellogenin) has yet been done. Because of the 
very close relationship of the fish vitellogenin with egg yolk formation, it is easily 
concluded that the studies of such a protein can provide much information for the 
disclosure of the mechanism of egg development. In this respect, investigation of 
vitellogenin of fishes can surely contribute to a better understanding of the reproduc­
tion and culture of fishes. 

During a comparative study of serum protein profile in male and female fish 
(Hara, 1975), a female-specific serum protein that is capable of binding iron was 
found. The present paper describes some comparative aspects between the female­
specific serum proteins (vitellogenin) and their related egg yolk proteins which were 
purified from rainbow trout, chum salmon and Japanese eel (Anguilla japonica). 
Some chemical and immunological properties of both female-specific serum proteins 
and the egg yolk proteins from several other fishes are also presented. Furthermore, 
studies of female-specific serum proteins identified in the medaka (Oryzias latipes) 
by immunological procedures are included. Finally, speculations of female-specific 
serum protein (vitellogenin) molecular structures from several different fishes are 
also given. 

A. Fish and eggs 

1. Fish 

. II. Materials and methods 

Fish used in this study were rainbow trout, chum salmon, Japanese eel, and 
medaka. 

Rainbow trout were collected from the Toya Rinko Biological Station at the 
Lake Toya, and "Akashi Rainbow Trout Culture Farm" at Kamikawa, Hokkaido, in 
various seasons from 1974 to 1978. Fish were classified as "immature" if their 
gonads were poorly developed and if their sex was difficult to be determined without 
microscopic examination. Fish were classified as "maturing" if their gonads were 
developed so that their sex was apparent without magnification. Fish were 
classified as "ripe" if the gonads were in spawning condition to the degree that eggs 
or sperm were readily released when the fish were handled. 

Chum salmon were taken in autumn of 1974 to 1978 at the mouth of the Ichiani 
River and the Shibetsu River, Nemuro, Hokkaido, which drain into the Pacific 
Ocean. Since the fish were in spawning condition, their eggs and sperm were readily 
releasd by pressing the abdomen with fingers. 

Silver migratory forms of Japanese eel were caught at rivers in the Aomori 
Prefecture, Honshu, during the autumn of 1976. They were held in laboratory 
tanks which contained circulating sea water without feeding. Female eels were 
injected intramuscularly with a saline suspension of 12-16 mg of acetone-dried 
pituitary glands from ripe female chum salmon 5-14 times weekly in 1-4 months 
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(Yamamoto et ai., 1974). 
Medaka were obtained from a pond at Yunokawa Hot Spring in the suburbs of 

Hakodate, Hokkaido. They were then cultured in ponds on the campus of the 
Faculty of Fisheries, Hokkaido Univesity. 

Z. Blood 
Blood of rainbow trout and chum salmon was collected by cutting the tailor by 

cardiac puncture, immediately after the fish were killed by a blow on the head. In 
one experiment of rainbow trout in which repeated samplings of the same individual 
were required, blood was collected with a needle from the dorsal aorta after anesth-
sia. 

Blood samples from maturing female Japanese eels treated with pituitary, and 
those from silver migratory forms of maturing male eel were collected following 
cutting of the tail after anesthsia. 

Blood of medaka was collected by using micro-hematocrit tubes following 
cutting of the tail. 

All blood samples were allowed to clot at room temperature followed by 
centrifugation at 3,000 rev/min for 20-30 min to collect the serum. Blood samples 
from medaka were centrifuged at 10,000 rev/min for 5 min to obtain a clear serum. 

The serum was store at -20·C until use. No remarkable change in the 
antigenicity were observed during storage at - 20·C for several months. 

3. Eggs 
Ovulated eggs were collected from female rainbow trout, chum salmon and 

medaka during the spawning season. Eggs of the Japanese eel were stripped from 
females which had attained their full maturation with pituitary treatments. Eggs 
obtained from all species were at the tertiary yolk stage. Eggs were kept frozen 
at - 20·C and thawed before experiments. 

Egg yolk proteins were extracted as follows: Eggs were thoroughly washed 
with 0.9% NaCl and were then homogenized using a Waring blender. The contents 
were centrifuged at 10,000 rev /min for 30 min at 4·C. The supernatant was col­
lected and filtrated through filter paper. The filtration was again centrifuged at 
30,000 rev/min for 60-90 min at 4·C. A clear intermediate layer was present 
between the top floating layer and a small amount of precipitate. This middle layer 
was collected as the egg yolk protein extracts. 

B. Antisera 

All antisera were raised in rabbits. The injections consisted of a mixture, in 
equal volumes of the antigen solution at a volume ranging from 0.5 ml to 1.0 ml, and 
of Freund's complete adjuvant. These injections were made intradermally into the 
back of rabbits, four or five times at weekly intervals. A test bleeding was taken 
from the ear vein and the serum was immediately assayed by immunoelectrophoresis. 
When the immunoelectrophoresis pattern was judged satisfactory, the animal was 
exsanguinated by bleeding from the carotid artery. 

Polyvalent antiserum against rainbow trout, chum salmon, or Japanese eel, 
serum proteins was prepared by immunizing rabbits with pooled maturing or ripe 
female serum of more than 20 fish. 

The specific antiserum to the female-specific serum protein(s} of rainbow trout, 
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17 f3 in 50% ethanol. Blood samples were taken from the fish 2, 4, 6 and 8 days after 
the single injection of estrogen. 

An additional group of immature (based on an average body weight of 100 g) 
rainbow trout were injected with 100 pg of estradiol-17f3 in 50% ethanol (0.2 ml) 
into the muscle behind the head. Blood samples were taken every 2 days for 22 
days after the single estrogen injection from the dorsal aorta after anesthesia with 
meta-aminobenzoic acid ethyl ester methanesulfonate (MS 222). The fish after 6 
days were sampled for histological and immunofluorescent study of the liver. 

For light microscopic observations, the liver was fixed with Bouin's fluid. 
Serial paraffin sections were cut at 5-6 p in thickness, and stained with Delafield's 
hematoxylin and eosin. 

2. Medaka 
In the present study of medaka, ethinylestradiol, estradiol-17 f3, methyltestoster­

one and testosterone were employed for the four different steroid hormone treat­
ments. 

One hundred sexually inactive female fish (1.6-2.4% in G.S.I.*) were divided 
into 5 groups at the start of the experiment and reared under the same conditions. 
Each group was fed pellets containing these hormones at a dose of 100 pg/g diet 
during the experimental period (Nov.-Dec. 1977). A control group received the 
same pellets without hormones. Five fish of each group were sampled at one time 
to collect the blood at 5, 10, 20 and 30 days after the beginning of the hormonal 
treatment. 

III. Results 

A. Rainbow trout 

1. Sexual differences of serum proteins in cellulose acetate membrane electroplwr­
etic patterns 

Male and immature rainbow trout had similar electrophoretic patterns (Fig. 1). 
Differences between sexes were seen in the f3-globulin region, in which maturing and 
ripe female trout showed strongly stained components, whereas no males and im­
mature females showed such components in that region. 

2. Identification of female specific proteins in sera and egg yolk extracts by means 
of immunological procedures 

Absorption of a polyvalent antiserum to female serum proteins with male serum 
produced the loss of a precipitin reaction with male serum proteins. However, the 
absorbed antiserum maintained reactivity with female serum as well as with egg 
yolk extracts. This kind of antiserum was designated as anti-trout FSSP (female­
specific serum proteins) (see Table 1). Anti-trout FSSP failed to react with male 
serum, whereas it reacted with the female serum forming two parallel lines, and with 
egg yolk extracts developing two distinct lines together with minor faint lines (Fig. 
2). The result indicated that there are antigens (female-specific serum proteins) 

• G.S.I.: Gonadosomatic index (ovarian weight X loo/body weight) 
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Fig. 2. Immunoelectrophoresis of ripe male 

(M) and female (F) rainbow trout 
serum, and egg yolk extracts (E) with 
rabbit anti-trout FSSP. 

Fig. 1. Typical cellulose acetate membrane 
(Cellogel) electrophoretic patterns of 
male (M) and female (F) rainbow trout 
serum. The electrophoregrams show 
one ("') or two bands V",) in the 
albumin fraction. All specimens of 
maturing (Fm) and ripe (Fr) femal es 
have one or two components (*) in the 
p-globulin region. 

Table 1. The antisera used for immunochemical characterization 

Polyvarent Antiserum 

1. Anti-trout serum: Rabbit antiserum against pooled ripe female rainbow trout sera 

2. Anti-salmon serum: Rabbit antiserum against pooled ripe female chum salmon sera 

3. Anti-eel serum: Rabbit antiserum against pooled maturing female J apanese eel sera 

4. Anti-trout eggs: Rabbit antiserum against 0.9% N aCI egg yolk extracts of rainbow 
trout 

5. Anti-salmon eggs : Rabb it ant iserum against 0.9% N aCI egg yolk extracts of chum 
salmon 

6. Anti-eel eggs : Rabbit antiserum against 0.9% NaCI egg yolk extracts 0 ' Japanese 
eel 

7. Anti-medaka eggs: Rabbit antiserum against 0.9% NaCI egg yolk extracts of 
medaka 

Specific A ntiserum 

1. Anti-trout female-specific serum proteins (anti-trout FSSP): absorbed anti-trout 
serum with male rainbow trout sera 

2. Anti-salmon female-specific serum proteins (anti-salmon FSSP): absorbed anti­
salmon serum with male chum salmon sera 

3. Anti-eel female-specific serum protein (anti-eel FSSP): absorbed anti-eel serum 
with male J apanese eel sera 
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Fig.l1. Elution pattern on Sephadex G-200 
of rainbow trout egg yolk proteins (see 
Fig. 8). Ratios of protein amount 
between El and E2 (shadowed area) 
were determined planimetrically from 
charts of gel filtration on Sephadex 
G-200 monitored by 280 nm absorp­
t ion. A molar ratio of Eland E2 can 
be roughly calculated to be 1 to 1. 

8). These peaks were tested for their reactivity to the anti-trout FSSP and both 
were found to be antigens immunologically related to the FS, showing the 
precipitative reaction with the anti-trout FSSP. The molecular weights estimated 
by gel filtration were about 300,000 for E1 with Sephadex G-200, and 35,000 for E2 
with Sephadex G-75 (Figs. 9 and 10). 

The ratio of protein amount between E1 and E2, which were precipitable 
together in a low ionic strength, was determined planimetrically from charts of gel 
filtration on Sephadex G-200 monitored by 280 nm absorption, and were found to be 
4.9 and 1, respectively. Putting the ratio of protein amount, molecular weights of 
E1 and E2, and their extinction coefficient (see later) together, the molar ratio of E1 
and E2 can be roughly calculated to be 1 to 1 (Fig. 11). 

6. Purity of FS, El and E2 
The preparation of FS gave rise to only one precipitin line with the antiserum 

to trout serum as well as with the anti-trout FSSP by the double immunodiffusion 
method. It showed a single homogeneous band in the disc electrophoresis when 

+ --.J 

Fig. 12. Disc immunoelectrophoresis of 
purified FS from rainbow tro ut. The 
sample was subjected first to disc 
electrophoresis in 5% polyacrylamide 
gel, followed by immunodiffusion in 
1.2% agarose gel. a-trout: anti-trout 
serum. 
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Fig. 13. Disc electrophoresis of purified FS 
from rainbow trout. 1: protein stain­
mg. 2: lipid staining. 3: carbo­
hydrate staining. 
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A. 

B. 

Fig. 14. Disc immunoelectrophores is of 
purified EI (A) and E2 (B ) isolated 
from egg yolk proteins of rainbow 
trout . The samples were subjected 
first to disc electrophoresis in 5% or 
7.5% polyacry lamide gel, followed by 
immunodiffusion in 1.2% agarose gel. 
a-egg : ant iserum to trout eggs (ant i­
trout eggs). 

Fig. 15. Precipitin reaction of FS, EI and 
E2 from rainbow trout. FS: female­
specific iron·binding serum protein. 
E I and E2: fractions of egg yolk 
proteins. a-FS : ant i-trout FSSP. 

stained by Amido black lOB. Disc immunoelectrophoresis of FS with the anti-trout 
serum gave a single precipitin arc at the position corresponding to the protein band 
(Fig. 12). This protein could be stained with Sudan black B and Schiff's reagent 
indicating the presence of lipid and carbohydrate in the molecule (Fig. 13). 

El showed a sharp single band in 5% polyacrylamide gel electrophoresis and 
one precipitin line with the antiserum to egg proteins (a-egg) (Fig. 14A). This 
protein was positive to stainings for lipids and carbohydrates smilar to FS. E2 gave 
rise to a broad band in 7.5% gel and a broad single arc with the antiserum to egg 
proteins (a-egg) (Fig. 14B). E2 was stained neither with carbohydrate nor the lipid 
reagents. 

7. Antigenic relation between FS , El and E2 
FS formed a spur over El and E2, and the lines of El and E2 crossed with each 

other on double immunodiffusion in 1.2% agarose gel against the anti-trout FSSP 
(Fig. 15). Precipitin reactions of these proteins with anti-trout eggs (antiserum to 
egg proteins) are shown in Fig. 16. El and E2 cross each other, but FS spurs over 
El and E2 similar to the case with the anti-trout FSSP (Fig. 16A). However, the 
precipitin line of FS fuses with a mixture of El and E2 indicating that FS consists 
of El and E2 antigens (Figs. 16B and 16C). 
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same for the two subunits, the ratio of protein amount between the two subunits 
(mol. wt. 90,000 and 15,000) can be calculated as 1: 5.25, and the molar ratio of 1 : 
1 is thus obtained for the two subunits of El (Fig. 18). Reduced E2 (R-E2) 
converted to a smaller molecular weight of 15,000. 

9. Physicochemical analyses of FS, El and E2 
Total amount of phosphorus in the purified FS, Eland E2 were determined to 

be 0.68w/w%, 0.95w/w% and 1.70w/w%, respectively. 
The amino acid compositions of FS and El were quite close to each other with 

the exception of serine and alanine. Compared to FS or El, E2 showed quite 
different values, particularly in contents of aspartic acid, serine, lysine, alanine, and 
phenylalanine (Table 2). 

The number of amino acid residues per mole of FS, El and E2 was evaluated 
from the molecular weights (Table 3). The summation of the respective amino 
acids of Eland E2 showed close similarity to that of a half molecule of FS except 
for serine and alanine. 

The infinite dilution value of the sedimentation coefficient, sgo, w, of FS and El 
was 10.5 Sand 9.7 S, respectively (Figs. 19 and 20). The value of sgo, w of E2 could 
not be calculated because of its asymmetrical peak (Fig. 21). 

Table 2. Amino acid composition of FS, E1 and E2 of rain­
bow trout expressed as moles/100 moles of amino acids. 

Residue 
Amino acid 

FS E1 E2 

Asp 8.40 7.60 15.69 

Thr 4.95 5.29 3.99 

Ser 7.52 4.77 10.86 

GIu 11.51 11.51 9.97 

Pro 5.21 5.32 3.17 

GIy 4.21 4.02 5.72 

Ala 11.68 14.13 3.51 

Cys/2 1.18 0.80 2.74 

Val 7.10 7.63 7.76 

Met 2.55 2.54 3.03 

Ile 5.46 5.87 5.00 

Leu 9.47 10.33 6.99 

Tyr 2.99 2.87 3.89 

Phe 4.04 4.60 1.72 

His 2.12 2.19 2.25 

Lys 7.10 6.23 10.59 

Arg 4.53 4.38 3.15 

Total 100.02 100.08 100.03 
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Table 3. Number of amino acid residues per mole of FS, E1 and E2 from rainbow trout 

Amino acid E1 E2 E1+E2 FS/2 
(mol. wt.) (210,000) (30,000) (240,000) 

Asp 145 42 187 185 
Thr 101 11 112 109 
Ser 91 29 120 165 

Glu 220 27 247 253 
Pro 102 9 111 115 

Gly 77 15 92 93 

Ala 270 9 279 257 

Cys/2 15 7 22 26 

Val 146 21 167 156 

Met 49 8 57 56 

He 112 14 126 120 

Leu 197 19 216 208 

Tyr 55 11 66 66 

Phe 88 5 93 89 
His 42 6 48 47 

Lys 119 29 148 156 

Arg 84 9 93 100 

Total 1,913 271 2,184 2,201 

Extinction coefficient (E1Y;',280nm) were determined for the purified proteins in 0.1 
N NaOH. The value for FS, El and E2 was 5.31, 5.51 and 7.76, respectively. 

Patterns of FS purified protein isoelectrofocusing revealed somewhat heteroge­
neous isoelectric points, showing three peaks (Fig. 22A). The main peak of FS 
showed the pI of 6.4 and the other minor peaks corresponded to the pI of around 5.5 
and 5.8. On the other hand, isoelectric focusing of the El and E2 displayed rather 
homogeneous peaks (Figs. 22B and 22C). PI of El and E2 were determined to be 
10 and 7.2, respectively. 

10. Amounts of FS in fish at various ovarian stages 
The amount of FS in female fish was determined by a single radial 

immunodiffusion technique on 1.2% agarose gel containing anti-trout FSSP (Fig. 
23). The standard curve determined by a typical radial immunodiffusion is shown 
in Fig. 24. 

The concentration of FS in the serum of female trout at various maturational 
stage was determined (Fig. 25). Five out of 15 immature females produced no ring 
in the radial immunodiffusion and the concentration of their FS was estimated to be 
less than 20,ugjml. Mean levels of concentration at various maturational stages 
were 147 ,ugjml for immature, 11,080 ,ugjml for maturing, 3,166 ,ugjml for ripe and 
640 ,ugjml for spawned-out stages, respectively. 
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