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In the female salmonoid fish, the ontogenetic development of
gametes (oocytes) occurs in the ovary through the process of
maturation or meiosis, as a result of which the oocytes
lose half of their chromosomes and become haploid. The
initial step in production of gametes is by proliferation of
oogonia by mitosis which gives rise to several hundred
oocytes in the ovary (Fig. 1). The period of growth of the
ovarian follicle is prolonged and the increase in size is
considerable. Growth takes place over a period of two to
three years depending on various factors with the major one
being availability of food. Many embryologists distinguish
two periods of oocyte development: the previtellogenesis
period and the vitellogenesis period. Growth is accelerated
during the vitellogenesis period, during which yolk is
deposited in the oocyte. Simultaneously with the growth of
the oocyte its nucleus (germinal vesicle) enters into
prophase 1 of meiotic division; the homologous chromosomes
pair together, but subsequent stages of meiosis are
postponed until the end of the period of vitellogenic
growth. The next phase of oogenesis involves the resumption
of meiosis or terminal oocyte maturation. This process is

accompanied by breakdown of the germinal vesicle(GVBD),



Fig. 1. A female brook trout Salvalinus fontipalis almost
ready to spawn ( stage 5 ) ovarian follicles, fork length

235 mm.



Fig.




chromosomal condensation and extrusion of the first polar 27

body. These changes occur prior to ovulation and are
prerequisites for successful fertilization. The period
between prophase 1 arrest and extrusion of the first polar
body is called the period of maturation, and this process is

under endocrine control in salmonids.

Three factors are involved in the endoecrine control of the
terminal maturation in salmenids (Fig. 2). The pituitary
gonadotropin stimulates the synthesis of maturation inducing
steroid (MIS) 174,20P-dihydroxy-4-pregnen-3-one (17,20f~
DHP) by granulosa cells of the ovarian follicle, the 17«¢,20f=
DHP then interacts with the oocyte to bring about
activation of maturation promoting factor (MPF) in the
ooplasm which leads to GVBD (for review see Nagahama, 1987,
1988). During the period of terminal maturation the germinal
vesicle (GV) migrates from the centre to the periphery of
the oocyte. Seven stages of maluration are characterized
according to the position of GV in the ococyte (Table 1).
These stages have been used in conjunction with plasma

levels of 17¢,zor-oup in salmonids (So, et al . 1976).

The MIS 17«,20F—nup was first isolated and charcterized by
Idler and co-workers from plasma of Sockeye salmon (Idler,
et al .1960) and Atlantic salmon (Schmidt and Idler,

1962). Terminal oocyte maturation in yivoe is accelerated
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TABLE 1

33 GV central

2 GV slightly off centre

3 GV midway between centre and
periphery

4 GV peripheral

5 GV breakdown (GVBD)

6 Ovulated oocytes with oil

droplets peripherally

7 Oocyte clear and translucent
and free in body cavity

*As described by Ng and Idler (1978)



Fig. 2. Three major mediators of oocyte maturation in
salmonids, 1) gonadotropin, 2) maturation inducing hormone
and 3) maturation promoting factor (diagram from Nagahama,

Y. 1987. Develop. Grrwth and Difi:s. 29, 1-12).
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by 17K,20B-DHP in trout, carp, and coho salmon (Jalabert, 2t®

al .1976, 1977, 1978). In vitro 17¢,20f-DHP is the most
effective steroid in stimulating GVBD in goldfish, rainbow
trout, northern pike ( Jalabert, 1976), brook trout and
yellow perch oocytes (Goetz and Bergman, 1978; Goetz and
Theofan, 1979). The highest plasma concentrations of 17%,20f-
DHP occur in blood immediately before and/or around
ovulation in salmonoids and in goldfish (Campbell, et al .
1980; Fostier, et al . 1981; Scott and Baynes, 1982; Scott,
et al . 1982; Wright and Hunt, 1982; Kagawa, et al . 1983;
Stacey, et al . 1983; Nagahama, 1987 a and b). In a recent
study on landlocked Atlantic salmon, 174,20P-DHP plasma
levels increased progressively from oocyte stages 1 to 6,
with the glucuronide predominating in stages 1-4 and the
free steroid in stages 5-7 (So, et al .1985). Since in
vertebrates it is generally assumed that GVBD marks the
resumption of meiosis (prophase 1 to metaphase 2), it is
probable that 17%,20P- DHP in salmonoids reinitiates meiosis
at stage 5, when free plasma 17¢,200-DHP levels are the

highest.

After establishing the functional role of 174,20f-DHP in

salmonoids, Jalabert, (1976) proposed its action via oocyte
receptors, although the author questioned the mechanism of
its action (Fig. 3), since steroid-induced GVBD is blocked

by inhibitors of translation but not transcription



Fig. 3. Tentative scheme for the control of ococyte
maturation in trout (Jalabert, B. 1976. J. Fish. Res. Board
Can. 33: 974-988.). Jalabert questioned the presence of
classical steroid oocyte receptors, because maturation

(GVBD) was mot blocked by inhibitors of transcription.
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indicating that the mechanism of action involved in the
steroid maturation of oocytes (GVBD) has a special
characteristic which is different from the classical steroid
mechanism of action via nuclei (Detlaff and Skoblina, 1969;
Goswami and Sundararaj, 1973; Jalabert, 1976; Theojan and
Goetz, 1981; DeManno and Goetz, 1986,1987). The classical
steroid-receptor mechanism of action involves the entry of
steroid into the cell cytoplasm by passive diffusion (Muller
and Wotiz, 19793 Peck, et al . 1973; Giorgi, 1980), and
its binding with cytosol receptors causing transformation of
the receptor. The transformed rcceptor-steroid complex then
enters the nucleus and interacts with the acceptor site on
the DNA which leads to transcription and processing of mRNA
thereby causing translation of proteins related to the

functional role of the steroid in the cytoplasm (Fig. 4).

Nagahama and Kishimoto, (1987) have shown that incubation of
goldfish ococytes with 17¢,20B-DIP results in GVBD, while

the injection of the steroid into the oocyte does not result
in GVBD. These results suggests that the aclion of 17«,20’-

DHP is on the plasma membrane of the oocyte.

In amphibian Xenopus lacvis oocytles, progesteronc binds to
an oocyte membrane receptor protein (Sadler, ¢t al - 19853
Blondeau and Baulicu, 1984; Sadler and Maller, 10823

Ishikawa, et al . 1977). One of the surprising features of



Fig. 4. A classical model of steroid hormone action
(diagram from Clark, et al . 1986. In "Laboratory
Methods Manual for Hormone Action and Molecular
Endocrinology" W. T. Schrader and B. W. O'Mally, eds., 10th

ed., Chap.1. pp 1-55).
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amphibian oocyte maturation in Xenopus has been the wide
variety of steroids and membrane active drugs that are
capable of stimulating the process. Also conventional
steroid receptor isolation methods have not revealed the
presence of a classical cytosol receptor in Xenopus . On the
other hand Morril and collaborators have reported high
affinity binding of progesterone in the cytosolic fraction

of Rana oocytes (Kalimi, et al . 1979).

In fish, recently Maneckjee, et al .(1987;1989 a and b)
reported 17¢,20f-DHP receptor activity from oocytes. The
principal purpose of the present study was to establish the
presence of a target organ receptor for 17u,zop—mu= and to
begin to elucidate the mechanisms by which 17¢,20f-DHP

brings about maturation.
inhibi

In sexually matured mammals, oocyte maturation in vive
occurs after a preovulatory surge of luteinizing hormone
(LH) or by administration of exogenous gonadotrophin (Gns)
(Tsafriri, 1978). Cell culture of the oocytes surrounded by
follicle cells do not spontanecously mature if the cells are
removed before the endogenous LH surge. Addition of LH
causes the follicles to initiate maturation (Linder, et al

. 1974); Masui and Clark, 1983). However, when




oocyte-cummulus cell complexes (oocyte + outer cummulus
follicles ) are removed from antral follicles and kept in
cul ture medium, they spontaneously mature without addition
of Gns or other stimulating agents (Edwards, 1965; Pincus
and Enzmann, 1935). These results suggest that some
component of the antral follicle inhibits oocyte maturation
until that inhibition is overcome by the action of Gns.
Follicular fluid of several mammalian species contains a
meiotic-arresting substance called oocyte maturation
inhibitor (OMI). Porcine OMI, a polypeptide, has been
isolated and purified from granulosa cells with molecular
weight < 2000 (Tsafriri, et al . 1976). OMI activily from
mature human Graafian follicles was found lo be inhibitory
to progesterone induced meiotic maturation in Xenopus
oocytes (Cameron, et al . 1983). The mechanism of action
of OMI is not known, although it has been reported that
follicular fluid from mature fertilizable human follicles
contains significantly less OMI activity than similar fluid
from immature oocyles (Channing, ¢l al . 1983). Treatment
of cumulus-enclosed and denuded mammal ian cocytes with cAMP
analogs or inhibitors of phosphodicsterase inhibited
spontancous maturation (Cho, gt al .1974; Dekel and
Beers,1978). Also Gns reversed the inhibitory action of
dibutyryl cyclic AMP (dbcAMP), and 3-isobulryl-1
methylxanthine (IBMX) on the maturation of cumulus

cell-enclosed rat oocytes but not the denuded oocytes (Dekel
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and Beers, 1978, 1980). Thus meiotic arrest is maintained by
the passage of cAMP from the cumulus cells into the oocytes
through gap junctions, and that Gns trigger maturation by
physical disruption of intracellular communication between
cumulus cells and the oocyte (Gilula, et al .1978; Dekel

and Beers, 1980).

Recent findings of Eppig, et al .(1983), are at variance
with cAMP itself being OMI, since elevation of cAMP levels
in the cumulus cell-oocyte combination led to inhibition of
maturation while increased cAMP levels in denuded oocytes
had no effect. Furthermore sub-optimal doses of dbcAMP
caused greater inhibition of maturation on cumulus-cell
cocytes than on the denuded oocytes preparation. These
results suggest that a release of secondary factors from
cumulus-cell occured into the oocytes via cAMP interaction
(Downs and Eppig, 1985: Eppig and Downs, 1984). The
principal inhibitory component in porcine follicular fluid
and serum has been purified and characterized to be
hypoxanthine (Downs, et al .1985). These results are
different from earlier work of Tsafriri, et al . (1976), as

described above.

In a teleost fish Fundulus heteroclitus oocytes Greely,
et al .(1987), reported that the oocyte can resume meiosis

in the absence of their enveloping follicle cells and
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exogenously supplied 17«,20P-DHP. The authors concluded that

the follicle cells of Fupdulus hedieroclitus may be
producing a substance that directly inhibits oocyte
maturation, or that the association of follicle cells and
oocyte may somehow contribute indirectly to the maintenance

of meiotic arrest.

Iwamatsu and Takama, (1980) demonstrated the presence of a
factor in rabbit serum which inhibits gonadotropin and 17&=
120P-DHP induced maturation in follicle-enclosed medaka
oocytes. Similar activity was also confirmed in sera from
chicken and lizard as well as in several mommalian species
(Iwamatsu, 1981). It was later demonstrated that sera factor
also exhibited maturational activity when whole ovarian
follicles were exposed to the sera for 9-12 h and then
incubated in serum free medium for an additional 12 h

(Iwamatsu, 1983).

Certain steroid hormones also have been reported to block
hormone-induced oocyte maturation jin vitro . In rainbow
trout, estradiol was shown to prevent gonadotrophin induced
maturation, but not 17 ,20f-DHP induced maturation
(Julabert, 1975). Further rescarch demonstrated that the
inhibitory effect of estradiol was due to decrcased
synthesis of 174,20-DHP in the follicular layer (Jalabert
and Fostier, 1084).
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CHAPTER 1

ion of rec

steroid 174, ZOF-Dl P

Most endocrinologist will agree with the principle that all

tio

steroid hormones act via specific receptors present in the
target organs. Thus isolation and characterizalion of 17¢,20f~
-DHP receptors from oocytes was the first step in the

process of elucidating the mechanism of action of MIS 17«,20f~
DHP. The ovarian follicle in salmonids consists of three
layers of cells (Fig.1.1). A two cell model for synthesis of
MIS 11,4,20P-m-m has been demonstrated (Nagahama, 1987 a and
b). Outer thecal cells synthesize the precursor steroid 17%=
hydroxy progesterone in response to gonadotropin action,
that traverses the basal lamina and is converted to MIS I’M'—
2olb-mur by the granulosa cell layer where gonadotropin acts

to enhance the activity of 20f-hydroxy steroid dehydrogenase
(Fig. 1.2). The MIS 17%,20f-DHP is then released directly on
to the zona radiata membrane surrounding the oocyte, and the
plasma membrane of the oocyte is intercalated with the zona

radiata.

Various methods are used in the isolation




Fig. 1.1. Cross-section of stage 1 ovarian follicle from
brook trout shown diagramatically. Stepwise removal of outer
follicular layers are shown from A to D. A) All follicular
layers present. B) Outer epithelium (OE) removed, exposing
thecal cell layer (TF). C) Thecal cell layer removed
exposing granulosa cells (FE). D) Denuded oocyte after
removal of granulosa cells. The outer epithelium (C) is
called the chorion or zona radiata, the plasma membrane of
the oocyte is intercalated into the zona rediata from the
inside part of the oocyte (modified diagram from Lessman, C.

A. gt al . 1985. Can. J. Fish Aquat. Sci. 42: 2053-2058).




Fig. 1.1.




Fig. 1.2. Two-cell type model for the productiion of 174,208
DHP by salmonid ovarian follicles. 20f-HSD, 20f-hydroxy
steroid dehydrogenase. Nagahama, Y. 1987. In Hormones and
reproduction in Fishes, Amphibians and Reptiles.
171-193.(D.0. Norris and R.E. Jones, eds., Plenum Press, New

York.).
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characterization of mammalian and fish cytosolic and nuclear
steroid receptors (Clark, et al . 1984; Sandor, et al .
1984; Callard and Mak, 1982; Alberts and Herrick, 1970).
These established methods were used with appropriate

modifications in order to isolate and characterize the

receptors for MIS 11.(,20F—an.

Five criteria are used for characterization of steroid
receptors. 1) Finite binding capacity! this crilerion is met
by demonstrating that the steroid binding system under study
can be saturated. This is seldom achicved completely with
fish stercid receptors due to lower affinity conmstant

(Ka) values, which leads to problems in the separation

of frec from bound steroid. 2) High affinity: in mammalian
system steroid receplors possess high affinity, this is
expected because the circulating levels of steroid are
usually 10-10 to 10-8M (Clark and Peck, 19879).

Thus the receptor must have affinity in the range of steroid
blood Jevels, otherwise the response would not occur;
although receptor interactions of low affinity are observed
if blood or tissue levels of steroids are high. 3) Steroid
specificily: receptors arc cxpected to display high

affinities for the specific hormone or cl of hormones to

avoid interference from other steroid hormones.
Nevertheless, receptor sites do not display absolute

steroid-specificity (Clark and Peck, 1984). 4) Tissue
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specificity: since only specific cell types respond to given
hormones, and if the response is mediated via receptors
then only the target organ responsive to steroid action
should possess receptors for that particular steroid. 5)
Binding correlated with biological response: the extent of
biological response should relate to some function of

receptor occupancy.

Cytosolic receptors

Cytosolic receptor isolation as described for somatic cells,
begins with homogenizing the minced target organ tissue
gently in low ionic stremgth buffer (o avoid breakdown of
nuclei). The low ionic strength buffer is used, because high
salt concentrations decrease receptor affinity (Ka) for

the steroid. Sodium molybdate is used in the isolation
buffer to stabilize the receplor-steroid complex from
transformation or activation. Sodium molybdate also keeps
the receptor in the aggregrated form, and acts as a protease
inhibitor. Also the MoO42- ion is capable of

forming phosphomolybdate or sulphomolybdate complexes which
could prevent an irreversible loss of binding capacity. A
siecond component which has pronouced effects on the steroid
binding capacity of untransformed receptors is the reducing
environment. In the absence of a reducing environment (e.g.

DIT), the binding capacity is reversibly lost even in the
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