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(i)
T, L " ABSTRACT

. This investigation on fish gonadotropins providés considerable

"+ evidence to support. the concept, of didlity of gonadotropins in teleosts
proposed by Campbell and Idier h-1976: Vitellogenic hormones were isolated

frml pituitaries of An\gﬂcan laice (H ggnglossoides glatessoides and
_winter flounder (Pseudopleuronectés arﬁericanus) and chum salmon (Oncorhynchus

.k_ety. deyvoid of oocyte maturational dnd androgenic activities. and they
L ‘could be distinguished from the maturational hormones which were active in
. - stimulating oocyte maturation and androgen produfu‘on. ‘The bioassays used
to isolate the \(}te]logen1é and‘ maturational hormones utilized tt{e hypophy~

sectomized Flounder as the assay animal, and this study represents one of

the few fons utilizing i to isolate fish
gonadatropins. \q—"—i"\
VitelTogenic and maturational hamlones:are different”in their-amino,

i ) acid_compositions, ;:arbohydrate contens, imunological activi‘ties,_a;;d
. .chrnﬁatugraphic behavior on Concanavalin A-Sepharosé. An antiserun. to
vitellogenic- hormohe was capable of inhibiting 'incorpi:ranon' of vﬂel]ggenin
into -the ovary, whereas an antusg&m to maturational hormone depressed the
plasma concentraﬂons of estradiol and vitellogenin, indicating that the §
s two gonadotropins play different roles in fish reproduction.. cnrmnatagraphy‘

of matarationai lormone on Concanavalin A-Sepharose ¢id ot Tead to isolation

of additional muter{ﬂ unadsorbed on the immobilized lectln. A1 available

evidence thus suggest that the.vitellogenic hurmonz and the maturnﬂunal

hnrmune are different entities.
* Thyroid stimulating hormone and gonadotropin were shown. to be separate
hormones.. Two thyroid stimulatiing hormﬂnes could be isoljted frnm pItuitaries

of bath American plaice ‘and winter flounder The thyroid. stimulating hummne

dsorbed b C alin iy sep stinulated mainly the/prodiction of .
oo . ; :

9
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than according to biological activity. When the terms vitellogenic

and maturational hormorie are used it should be noted vthat‘ the
maturational hormone also is implicated in‘vitel]ngenes{s, at Teast
tn;nfar as_the synthésis of éstradiol is concérned.. In contrast,
o maturational activity -yet has been attributed to the viteiTogenic
hormone which functionsto stimu'late mcorporat(un of Tipophospho-
, Protein, 1nto the ovary

The ;erms "“FSH hke" and "LH -1{ké" have noL been used because

he prncersses these hormones regulate in malmla'lsare not always rele-  °

nt to fish:- Further we believe it would be premature to name
preparations according>to function until rore information is

available on their biological action in fish:,
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* - INTRODUCTION

Rold of pituitary in vertebrate reproduction i
T*_\e paramount importance of the pituitary gland in the contrc’l

of verkebrate reproduction has been ex\‘.enswe'ly reviewed. in mamals

T
(Gem1e1\1 and Roos, 1
amphibians (Dodd, 1960) and'fish (Hoar, 1969; Lam et al., 1978;

Pickford-and Atz 1957). . In mamals and birds, administration of

966), in birds and reptiles (Nalbandov, 1966),

|
pituitary extracts is capable of reversing the deleterious changes

induced “m‘ gonads by hypnphysectoﬁ?(see‘_(ih‘eep, 1961; Nalbandov, 1966).
S wied
Studies in reptiles including lizards (Licht, 1972), alligators

(Furbes.'1937)'and turtles (Hansen and Tabb, 194]) Tead to the same

Qun:'lusmn ln frogs' testicular functions can be restored after »

6)pophysectomy by injections of purified pituitary gonauotropms
3 (tofts, 19p1) The précesses of spkimatogenesis, vitellogenesis
and ovu'latlon can be induced in hypophysectomized: goldfish by a

parhally punhed salmon pituitary gonadutrgfln (Yamazaki . and

Dana’ldsnn, IQGBb)
Two separate gunadotrnm: fractions, one fol’l\cl e-stimulating.

and the uther luteinizing in functmd. were identified in the pig .
pituitary many years’ ago (Fevold, Hisaw and Lennard,. 1931).

Gonadotropins have smc;}heen pur1f|ed frum nunerous mama'lian species

1"61uding baboon (Shovmkeen et al., 1973), man (Grasshn et al. 1970),

pig (A derson and 0'Grady,, 1972; Whitley et al., 1978) whale

(Tamnr’;—Takaha_sM and Ui 1977), horse (Braselton and McShari, .

1971), and cqfv (Grimek e_t”a_L, 1979). . Two‘tybes of gapadotropins

similar-in fu\ctions to the marmalian hormones were  isolated from

chicken (Furuya and Ishii, 1974; Stockell, Hartree and Cunningham,




1969) and turkey (Farmer ‘et al., 1975} In repmes (Licht and
Papkoff, 1974a) and amphibians (Licht and Papkoff, .1974b] two types
of gonadotropins could also be saparated e

The role of the p1tu1tary in contro]'lmg reproduction in fish
has been well estabnshed (Pickford and Atz, 1957), but’there has
been much cantroversy as to whether one or twu gnnadotropins exist in
the fish pituitary. Evidence from pituitary cytology is not conclusive
because there is a disparity in the ﬂnumher of gonadotropins in the .

same ‘species of fish reported by different warkers (see DeViaming,

.1978). The bulk-of the existing findings is in favolir of an. unique

omnipotent gonadotropin wielding the control of diverse aspects of
gonadal functions. Based on the results of studies on Fish usi;\g, :
mamma’l iég gonadotropins. the fish pituitary appears to secrete a \».v'
single LH-Tike or HCG-1ike hormone. " Warmal fan L s iuch more b
effective than FSH in.stimulating vitellogenesis in‘the three-spivted :

stickleback Gasterosteus aculeatus (Ahsan and Hoar, 1963), in re- .

1mt\at1ng sperr is in i Coeusius pl um§eus
(Ahsan, 1966), and in methaﬂ\bure-treated szatogaster aggregata

(Weibe,. 1969) and Xiphophorus FéTleri (Baldwinand Li, 1942). Yolky ~

'nucytes in catfish can be prevented from undergolng atresia after .

hypophysectomy by~HCG and LH but not by FSH (Anand and- Sundaram,
1974)." However, due to phylogenetic specificity of the gnnado-

\‘.;ggin molecules, HCG is incapable of stimulating v_ite'l]oqenesi; in

the goldfish Carassius auratus (V‘amaza'ki, 1965), and -

mammalian.LH is inactive in stimulating tmutﬁonadal cAMP production
(Idler et al:, 1975). , Various reports on the isolation of gonado-

ttj‘apir‘\s from teleosts including carp (Burzawa-Gerard, 1971; g




T P 3

Sundararaj et al., 1972) salnon (Schmidt et al, 1965;. Donaldson et al:,
.1972; Yoneda and Yamazaki, 1976); sturgeon (Burzawa-Gerard ‘et al.,
1975) trout- (Breton et al., 1976) and* Tilapia (Farmer” and Papkoff, /
£ 1977) gave np indications of the presence of two types of gonadotropins. [
 Omly ‘two reports (Hattingh and du Toit, 1973; Haider and Blum, 1577)
were fndicative of duality of goradotropins in mudfish and goldfish
respectively. _ : 2
. Homnona contral of vitellogenesis and ooeyte maturation in oviparous -

vertebrates 3 . o

in oviparous vertebrates, rep fon in the female' comp

the processes (a) vitellogenesis. and (b} oocyte maturation and

owlation.’ ; ¥ L

() vitelogenésis . - . - L,
| This s the process by which yolk 1s incorporated {nto the ovary ,
i Which a3/a Tesult groms in size. Yolk serves as a nutrient reserve
for the/e_ar’lyrdeve'lupmenta‘l, stages of the embryp. The vitellogenic y
pracess ‘occurs in both vertebrates and 1merte$races. “1In the :
vertebrates it is controlled by the pituitary, whereas in the
insects ‘it is-regulated by the corpora allata-and in the crustaceans’
by Secretions from the eyestalk (see Follett and Redshawy 1974)..
In the domestic fowl at the nﬁet of iay, phosphoproteins which
are precursors of ovarian yolk proteins, appear in the plasma. In

the toad Xenopus laevis the precursor is called vitellogenin. The

hepatic’ origin of these yolk vrecursor‘s has been demonstrated by . N

/hepatectomy experinents and also by hepatic synthesis in vitro. The

precursor rale of these serun. phosphoproteins can be followed with

_the use of radioactive phosphate. The Jabel is first incorporated

) v

N i




nto the, Tiver yoTk precursor pruteing‘und then lnto the. plasma :

. & and fma’f'ly egg yolk (Follett and Redshaw, 1974)

K ln fish, vitellngenln has been induced “in the C*I‘C\ﬂﬂﬂoﬂ by

estradiol. 'Plack et al. (197]) injected cod ga_«;ﬂgﬂgwnh

estradiol and observed an  accumulation”of yitellogenin in serum.

De Vianing et al. (1977) noted a similar phenomenon-in the gﬂdﬂsh,

Aida et al., (1973) related the appearance of vitellogenin in blqﬂ'
of Plecoglossus altivelis to the First appearance of yolk in .oocyte‘sf"
Emersen and Petersen (1976) denanstrted the presence of vitellogenin
in serum of ‘vitellogenic female and estmgenized male fTounder Tk

! Platichthyk flesus.

. assay in the brown trout Salmo trutta (Crim and.Tdler, 1978) and- g

.
Vitellagenin was.first quantified by rqﬂmlmnl\u-

Atlantic sa'lmon (ldler et al.,.1979). There is a correlation between
the piasma titer of vitellogentn'and ovarian developient ‘in trout ’
d (Crim and Idler, 1978) ﬂnd Atlantic sal \ﬂd'ler et al., 1979). Idler

gt a1l

(1979) used a Tow molecular weight fraction (phosvitin) isolated
_from sa'lmnn egg yolk for radwwdmatmn and as, standard and an

a»t\hudy against salnmn egg yolk pruteins to set up a radmimmunoassay

for plasma vitellogenin. i W 3 . L

The synthesis of yolk vrecursors by the Tiver is under the :ontrol
"> of. estrogen and hence they are fema]e specific proteins which are -
virtually absent in males (Emmersen and Petersen; 19765 Idler et al.,
1979). Production of vitelTogenin in cockerels (Jackson et al..+1977),
male Xenopus (Follett and Re&snaw, 1974) and male flounder (Emersen .
:and Petersen,’ 1976),.similar to the fellla’le yrutein, can b% iriduced”. - "
: 2

In Xenopus (Follett and Redshaw, 1974) and cod (Plack et al., 1971).

specifically by estrogen.

L : estrogen administration results in an accumulation of_vitel‘logenin in




03
3

theca] capillary network (v) molecular rearrangement of
v vite)togenin to form Tipovitellin and phosvitin. /

blood; but'there is-nd vitellogenic growth of the ovary presumably
because of a negative feedback effect of estrogen on pituitary
gonadotropin Secretion. s 4
In 5ennE S5 manmahan gonadotropins stimulate estrogen production’

by’ the ovary and therefore vitelldgenin synthesis by the 1iver, as

£ well as incorporation of vitellogenin into the ovary (Emmersen and
Kider, 1974; Follett dnd Redshaw, 1974). Xenopus vitellogenin'is a

3 'lipoph;sphop}ute'in with a molecular weight .of, about 460,000 daltons.
Once incorporated who the ovary, it i5 brokén .down into the yolk
platelet proteins, phosvitin and lipovitellin. ~Phosvitin isa |-

phosphoprotein, with a high phosphorus content due to the large

number of phosphorylated serine residues and a low imd content..
L1povite'l'lin. on the other hand. contains much less phosphorus but: .-
much,more 1ipid. It is postulated that v'r_enngem:i; formeéd by the
covalent complexing of two molecyles of phosvitin (M{ 40,000) with a

They

Tipovitellin ,di‘mer}(Mw’ooo.noa).(l‘ongtt and Redshaw; 1974)
Speculate that gonadotropins stiqulate the incorporation of
vitellogenin into the ovary with the following. actions (1) recruitment’
_of previtellogenic oocytes to the Vitellogenic phase (i1) development
of microvilli on the oolemma (ii1) provision of vitellogenin binding~

s'ltes to promote micropinocytosis (iv) dilation and development of

(b)" Oocyte Matyration and ovulation

In oogenesis, vitellogenesis occurs dur

ng an extended stage
of the méiotic prophase, When vltenogenesls“ij\cmﬂeted the

- meiotic division is resumed to produce a mature egg, capable of

7.




being fe;ti'iized after being extruded-from the follicTe (ovulation). .
Throughout maturation the germinal vesiﬂe in"the ‘oocytes
migrates from its ur‘lgmal central posit\an tward the pghphery
After it has reached the periphery the germinal Sesioie Grasks dowp.
Lipid drinplets coa1esce :in the cytoplasm with fhe rlesu'lt/ that the oocyte
increasgs in transparency. After the oocyte has undergune germinal
vesiclJ breakdown and cleared, it is ovu]ated.
Stereids and ‘gonadotrapins are we'll known aﬁents for induci{xg

oocyte maturation and ‘ovulation. Among the steroids; estrogens are

.. not effective‘in inducing germinal vesic'le breakdown. }indwgens

are the second )east active, followed by ﬂ-oxycarticostermds which,

hdwever, are very acnve in some fish. The most effective steruids :
are either 11-deoxycur£1éosteroids {Sundararaj ‘and Goswami, 1977)

or progestagens. In the ra_inbaw trout; goldfish and pike, the'
progestagen 17a-hydroxy~20g-dihydroprogesterone is ‘the most effective

tro and in vivo (Fostier'et al., 1973; Jalabert,

steroid/both in vitro

'.1976). The steroid was first identified by Schmidt and Id?er (1962) 4.

in plasma of sexually mature salmon hqt not in- |n|'v\ature fish.. .0 =i
Another progestagen, l7a«hydroxyprogesterane was also discovered by
Schidt and Idler (1962). Campbell et al., (1976) found that winter
flounder oacytes matured in donor p'lasma containing higher

ions of 17a-hydroxyprog: and that maturing females

had a higher concentration of this steroid in b'lncd.. suggesting a
FREs

maturanonaL role of the progestagen N s

The mechanism of actiof of steroids on oocyte maturation and

’th]ation has been studied using afollicular oocyte (Jalabert,

1976)." Results suggest that steroid interaction with the follicular




., : iTe

layer 15 necessary for final maturation in some species while in

others it is not; butit fs quite possible: that-vioval 'of the
follicular layer may affect other processes as well.

In most fish, mammalian FSH and HCG are either ineffective or
“only siightly effectivé, but gonadotropin préparations From
salmon and carp pﬂzuitary g'lands-are active (Ja'lavbert _e_tﬂ.,“1973;
1974),/n indycing oocyte maturation.

3 Three mechanisms have been proposed’to explain the .actions of

gonadotropins oﬁ’ooby.\txev_mat._uratinn and ovulation.
T 4
s (i) A gonadotropin - ovaty axis R . .
‘ Gonadotropim first interacts with the follicular layer of
an oocyte to pm‘duce 'a ’s%id which inducgs maturation. This fs
substantiated by ‘the finding in some species that induction of
“maturation in afollicular oocyte has not been met.with success.
(i}) ‘ A gonadotropin - .interrenal - ovary axis
This mechanism was suggested by Suridariraj and Goswami

(1977) to account for the observation that gonadotropins were unable - .

to induce maturation of catfish-ova in yitro unless interrenal tissue \
was added but were able to do so in vivo when administered to B A

hypophysectomized catfish.
({#)  Steroid enfanced interrenal - ovary axis &
Jalabert (1876) suggested that interrenal corticosteroids
-, might enhance oocyte maturation inducéd by progestagens. ' W 5,

Hormonal_control of testicular ster is and spermiation-

The steroidogenic activities of various vertebrate gonadotropin

preparations on diversevertebrate testicular tissues have been

investigated (Farmer et al., 1977; Lance et al., 1977; Licht ﬁé_.,
5




; ,gona‘dnt:y preparation SG-G100 has no efféct on male turtles in

1977b; Jenkins et ﬂL, 1978). In thé go]éhsh " hypophysectomy leads

to an atrophy of interstitial c€lls in'the testis. (Yamazaki and

nopawan, 1968a) and a decrease of 3g-hydroxysteroid dehydrogenase
activity in the inters‘titi_u‘m (Yamazaki. and Donaldson, ~195‘9). The
interstitial hydroxysteroid enzyme activity can be restored by
treatment with SG-GT00, a partially pm:ified preparation of ‘salmon
ganadatr;zpin (Donaldson et al., 1972) but as Yamazaki and Donaldson
(1968a) pmnzed out, measurenent. of 3g-hydroxysteroid dehydmgenase
activity alone is not an adequate parameter of steroidogenic
activity. There are’also a few reports on the effect of teleost
gonadotropin préparations on steroi;i production by various tetrapod

testicular tfsksuesf 'fﬂagia LH s active in stimulating testosterone

“production by rat Leydig cells in vitro (Farmer and Papkoff, 1977).

Gonadotropin,_preparations fron salmon- (Donaldson et al., 1972) and !
carp (Burzawa-Gerard, 1971) release androgen from testicular cells of

Japanese quail in vitro (Jenkins et al., 1978), but the salmon

(Lance N '[97.7). However, knowledge of the steroidogenic effects

of purified fish gonadotropins. in fish'is completely lacking. Further-

“more, androgen production in fish follows a pathway distinct from 'that ~

in mammals (Idler et al:, 1961; Idler and McNab, 1967).

Spermiation, or. expulsion of spermatozoa, was cnmp'le‘te'ly

inhibited in the goldfish after hypophysectony but was initiated
|

by treitme‘nt with a’ partially purified salmon gonadotropic preparation 5

(‘lamazalii’v and.Donaldson, 1968b). The lack of - -an inhibitory effect of.
hypuphysectomy on spermiation in p'mce (Barr, 1963) and lake chuh

(Ahsan, 1965) was attributed to the usage. of fish which hid’ a'lready




shwn s1gns of spermiation before hypophysectomy (Vamazaki and

/. ! Donaldson, 1968). Androgens were found to'be effective in rduction

' of spermiation (Vamazaki and Donaldson, 1968a).

v Statement on the Res‘earch Problem .

£ Until 1975, .data .from chemical fractionation’ studies and bioassays

. - supported the concept that the teleost pituitary elaborated a
single gonadotropin which controlled all phases of the reproductive
g cycle including vitellogenesis, oocyte maturdtion and ovulation, °,
‘ spermatogenesis ,. androgen production, ‘u‘nd spermiation (Donaldson, -
1973). However, histological ‘studies on the teleast pituitary
s revealed more than one type of gonadotrope in’same ‘Fish’ (see Reinboth,
1972) and Reinboth (1972) stressed that histological findings should
not be overlooked. A more hiam‘fpurined glycoprotein gonadotropin
was obtained from chum, salmon (0. keta) pituitaries by Idler et al.-
(1975 a,b) who First applied affinity chromatography on Concanavalin
A (Con A)-Sepharose to isolate fish' pituitary hormones. P\erce etal.
= (1975) employed affinity: chromatography on Con A- Sepharose to
Pirify further Donaldson's SG-G100 preparation and found substantial

amwnts of Con-A I material' in the hormone preparation

in accordance
A with the observation by Idler et al. (1975a) that ethanolic
fractionation did not. yield a Con A II gnnadatFopic‘fra:tiun free of .
~ , Con A I material.
"Un parbially purified drdpareston of Diates v1te'|'|ngemc HoTitn
* was achieved by Campbell and Idler (1976) using oneCstep affinity
. chrbmatography on Con A-Sepharose and c‘hrdfna‘tdgraph_y‘ on Sephadex G-75.

Andther gonadotropin was found in the' fr_g‘qjtjnn adsorbed on Con A

Sepharose. This fraction possessed.io'vit&1logenic activity
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4 (Campbel1 and IdTer, 1976) but -induced “Gbcyte maturation and ovulation.
A proposition for the e1ahmt1on of tvio types of gunadotrnpins by,
the plaice pituitary seemed. apportune. Huwever, 1hese ﬂnd(ngs
were complicated by the observation t_hat the vitellogenic hormone
preparation also contained an 'apprecia'ble amount o‘f maéurational
and ovulatory activities which were suggest/ed to be.due to contamination -
with the maturational gonadotropin (Campbe]{ and Idler, 1977).
When the present work was initiated |n 1976, there were avaﬂnlﬂe
several techniques chh cou]d be developed into bioassays for

. gonadotropic actwiﬁes. Campben and Idler (1976 1977) laid duwn [
the ground work for this thesis. by deve1op;mg a technique ?_f
hypophysectomizing ihe winter Flounder, and bioassays for viteilogenic’
activ!}y ‘and. oocyte maturatiuna] activity. The assay éar vitellogenic
‘nctiv(ty 1s based on the work of Follett and Redshaw (1974) on
amphibian ‘vitel logenesis and on the work-of P)ack et al., (1971) on
cod vitellogenesis. The assay for maturational activity is based on
the methodology mentioned~ir Sundararaj .and Gusvami (1977). " Idler et
al., (1975 a,b) - developed chromatographic techniques on Con A-
Sepharose, Seph‘a\d;ex 6-75, .and DE!\E Bio-Gel A.  Without these tﬂ:nm‘ques"
T . the present work would have been “impossible because fish gonadotropins

a}‘e very often inactive in mama’l@n bioassay systems (Dondldson et

4 al, \972; Idler et al.,¢ 1975¢),, Mature winter flounder are usually
3 : ~ v

available all year. munﬁ. One of the goals of this investigation was
to prepare’ the plaice gonadut\i*upins ina purer‘ form in ordér to

. facilitate interpretations of h{oassay results-and-to further study
S hnthvgunadotmpins. Sinée the téleosts 'are a‘heterogépe‘ons

assemblage of pis¢ine species, it was detidéd to purify gonadotropins .




lead to a better understanding of the gonadotropic.control of

1=

from the salmon and winter flounder pituitary glands as well, in order

to ascertain whethér the phenomenon of duality of gonadotropin

could be extended to other species. The question of the number of

gonadotropins in. fish is an important one in cémparative endocrinology

_since 1t has only been recently rejorted that two different types of "

gonadotropins, designated FSH and LH, can be isolated from the

pituitaries of some, but not'all, representative of the classes

* Mammlia, Aves, Repti'lia’and Amphibia (Licht et al., 1977b). The

establishment of ‘two types of gonadotropins depends on a comparison

of graphic behaviour, p ical properties, biological
and imunological activities of the gonadotropic fractions. Studies on

the biological activities of the ‘two t,vyes ‘'of gonadotropins would

v1te1]ogenesis‘}, oocyte maturatwn androgen production and spermiation
because previous mveshganons utilizing partially purified
gonadotrupw preparmons could not attribute the observed actions to
one ar pihir'or - the gonadotropins. 2

MATERIALS -AND HETHODS

Preparation of pituitary hormones

Pituitary glands of the American plaice Hippoglossoides

- platessoides' were collected at Bonavista Cold Storage, Fermeuse,

Newfoundland, and kept frozen at -80°Cuntil they were processed.
A ba\tch collected in Septenber was used for assay of vitellogenic
activity, whereas hypophyses procured in June were utilized for

maturation and ovulation studies. Pituitaries were collected in

" June from mature winter flounder Pseudopleuronectes americanus..

_Chum salmon - Oncorhynchus keta ' were caught in Johnstone Straits,

. . s




N
* (0.05 M Tris-C1, pH 7.8, 0.5 M NaCl, 0.2 mi DTT, 1'mM: CaCl,, T

British Co’lmr:;a, in October and were processed at Canadian F'&sh(nd

Co, , ‘Vancouver, British Columbia., Ganadosomatjc index. of the male

fish averaged about 0% and that of the femle, about 12." It is

“estimdted that the Fish were sti1] a few veeks fron spawning. The

ﬁitu'ftaries u;re collected, frozen on dry ice, shipped, énd stored

at —60"06\6:\11 extiacted. 5 . - :

" (a) Chromatography on Con'A-Sepharose !
Pituf taries were extracted and re-extracted with 4 vol. of Buffer

B (0.05 M Tris-C1, ¢t 7.8, 0.5 M Nacl, 0.2.m1 dithiothreitol (DT,

1M CaClz, 1nM Mfly, 1 m HnCl,, 3% Trasylol%) before being applied

to a column containing Con A<Sephar;zse (Pharmacia) -previously r

eqlﬂ]ihratgd with the same buffer. The column was e'lutgd_‘at a flow &

rate of 25 ml/hr., first with'Buffer B and ;uhsequenﬂy with -Buffer C

MgC1,, T mM HnClo, 3% Trasylol, u-ﬂsfn'u-metfm -n—gxucnsiq'éj .to yleld "’
the unadsorbed Con A I and' the ‘adsv_rbed‘.ton A 11 fractions (Fig. 1), -
respectively, as described by Idler et al. (1975b)." The Con A1
fraction was mchrnmatugraphed on Con Adepharase to get r'd of ar;y
con{aminating Con A 1I material. The Con'A IT fractlon which was -
held on Con A-Sepharose contains g'lycoproteins with afD~g1ucopyranus i
end groups or internal 2-o-lirked-D-nannopyranosyl residues, wr,e(z;sy
the u;;adsurhed fraction designated as, Con AT is :mpri;ed of non-
g]ycaymteins and glycoproteins devoid of the ‘appropriate residues
(GoTdstein et al., 1965).

{6) G;f_i;traﬂfm ; )ﬁ? N

*\'rasyh}‘was purchased from Bnehringer Ingelheim Canada Ltd., Dorval,’

Quebec. It is a protease-inhibitor. It has a molecular weight of 6512

and consists of a chain of 58 aminv acid radicals representing B B
different amino acids. N




d e - &
> FI6.1 Fractignation of American plaice pituitary extract
¢ . on Con A/-‘Sephlwsa. Fraction sizewas 7 ml. »

g nav s 7

it
A
A
; I3
P o
B U2
L
s

g i




) & 4
o . " HIBWNN NOLLOV YA o e -
©, 7. 002 08 - 091.. oWl 2. o0l 08 .09 o 02 0 =
T R er T o TR oy e T R o
L : . $ 20
L H v0 PR
! L ' H oo :
i Mo . : H 80
I = . . : > : ) |. ! O X
p i w yi, o 4 ﬁ R A5 01 o :
; B 4 Bl e N
; - 1 - : S
] B : : L Y
e ; . 2 o n.v.m
‘ =)
S| 1 1 1 1 1 i 1 ®
i i . . ~ . & 4
o e, |




15 .

The Con A Iand ConA IT fractions were concentrated by ul tra-

filtration, dialyzed-against the colum buffer used in the next

chroma tographic stfgp_. and centrifuged before being applied on two
Ultrogel AcA 54 or AcA 44 (LKB) columns (2.5 x 90 cm) connected in

_serfes and eluted in the ascending fashion at.a flow rate of 18 mi/hr.

For the Con A T fraction, el uatis from the Ultrogel double column

.-were pooled separately into three fractions A, B, and C with molecular

weight. ranges of > 160 x 103, 160 x 10° - 45 x '103. and 45 x 103 L)

70 x 103, respectively (Fig. 2). In Tater runs, Sephacryl 5-200
Superfine (Pharmcia) ws substituted for Ultrogel Ach 54 to achiers
a fast preliminary separation at a flow rate of 75 mi/hr.. The
Fractions were’ then ultrafiltered and chromatographed on Bio-Gel A-0.5

m (200-400 mesh) (Bio-Rad), Ultrnge;l AcA 44, or Ultrogel AcA 54 until

" peaks which appéared to be homogeneous were obtained (Figs. 3,4).

For the‘tnn A ll/Za:tion, eluates collected from the Ultrogel column
with molecular m(;hfs fﬂH‘ng in the range 20 x 107 - 160 x 103 were
pooled, ultrafiltered, and chrematographed on two Ultrogel AcA 54
columns. connected in series- (1.5.x°89 cn each]. Rechromatography was i
carried out until symmetrical peaks were obtained: .

Buffer G (0.05 M Tris-C1, pH 7.8, 0.5 M'NaCl, 0.2 mM DT, 5 mM
EDTA, 3% Trasylol) was used for gei filtration on Bio-Gel A-0.5 A- (200- "
400 mesh, Bio-Rad). F‘or’chromamgrapl\y on Ultrogel AcA 44 and U’Itr‘ogzl
AcA 54 Buffers D (0.05 M Tris-Cl, pH ~7.§. 0:\5 L A\an, 0.1 mM bTT, 1
mM EDTA, 3%‘Tra‘sy.10'|). E (0.05 M Tris-C1, pH 7.8, 1 M NaCl, 0.3 mH
DTT, 1 mM EDTA, 3% Trasylol), and F (0.05 M Tris-C1, pH ;;B, 0.5H
NaCl,’ 0.2 m DTT, 10 mM EDTA; 3% Trasylol) were supln‘_yed to investigate
the.‘szacts of various concentrations of NaCl, DTT, and EDTA on the




- FIG. Z me‘l'le nf “elution of p'laize Con A ¢ fractian from

U’ltrngel Ach 44, Frackon size was 8 lll.
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Chromtography of pmce,l;«{n AT W 62,00 fraction
on Ultrogel Ach 44. Fraction sizevas 6al.
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, . 3

FI6. 's . Chronatography of plaice on'A I 1M és.oo’g fraction
" onBiogel A 0.5 m.- Fraction size was 3wl.
The do;:ted'iines represent the way the fractions
were pooTed for use in bioassay. o
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L ;
! / 50 to 150 mt 1, HCO; (mixing volume 250 ml : 250 m1) followed

i

possible interconversion of different molecular weight species.
() Ion exchange’chromatography ’

Subfractions of the Con A I fractions with"appropriate molecular’

. weight were pooled, ultrafiltered and extensively dialyzed against

5_mM NH,HCO3, pH 9, over a period of 3“‘déys before being chr'omatogra;‘ah—
ed on DEAE Bio-Gel A (Bio-Rad). The fon exchanger was fully
regenerated wuth a saturated solution ‘of NH,HCO3, followed by 1M

. NHyHCO34 and then eqniHbrate\si with 5 mM-NH,HCO3 over a period of

several days before.use. Unadsorbed proteins were eluted by 5 mM

NH..NCﬂa. Adsorbed proteins were eluted by a linear gradient of

by a second g*ad\ent of 150 to 600 mM NH/HCO3 (mlx"\g volume 250 m'l Cog

260 m1). Strongly adsorbed protems were eluted by 1 M NH4HCO3.
A1 fractions were collected at Gml/hr fron.a 0.9 x 27 P column
(Figs. 5. 6). “

The vitellogenic' Con A I fractions (DE III fraction, Fig. 5)‘
from the DEAE i‘nn_exchanger viere further processed, after extensive
dialysis against 3 mM ar(moﬁium acetate at pH 6, through a tolumn
of CM Bio-Gel A (Bio-Rad) equilibrated with the-same buffej
Unadsorbed' proteins were eluted with »thve starting buffer. Ad‘sorbed

fere eluted with M anmonium acetate (pi 6). The ‘pattern

- proteins
“of the elution profile is similar to that from Con A-Sepharose
(Fig. 1) i.e., abigbroad unadsorbed peak s and a small sharg™

adsorbed peak.

The salmon maturational Con A II G-75 fraction IT was *

' _prepared_as described by Idler et al. (19752). Fractions

c&y:responding to the ascending half of the biologically active .,
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Profile of elution of 46 mg plaice Con AT M. 62,000

fraction fron DEAE Bio-Gel A.- Yields of DE I, TI, HI'a, .

I1I b and IV were reépectivaly 1.2, 1.83, 3.73, 3
and 4 mg. Fraction size was 3.5 ml. .
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FIG. 6 “ Profile of elytion of 21-mg plaice Con A’ Wl 28,000
" fraction from DEAE Bio-Gei:A: Yields of DE 1, 11, ~ -

.
11T a, 111 b and IV were. respectively 1.2, 2.1, 2.6, . .
"2.0 and:5.9 mg. Fraction size’was 1:.3:ml. . ¢
; ) . 5 5
. - o . .




®
3 ¢ 5
014 -y 3
o
o 010 o[ k
B o '
|8 : j
Q- :
O oogl . # .
006 I b
| I
e Wil I 1 i
© o4 { 1
004 1 L T
I T
; ! 1 L, =
\202 i | R
1 | |
o i [ P, 1 R I SN DO /R 11 )
o] 50 100 .1 200 250 - - 300 - 350 400 450 -

§

150 10 600mM,__600mM - !
mM, _500mM -

FRACTION NU

X

eER
k]

L2




‘-21- . i -

peak (M 40,000 daTtons) were pooleé to form Con A 11 G-75 Fraction
B E 11 as described by Idler et al. (1975a) ‘and used for radioimmnotogical
" and chemical characterization stmhes wnhout further purification on

‘the DEAE fon exchanger, while the whole peak designated fon A 11 M ;

MJ;\DO fraction was used: for v;teﬂogenesis and oocyte maturation

assdys. Chromatography of salmon Con A II Md 40,000 t_‘ra‘c‘t‘i‘an on

DEAE Bio-Gel A to praduce two peaks with goradatropic activity, which &
were designated DE I1 and DE III in this study had been desErihed'by
Idler et al.’ (1975b).. When DE II and DE I11 w;zr'e chronatagraptied ”
on CH Bio-Gel A, adsorbed proteins were first eluted with mmm

amoniim acetate to obtain CM II and then with 2M amnnium acatate

to yield CM III. In both cases CM I (unadsorbed fracﬁun) constituted e
the bulk (3 90%) Gf ‘the material in.DE 11 and DE III fractions. N

The plaice maturational Con A 11 Wi 62,000 DE-T frac’tio,n'(’rig. 7)

was prepared as described above for-the- vitellogenic hormone. The - .. 2

flounder maturational Con A II MJ 62,000 DE I fraction was similarly il

. & p\mﬁed. Hom oY

* Salmon Con A II MY 40,000 fraction, Con A I MM 25> 0 fracit'ion

and Con'A T H 45,000 fragtfog were also chranatographed on Lentil

X ; Tectin-Sepharose 4B (Pharmacia) which has a carbohydrate specificity i X

{ s, s o

l\_ similar-to Con A-Sepharose (Allen et'al:, 1976) but a ldwer affinity / .
. \ . (Stefn et al., 1971). The colum was eluted in the same manner as ~ *

for Con A-Sepharose.

Salmon Con A I M. 25,000 fraction and CoriA I M 45,000 fraction "
were also chromatographed on wheat germ Leeﬂn-séphav'-ose 6 MB
(Phamacia)_ and Helix Pomatia Lectin Sepharose 6 MB.(Pharmacia).. = | w5 1

Unadsorbed_proteins were eluted with Buffer B. ‘Proteins adsorbed ! 3
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Profile of elution of 27 mg plaice Con'A I1 M 62,000

. fraction from DEAE Bio-Gel-A. V‘lel& of-DE.I, IT and
* I were respectively 11.2; %5 and 2.0 mg. Fraction:

" size was 4.5 ml.
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on wheat germ Lectin-Sepharose were eluted with Bﬂffer B containing.
N-acetylglucosamine at a fgncentration of 100 mg/ml. Proteins
adsorbed on Helix Pomatia Lectin-Sepharose were eluted with Buffer /.
B conta'«nmg N-i ace:y'lga]actosamne (IO mg/ml). . i
Animals for bioassays

Mature female wmter flounder seudug]eurnnectes americanus were

collected by divers from Sep’.ember to January, the perlod during which
the fish ovaries were actively undergoing vitellogenesis, and from
February to March when the oocytes were maintained in a yolky state.
These animals were used for studies on vitellogenesis whila those
caught in May and June, the normal spawning period, were used in the

- matura‘ti‘on and -ovulation assay. Flounder were hypophysectomized

" in ‘accordance with the tethnique .described by Campbell and Idler
(1976) and then allowed to.recover ln 33% seawater at 10°C.

Assay of vitellogenic activity in the pituitary hormone oreparations

The assays were based on' the work on amphibian vitellogenesis
which revealed that manma"liin gonadotropins could stimu]ateﬂ@n
ovarian uptake of ligo[;husphoprnt.ein synthesized by the liver under
estrogenic influence (Follett et al,,1668; Wallace and Jared, 1969).

Fish were used approximately 2 weeks after hypophysectomy. An
intramuscular injection of estradiol benzoate in peanut.oil (1.5 mg/
kg) vas given. Then - intraperitoneal injection of an aqnjénus

4 soiution of [3H] leucine and H33%p0, (New England Muc\éar) (2 uCi of
each isotope/ll)!! 9 qf Fish body weight) was administered o; \the
first day, Three days later the ﬁsh réceived the first of a series
of four daily injections of either the pituitary hormone preparation

or-buffer, They were sacrificed 72 ‘hr after the Tast.injection,
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 Duplicate 100- to 200-mg pieces of the ovaries were weighed out with
a Cahn electrobalance; care was taken not to include the ovarian
wall. They were digested in'2 ml of Protosol (New England Nuclear)
at s5°C before counting ‘for-both 2H and 337 in 15 ] of Liquifiuor
(uen England, Nuclear) in a Packard Tri-Carb Model 2003 Tiquid
scintillation spectromgter. . Separate duplicate 100- to 200-ng
pieces weré homogenized directly in scintillation vial!lln 1% .
trichloroacetic acid with aPolytron honogenizer.” The homogenates Were

Incubated at 85°C for 20 min to eliminate any aminoacy'l transfer RNAs

from the precipimce (Roberts and Peterson, 1973). The precipi
ihich consisted of proteins and possibly same nucleic acids, vere
recovered on centrifugation at 2000 g for 45 min, subjected to
“Protosol digestion and then cotinted in Liquifluor as mentioned above.
A 3- t0.8-g piece wss also excised from each ovary and honogenized
in 4 vol of 0:5 M NaC1-5 m EDTA. (Plack et al., 1971), the yolk
extraction medium.  Centrifugation and re-centrifugation of the
homogenates at 15,000 g for 2 hr in.a Sorvall S5-3 automatic super-
speed centrifuge yieided a supernatant, an aliquot of which was
taken and/dialyzed against three daily changes of 30 vol of &M
CaCl,. Contents of the diadysis sacks were transferred into counting -
viais,- tHe sacks, were. thoroughly rinsed with 5 mH CaCl, into’ the :
vials, and the conbined non-diffusable material and vashings in the vials

. were centrifugéd at 2000.g for 45 min:> The supernatant was aspifated off,
and the pliosphoprotein precipitate was dissolved in 3 ml of the 0.5 M NaCl-5
i EDTA extraction medium before 10 m of Aquasol- (New, England ..
lluc'lear) was added for scintillation counting. Disintegrations per

minute per unit weight of ovary were ca'lcu’(ated. allowing for decay of




* ovary

|

radioactivity, spillage of .radioactivity across channels, aTd color ¥
quenching. . " TN | 3
This assay was used to monitor vitellogenic actjivity of all
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fractions in the isolation of viteilogenic hormones from pituitarjes -

"of, plaice, flounder and salmon.

Chromatography of phosphoprotein precipitate derived from flounder
2 > T

’ i

In the assay for vitéllogenic activity of a hormone fprep?ratjun,

incorporation of feucine and phosphorus- into the ovarian ‘phus;ﬂhaprotein

" precipitate was followed by radioactive tracers. Studies were|made

on'the chemical characteristics of proteins in this precipitat in
order to vérify the Validity of the assay method. \
In each of the following runs the predipitate was dissolved\in. the

buffer previously. used to equilibrate the dolum, dialyzed against

- the same buffer, centrifuged and ‘the supernatant was then|applied
| g

to the column. |

(1) “Gellex T (TEAE cellulose, Bio-Rad)
The column was equilibrated with 2.5 mM citric acid - 15 mM Monol

pH 9.9. Unadsorbed proteiins vere eluted with the same huff\e\r. Adsorb-
ed protsins were then eluted with a linear gradient to 250 n;M citric

acid -:750 mM Monol, and finally with 250 mM citric actd - 750 mM

Monol. & v !

Ty s
® (i1) DEAE Bio-Gel A (Bio-Rad) and CM Bio-Gel A (B!'n—Rad_)l

The columns were equilibrated with 50 mM Tris C1-5m4 EDTJ‘\,
pi 7.8. Unadsorbed proteins were eluted with the same buffer|
Adsortied proteins were eluted with a’linear gradient of 50 @M{Tris

C1-5 mM EDTA to 50 mM-T.ris C1-5 it EDTA-2 M NaCl:’ - (




. cs0 (a0i) )

. : |
(i) Bio- Ge’l HTP (Hydroxyapante, Bm Rad)’ and Amberlite’ L ‘
|

|

|

The columns vere equihbrated with 10 mM potassmm phnsphate.
© pH 6 8. Unadsnrhed protems were eluted mth the starhnq huffer. ’ \
Adsorbed proteins were eluted mth a tinear gradient of 10 mM to l M
potassium phosphate pH 6.8. ol ; LA o
5 (iv) . Con, A-Sepharose (Phamnci;) 4

Tonditions of the run were the sape as described in (a):

¢
AcA 22 and U1 tmgel Ach 54, (LKB) N o ,\/\ :

(V) Sephacryl 5200 Superfine (vmmacia) followed by Ultrogel
R
: { !
W G, TR Conditions of chromatography vere as déscribed in {h) Bovine , . ..«

< . gamia' globulin (M 205,000) urease (Mil-490,000), thyroglobulin

- - (M 670,000) and blue dextran, were used to calibrate the UTtrogel ) e & :

AcA 22 column.

Determination of alkili- labile phosihorus content :of f'qunder
o ) ) ovarian EhosghoErotein .
The rethod of Chen et al., (1956) was followed. _ Fractions.from

K Tl

nhrnmatographlc method (v) were, analyzed

i " Bssay for activity of incorporating sesum hcs hoprotein(s) into .the

§ water-mstﬂub]e (Unnghosghogruﬂ) yolk fractinn of the uvary /
. N :* In January, mature male Flounder were hynonhysectomzed. Five /
weeks. aftér hypOphysecton\yveaclyﬁ sh was g'iven an huectwn cf ;5 mg .
estradiol- 17 and 70 uCi H;”Pﬂb (New Eng'land Nuclear). Eight days| -
after the injection a puo1 of serum cuHected from all the fish was\ A Sl '

St placed in a dialysis fubing (mol. wt. cut.off 12,000-14 000? and

dialyzed against a dilute saline solution with frequent changes to

ehminate free Hy33p0, and 3%-Tabeled prnteins of ow molecular *

;SRS E T
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weight, ,unti'l the sa'l ine sqlutiun cnntained very little raﬂ(oactivny. Ty

An aliquot uf the dii]yzed serum, and either. saline or mnter flounder

" Con A'1.28,000, daTton DE 111 CH 1 fraction (100 ha/ks], were

injected into hypophyséctomized malturev female flounder. : Five days
9 3

‘after- injection the flounder vere sacrificed and radibactivity in the o’

water ’1nsnluble ya]k fraction of the ovary was determined as described
above in the- assa_y Fnr vitenngenic activﬂ:y “in pituitary hormone

preparations.

“Assay of maturational and ovulatory activities in the pituitary

hormone- pregaraﬁ\ms ¥ - 2
Fish ere used 3 fo 4 days after hypoplwsectomy. Those which o“/ir'

posited ~on 'Strippin'g or which were in an advanced stage of maturation
were excludei frnm the expermant. Hypophysectomized fish were
inje:ted dafly ulth e(ther the pituitary hormone preyaratmn or buffer .~

* over a period of 5§ to 9 days. Daily egg samp'les, from 1nd1v{dua'|

¢

vegg 4n the biopsied sahp'le was assigned a ratmg in’ aéﬁordance with

fish, each containing 100-150 ova were taken by means of ‘av Silverman 4

- biopsy needle (14 gauge, 3 3/8 in., Becton, Dickinson & Co., U.S.A.)

inserted through-the genital pore. The eggs were first exanined in
teleost. buffer* (pH 8.4) unde‘r a Nikon binocular m'lcrosqt_)‘pe to ‘ascertain
the percentage of completely opaqué* clearing, and t;omp]etely cleared
eggs, and then again nfter fixation in an acetic acid glycerol: te'lens\‘. B

buffer mixture (4: :6

0 viviv) to show up the germ1na1 vesicle.” Each aj)

'The cmwns'ltion of teleost buffer is 11. 19 g-NaC1, 0.37. 9 Kc'l 1.08
-g-glucose,_ 0.44 g: CaCl,.. ZH;O& 0.47 -g MgC15.6H,0, d. 429NaHC03, 0.07 g

' NaH,P0y .H,0, and 1.5 g caps” (cyc'loher\vlaminnpropanesu'l fonic acld) In
1.liter of .aquedus ‘splution at PH 8.4




s indicated below.:

Stage of Maturation

Germinal-vesicle in center :

Gerninal vesicle sTightly of f center

Germinal vesicle midway on its route’ L
F 7 E . of migration toward the pérx'phery
\ ¢ A 7

| of the egg L

P 4 Geminal vesicle migrated to a

perl phera] position

5 .. ‘Geminal vesicle breakdown .
6 £ ¢learing and ‘increasing insize
: . 7 Egg transhicent and had attained a’ large size;

" oozed Jout from' the genital pore when a
gentle pressure. was applied. along, the
= - J " - " abdomi nal region

" The daily ratings (R) for individual flsh were cnmputed from the

equamn nyRy + naRy + ngRy + vhere n is ‘the number
R=

nj. +np #ng +
of eggs with the rating R.

This assay was used to monitor maturational-ovulatory activities
| : of all fractmns in the isolation of maturational homunes frum the

= ) pituitar(es of p'la‘lte, f'Iou»der' and salmon. -

hésay for testicular uptake of rad and tritiated Tewcine ~ /

.and_isotopic incorporation into proteins "

" Mature male. flounder col Tected in: January were injected 2 weeks
after hypophysectomy with Hy33P0, and H-leucine (New England Nuclear),

-'20 uCi, of each isotope for every kg body weight, together with the .




o

e

hormone _preparation or buffer.. Hormone admm\stratwn. was continued

--=—for another 3 days, and the fish were autops{ed AB hours after the

last injection. ;Radioactivity-in Protosol digests of the entire
testicular tissue, and of the - tn:hlnracenc acid- prectpvtable partwn
* of the testis, was determined .as descv‘ibed in the assay for

vitellogenic activity, ‘to assess the incorporation. of the ‘radioisotopes

into the whole testis arid testicular proteins respectively.

Spemkmtwn was checked startmg from 48 hr post-injection by

applymg a slight pv‘essuv‘e on -the abdominal region. A pnsltwe
respunse was detected by the free flow of milt from the gemtal orifice.
gAssay for steroidogenic achvﬂ:‘xes in_hormorie preparations

" (a)
hypophysectomized and on the twentieth day after hypophysec tomy they

In January mature male’winter flounder were

' were iftjected with either buféer or hornons preparations. Twenty-four

hrafter the injection figh were bled, and the plasma samples were.’ '

analyzed for one and’ 11 one in radioi

Throughout the ‘experiment the .flounder-were kept in seawater at 10°C.

Rédi of 11-keto one .

The antiserum to 11-| ketotestusterone was ra1sed ina New Zea'land

wh‘lte rabbit. 1 uuz-(S -0-car 1)- -oxime-| hovine

serum alhumm ‘conjugate (100 ug) was injected mtradermaﬂy at mu'lﬂple

sites at the primary mject'lun. Two. months’ later a buoster injéction
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of 2'mg was given intranuscularly into the hind 1imbs, followed by a

" booster every fortnight. An antiserun which showed 50% binding to .

tritiated 11-ketotes tosterane at 1 : 30,000 dilution was” utilized for

radioimmunoassay. v .
The essential details for the assay were as described by * “
Simpsoﬁ and Wright (1977). Testosterone jand 118-hydroxy testos terone ‘
gave parallel displacements to the Ti-ketotestosterone standard cirye,
and there was only 0.1% cross' reaction from either androgen over the.
range of ‘ihe assay. ~In view of the fact that H-kﬂetutestosterone wals' ”
the" predominant androgen in. flounder plasma (Campbell et al., 1976)
and- there was Tittle Vs-hydroytestostercne in plasna: of gonnchor‘istfc

species like the ﬂuu;nder (1dler et al., 1976), all samples could, be
assayed directly without interference from testusternne. i
J Flounder plasma- (25 u1) or Tandlocked sa)mon y]asma {10u1) vas
extracted wi th 2.ml dichloromethane and the extr‘act was evapnr-ated e
under nitrogen before being utilized for radioimmuncassay. Tritiated
T1-ketotestosterone (1000 cpn/tube) Kas lised Both as recovery tracer
during extraction and as labeled hormone (5000 cpm/tube). in the,assay.‘
For ‘sgparating free from bound steroid; dextran charcoal was'emphyed.
After centrifugation, an aliquot of the supernatantwas taken and
“counted in Riaflior (New England- Nuclear). ~ B
Radioimmunoassay of testosterone ’ ' 5 g T A
“The antiserum to testosterone was obtained fron Radinassay
Systems Labnrmwies Inc., Carson, California, the antigzn used
bemg testostemne 3-oxime-human -serum albumin cnnjugate - The radio-
|lm|unoassay using tritiated testusterune both as. 'labe] and recovery tracer

was conducted as described for 11- ketotestnsterone Both 11~




on silicic acid with chloroform:ethanol (98:2).
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ketutestostemr‘le and 118-hydroxytestosterone gavé parallel displace-
ments to the testosterone standard curve,. 11-Ketotestosterone showed
6-7% cross réaction yhile there was négligible (ca. 12) cross reaction
from 118-| hydro'xytestnsterene Samp'l es cnntaining very smalt amounts
of 11- ketatestosterane i.e., samg'les from all groups anaIyzed except
the group weated with fluunder Con"A II1.MW 62 000 fraction (see
Table 14) were hssayed directly in the assay and the testosterone
levels thus obtained were corr‘ectrfd for cross reactivity (5‘.’:) from 11-
ketotestostergne: For samples” from' the group of flounder treated with
Flounder Con A I WA 62,000 fraction containing appreciable- anounts of °
11—ketote}stosternne which wou'l‘d interfere significantliy 11|. the

testosterone assay,’ testostéroné was first separated from 11-keto-

one and 116-hydrosy ne by thin layer chromatography

* D1ch‘|orumethane extracts “of ‘Flounder- p'lasma samples, after

separmon int 11:ketotestostérone and testosterone by thin'layer
!

chronatography showéd, - upon-serial dilution, ‘parallelisn to the standard

curve in the 11 and testos terd ssays respectively.

* Treatment of assay data -

Assay data were analyzed with Student's t test-and repnrt_éd
as Nean 2y Standar‘d Error of. the Mean.

Protem binding of steroids in piasma

The methodology was essentially tI!e same as: that described by
Freeman-"and Idler (1966). A knoun volue, of ‘plasmasample ‘was added
:; 2,000 - 3,000 r.;‘)m of tritjateé A1-ketotestosterone. The plasmas
were equilibrated for, 15 min at’ mm'aemperatu_re/ and then overnight

at 4¢ before being applied on a column of Sephadex G-25 fine -
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(Pharmacia) equilibrated'with 0.9% saline. The colum had previdusly
been calibrated with Blue dextran (Pharmacia) and tritiated 11-
ketotestosterone; chromatography was performed at 4€ with 0.9% saline
solution as the elution buffer, and 1 ml Fractions were Collected
for counting in Riafluor.

Anino acid and carbohydrate analyses’

Protein samples f‘L‘}V‘ amino acid analysis were hydrg\_yzed in6N
'I|Cl ‘at 110°€ for 24 hrs and were then applied;to a Beckman Model 121
amino acid analyzer. Tryptophan was determined after 24 -hr'hydrolysis
in 3N p-toluenesulfonic acid contai’m’ng 0.2% Lry?tamine (Liu and
Ching, 1971). _Protein saiiples for anino sugar détermination weve
hydrolyzed in 4 N HCI- at 100°C for 8 hours and-the hydrolysates were
applied to the amino acid arialyzer with a 15 cn Bio-Rad Aminek A5,
r{esin_bed and a standard pH 5.28 g:!:trate buffer for elution (Black
et al. ,‘ 1970)." Hexose contents w\ere estimated with the anthrone
procedure (Roe, 1955). Optical density was read #4585 e
Isosbestic point.at which the absorbance by. hexoses'is.independent”
of the amount of tryptophan. An equinolar mixture of mannose and
galactose was tsed as the Standard. Sialic acid was measured with the
Marrér; method (Warren, 1959) in samples which had been 1ncu.bated in .
0.1 H H,S0, at 80°C for one hr to release the ‘bound Farbohydrate.
Electrophoresis ' J ,‘

Ana\ytifﬂ polyacrylamide gel disc _electrup[r;oresis vias carried
out as described by Davis (1964).at pi 873. Gels were stained with
0.62% coomassie‘ t?lvue, 5% trich}aroacetlc acid, 5% sulfosalicylic acid,
18% methanol, -and d.estained b,); diffusiuh‘ in 7.5% acetic acid.
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and S-carboxamidonethylation of salmdy Con A1 @75

Fraction 1T . X ;
. Twenty five microl1iters of an aquewus solution of 30 ug salmon 1
Con A II 6-75 Fraction IT (Idler et a1., 1975at;was allowed to react /.

ove‘rn(ght at room temperature with 5 ul Z:merc ptoethanol and 100 w1, *

10M urea in Tris buffer (pH'8.5). lodoacetamide (30 mg) was added”
. : Y,

and reaction was allowed to proceed in the dark for 20 minutes. The K
solution was th_‘en serially diluted with 0.08 M barbital buffer (pH 8.6) -
containing 0.5% boyine serum albumin hé\d 0.01% thimerosal, (aprotinin), .td
yield a range of hormone c trations to be assayed for imnunological
potency.. Thé reaction mediur’was diluted and tested 1ikewise i order |
to ascerta;ﬂn whether it had any effect on the antigen-antibody reactiu‘, '
The double antibody technique (Crim et al., 1975) was used for
radioimmunoassay. -Con A II 6-75 Fraction 1T (Idler et al., 1975a)

was labeled with 13lodine (New England Nuclear) using the chloramine
T method: of Greenwood et al. (1963) and purified.on a column of Bio-
Gel- P60 ‘(Bio'-knd). The antiserum used was raised against SG-G100,
thé salmon gonadotropic: preparations of Donaldson et al. (1972).
standard curve was set up using Con A II 6-75 Fraction}ll as
standard.

Treatment of salmon hormones with neur -

To *25 w1 of ‘an aqueous solution of 30 ug salmon Con A II G-75 -
Fraction II, or Con-A I MW 25,000 DE III fraction, or Cz{n AL M

.45,000,DE III fraction was added 60 g C1. perfringens neuraminidase

(Type V, Signa) in 0.1 M sodiun’ acetate buffer pH 5.7 containing 5 mi j
CaCl,. The enzymic reaction was allowed to proceed overnight at room

temperature. The solution was then serially diluted with barbital .

n
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buffer .to yield a range of hormone concentrations for radioimmunoassay.
The reaction medium was likewise diluted to find out whether the

aiitigen-antibody reaction was affected by the presence of the medium.

! ‘Hormones used for. binassays were treated with neuraminidase under

the same cond1tions except for the reduction of the enzyme : substrate
ratw to1: 20. The efficacy. of the enzyme preparation was checked
'b,v the detect'lon of free sialic aC1d in the reaction mixture at the
end of the enzym'lc reaction by the Natreh methnd (Warren, 1959)."
Production of anxlsera -

.. For immunization, (a) salmon Con A I1.6-75 Fraction II, (b)

“salmon Con A I fraction, (€) ‘salmon Con A-1 M 45,000 fraction, (d)

salmon Con A1 M 25,000 fraction, (e) plaice Con A 11 Mi 62,000

_ fraction, (f) flounder Con A LT I 62,000 fraction, and (g) flounder

Con A I-Md 28, Oﬂﬂ homogenized in Freund‘s complete adjuvant, were

4_finjected individually into New Zealand white,yabbits. A1l rabbits

received a primary intradermal-injection at multiple sites on the

back, followed two months later and monthly thereafter with booster

intramuscular injections into the hind limbs until a reasonably high
antibody titer was obtained. -The antisera utilized in this.study were
as follows: (1) antiserum.to (a), designated S-Con A-II-ab, obtained

after a primary injection of 200 ug and two booster injections of 1 mg,

“'dnd which at a dilution of 1:80,000 showed 50% binding to salmon

Con A 11 6-75 Fractfon II (2) antiserum to, (b), designated S-Con A I-ab,
ohtamed after a primary injection of ,1 mg sa!mcn Con-A 1 m 45,000

fra:hon and 6 month'ly booster (1 mg) nuectmns of the same' fract1 on.

This series of booster injections had been interrupted hy an injection

of 3 mg of the entire Con A I fraction. with the result that the

B



" fraction.

antisérun contained antibodies to both the Wi 2;;",000' and the M 45,000
fractions. However, when the antiserum was used at a dilution of
1:6,400 wi‘th the Mbl 25,000 -DE 11T fraction as label, a radioimmunoassay.
for this fraction could be set up with-a maximum Wnd|ng of 40%. On
the other hand, when the an‘tw’serum was used at a 4i1u?i0n of 1:6,400
with the MW 45,000 DE III fraction as 1aﬁe1, an assay for this fraction
could also be developed with a maximm binding of 40%. (3) Antiserum
to (c), des1gnated S-Con A I 45K-ab, obtained after a primary injection

of 1 mg and 6 booster 1nJe|:t1uns of 1 mg, and which at a dilution of

¥ 1:5,000 showed 50% binding to salmon Can A1 MW 45,000 DE III fraction.

(4) Antiserum to.(d), designated S-Con A 1 25K-ab, obtained aftera
primary injection of 1 mg and booster injections of 1 mg and which at
a dilution of 1:5,000 showed 50% binding to salmon Con A I MW 25,000
DE III fraction.” (5)-Antiserun to (e), designated P-Cn!; A II-ab,
obtainied after a prinary injection of 1°mg and 6 booster injections
of 500 ;:g. and which at a dl':lutiun of 1:6,400 showed 55% binding to
plaice Con A TIMM 62,000 :fraction. (6) Antiserum to tf) > designated’
F-Cnn A 11-ab, obtained after a pritary injection of 1 mg dnd S.
hnnster‘ injections of 1 mg, and-which at a dﬂutiun of 1:5,000 showed
_5[1% binding to flounder Con A IT MW 62, UDO fractmn (7) mtiserum
to (g), designated F-Con A I-ab, oblaired after‘ a primary injection
of 1 mg and 6 booster injections of 1 mg and which at a dilution

of 'I:S.ODQ showed 50% binding'to flounder Con A I M{ 28,000 DE 111

¢ g E §
Testing of ability of salmon vitellogenic Con A I subfractions to bingd

'to’antisera raised against S6-G100 and Con A IT G-75 Fraction TI

Antiserun to SG-6100 was raised by Crim et.al., (1973). X

P
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Preparation of antiserm, to salmon Con A IT G-75 Fraction II was -
described abiove. Five nicrograms each of salmon Con A I M{ 25,000
DE III"fraction and Con A I M 45,000 DE III fraction were treated i
with-2 mCi of 131lodine and purified on Ultrogel Ach 44 to get
rid of free fodide. ' :
" Labeled hémone, 200 w1, containing 10,000 cpn, was added to
200 u1 of a serial dilution of the antiserum and incubated with 100 ul
of normal. rabbit serum (1 : 40 dilution) -at '4°C for 72 hr'before
addition of 100 p1 of goat anti-rabbit globulin (1 : 20 dilution).
Incubation at 4°C was cont:inued for a further 24 hr before .
centrifugation and caunting of the precipitate.  Percent binding
ounts in red 1tate - h’lank X 100 where blank = counts (in
prac\mtate in a tube' frwm which the antibody is omltted during
incub“at'ion and total cuunfs = radioactivity in 200 u1 of labeled hormone.

YRelative percent binding = i ¥
Percent binding in the presence of x cold hormone
Percent binding T the ng in the Sbsence of coTd Formones

Testing.ofability of salmon Con' A II Gi75 Fraction Il to bind to

antisera raised against salmon vitellogenic Con A I subfractions

Serial dilutions of S-Con A'/I,—a N n A 1 45K-ab, and S-Con

A 1:25K-ab were tested for binding ‘to 10dinate;{ salmon Con A II G-75
Fraction II ;s described above.
Testing of cross reactivity of antisera raised against flounder
gonadotropic: fractions |

F-Con A" I-ab was tested for binding: to ﬂ‘ounder Con A II' MW
'62,‘000 fraction. F-Con A II-abwas tested for binding to flounder;
Con A I W~'ZB,M0 DE III fractfon.




. above.
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Testing of “cross reaction from salmon Con A 11 G-75 Fraction II in
T

radioi 3 for.salmon Con A I My 25,000 DE IT1 fraction and .Con

A I MW 45,000 DE III fraction . s
In- a radioimmunoassay for salmon:Con A.I MW 25,000 DE III
fraction, 5 ug of the fraction was labe]ed with 2 mCi of 131Iodine
and.then purified on Ultrogel AcA 44| tg"renove Ullodide. Labeled
hormone, 200 ul, containing 10,000 cpm, was added to 200 u1- S-Con A I
-ab {1:6,400 dilution), 100 u1 normal rabbit serum (1:40 dilution),
and either 100 w1 of the standard'DE III fraction, or a seriil dilution
of salmon ‘COH A 1I 6-75 Fraction II. - The mixture was incubated for
72 hr at 44!: before addition of 100 u1 goat anti-rabbit glnbglin
(1:20 dilution)? Inc;tbation was continued for a further 24 hr before
centrifugation and counting of the precipitate. .
Ina radioimunuassay for sa'lmon Con A I MW 45, UDU DE III

fraction, the. fraction was labeled and the assay was set up using S-

Con A I-ab at a dnunun of 1:6,400.  Cross ‘reaction from salon -
Con A IT 6-75 Fraction I1 was tested as described in’the paragraph

Testing of cross reaction from salmon Con A I M{ 25,000 DE TII fraction

and Con A 1 MW 45,000 DE 1II fraction in a} i for_salmon

Con A IT G-75 Fraction II

The antiserui raised against SG-G100 by Crim et al., (1973), was
used at'a dilution of 1:100,000. " Salmon.Con A I G-75 Fraction T1
was fodinated and the Con A I subfractions tested for cross reaction. . ¢

Testing of cross mactwﬂy from plaice Con A Y M 28,000 DE I~ :

fraction and Con A1 Md 62 000 DE IIT fraction in a
for plaice Con A II M 62,000 DE I fraction . d =
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“Platce toln 11 M 62,000 DE T fraction (5.49)-was ioddnated, and
the assiy was set up using P-Con A II-ab at a dilutian.of-1:6;400.
Plaice Con' A 1 MW 26,000-DE T1T fraction and Con A I M{ 62,0000E T11

fraction were tested for cross reaction.

Testing of cross reactivity from flounder Con A I MW 28,000 DE ITT

fraction_and Con A'1 M4 62,000 DE 111 fraction in a_radioi y

for flounder Con A'TIMA 62,000 fraction

Flounder Con ATI Mi.62,000 fraction (5 jg) was fodinated, and the
assay was set up using’ F-Con.A TI-ab'at a dilution of 1:6,4G0.
Flounder Con AT Mi 28,000 0E III fraction and Gon A I i 62,000 bE I 4
fraction were tested for cross rexction.’ Uy )

Effect of gonadotropin antisera on vitel

and oocyte maturation

' in_landlocked salmon and winter flounder . ¥

(i) ‘Experimental animals
Stunted Tandlocked salmon Salmo salar sebago aversging 5-6 years

of agé and 12 cm in length, were caught near St. John's, ﬂewfuundland. <
in October 1977. The Fishwere stripped in Deceber’ 1977 for artificial - .
fertilizhtion experinents and - then he'ld in €he laboratory for one year
‘bafore they were fISM for the ‘prassnt experiment. At sitopsy the
eggs were found to be well developed and yolky. It is'an &xperience
in this Taboratory that fish_held in’ captivity spawnel within 2
weeks of Fish caught in the pond at spawv\mg “time.

Winter flounder (P: seudog'leuronecte americanus) with oocytes
which vere mintained in 2 yolky state but which had not undergone’ * |
wgermlnal vesu:le m'gratiun were caught by divers two months before . G

" spawning and used inmediately. . « . . =




v G
‘ii) Land1ocked salmon exgefiments
3 ~Effects of antisera on (a) v'lteﬂogenesis and (b) oo:yte

PR maturation and ovu'latiun‘ & ’ i e E
(3). .The Fish'were divided.into three groups and were {njected "
respectively with (i) 200 w1'normal rabbit serum, (1) 200 p1 S-Con A
I 25K-ab and (i1i) 10w STCmA Ir-ab% 190 w1 normal” rabbit seru:n
(i.e., dfluted to near equipoténcy with S-Con A 1 25K-ab). Injections
vere given daily Fron lovenber 10 to Novenber 15, 1978. ' 0n Novesber
13 the fish were injected with H33%0, (40 uC1/kg), and on Nowvenber

16 they vere b’led, samples of ovaries taken, ‘and the 1ncnrporat'lnn B

of radlnact1v|ty into the water insoluble yolk fraction determined |

2, “ - as described above. -Plasma samples werevassa)}ed for vitellogenin

as. described by rdmgg al., (1979). Estradiol in the plasma samples

was determined with a‘ radiomnnnoa/ssay fo]]m;i ng the prgcédure

recommended by Dr. ‘G. Abrahan (Harbor General Hospital, California)

7\ and using an antiserun to estradiol (5310#5)"supp1|ed by him... Estradial
yln the samptes was extracted with ether” and purified. on Sephadex LH 20
as described 'by De Jong et al., (1973). - . o K

. Since radioimmunoassay for' thé gunadntropins could not, be used _
to show that blood samples, a]ready cnntaming annsera did not have
s:gmﬁcant qmunts of free hormone the b1ood samples were tested for
an excess mndmg capacity for the appmprlate hormone . . .
For each plasma samp'le, 2.5y1, 10 pl and 25 p1 were tested for :
‘binding to both chum salmon maturationa] and vitellogenic hormones.
§ The samples were incubated with 1100 1 wdinated hormone cantaming .
n o 10041 6% (155 diltion). :

10,000 cpm for 72 hr at 4E before addit

The tubes were cemrifuged 25 hr later and the precun tates were
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counted.  The counts represent binding of the \abe\ed hormone by

'A excess antvbudms presenl in the f1sh plasma samples‘ (h) The dosages.

nf antlbodles were the same as in the hrst experiment but m;ectwns

2 were gwen on rlnv 21, Nov. 22, Nov. 24 and Nov. 26 in 1978 to f1sh

“ whith were close to spawnlng,- Tritiated Teucine and H;33po, (40 uci/:

kg nf each isotope) were inJectéd on Nov. 20. .JH’E Fish were A
‘sacrificed on Dec. 11 and the maturatw_nal status of individual - L

fish was dete'nniued. Plasia samples were assayed for vitellogenin
and'the presence of an excess ﬁ‘specif‘ic,anﬁhmﬁies, and gonad‘

samples for r‘a;iiuactivity in the water insoluble yolk fraction, as
described in (a). Radioectivity in the water insoluble yolk fraction
of plasma, represénting newly synghesi_zed vitellogeniii was also ',/

determihed by precipitating 'the fraction with distilled wa‘ter‘

ard counting. the precipi{ate. " P

(h’i)l Winter_flolinder exper-iment i
The fish were réndom'l& divided into three éroups. The groups *

: were "injected with 100 pl of (1') normal rabbit serun, (i) F-Con A X-ab’,‘

or (iii) F-Con A LI-ab, once every two wq‘eks over a period of six

weeks.  Two days after, thé Final-antiserum injection the fish were

- given 3H-leucine and H333p0,, (20 uCi/kg) of each 1sntape
mcrapermnea’ny Five days )atgr the f)sh were -killed and the

. maturatwna1 status “of ind1v1dua1 fish was determmed. Pieces of.

ovaries were taken for assesswent of incorporation of Tabeled ya1k
RESULTS

Preliminary. purification.of pituitary extracts ‘onCon A-Sepharose
o D

and U1 trogel o

(i) Chromtographic béhaviour -




~ flounder were similar to that for salmon pituitary

W

‘l'be 'pmﬁ»lesA L3 elution of pftultary extracts |from plaice and
(Eract: the bulk
{(=902) protein was. in ‘the unadsorbed Con AT fraction whereas the
"adsorbed Con A 11 fraction (= 10%) appeared 25 a sharp peak (Fig. 1):
" The ghoice of Ultrogel-AcA 44 and Ultrogel AcA 54 as the gel
filtration ‘media permitted :leur-cut separatian of the mleculgr
weight marker proteins blue dextran (M, ZUOD x 103)," bovine serum !
albumin (W, 67 x103), ovalbunin (M, 45 x 10%) and chymotrypsinogen
*'a (M, 25 x 10%), from one . another (Fig. 8). Chromatography of.
plaice Con A T fracton on Ultrogel Ach 44]yielded ‘three peaks: a'large

one reaching an optical dens{ty‘of greater than 2 n‘t the void vn'h‘.ua
nd two smaller ones at 62,000 an'd 28,000 dnluxis. respe'c'tivzly.v

reg'lnn
m peaks« am! tubes on either;side of t.he peaks were pooled to form

fractlons A, B, and. C with molecular’ weight ranges of > 160 x ’ID’

160 x 10’45 X 103, and 45 x 10’ 10 x 103, nspecttve'ly {Fig. 2).
The yield of fractions A, B and C are g1vgn in Fig. 9. S
- " Rechromatography of fraction B on Ultrogel AcA 44 produced an o
npparent'ly»symrtr'cu peak with a molecular weight of 62,000 (F1g. 3).
a._v;mgum of | fraction C on Bio-Gel A-0.5 m (200-400 mesh) using.” ~ S
~Buffer G as the eluant gave a sharp symetrical peak at 28,000 %5 =
daltons (Fig. l)
pon'led hgether. concentrated, and run on l.l'Itrag!'I “Ach a8 using m
" ‘eluant Buffar D, a byffer with lmr mcenu-ations of 'NaCl, In'T.

However, when fraction C from “several runs' were

and. EBTA thnn Buffur 6, there wls an appurent lhgregltinn of ‘the
28.000 ] spuius t fnru a 62.000 W mnlelv (Fig. 10) That th'ls':'

_wasa pmcss nf uggreglﬂon rath/u’ﬂﬁ'n incnmph e sevnruion was
1 X
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-Profile’of elution of blue d_extl{an, aldolase, -bovine

Serum albuming ovalbumin'and Ehymotrypsinogen a’

from Ultrogel AcA 44. - Fraction size was 5 ml. -

!
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“Fig. 9 . Fractionation of plaice pituitary extract -into Con
; 3 b

= oA T fractions A,

B,-and C, and Con A.TI fraction™ '
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F‘lg 10 Rechrmtoguphy of a wnl of plaice Con A l M 28.000
dctions on. llltmgal Ach 44 wulllbnm with buffer D.

* \ Fracﬂm slze was 4 -l
~

"B
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i 1 i 1 1
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resolving power on ll!t.ruge'l AcA 44 and Ultrogel AcA 54 in the
molecular weight range 13.7 x 103458‘1( 103, In order to-ascertain
whether this aggregation could be prevented or minimized by:emplaying
higtier concentrations of Nal:l and DTT in the buffer, Buffer E

was used. Results reyealed that aggregation still cccurred to sme.
although a somewhat lesser, extent. (Fjg. 11). The use of Buffer

F, a buffer with a cnm:entraiim of EDTA 10-fold that in Buffers )

D and E, prevented association altogether (Fig. 12). On the other
hand, the molecular weight of fraction B vas unaffected by the
cnn:e'n‘tratluns of NaCl, DTT, and EDTA in the elution buffer, with a

‘very slight t:udenq} to form h|gh_ml§cular \'e'ight' aggregates and no

signs of dissociating to form a 28,000 molecular weight species
(Figs. 3,9). 3

’ Filtration o( pu!ce Con A II frn:tlon through I.lltrngel AcA 54
yielded a sharp peak at the void volume (M > 160,000) plus a.smaller
one at 62, 000 ‘daTtons (Fig. 13). Recnrmtngmi:hy on Ultrogel

Ach 54 of the pool of fractions (M 20-160 x 10%) on either sic caof

. the MW 62 000 peak and the peak after concentrat(m resnﬂted in 2

peak at vold volume, a sharp peak at 62,000 da’ltor[s. and a small

peak at 28,000 dlltunJ (Fig. 14). A sy-etri:i{ peak at 62,000
daltons was obtained by putting a concentrate of fractions on either
side of ﬁe " 62.!)00 peak and the peak through an Ultrogel AcA 54
column again (Fig. 15). .Hwéve;,‘men fractions on efther side of the
‘2 000 peak were pooled, “concentrated, and refiltered thrnugh U1trogel
AcA 44, nygregnt{an o form a- species of 62 000 MV was. apparent
(F_igs. 16, 17).‘ ! P £ % a

-
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The ‘pituitary of the_ winter floinder, Pseudopleuronectes amerfcanus
also tontains.Con A I and cnn A 1L fractions. which.are identical in =
n};cullr weight to those.of its relative, the American plaice
u{ggylos&ﬁds platessoides.  Both fractions contain M 28,000 and
W 62,000 foms (Fig.18) and the association of the M 26,000 peak

vto fnrl a m 62,000 peak can be prevented by. the inciusion uf 10 mM
EDTA in_the-elution buffer: e : 2

2 vResults' of chromatography of the chum salmon pituitary extract
on C.bn A—Sepharosa. Sq;hacryl §-200 Superfine, and Ultrogel AcA 44‘

4 in succession are presented in Figs. 19, 20a, 20b, and ‘20¢.- Two

upparent'l,y ‘homogeneous subfractions, with mlecu‘lnr weights of 25, 000

e “ and 4, oou, respect'lvely. were obtained from the Con A'I fraction.

o In anuther run us1ng pltuitmes from the same-batch, chromatography
of tne descmﬂng Jhalf” of the MW 45,000 peak produced a peak with
w 45 000 di'l!ws. The _yie'@s of the' Md 25,000 dHH IS,DOO fractions :
" from 5.9 of pituitaries were 15 and 20 m,
1) piologtes] activity i :
: Fm:tinns B and C- from the plaice Con A I fraction increaud the )

tiquy (Fig. 19).

gonadmmatlc |ndex, the ovarian uptake of 3%, and the Incnrponﬂnn

of the3P Tabel into the phnsphopmmm frlct‘lnn‘of the ovary. very
... significantly lbo\;; t{nasé of the' control roljp. when adE:injstgmd 3
" at doses of 190 and 250. u;‘nuu g body néum/inﬁmnn. "res;;ecﬂvEJy J
rabie NoA much lower: dose, 35 l‘gIIOD ooy welght finject fon 7
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_Fig: 18 Profile of elution of winter flamder Cn AT . -
1 Ach 84. Fraction size was
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l:'hula salmon -pituitaries (5 )
Con A-Sephuose

Ty nolvtlsx, 20 mg -
(=Con A T mol wt 45K

" mol wt 25K, 15 mg~
) “(=Con mol \d: ZSK)

Buffer B -
“Unadsorbed mmon g i
Con A-S.phnmu .
: Buffer B . .
thadsorbed fractign (Con A 1) # | !
=3 a-pmuyl -200. Superfine R Adsorbed
,Pnction B Fraction C: | Buffer C Buffer C .
. mol wt{160K-35K ‘mol Wt 35K~10K  * .
§ Con'A II fractiop
Ulttoga!. AcA 44 Ultregel AcA: 44 (saved)
Buf!-! Buffer F
Single Ihll'? puk singla sharp pe: ak
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{a)" . Fracti onatinn of the. Con A T fraction of
. 'salmon pituitary extract on Sephacryl 5-200 .

Superfine'into sibfractions A, B, and C. column

i . dinensmns‘ 2. 5 x 9% cm, fraction size: 7.500.

(b) ; Rechrnmamgraphy of subfractm B.on "

unrogel AcA 44 to‘ praduce sa]mon Con AL (M

. 45,000). frict ien,._Fractions 1523 were'pocled i
i' » e &

4 fn‘r the assay - Cnlnmn dimensions. 1.6 x 9 [ PR

g fract'ion sizez 6mh” - =

( [ kechmpatugraphy uf subfract:lan‘c on

Je Ultroge1 MAMtop oduce. Salmon Con'd T AT 24 A
(m 25,000) fracmn. Fru:t'lans 23 30 Nerg k : f,

Vl ponled for qhe issqy. Column dimens(nns. ; ‘,4, .o

i acﬂnn size:. & m.
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\'\—\‘.Yichloroacetic acid—precipitab'le (protein) and yolk fractions of

“the ovary was markedly enhanced (Tab'le 2) o+ ‘Results of .an'assay " nf
\ . \q‘xte'l'logemc activity based on the three aforesaid criteria shoved

#hat the 62,000-dalton modety in fraction B yas also potent-at’a’ -

- T c‘umpara‘mkdusage. 35 49/100 g/injection (Table ).

1‘ When sa'lmnn (;cm A1 MW 25, 000 and My 45 000 fractions were tested (

in the hypuphysectomued winter f'lounder at comparable dosages, both

exerted a-vitelidgenic iffluence’ on the f1sh ovary as estinated by
" ‘three shght]y dlffey‘enf parameters, Respnnses to the tio fractmns
were not significantly different (Tab]e 4).,
; Two Fish which. redéived daily injections of Buffer D exhibited
' no signs of ‘oocyte maturation attér 4 days, and two others haa not
X % +'matured when examined on the sixth day, the day onwhich the fish

réceived their first injection being:reckoned as Day 1. In contrast,
- :

% ST the aver‘age rating for the group of seven fish treate’&‘dai\ly with 200
: vg of plaice Con A I“I M.:62,000 fraction (Fig. 17) which was derived
froi the 28,000 dalton fractions by sgaregation rose From 1.6. to ) o
1 3.5 af‘te.r one injection, and attained a vaTue of 5.4 on the fifth pin‘psyA
. " One fish ovulated after four injections, ‘and all. of the other: four
R survivors had ovulated by- the eighth diy. The maturational process
had. gone as far as the stage immediately " préceding ovulation (a rating )
e " of 6) in'two fish before they died.(FiQA 21). .Two fish in the

control group subsequently ‘injected with the hormone underwént

% - maturation:
’, Seven Fish injected with an equivalent dose of plaice.Con A1 . -
[ " 'MW 62,000 fraction were still at the same stage of maturation. on

/ X N Day 5 as th.gy were on Day 1. Fifteen fish in the buffer-injected
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Fig. 21.. Effects of, plaice Con A'I m’EZ.OOO fraction and

plaice Con A 11 M 62,000 fraction on,the process
~i1f ogcyte maturation and ovula’tion ‘in the flounder.
Number of fish in parentheses. Day 1 is the day |
= on which .the fish received their first injection.
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- T*v"gtﬁp failed to proceed further along the process of maturation

1 . - as evinced by the cessation of germinal vesicle migration (Fig. 21).

“‘ Fish in these two groups subsequently responded to’treatment with v £

\,A\ the Con A T1:M4 62,000 fraction: (Fig. 17), the a;}erage vating had s

| attained a’value of 5.8 on the Fifth daily biopsy.* F 4 (

|

i Further. purification of salmon gunadntroPins on ion excha_\ngﬂs_ )

| (1), Chromatograghic behav iour ’ . | N
Mhen the Mi 45,000 fraction was applied to a DEAE Bio-Gel A ‘ .

. cn]vumn 4 main peaks\“were discerned in addition to.2 minor ones (Fig. .
I 22). The largest bne (45 DE 1) was e]’uted by‘S mM N‘H.,HI:O;. Twio. .
p‘eqks of smaﬂer.sizem/ylere eluted adjacent tl; each other when a
. gradient of 50 t6 150 m ‘NH‘,f[C(J;/\-ms applied, the mlarity of eluti'an -
he’;ng 54 and 66 mM respeqti‘vely. Both peaks, designated M4 45.00‘0 .
DE IT and My 45,000 DE HI‘, were active in. the vitellogenesis assavy.
i The minor peaks and M 45,000 DE 1 possessed no. vitellogenic activity

when tested at an equal dosage (Table 5).

;- Upon “ion ‘exchange*chromatography on DEAE Bio-Gel A‘the. M {zs,qoo
‘ fraction was resolved into 4 ;ggks (Fig. 23).  Only the third one |
(designated Mu\zs',ano DE I11) possessed. activity in the A~ \

viteTlogenesis assay (Table 5)./\ It was éluted at a molarity off’éa i,
The ‘other” peaks fested at equal &95age were not active. VThe_yv'Lﬂds‘('zf
M 25,000 DE 11T and-Con A 11.G-75 Fraction 11 (Idler gt al., 1975b) |
from 1 g of pituitary were respectively 0.2 and 1.2 ng.
The maturational: Con I‘\.ll G-75 Fraction 11 content of chum salmon L
" pituitaries used in these Studies was N8 + 0.17 (S.E4h.) mg per

gram &f‘pltuitary. This. result was based on the radioimmunoassay of '

extracts from ten separate pituitary collections éveraging 130 g each .
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Fig. 22 Profile of elution-of 100mg salmon Con A T M 45,000
at fraction. fron DEAE Bio-Gel A.  Yields_of DE I, II, TII,
B " Sy, ;nd V wre respectively 20, 10, 28, 5.3, arna‘z.s ;ng.

Fraction size was 7 ml for DE I-and-3.6 m for a1l

Y other.fractions.
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_Fig. 23" Profile of elution of 4 mg salwon Con A T 25,000 -
T fraction from DEAE Biosel A Vields of D L e
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made in September and October.
G Chromatography of salmon Con A'1.M4 45,000 DE-II and M 45,000
> DE III fractidns on U]tr‘hge] AcA 54 yielded a single peak at 45,000,

déltens in each gcase. Salmon Con'A I MW 25,000 DE III, ConA I W
45,000 DE 111 and.Con A 11 MW 40,000 fractions were largely
-unadsorbed (> 90%) on CM Bio-Gel A equilibrated with 3 wM ammonium
., "o atetate buffer at pH 6. Sa1mo_n Con A1 MH 45,000705 III fraction
‘was unadsorbed on' SP-Sephadex equilibrated with 5 mM NH,HCO; at pH
3 7300 e oo
i (i1) Biological Activities /
(a) Vitellogenic actwwies .
Both Con‘A I MW 45,000 DE ‘I1I'and"the Con A II'M{ 40,000 fractions
stimulated the winter f1ounder testis to take up tr\haced leucine and
" radiophosphate with a concomitant increase  in incorporation into
testicular proteins. However, interestingly only the Con A T M4
45,000 DE'I11 fraction was sb1e"th Ticit an ncrgase in testis
weight (Ta&1e 6), ) [ %
The vlte]]ngenic activity of Con A’ u MItE03000 fraction was
manifested 1n dts abihty to stwm]at.e an_incredse in the incorporation
of 3H-1eucme ‘and Hy3390, into the, water—msaluhh yolk fraction of the A
ovaries of both estrogenized and non-estrogenized fish, similar to
the actjon of the Con A1 sibfractions. Other parameters of ‘gonadal
activities, including.uptake of the radioisotopes ‘and their incorporation
into ovarian proteins, and bvarian weight, were also stimulated
(Table 5).  ~ s 5
The maturational. activity of. the saTmon Con A 111 40,000 E

fraction showed'a slight delay after neuraminifiase treatment but

) 5 & - ‘ 3

3,



g uo3oeds

g o (sn) (500°0> d) (100> ¢) . (100°0 > d)-- (100°0 > d) ; 000° 0Y M
90+ L SLOFLL - G0OF6Z 90+8'8 - 62T+6W . L 03l II'y uoy uowies €
: . i N e ©uowoey rrr3g .
! (oo m .d)"(s00°0-> d) - (100°0_> d) (500°0 > dJ", (100°0 > d) s o 000°5% M 3
L0+ €0l p0'0FYl  L'0FEE SL*y0L " 80+ 9Lz . 6. 0SL Iy uoj uoues %Y %
o, 0¥ 8% G00°0F SV . L0OFYL G0FEE oLFZoL. .6 - aiyng L
S . 13GeL gge - /1302L Hg 19981 dee  '199RL He © : : S, §
z . N Muz Apogq e B _Ustd ‘
w 00L/6) -~ (s1asa3 o Bu/udp) (st3s93 o Bujudp)  ..30  (63/6r) .
u:n_ux 51358) R muS_Euwy_n oL .@%3Ld JefnoLysal Bu Qo Jaquny . 350Q _ jusuRedL] dnouag .
e N -y § S

* ~ -SNI3L0¥d ¥YINOILSAL GLNI NOILWYOJYOINI uE.bhomm any wEmu,h Y3IANNOT4

¥3ONNOT4 HL A8 "0dgeH, NV INIONITLHE] 40" IHVLAN-JHL: NO -SNOTLOVHA IT4OMLOGYNOD NOWTYS 40 SL93443. .
DS et 9 3180L '




w 8=

inactivation vias incomplete (Table 7).

(b) - Ovulation- and spermiation-inducing activities
Despite the overlap in the biological activities outlined above,
the actions of -salmon.Con A-II MW 40,000 fraction in effecting

ovu'lat%un were not paralléled by the salmon Con A I fraction (Table

7). Seven fish injected with the sa1n6:,n Con'A I fraction (10 mg/kg)
did ngt spermiate, while seven other fish treated with buffer’also
‘showed no c'han‘ge, in.contrast. to six fish injected with Con A.II My
40,000 (0.1 mg/kg) which all spermiated. v
(e} Stero1dogev.|ic a'c_tivities

Hypophysectony brought about a. dramatic decrease in the plasma

level of androgens in flounder (Table 8). i

When the two adsorbed DEAE peaks derived from the salmon.Con A II

40,000 dalton fraction (Idler et al.; 1375) were chromatographed
on CM Bio-Gel A, it was found that the large part.(>90%) of each peak

" was unadsorbed (CM 1) on the fon exchanger, “Steroidogenic activities

into 5 hypophysectomized. female winter flounder at a dosag.e of 50 ug/
fish, a1l Fish.had ovulated when examined 5 days after the injection.
Therefore steroidogenic and Fabugational activities were located in
the sane fraction. )
(ii1) Immunologic activities

The immunologic potencies of the Salmon vitellogenic Con A I MW
25,000 DE T11 fraction, Con A 1 Mi 45,000 DE 1M fraction and
maturational ConA 11 6-75: Fraction 11 were unaltercd§féer tratment
with neuramlmﬂa;g (e.g., Fig. 24). However', subsequent to

reduction by 2—mercaptoethano1 and h'locking of ‘the su!fhydrfl groups

- résided in the CM 1 fractions (Tabie 8)." When DE II CM I was injected
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! ; ;
by fodacetamide, the ability of the modified Con A II G-75 Fraction IT

fraction to displace the labeled native horione was Tost (Fig. 24).

The validity of the ‘above conclusions was demonstrated by the lack

of any effect of Nal);\c, CaClz, inidase, urea, and
and jodoacetamide; on'the binding of the antigen to the antibody:

The Con A 1 M 45,000 and,M’dv‘ZS,ODD fractions showed about 0.4%
cross reaction in a radiofimllioassay ft;r Con A 11 G-75 Fraction II
(Fig. 25).: The Con A.I M4 25,000 DE TIT and M 45,000 DE III fractions
showed respectively 0.12% and 0.3% cross reaction in the radioimmunoassay.

Interference from Con A 11 6-75 Fraction I1 in radioimmunoassays
_ for the Con ‘A I Md 25,000 DE IIT (Fig. 26) and M 45,000 DE III (Fig.'
27) fractions was negligible,.indicating that cun All (‘r75 Fraction
IT had minimal contamination with the Con A I subfract\uns. Hence
the ‘biological activities found in each of these hormones were
intrinsdic characteristics. Results of lthese immunological studies also
revealed that the salmon maturational hormone was probably more

aﬁtigenic than the vitellogenic hormones and‘its antigenic G

determinants were différent from those of the vitellogenic hormones.

Chemical .compositions Eun i 8 . e
The amino acid and carbohydrate analyses of salmon gunadotropin;

——are 'presem;ed in Table 9. . Pronounced differencés in a large number of

amino actds and carbui\ydrates were found among the c:m A1 M 25,000
DE III, Con A I M 45 000 DE III fractions and Con A II 6- 75 Fraction
1. . )
Electrophoretic chara:teristic‘s
On electrophoresis salm?n Con A I MW 45,000 DE‘H-I fraction showed

a narrow band at Rf. 0.6: “Con A-1 MW 25,000 DE Iil fractwn showed a

'* The track'lng dye band was' taken as the front. The gel was made by poly-
merizing a 1ayer of large pore gel on top of small pore ge'l,




Test of cross reactivity of salmon Con AT M4 25,000
and W 45,000 fractions in a radioimminoissay for - -

" salmon Con A I G-75 Fraction II.
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\ 5% . TABLE 9
' AMINO ACTD. AND CARBOHYDRATE COMPOSITIONS OF SALMON GONADOTROPINS-
- Salmon
7 - Con AIMA ConAIM{ ConA LM 3 5 -
< ©25,000 45,000 .. 45,000 - -Con A 1T G-75 “ ¢
o DETIT | DE I DE 1T Fraction 11 .
: fraction . “*fraction - fraction .
Lysine? 6.8, 7.4, 4.6 13.0
Histidine "3.9 4.4 - 47 5.8 y
Arginine 8.6 . . 7.3 6.4 -
Aspartic Acid = 27.6 204 - 218 17.8
... Threonine . - 5.2 e ) aza , 9.3 °
-Serine - 23.6 12,9 12.8 19.4
Glutamic-acid - 28,6 -3 | 2.5 106 -
Proline. . .~  17.8 9.5 10.6 117 . )
Glycine 10.6 13.5 15.6 7.5 £
Alanine . 6.0 18.2 17.8 e di2
1/2-Cystine 12.2 - 8.0 7.6 . 2.0
Valine 5.0 5.9 14.1 16.2.
! Methionine 32 4.2 185% « ao
: 1s6feucine - 6.5 9.4 ‘8.8 9.5 i
Leucine | 22:8 16.8 r.a 2.9
. Tyrosine : 3.6 3.4 3.3, . 8.0
s . Phenylalanine - 5167, 8.0 7.6 6.1 LEEN
Tryptophan . 2.2 1.0 2 0.2 0.5 e il
Total hexoses® 1.8 .20 o 6.0
Glucosamine 14 0.3 T3 2.6 7
4 Galactosamine [ ‘0.2 . 0.3 o/1 -
sialic acid, 0.3 0.5 0.6°° Y5 B
’ E . i} T 4
Lt Va\ues for'anino acid are expressed in number of residues:for’ every 200
res due i
BYalues For carbnhydrq}as are expressed in ¢/100: g protein. .- !
¢ ; B cNot determined. -
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major band at Rf 0.34 and a mirior one at:0.4. Salmon Con A IT G-75 -

Fraction II showed a broad band: with Rf“.ranging from 0.48 to 0.61, -

and a very minor narrow band at Rf 0.69.

Further purification of American plaice hormones 5

(i)  Chromatographic behaviour and biological activities

Results of chromatography on DEAE Bio-Gel A of ,:Cin.A 1M 28,000,
Con A1 M4 62,000, and Con A 1T M#*62,000 fractions from plaice,
pituitaries, are presented in Figs. 6, 5, and 7 respectively.

In the first two cases unadsorbed material (DE 1) was eluted with

5 mil NH,HCO3 at pH 9. 'The patterns of elution for the Con A I fractions

whiep the' First concentration gradient (50 to 150 mM MH,HCO3) was applied
were very similar, consisting of two adjacent peaks, designated

DE II and DE-III. Vitellogenic activity. was found i'?bbth FhE

main aréa (111 a) of the DE 111 peak and its trailing portion, (111 b)
(Table 10). The other peaks were tested and found to be inactive. ' In
the case of the plaice Con A I MW 62,000 fraction, anly a single peak
with a trailing end was eluted by the first concentration gradient.
The.main ared of ‘this peak (DE 1) was very potent n fiducing oocyte*
maturation afd ovulation but the, trailing portion (DE I1) also had
.weak maturational activity (Table M). 2 *

A single peak was eluted when the second coricentration gradient

" (150 to 500 mM NHiHCO3) was applied, in all cases of Con A T and Con

A 1T fractions studied.

Only plaice Con A II Md 62,000 fraction was able to reinitiate

production of 11 one in the hypopl ized flounder. -

" The CM I and CM II subfractions derived from the vitellogenic DE 1T

" fraction unadsorbed on Con A-Sepharose did not have much
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steroidogenic actlvity (Table 12).,
The yields of Con A I Md 62, Oﬂﬂ DE HI Con A1 MW 28 000 GE 111,
Cun A 11 M 62,000 and Con A II MW ZB 000 fract1ons froml g of plaice
Pituitaries [were 0.6, 0.5, 0.2 and 0.08 mg respectwe‘ly
(11) Chem\ci] ccmgosmon
gtudies on the carhuhy?rate compositions 'of the pldice vitellogenic
(Con A 1) and, maturational (Con A II) hormones indicated that the

latter hormones had a higher sugar content. The two types of

- gonadotropins differed in their amino acid compositions. (Table 13).

. Purification of winter flounder- hormones

The. half- tystine and methionine values might be lower than the ~
actual values but unfortunately there was not enough material available
for performic acid oxidation.

(i11) Cross reactivity in radidi ¥

it was evident from Fig. 28 that both the plaice Con A1 My
62,000 DE TIT and MW 28,000 DE IIT fractipns cross-reacted to ‘only
about 2% in'a radioimunoassay for the Con A T1 M 62,000 fraction,
providing ‘evidence that the two types of hormones were g’munoch;mical Ty
dissinilar and that the former fractions had hme contamination
“with the Tatter. The Con A 11 M 28,000 fraction also did not

inferfere in the assay.

- .
(i). Chromatagraphic behaviour and biological activities

The elution’profile of flounder Con A T M4 62,000 peak from =~

DEAE Bio-Gel was similar: to those of the plaice.Con A I fractions
”
(Fig. 29), and vitellogenic activity was located in the corresponding
i
fraction (Table 10). The others peaks were tested and found to be

inactive. The larg’e parts (> 90%) of plaice and flounder vitellogenic
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L ’ . TLE 13 2
e ° B

"'AMINO ACID AND CARBOHYDRATE: COMPOSITIONS -OF PLAICE GONADOTROPINS -*

Con A 1M 62,000 Con A'TI M 62,000 Cori A1 MW 28,000

DE TIT fraction = DE I fraction DE 111 fraction ;
lysine® 146 K 3y 10.0
Histidine 7.0 56 . : 5.6 ", :
. Arginine y 9.3 6.1 e 8.8 ‘
Aspartic acid 234 . w5 [ 23.8"
Threonine .. 12,5 13.7 E 101
serine ’ 13.7 5.4 4 17.0 B
- - Glutamic"acid 20.8 S r.e - 23.6
| Proline : 9.4 8.7 S g s
| Blycine cooes T 19.7 18.5
' f Manine e 13.5 7 13.3. |
" 172 cystine 2.0 B 8.3 9.0
Valine 12.0 126750y 9.1
4 Methionine’ 4.0 4 1.7 R 5.1
Leucine 7.6 S1aa 16.4
Tyrosine. 5.4 . 4.7 ¥ 4.5 '
i Phenylalanine - 9.1 Co8a / 6.4
Total hexoses® 1.5 150 | ¥ add .
Glucosanine 0.7 U 6.0 Low e o
- Galactosamine - 0.4 R ] 1 0.7
sialic acid 12 BB C0.4

%alues for amind.acids are expressed n number of restdueg For every
5 zoa residues.
: Values for carbohydrates are expressed in g/100 g prntem. (




28 Testing for .cross-reaction fron.Con A'l Md 62,000 .

“radioimminoassay for plaice Con A L1l 62,000

BEIXT, Con AT MW 28,000 DE 111, and Gon A 11
M4 28,000 fraction from plaice pituitaries in:a -
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Profne of elution uf 21 mg ﬂwnder “Con A I m v

624 wo‘mcuon fron DEAE Bio-Gel A. Yields of
DE’T, IL, IIT and 1y were respegtivlly 1.8, 1.9~,> *

P 4 and 2.6 mg. _Fraction size ws 360, Con A:l .2

~W-62,000 fraction, 21 mg and 108 cm“ wo
©28,000. fraction were obtained “from 15 g of Flounder.
& pimltlrh A
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Con A T'W 623000 DE 11 andl Il 285000 DE- 111 fractiors were foundto be

unadsérbed on O Bio=Gel A equilibrated'with S.nM. amonium scetate

,atpHé..‘“ g - 3 .
The flounder Con A I'MA 62,000 fraction fad no effect on the -

% .wrocess of oocyte maturation and ovulation in the sane species, |

¢ consistent v‘litb the: Finding. for plaice and salmon E"on A I7fractions

while' the flounder Con A'TI MW 62,000 fraétiun was active (Table 11).
Both Con A Il MW 62,000 and Congh I MU 28,000 fractions were

" active in reinitiating vitelToge in_ hypophys ectonizedflounder

(Table 10).° When hypophysectonized female flounder were injected
unh p‘l.asm; from estrogenized mle flogmder und saline, the ovaries
incorporated 631 + 71" cpn 33P per .gm ovary (N9). 'Six fish‘ i
injected with “the plasm containing 3%p-labeled phosphoproteins ar;d
ﬂmmde\r Con-A 1M 28,000 DE"IIT CM I‘fraction incorporated 1221.+
'143.(P < 0,005 versus control) cpm 3‘3}7 per gn ovary. ' v
. The Con. A I1 Md. 62,000 fraction s able to reinitiateAthe

production of 1. terone and tes . The CH1-and.CH

I1 subfractions derived frorﬁ the vitellogenic DE I1I fractions !
unadsorbed on Con A-Sepharose did not have much s teroidogenic
_activity (Table 14). !
Hypophysectony apparently led to & disappearance of the sex
) humnne‘binding proteins from circulation because tritiated 11-
ketotestosterone equilibrated with plasma samples from hypophysectonized
floinder vas present entirely in the free fom.- Treatment of
hypophysectomized fish with either Con A I or Con A Il fractions .
resulted ih a reappeararnce éxf the ‘binding proteins- (Table ld)l.’\ i
The y‘\'e]ds of Con A.I' MW 62,000 DE I{}".‘ Con A1 MH,Z&._UUé, Con A
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I fiere respectively 0.58, QE 0.12 and 0.1 mg oo

T (ii) Cross reactivity in r

In a radioimmunoassay for the flounder Con A II MW 62,000 fraction
:it took 2 u’g each of the flounder Ton A" I MW 62,000 DE III and MW .
28,000 DE III fractions to give the same d1sphcement as:4 ng and 8 |
ng of thz Con A IT MW 62,000 fraction respectively, indicating that

the. Con A I subfractions had minimal contamination witt the'Con A IT

*. M4 62,000 fraction.
i yF'lounder Con A IT Mi62,000 fra:tion‘ shnwed’on'ly 4% binding to
, the anﬂserum (diluted 1:°5 000) against flounder Con.A I MW 28,000
fract‘on illustrating. 1munolug\c unrelatedness betweeﬂ the
maturational ‘and vltel'logenlc hormones.
Chronatography of flounder ovarian otein:

T - y J
g : When the ovarian phosphoproteins were chromatographed on Cellex T,

DEAE.Bio-Gel A, and Bio-Gel HTP,’about 80% of the proteins were .
-adsorbed. Olver 90% of the proteins were unadsorbed on CM Bio-Gel A
and about 80% on Ariberlite CG-50. ANl of the proteiris were unadsorbed

© T on Con AvSepharuse. B % i

R Frammtmn ‘of the floundér ovarian phosphoproteins first on
-,Sephacryl 200 Sup rfme and subsequently on,Ultrogel AcA 54 and
- 5 AcA 22 Zvea!ed v.he presence of‘ two principal peaks with molecular
wexght 30, qu (contammg 4.5% alkali ‘lablle phosphorus) and 500, ,000
; (0 8% alkali lablle phospnarus), correspond‘lng to phosvitin and f
w2 T s Hpov1te1hn respectlve'ly “of the amphﬂnan ovary {Redshaw and Follett,
\971) Yoo g - ?

Antibody inhibition of. vvtellngenes(s and ooc_yte maturation in

salman and winter ﬂaunder




Mg L

The specificity of the antisera used is shown in Table 15.. The °

presence of an excess of specific antibodies in plasma of fish injected

mtn antisera was-demonstrated by the abxhty of, th&;ﬂasma to bind the

apprnpr\ate Tabeled hcmunes (Talﬂe IE)

Landlocked salmon_experiments
. In the first.experiment, vitellogenic fish.treated with an

antiserum to the maturational fraction had Tower plasma levels of -

" estradiol. (p < 0.001)’ and vitellogenin than' did" the groups injected

with normalrabbit ‘serun or an antiserun to' the vitellogenic fractions.
Fish treated with S- Con A T:ab and fish treated with $-Con A TI- ab ]
showed less mcurpuratwn of yc'lk into the ovary ct{mpared wvth ﬂsh
injected with normal rabbit serum-(Table 17).. = ' i .

In the second experinent, ‘of the ‘eight. pre-spawning fish' injected

with normi } rabbn: serum, nocytes of on'ly one did not undergo gemnna]
velicle breakdoyn. More than'half of the group treated with S-Can A 1
_ab matured. By contrast, oocytes in noie of the fish injected with
S-Con A 1I-ab undefwent germinal vesicle breakdown. )

Oocytes fron the tyo fish which ovulated shoved no incorporation
of radioactive 'Ieucma and . phosphnrus into'the ovar-xan yolk fraction.
Ovaries iR which germinal yestele breakdown occurred contained less

newly’ incorporated yolk than did those in which maturation had not

' started, although apparently there was no difference in plasma

vitellogeitin l'evel (Table 18).

g Nmter f'lnunder exgerment & T
%

. Despite some chfferences in the protuco'l from, the Tandlocked !

‘ ,saﬂmon experiment\the results obtained were similar. Normal rabhlt :

serum and F-Con A I-ab failed to inhibit the process uf maturation
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and ovulation but F-Con A II-ab'was effective.  Ovulated eggs ‘shnwed‘
no infnrporatian of ney«'ly labeled yolk. .Oocyte germinal vesicle
breakdown was associated with an apparently lover inc&rpor:atbion of
yolk (Table 18). %y =
) DISCUSSION e
Chrom tograph echniques ! ¢ .

The present ‘investigation utilized an improved version of the

chromatographic procedures according-to Idler gt al., (1975a).
Reﬁ;ements of the techniuue’eqtai] the inclusion in all buffer systems
of Trasylol, a protease inhibitor; the: selection of Ultrogel AcA 44
and Ultrogel AcA 54, which offer fine resolution in the mulecula;'
_weight range of interest, as the gel filtration media; and
’ =" rechromatugrapliy of fractions to minimize intermingling of hormonal =~
“activities. ' e

Assay animal

The testing of ‘biological ;ctivities‘in the hormone
pvepa’rations frov‘;| p'laicé, Flounder. and salmon pituitaries in the
hypophysectomized flounder -allowed an insight into the normal’
physiological functions of the hormones in the fish itself. The
w‘e'l'l-defined separation of Fhe vitellogenic season (Sep‘temher-

. /. January) and the period of maintenance of yolky oocytes (February-

s March) from the period of oocyte maturational and ovulatory

/ activities. (April-dine), as well as ‘the,ease of hypophysectony and -
i . good post-operational survival rate, make the winter flounder a very
good expérimentﬁ alnimal for the study of the hormonal control of
reproduction. .

/ E The finding that the winter flounder pituitary produced two
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“types of gohadotropins witht similar chromatographic behaviour. and
biological actions, to thuse of plaice and 'salmon, was significant
because the winterr flounder vas used as the assay aninal for the
isolation of these fish gonadotropins and it possessed the appropriate
gonadal receptors for th‘e‘twn types of gonadotropins. It was of . i
corisiderable ‘interest to note that tetrapod LHs were active in the ° : i
Tizard (Licht and Crews, 1975; Licht et al., 1977b). arid were able to
displace human FSH from binding to squamate gonadal tissue (Licht and
Midgley, 1976) although the squamate pituitary was -lacking in both . s
LH-1ike biological (Licht, 1974) an& immunological (Licht et al.,
1974) activities. - Gonadotropins might exert low or:even no biological’,
activity when tested in dnimals from another class (Farmer et al., -
1975; Farmer and Papkoff,-1977). Utilization of winter flounder as - #
the recipient of fish hormones thus minimized this probler of class
specificity of protein hormones. X
Bicassays - Y B \
In the bioassay for vitellogenic activity, the ovarian’uptake of
33p and. 3 represents an incorporation of the isotopes into
phospholipids, .nucleotides, nucleic acids, peptides, phosphoproteins,
and other proteins of the ovary. Labels in the trichloroacetic acid-
precipi’tab]e ﬂbaction r;f the ovary after hydrolysis at 85C denote
incorporation into the protein’constituents and also some incorporation”
into nucleic acids. Radioactivity in the saline EDTA-extractable
and Ca 2" - precipitable portion of the gonad is'a measure of newly
formed yolk prote;ns. g # T4

Fractmnahon of flounder ovarian phnsphupratems with molecular

3
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_exclusiqfi chromatography revealed thé presence-of twe principal peaks == __

cfrresponding to. phosvitin and Tipovitellin respectively of the .

anphibian ovary’ (Redshaw and Follett, 1971). The chromatographic CRR

behaviour. of these proteins on var_ipus ion ‘exchangers, their solubility

in concentrated salt solutions and insolubility in water, were

characteristic of yolk platelet proteins (Mano and Lipnann, 19665/
Redshaw and Follett, 1971). The presence of a'l‘k_ai‘i'\)abvﬂe phosphorus |
and Tittle or no carbohydrate (indicated by non-absorption on Con A-|
Sepharose) in flounder yolk proteins|was in agreement with findings. |
for amphibian yolk (Wallace, 1963). rHence radioactivity due to the !
administered radioisotopes in the ovarian phosphoprotein frecipitate

represented 'a measure of newly formed yolk. However, Hj33P(, injected

into the fish cancurren'tjy with estradiol might be first incorporated

. into the hepatically synthesized yolk precursor 'vitellogenin' which
vas' then taken up'by the ovary and converted into ovarian yolk, or
else H333P0, might be taken up by the ovary and directly incorporated
fnto any yoik synthesized within the ovary. his assay for vitellogenic
activity would not distinguish between these possibilities. When plasma
Of estrogenized fish which should contain a high level of vitellogenin

: Wis dlalyzed to el ininate H23P0, and P-Tabeled proteins of o
molecular weight, ovarian yolk synthesis should be minimized.

Vitellogenesis in the plaice Pleuronectes' platessa was shown to

be under pituitary control but evidence pertaining to oviposition
was less conclusive (Barr, 1963). In the present study it was found
that ablation of the ‘pituitary suppressed the process of maturation
“and ovulation in the winter flounder promptly because control fish -

‘injected with buffer over a period of several days after
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hypophysectomy did not mature (Fig. 24). Examination-of daily egg
samples permitted the. tracing, of individual Fish, initially at an'
early stage of maiuration, throughnut»_the‘rmo'le. process of oocyte '
maturation which utlimately cu)m'r{aced in ovulatidn.
Naming of hormones ¥

The physiology of reproduction in the female fish consists of
the processes of vitel'logenesi?','maburatiun. and spawn‘ﬁng. Thesé i
processes are not, strictly speaking, covflparab]e to follicular growth
andv ovulation in the fer!)ahp mammal owing to different adaptations \tu
external and internal fhrtilization. Results from bioassays using a’
mammal as the recipient (Otsuka, 1956; Farmer -and Papkoff’, 1977) do not
establish the role that 'the fish hormones' play -in the regulation of
reproductive processes in the\Fish {tself. Mammalian hormones
cannot miml:c the full spectrum of biological activities fish
gonadotropins display (see DeVlaming, 1974). A.LH-Tike gonadotropin was
finally isolated in addition to the FSH-like gonadotropin (Licht and
Papkoff, 1974a) which had long ‘beeh beiisved: to. be: s only
gonadotropin emanating from the reptilian pituitary based on results
of injection epr?riments‘ (Licht, 1970,/1972; €allard et al., 1972).
Hence, the two piscine pituitary gnrhétrnpins are best. described as
vitellogenic and ma’tu"ra,tiona] hormones rather than LH-like and FSH-
Tike.  The:term vitellogenic hormone is used for the ‘gonadotropin
isolated from the Con A 1 fraction while the term maturational
hormone- is used for the gonadotropin isolated from the Con A 1I !
fraction;, although it has to be ‘borne in mind that the maturational

hormone also plays a role in the proeess of vitellogenesis. .
. i
4.
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The activity of salmon (Donaldson et al.. 1472) gongdotropic
preparatmn ina variety'uf fish specles had been amply cited
(Donaldson, 1973; Fontame. 1975) In the present study the two

. dlfferent types of hormonés from sa’l[nan, plaice and flounder pituitartes

showed some overlap.in, the"- spectra of biological activities.

General metabolism in gonads AN d
Both types of gonadotropins were capable of stimulating general

metabolism in testis and.ovary as reflected in their effects on
gonadal uptake of radiophosphate and 'tpitiatedonucine with sufsequent.
isotopic incorporation into proteins; which represented typical
actions of gonadotropins on gonads (McKerns, 1969; Janzen et al., 1977) -
and of hormunes on their target organs in general (Riggs,-1964). -
Vitellogenesis

Both types of piscine gunadz{trnpms stimulated an mcrease in "
ovarian yolk. The flounder vitellogenic (Con A 1) hormone stimulated
incorporation of serum phosphoproteins into ovarian yolk. However
the possibility of an ovarian synthesis could mot at this stage be
excluded.

The maturational hormone was also involved in the stimulatidh

‘\ _of ovarianestradiol production which led to an ‘increase in vitellogenin

Tevel i the circulation. ‘A mechanism of vitellogenesis similar to
\ y' 2 T

that- in. birds and amphibians (Flickinger and Rounds, 1956; Wallace :

and Jared, 1959}, by which gonadotropins stimulated the ovary to

incorporate vitellogenin, the yolk precursor, which was then

transfurmed into yolk platelet prute\ns, had’ been proposed for the

mm‘.er flounder. (Campbell and Idler, 1976).
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o S
Incorporation of 3H:leucine and Hy33P0, into ovarian proteins

other than lipovitellin arid phosvitin

Whep the radioactivity due to 3H-leucine in the 1ipphosphoprotein
fraction is subtracted from that in the trichlaroacetic acid ;
precipitable fraction of the ovary, it l.Jan be seen that’ the piscine
gonadotrdpins stimulate the synthesis of ‘ovarian proteins other than *v

ot

 * Tipophosphoproteins (1ipovitellin and phosvitin). .

L Testicular activi steroidogenesis and

corporation of 3|

- and. H333P0, into.testicular proteins

In the malg, stimulation of incorporation of leucine and phosphate

into testicular proteins was effected by both types of gonadotropins.
=" The maturational hormones from American plaice, winter flounder

and chun salmon were able to reinitiate the production of 11- 3
st Ketbtestosterone and testosterorie by hypophysectomized male winter

flounder, but the stimulating effect on testosterone was apparently

Tess than that on 1l-ketotestosterone. By contrast, subfractions

derived from the vitellogenic Con A 1 fractions of various piscine

species did not fanifest mich steroidogeriic activity. Thus it

appears!that the control of androgen production. in’the flounder is
z \veclf\c to the matyrational hormone.

- ' >N Ketotestosterone was, first isolated b,y Idler et al., (1960).

The androgen accelerated spermatogenesis .and inqucefspemiatinn k
) '(Idler et al., 1971; Yamazaki and Donaldson, 1969).’ Testosterone
was also capéble of stimulating spermatogenesis (Sundararaj et al.,
1971). In the male winter f1vunder, plasma titers of 11-

one “and one increased gradually as maturation

proceeded (Campbell et al., 1976) suggesting that these steroids




Antibody inhibition of vitellogenesis and oocyte matura7 on_in landlocked
- salmon and flounder g . -

|
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,;a';ntroﬂed the final stages of spermatogenesis. :

Sex hormone binding proteins had been isolated|from the skat.e
by Freeman and Idler (1969). It was found in this §tudy that uge
pituitary played a role in maintaining the binding proteins in
.cirgulat'lon since they were absent on‘ly- in hywphyse{tmlzed fish.
Their reappearance in the circulation was not link/&l specifically
to the maturational hormone which controlled st.er«f’idngenesis. because
they were present in hypophysectomized flounder t,‘aﬂted with Con A,i
fractions which exerted 1ittle effect‘ on plasma level | of androgens.
It is considered that protein-bound steroids are iolo ically inerf
whﬂ/e free steroids are pr:ysio'logica’ll,v active. [t is \thns 1mporta1:t
to ,lote that the maturational hormone, which had sternidogenic

ounder- .

acfivity, did not shift the ratio of bound to fref andm\;ens,\in
Mpnphysectmiied flounder compared with intact f;

Oocyte 'maturation and spermiation \

Oocyte maturation and spermiation in the winfpr flounder was
suppressed by hypophysectomy. The lack of an inhili\ltory effect of
hypophysectomy on spermiation in the pl\iice (Barr, 1_953) and Take
chl;b (Ahsan, 1966)_ was uttribui.:eil to the usage of ﬂ‘.sh which had 13

already shown signs of spermiati hefoc 1) t (Yamazaki
and Donaldson, 1969). \

The specific action of the piscine maturational gnn A 11 hormone
in contrn]ling ovulation and spenn\atinn cnrrelated wetl‘l with the B
abrupt surge in plasma hormone 1eve1 with the advent of .spawning !
_season (Crim et al., 1973, 1975).
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/ The presenée of an excess of antibudies in’ the p'la'smas of fish.
mJected with anhsera was demnstrated by bmd! ng of the appropﬂate
1odmated hormone to the ﬂsh/plasmas.. The spemﬁcny of the

’ anpsera was'éstahﬁshed by lack of cross reactivity.: It c\an,be .

- hormones were able to bind to the appropriate hurmones resmtmg m

: inhibition of the normal vitellogénesis and oucyte maturatmn

in vivo. ¥ - .
Treatment, of intact vlte]'logén'u: Tandlocked Atlant'c salmon, with'

an anhserum to the maturational fraction prepared from chum salmon

_pituitaries, resulted in a dechne of circulating levels- of estradio'l

and vitellogenin, xnd]cahng that the sa'lmnn maturatwnal horinpne

o - normally stimulated the production of essradw] and v1t_e'l'log!mn in

0. ' The small number of fish in the group tfeated with normal ,

4rabh|‘t serum resulted fram an uné.;pe;ted predw_nina’née of males.
Notmthstandmg this Timitation on the data for this group these
results are"in agreement with the fmdmg of . Campbell and Id]er
(1979) that the salmon x:mtura\}innal hormone induced the production ~
¢ of estradiol and vite]logenin in juvenile rainbow tfrout. The.
de}:rease in' the am(‘)unt of yolk, incorporated ‘into the ovary, after
treatment oft the .f;ish with an antiserum to the n@turationa] Con' A i1
fra‘ctjions, could b‘e “due to the decrease in vite‘llngeu%n.synthesis
b, resu"lting from a fall in the plasma estradiol level. ' After 5
treatment of the fish with an antiserum to the Vitellagenic c:m'.'A g
frachon, the' decrease 1n the amount of ynlk incorporated mto the
4 ovary might be explained by a decrease in_the-ability of  the uocyte\

to mcurpqrate v1tellogemn since no change was detected iri the

N S i

assuned -that antibodies to the piscire vitellogenic and maturational 2
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plasma-Tevels of estradiol and vitellogenin. ~ Ina br’ief report
Nath and Sun‘darﬁraj (1977_) stated t?:at plasma vitellogenin level.

and ovarian weight in vitellogenic catfish decvieased after treatment

'rr{th an antiserum to a gonadotropic fraction. Because of
differences in the methods of preparation it s ot possible to
attribute the abserved action to one or, other of the ganadotrapic
fractions (Con A I or Con A II) tested in the present study.

In both the landlocked salmon and winter flounder the onset
of geminal vesicle breakdown was associated with a decrease in the
mcorpnratnm of radioactive 1euc1ne .and phosphorus into ovarian yn’lk.
The p1asma level of vitellogenin in the landlocked sa1mon did not
change @pprecl ably after: gemnna'l vesicle breakdown. ' Therefore the
decrease in the mcurporatwn of radwactivity into ovarian yolk
was presumably due to a change in the ability of t’he ma&ur\mg oocyte

-to gcurporate vxteﬂogemn. r

In the present study treatment of the Iand'lncked sa'lmun and
winter flounder, with an antiserum to the cl|ur||l salmon v1teﬂogemc
Con A T fraction and an antiserum‘to the winter flounder Vitelﬁ'lngem'é
Con. ‘A I fraction respecn'vely. resulted -in binding of any circulating -
vitellogenit hormone to its antibody but no suppression of oocyte
maturation occurred. Thus ‘it seems reasonable to suggest that, the
flounder and salmon vitel ldgenic hormones-are nq{ i‘nvohged"‘with
; bocyte matu;ation. This information is important because.
mm]ian FSH (see Grimek et al., 1976)-and rgpqilian FSH ‘(vLic)ift and
Drews, 1975) have been found tovhave intrinsic ovulatory activity

in the homolugous spe:'les, and mammalian FSH has been stated .

¥ to have some nucyte maturation mducmg act|v1ty in fish (Hirose,
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" 19715 Goetz, 1976): although mamnalian LH ‘has often been shoun to be'

-mnre potent in ﬁsh (Sundarara,] and Goswami, 1977). It was not

cert\am whether the uvu]ator,v activity present 1n a ch1cken Fsu.»

preparat(un was due to contaminatich from LH, and only in the
amphiibian was it established that LH was the gonadotropin
contro]l!ng ovulation (see Licht et al., 1977b). The presént Study
provides addituma'l evidence that the v1te11ngen1c honmne, whichis
not adsorbed on Concanava'lin~A Sepharose, dnes not regulate the

processes of oocyte maturation-and ovulation.’ By contrast the

’ matyrational hormone, which is adsorbed on Concanavalin A-Sepharose,-

also plays a role in vitellogenesis.
* The biological activities of each gonadotropin enumerated . above

tr

were ic properties. rather than consegiences of contamination

in radioil + and by ty upon rechromatography, on

Con A-Sepharose and chromatography ‘on Lentil Lectin-Sepharose. The

much weaker interaction of Lentil Lectin than Con A with carbohydrates °

_(Stein et al.; 1971), and the similar chromatographic behaviour of

each gonadotropin on both: types of- lectins suggested that the common
biological activities found in the two t_’vpes of gonadotropins’ were
nnt"like'&y due to a.component distributed between the Con A I and

Con A II fractions. In this context it might be worth gointing out

“that it has recently been demonstrated thaimammalian (Grimek et al.,

1976) and submamalian tetrapod (Daniels etal, 1977; Licht.et al.,

'1977a) gonadotropins possessed many common:yet intrinsic biological

. actions. : ; <

_——witt7The other gonadotropin as evidenced by negligible cross-reactivity
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Biochemical properties .
The finding' of two neighboring peaks with vitellogenic activity,
when the salmon Con A I Md 45,000 dalton peak was purified on DEAE

Bio-Gel A, Was reminiscent of similar- results obtained with salmon

Con A 11 G-75 fraction II (Idler et al., 1975b)

The 45 DE II-and 45 DE

T IIE hormgnes were almost identical with yx\egard to amino acid and

carbohydrate compositions, and imunolngil:ﬂ 1y both were potent.
The . immunoTogic difference between lhe’ Targe and: small forms. of
salnon vitellogenic hormone (Figs. 26, 27)" denonstrated that the "
vitellogenic activity found in each form was an mtrvmc pmperty
and not due to .contamination with the nthzr form. ;
Following the isolation by Idler et al., (1975b) of two forms
of chum salmon maturation’hormones which vere sex specific. 1{‘:
stimulating cAMP production by immature trout gonad, Breton et al.,
(1978), enploying similar chromatographic procedures, found that
tne,ma;(eléhinook salmon pituitary secreted -a maturati{ma] hormone

which differed: from its female counterpart in ,bio]oﬁicai specific

* activity in female trout. Chinook salmon gonadotropin had also been

prepared from SG-G100. (Donaldson et al., 1972) with affinity X i

chronatography on Con A-Sepharose followed by ion-exchange
chmm&gfaphy (Pierce gt al., 1976). Theé purity of both Idler's

and Pierce's preparations vas estimated to be conparable to that, of -
the.best mammalian gonadotropin prepqratiops [Pie;c‘e E-Lﬂ-»\ 1976)..

This. argument, was supported in the case of the former ﬁreparatinn

by its high biological activity :in the chick. testicular radiophosphate -

-uptake and trout gonadal cAMP assays (Idler etal., 1975a,b,c). The

plaice and flounder mdturational Con A II hormones were prepared with '
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the same procedure. Despite the high degree-of purification attained,

the salmon maturational hormone sti11 exhibited microheterogeneity in

polyacrylamide gel el phoresis. . genity or polymorphism E

of glycoprotein homones, revealed as broad bands or mltiplicity of

bands on electrophoresis, are very comwon among gonadatrt:m\'ns e.g.,

mammalian (Braselton and McShan, 1976; Courte et al., 1972),

reptilian (Licht et al.; 1976), anphibian (Papkoff et al., 1976a)

and fish (Breton et a1., 19763 Plerce ¢t al., 1976) gonadotropins.. C
._The piscine vi te‘llugenic hormones, however, because M their Tow

carbohydme conwnts. showed narrow ' bands upnn1lectruphores|s.

A compar‘lsan of the am1nu acid and carbohydrate compositions of the i

salmon vitellogenic hormones with the maturational homones furni s'.hed

data which could satisfactorily explain their immunologic unrelatedness.

Differences in total hexnse‘and glucosamine contents and possibly also .

the seque;lge of component cnrbnhyd:fates between the t\n types of

gonadotropins, endowed them with disti nct chrosatographic behaviour ]

on Con A-Sepharose and Lenti1 lectin-Sepharose. Galactosamine

(Goldstein et al., 1965) and sialic acid (Dufau _e_t.g.. 1972) are not .

determinants for binding to the ‘léctins owing to absence of the

requisite ‘a-D-mannopyranosyl configuration. The low hexosamine contents

nf the vitellogenic hormones accounted for their faﬂure to be buund

to Helix pomatia Lectin-Sepharose and m\eat Gemm Lectin-Sepmrose.
The piscine gonadotropins all had a greater .abundance of glucosamine
. thvan g“a!acwsamine as had been reported for mamal ‘1an, avian and

reptilian gonadotropins (Jutisz and de la L1osa, 1972; Farmer ét al.,

1975; Papkoff et al., 1976b) . The ha'lf—cy‘s'»tlne and uth}'nnine values
might be lower than the actual values hn\;nfortunutely there was not
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enough material available for performic acid oxidation.

The m’la‘:u'lar weights of the "ittle" forms of the plaice, flounder
and salmon vitellogenic and maturational hormones are in close
agreerent with the values reported for gonadotropins of mammalian
(see Jutisz and de 1a Llosa, 1972) origin.

“ 1t is worth noung that both v1te'|'|ogea\|c and mtuntiona\ hormones
from plaice. flounder and salmon pituitaries are ldsorbed on BEAE Bio=
Gel A equilibrated with 5 mf lﬂjll,HCO; at pH 9 and unadsorbed on 1
Bio-Gel A equi'librated with 3 mM NH,0AC at PN 6. }

Althuugh ‘mammalian .and avian FSHs and LHs are very similar in

5 their molecular weights. they can be separated only by fon exchange

romatugraphy on DEAE- or tH—ce'IIu]ose (Furuya and Ishii, 1974/

m-and Saxeéna, 1974; Stockell and.Hartree, 1975) . Reptilian and *
amphibian gonadotropins can only be partially resolved from one ) .
another by gel "_’ggration, but the separation can be improved by .A
further chromatography on ion exchangers .(Licht and Papkoff, 1974a,b).. Q"
The remarkable simjlarities in chromatographic bd\aviour on Ultrogel,*
DEAE Bio-Gel A and DFBIO-&I A suggest that it would be very d'lfflcu]t
or almost impossible to separate the two types of gonadotropic i
activities under mild cohdltja{ns if the first step-of affinity
chromatography on Con A-Sepharose were omitted. .

Affinity chromatography on Con A-Sephanzse provides a rapid method
to.check the pirity of Con AT and Gon A'II fractions. Donaldsan's
$G-G100 prépared by solvent fracti'aﬁatiun (Donatdson et al., 1972)
has been'sholin by Plercs et'al., (1976) to contain'a considerable 4
amount of Con’A I ﬁaterial. One step;chrmtngrauhyrof the chum ! )

saJmon pituitary extract on Con A-Sepharose yielded a Con A I fraction
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contaninated with 1-17%" of the Con A 1T gonadotropin, which could be
specifically detectediby. rafioimmuncassay-as well as by the fmatire
trout gonadal cAMP augmentation assay (in vitro) (IdTer et al., 1975c).
Maturational and. ovulatory activities in the plaice pituitary Con A I
fraction, due to ;:untaminati;m with.the Con'A II gonadotropin (Campbell
and Idler, 1977) could be removed by rechrméfugraphy on Con A~5e§haéose
in ‘the present study. :

Application of the ethanolic extraction and precipitation

procedure (Stockell Hartree, 1976) to prepare fish gonaxiotrqpin . e b

yielded material which could/be further fractionated on Con A-Sepharose
(Idler et al., 1975a; Piérce et'al., 1976; Sumpter et al., 1978). It .
was found -that crude preparations of mammalian gonadotropins, NIH-FSH-PI
and NIH-LH-B5 (U et al., 1977) :could be further purified on Con A- : s

Sepharbse, indicating the utility of this immobilized 'lectin as a. tool

" in hormone isolation. 3

Vitéllogenic hormones from salmon, ‘plaice and Flounder appear‘
to exhibit the phenomenon of size heterogeneity. This phenomenon is
common among mammalian protein and polypeptide hormones,found both n
the pituitary and in circulation; e.g., PNSG_(see Papkoff, 1966),
FSH' (Gray, 1968), HCG (see Jutisz and de la Llosa, 1972), pr“o'lactin
(Ben-David and_Chambrach, 19745 Suh ‘and Frantz, 1974), gastrin, insulin,
ACTH, growth hormone, and parathyroid homone (see Yalow, 1974).: The
"big" forms are speculated to be either aggregates of the monomeric

forms oF the results of association between the "little" formis and

- other proteins. ' The physiological significance of the "big" forms

has. not ‘yet‘ been elucidated; some may represent prohormones- but

the identities of enzymes involved in .the conversion of these
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suspected. biosynthetic precursors to the active hormpnes are stili
obscure. - Partial or full biological az;tivit\y has been detected in
profnsulin, big ACTH, and themuTtiple forms of gastrin, although the

{nﬁerrelatibnship among “the different forms of a hormone has not yet

been clarified in the majority of cases (see Yalow and Berson, 1973).

The discovery of vitellogenic activity in two molecular entities

is in harmony wiF‘h the findings of comparable biological act'h}ity‘in
the different molecular weight forms of humn FSH (Gray, 1967), ovine
FSH (Papkoff, 1973), alligator and turtle FSH (Licht et al., 1976).

The present study is not adequate to provide a deﬁ'm’te‘ answer to the
question of what relationship the big form bears to the small form

in vivo. Potency 1in bioassays ‘in yivo, may not imply activity per se
but may-also be a resiit of an interna\ transformation of the

'lnactwe form into the active entity.

Freezing and thawing or prolonged Storage result in a considerable
conversion of the’ big human prolactin tnto the Tittle cnmpunent (Suh-and
Frantz, 1974), while Iynphi]iz‘ati‘on results in the preferential loss of
the. 1ittle human growthv»hormone (Gordon et al., 1973).s However, there
is no conversion of the monomeric growth humm‘le’(ﬁordnn et al., 1973’)'
and prolactin (Suh and Frantz, 1974) to the dimer. - In the case of
plaice gonédotropins subs tantial “aggregation of the "1ittle" formto
‘pruducel the "large" form took place in buffer when concentrations
of NaCl, DTT, and particularly EDTA were oW,

Dissociation of high mo]‘ecu'l ar forms of human FSH and,several
steroid hormone receptors occurred in high concentrations of NaCl
(6ray, 1968) and KC1 (see King and Mainwaring, 1974):

eitol and 2-mer 1 minimize asst ion of the
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elasmobranch sex steroid binding protein (Freemn and Idler, 1969).
However, ‘high concentrations. of NaC1 and DTT.did not prohibit
assucia;inn of- the 28,000 MW plaice gonadotropins. Gn the other hand,
the ro"’le that EDTA plays in maintaining the integrity nf‘ the 28,000 M4

gonadotropins’ is worth noting. The chemical is a chelating agent, and

" divalent cations have been implicated in the association-dissociation

phénomenon frequent among protein molecules. Calciun fons prevent

.aggregation of HCG (see Jutisz and 1a Llosa, 1972)‘and of. the rat uterine

cytoplasmic receptor for estrogen (see King and Mainwaring, !974).‘,
Zinc ions are indisyensabfé to the structure of the insulin hexamer -
(Blundel1 et al., 1971).  In view of the lack.of unanimity in opinions
on the ability of ﬁifférent chemicals to prevent -association of protein
m?lecu'l es, the mechanism by which EDTA prevents aggregation of the small :
forms of plaice and/ winter flounder gonadotropins has to wan\_\
clarification. S 5 ) \

’ Most antisera t‘o vertebrate FSHs required adsorption with LHs to
elininate cross reaction from the latter in radiofmmnoassay, and vice

versa (Daniels et al., 1977), and some antisera had a heterogeneous

antibody population (Licht et al, 1977a). In a few cases. the problen’ -
of ‘cross reactivity could be quite serfous (Cunningham and Herbert,
1973). Tt vas thus of considerable interest to note the homogenei ty of
the antibody populationwith regard to the sa!mu‘n vitellogenic and

maturationa]l gonadotropins in .their respective antiserum and the

- specificity of radioimminoassays 36t up:employing these antisera.

The reduced S-carboxamidomethylated salmon maturational hormone
was unable to compete with the iodinated native hormone for binding

to the antibody. Pierce et al. (1976) also noted that no’ precipitin




much 'lower sialic acid content compared-with thoseNgf HCI
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arcs were formed. between the carhoxymethﬂated hormone and the
am‘.1serum in the 1vm\unud|ffusmn test.
The 1munolog1c potenciés of. the salmon V\teﬂugemc and

maturationa) hormones were unaltered by desialylation. ,In this regard

« they were similar to HCG, r'mman FSH and LH which either retained full”

" or acquired enhanced imminoreactivity qfter desialylation (Brauristein

et al., 19713 Van Hall et als, ]971) The preservatinn of actwﬂ.y
T
in

vitro assay systems was attributed to the normat or even

augmented binding affinity of the desialylated hormone preparation to
its receptor (Catt &t al., 1972); the role of sialic acid was to

protect the hormone ‘from metabolic clearance in vive (Van Hall et al.,

1971). . 7 £
The extremely low sialic acid contents of the sa1mgn vitellogenic

bormones offers a plausible explanation for the absence of inactivation.

of vitellogenic activity after neuraminidase treatment, reminiscent

of an analogous finding with ovine LK (Grimek et al:, 1976) which

has a sinilar sialic acid content (Jutisz and.de Ta Llosa, 1972). " *°

The lack of cnmplete destruction of v1te1]ugenic and maturational

actlvlhes of . the salmun maturatiol 1ght well be due to its
1 PHSG
(utisz and de Ta L1osa, 1972) and ovine FSH (6rimek et al., 1971)
which experienced a_drastic,decline in gonadotropic potency when
deprived of stalie acid (Van a1 et al., 1971; Jutisz and de 1a Liosa,
1972; Grimek ,et ali, 1976). 'Again, desialylation only partially
cancelled the activity of SG-6100 in the chick testicular radio-
phosphate uptake assay (Dona'ldsan, 1973) which measur+ the salmon
maturational hormone- in the preparation’ (Idler et al.; 1976a)... It

had been found certam reptﬂun gonadotropins (Licht and Papkoff, ’

|
|
|
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' (1972). and enzymes (Jutisz and de 1a Llosa; 1972) were indeperdent of

Sialic acid for biological activity, whereas sore Subrarmalian
‘tetrapod gonadotropins. were’ 9n1y partially inactivated by meuraminidase
(Licht, and Papkoff, 15721. ' . < .
ie profile of biological activities displayed by each type of
piscipe gonadotropin represents the potential physio]ggi‘pal functions
‘of the hormone. The process of spawning in the natural reproductive
cycle of the salmonids is ‘clveaﬂy under the control -of the maturational
hormone ‘because ‘it has ‘been Shoun-that there is a rapid rise in the
-maturational hormone ‘Tevel in blood prior. to spwning (Crim et al.,
1975), and only this gonadotropin can elicit cocyte maturation and
i:vu]atim. At this stage the relative phys‘i»o]ogica] importénce 'of‘ "
~ thevitellogenic and maturational hormones in the control of ’
vitellogénesis still ‘awaits elucidation but thelatter hormore is not
readily detectable by vadioimmunoassay hen vitelTogenesis is well under
way (Crim et al.,1973, 1975). ! "
Separate gonadotropic (anuran $permiation) and th&rutrupic
molecules are present “in carp and eedpituitaries (Fontaine, 1969b).

It remains to. be determined whether TSH is a separate hormone from the ¥

n vitellogenic and.mturational gonadotropinis discussed in the present

studies. . .
The isolation of two different types of gonadotropins: from chum
salmon, American plaice and winter flounder pituitaries in this study

suggests the phenomenon’ is not confined to only onie or two species.

Hopefully, this new Finding will eventually lead ‘to abetter under-

standing of ‘the-physiology of fish reproduction. . RIS
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Pituitary Control of Thyro al. Funct




. activities have now been isolated from fish pituitaries (Chapter I).

¥ effect on the size of cocytés in the h_ypnphysectomized eel (Fonta'ane,

INTRODUCTION

Two types of gonadotropins, vitél\wenic and maturatioRal in

The' preparation- of cel thyrotropin (TSH) in a form devoid of any | .
gonadotropic activity in the ‘anuran spermiation test his been reporma ¥ s

by Fontaine and Condliffe (1963). However, the teleost thyrma has
been implicated with’reproduction (Sage, 1973; Hoar, 1973), and.it
respands to both gonadotropins and thyrotropin of mammalian origin

(Fontaine, 1969a; Grau and Stetsw 1977).7 Hamahan TSH. has a s1ight

1961). It is theréfore of vital importance to deterrnine whether TSH
exists as a hormone separate from the viteﬂogen(c and matur‘ati_anal
hormones in the plaice and 'ﬂounderkp'itunaries.
MATERTALS AND METHODS

Preparation of pituitary homnnés <

1t was describedin Chapter I THe CH I and CM II fractions |
derived from the goradotropic ‘DEAE peaks were tested for both
gonadfitrgpic and thyrotropic activities. '

Test\'ng of thyrotropic activity in the fish pituitary hormone : -

Qregarah ons

Mature male winter flounder were used three weeks after

hy;;optwsectnnw.' They were not fed prior to and during the course of . bl
the experiment. Fish experimented on 1in the winter were kept in

‘heated seawater at 10°C. .Injections of homones were ‘given

intraperitoneally ata Siteon the ventral surface just posterior to B

the pectoral, fin and bleeding was done 24 hr ‘after the injection.

Plasma triiodothyronine (T;) and thyroxine (Ty) were measired w{th‘/\—)/

-
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radioimunoassay kits fron the Micromedic Kit Inc., Philadelphiai l
aspEy buffer-conu‘lned }anﬂin‘nr'l'-napntvha'(ene sulfonic acid and W F
 barbital to free the tw thyroid. horsones fron plasas protefn .
binding sites. A-serial dilution of flounder plass showed paral]elisu )
to the standard curve in bou\ Ty and Ty radioimmunoassay .

Bovine TSH (Sigma) was also tested for v\yrntrnpicbactivit_y
in intact and hypophysectumizad f1 u_unde:. ) i

Effect of antisera to_thyrotropic” fractigns on thyroid function in the .
floun:er’ s ¥ ' R ) '
Antisera to.flounder Con A I m'ZB,.DOO DE.IXT fM 11 fractiun

- (designated F-Con A I 28K TSHab), flounder Cor‘l A 1M 62,000 dE it
CM.IT fraction (designated F-Con A 162K TSHab) and ﬂDunde.r Gan A

I1 M4 62,000 DE-I CM II fraction (designated F-Con A 11 TSH ab) were
raised in New leala:nd white rabbi ts.. Two hundred nlcmgrals were given
mtradérnl ’ly at mul tiple sites on m back at the primary h\ject{nn
which was followed m weeks later mlh a booster injection of 200

] and thereaftzr mth 2°booster ime:tﬁon every fortnfght Antlsera

{Here harvested two weeks after the sccnnd booster

In Expenjrent 1, flounder were divi d.ed into three groups and
injected with 'm uY of (8) normal rabbit’ se.nm, (b) F-Con A I 28K
TsH ‘ab, or (c) F-Con A'1 62K TSH ab, daily for a week. Fish"were
hled 24 br, after the last maecuun and plasma samples were assqyed
for T3 and Tl | - E . ]

In Exper!ment 25 i{ounder were divided into three groups, and \_S« E
injected with 300 w1 of (a) nurma'l rabbit serum (b) F- Con AT 28k ‘
TsH ab, or (c) F-Con A 11 TSH ab, and the same pr'nmcnl was fo‘l'lwed

a4 r{jwri ment 1. . 2




"CM 1 fraction: - An antiseérun which showed 50% binding at a_dilutign
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+ .Testing of aonadotrdpx‘c activities in t«he fish pituitary hormone

preparations e . .
(a) - Steroidogenic activity L e
The flounder plasna samples assayed for Ty and Ty were also ’ .

assayed for- (i) 1’

tosterone “in

'radinimmunoassays The resu]ts have a]réady ‘been. presented and

discissed in Chapter L.

- .
+ (b) .vitellogenic and nocyte maturational actwunes g

The tests were conducted as descrlbe(ln Chapter 1.

Testing of cross reaction from floundér Con’A I1 M4 62 OOD DEI CM1

and Con A T MW 28,000 DE ITI CM II fractions in a radioi

for ‘flounder Con A I MW ZB,OOb DE'IIL CH i fraction i
An antiserum was raised against flounder Con A I MW 2’8,000

DE !Ii CM I (vitellogenic) fraction by giving a New Zea)?in‘d whil;e ¢

rabbit a primar& injection of 5(1_0 ug protein at mu'ltip'lé intradermal

sites, followed by a booster every two weeks. An antisérum_which

shawed 50% binding to the iodinated Con A I MW 28,000 DE ITI oI L

- fraction at'1:8,000 dilution was used for the study. A radiuimfunoassay “

for. this fraction vas set up, and Con AII MW 62, 000 DE I CM l 7 # &%

(maturational) and Con A m 28 000 DE; H‘l M JI (T3 stimu]atmg)

fractions tested for cross.reaction.

Testing of cross reaction from ﬂounder Con A 1 Mbl 28,!]00 DE III

CM 1 and Con A T MWZB,DOD DE EIT CM II i in a radio

for Con A°Il M4 62,000 DE 1 CM I'fraction * . ¢

7

- An antisamm was rnszd against flounder Con A 11 M4 62, 000 —~_
DE I CM I fraction qs deséribed ahpve for the' ConA I MW 28,000 DEIL

S S
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" . cof 1.z 10,000 to fodinated flounder Con A IT MY 62,000.DE I CM I

of the radi were as described in Chapter 1. Flounder Con

% Al MN 28,000 DE lII CM I' and CM IT frac(‘uns ‘were tested for cross

fraction, was used as a radioimmunoassay for the fraction. Conditions l

reaction. . ;= 4, .
Amino acidd'ﬂa]zs‘is; carbohydrate ‘analysis and electrophoresis g

a " Flourder.Con ‘A 1T M 62,000.DE I CM I' (maturational -hormone)

. and Con- A _1.M4 28,000 DE 111 cM I (vitellogenic hormone) fractlons were

y analyzed for ammo acld composition, "hexose contents and electrophnretic_

‘behaviour, as described in Chapter 1. The presence of glucosamine .

% L, was also noted in the ammo acid analyS\s.

. Testinq of mammalian TSH. mamaHan FSH, T, and T, for vh:eﬁngenic

activ{t.v |r| ¢ flnunder

Two Imvme. TSH preparations, one from Signa.and the other from = - .

- Mann Research Company, were chromatographed successively on-Cellex D

*(DEAE cellulose, Bio-Rad) and Cellex CM (CM cellulose, Bio-Rad) to

ininize contamination, if any, with ins. The TSH fraction

»whicii‘was adsorbed-on Cellex D in 5 mM sodiun _tjl.xchfa_te'at pH 9.5 >
and subsiquently édsol:beﬁ on Cellex CM-in 3 mM ammonium acetate at =
pH 5.5 (Pie}c_e_e; 1

1971) was. tested for vitellogenic activity:

The bovine TSH preparation: from Signa was. then-tested at a dosage
of 0.2.mg/kg, while the preparation from Mann Research Company was
tested at ‘two doses, 0.1 mg/kg and 1 mg/kg. " Porcine FsH (Signa) - a .
was' similarly purified. The 'FSH fraction which was adsorbed on Dellex s

D and subsequentl,y unadsorbed on Cel]ex CM was® tested for vitenoge_nh: F
activity at a dusage of 'I mg/kg : .

Hixturgs of trhodothy‘ nine (Sigma) in, equal’ prnport'uns were ° .
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administered intramuscularly to hypophysectonized fluunder at two
dosages, 250 ug/hormone/kg and 2.5 m/hormone/kg.

Effects of T3, T, and thiourea on v,1te'|'logenesu in_intact fhmnder

Vitellogenic flounder collected jin December were treated

intramuscularly with (a) T4, 4 mg/kg, or (b) Tys 4 ma/kg, or intra-

peritoneally with (c) thiourea, 2 mg/kg, once every two days for three

veeks. The fish were then giver -estradiol-178 (1.5 mg/kg) and.
tritiated ‘leucine and H333P0, (20uCi/kg of each isotope). Three days.
“after the injection they were sacrificed and pieces of ovaries were
a_esaye& for the incorporation of radioactivity into the water

insoluble yolk fraction as descn’beq’ in Chapter I.

Testing of mamalian TSH for oocyte maturational activity in
hypophysectonized flounder .

"The :m'vine TSH yreparation from Sigma, purified on Cellex CM
and Cellex D as descrlbed above, was tested at a dosage of 500 ug/kg/
lnject‘lon in the oocyte maturation assay as described in Chapter 1.

B RESULTS

Effect. of hypop on plasmi Ty'and Ty . *

Hymesectomy in the flounder resulted in_a great drop in the
p1asma titers of Ty and Ty (Table 19) Bovine TSH given to intact

fish was able to elevate only the T, level, but when it was given to

_hypophysectomized flounder both T5.and Ti, Tevels increased (Table 19).

When .the m 28,000 ‘peak of the Con A I (unadsurbed on Con-A-
Sepharose) fractlen of the winter flounder. pituitary extract was
chromatographed on DEAE Bio-Gel A, it was found that the e!utjon-
profile was simﬂer to thaf reported for the flounder Con A I M4 v.
-625000 peak (F1g«'29). When" the second adsorbed peak (DE III, eluted

* by the gradient of SO-IgD mM NH4HCO3) was fractionated on CM Bio-Gel

e
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TABLE 19 .-

EFFECT OF

ON PLASMA TRI NE (T3), "

. AND THYROXINE (T,) IN FLOUNDER.. EFFECT OF BOVINE FSH_ON .; .

THYROID FUNCTION IN INTACT AND HYPOPHYSECTOMIZED FLOUNDER.

o

Group N Treatment . . Ty Fese i 5
: kg ‘ngd0m ng/100m *
~ ) < :
1 10 Intact S ade 00 560 + 140
2 12 Hypex - 1B 564300
3 .9 Intact + TSH 2.5 212+ 91 1133°+ 33
. : S Wsa (P < 0:005)°

4.735 Hypex + TSH 2.5 1716 . 81 + 110, .
@ . (P'<0.001)° (P < 0.001)

: . : ' i ®
a.: versus: Group 1 . !
B: i&e‘rsus Group 2
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A, thyrétropic activity resided in the adsorbed M I1' fraction which _

chnsﬁtuted about 5% of the DE IIT fraction. The flounder Con A I

M4 62,000 DE T11 CM 11 fraction also had thyrotropic activity. Both

fractions were able to elevate the plasma Ts concentration of the

hypophysectomized flounder; but not the plasma Ty concentration (Table

.20). " When aritisera generated against these two thyrotropic fractions

were injected into \ntact“hounder, a fall in plasma Ty Tevel

“ensued (Table'21). On the othér hand, the Con A II MW 62,000 DE I

fraction was able to reinitiate the production of T, without any

effect on Ts. When this fraction was chromatographed on CM'Bio-Gel A;

only ‘the CM II fraction retained the T, stimulating activity (Table
20). An antiserum to this Con A I thyrotropic fraction did not have
effect on plasma T, level in:the intact flounder but it depressed
the T, Tevel (Table 21) y 1
The chromatographic behaviour of the thyrotropl: fra:nons from

the American phice pituitaﬂes'was identical to that of the winter

flounder. . The Con A'T thyrotmmc fractions stimulated the production

f T ony; wheraas.the Con A 1 thyrotropic fractions fenhanced the
synthesis of T., (Table 22) ' . B .

The Con A'L. thyrotropic frattions from both winter flounder and
Anerican’ plaice were without effect on plasma 11-ketotestosterche
level (Tables 12, 14). The Con'A-1 Wi 28,000 DE III CH'II thyrotropic
‘fractions ¢id not possess any vitellogenic activity; although some
vitellogenic activity was fz;ppd'yin‘éhe corresgonding M 62,000 frgch:o,ns
(Table 23). The' Can A 1M 28,000 DE 11 M 1 and Con.A 'L MY 62,000

DE 11 CM I fracticns, on thé gther hand, were vitellogenic but. not
thyrotropic (Tables 20,-22, 23), providing evidence for separate
vltel'lngeni: and thyrotropic fractions in the Con AT fraction.. -

"o " ap
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The chromatograph of flounder on Con A 11 Nlrl €2, ﬂDf‘ on NFAE Bio-
Gel A vas similar’ to the plaice Con A 11 M 62,000 fract'loﬂ
(Fig. 7) no adsorbed material ‘vas found and the main DEAE*,fracL.‘iDn B
was designated DE I.. The CM x’fractiim derived from this DE 1 fraction
had-only gonadotropic activity” revéﬂ1fd in its ability to stimulate
l]-ketot,estostevjone prnduct‘ion} but no thyrotropic activity. The
cofresponding CM 11 frac:iJn, had both thyrotropic and gonadotropic ,
(stéroidogenic) activities;: the presence of ‘steroidogenic activity
Was probabiy. due to contamination. -However, the differential
distribution of thyrptropic activity in the CM 1 and CH ]} fractions
ind_icated the: existence’ of separate-gonadotropin and thyrotropin in
the Con A I fraction (Table 20). ! )
Dua’!itj of gonadotropins in flounder and plaic‘e/was revealed
+in the Tack of sferoidogenic activity in the Vitellogenic DE LTI CM I,
fractions derived from the Con A I M{ 28,000 and M{ 62,000 peaks, .
and the presence D‘Fsteroidogenic activity in the Con AllL fract\ons
(Table 12, 14, 20). Lt ;
In the radimmunoasﬁy for flau:‘der Con A I MW 28,000 DE III
CM T fraction, flounder Con A It M 6‘2,0(10 DE I CM(i fraction ar‘m
- Cori A I MW 28,000 DE III'CM II'fraction showed respect'ivej'fy 2% and
] 5% cross reaction. “In’the radi_oinmunoassay for flounder Con A II-
M{ 62,000 DE IT)Q)I fraction, f'lm‘Jnder Con AT M 28,000 CM I and *
CM ll,fractwns showed no cross reaction when, tested %ip to 2 ng 1eve1s.
The ammo acid, compos'nhons and hexose ‘contents of flounder
Yitg'l’logemc ‘hormone; (Con A I M4 28,008 DE ITI. CM 1 fraction) .and.*
maturational hormone (Con A TI P;M '§2,000 DE'T CM- I ‘fra}:tion)ﬂv{ere
preseﬁted in Table 24.' Many differences could be roted which, - ! .

{
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- " TABLE 24
g Amnm ACID AND CARBOHYDRATE COMPOSITIONS

"E g -, OF WINTER FLOUNDER GONADOTROPINS

CDHAHWEZM . Con A 1 MW 28,000
IcM1 fraction DE IIICM I fraction

| Lysine® . n 6.
| Histidine | #u Yy 4
"Arginine y ‘6 . 6
Aspartic acid ' . 25 . 25 .
. Threonine 22 8
. Serine . CFOR T 1 W2
) Glutamic.acid 7 32 £ 3 v
Proline S, m R N )
- Glycine " 2 ) i
4 Alanine . 12 18 7 :
Half-Cystine = ° 5 . I ST :
4 Valine 1 : 4 3
Methionine 4 4
Isoleucine -8 I e 3, e
Leucine 7o 5 17 -
Tyrosine ) g 2
s . Phenylalanine ’ 10 . ¥ ;
) " Total hexoses® . [ Vw2 i :
i _ G’Iucosﬂmine i présent i 'pre’sent ¥ 2 i

Values for amlno acids are expressed in number of residues for
every 200 residues.

Va‘lues for cnrhunydrates are expressed 1nq/100 '] protem. -
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“incorporation into Flounder ovary (Tablk 25). Pretreatment of intact

“to very low levels.. The de1eterwus effect of hypophysectomy on the

*which include a decrease in uptake at high TSH doses. H\owever, the .

s ; ' £y

tugether‘ w1th the lmmunologwa] unrelatedness of the two_hormones, ¥ i
suggested that the hormones were distinct. Flounder v1te'l'|agemc ! -
hormone showed one band at Rf. = 0.76 in e]ectrophuresm while

maturational hormone showed a hrcad band at Rf = 0.6.

Mammalian TSH; FSH, T3 and: Tu had r direct effect on yolk// -

flounder with thiourea, Ts and T, did-not affect yolk deposition in the

ovary -(Talﬂe_.ZE) L \ - i

DISCUSSION ! ) i g

The present investigation demonstrates that in the winter flounder !
production of the thyroid hormones, is under pituitary control because

hypophysecfomy results in a dramatic decline of the thyroid l{ormones

te'leust thyroid could also be revealed b)i the histological technique
(Pmkf_nrd and Atz, 1957). " 3 Y

Thyroidal radioiodide uptake in the starved rainbow trout/has
been used to monitor thyrotropic activity during the isolation of . »
eel TSH (Fontaine and Cond1iffe, 1963), but Chan and.Eales (1876)

find that-a similar assay using ‘the brook trout has some shortcomings.

latter auﬁwrs find that a linear relationship exists between Tog TSH.
dose and, plasma T, of intact brook trout: Other histological and o ]
radicchemical ‘hinassays have beén suggested (see Chan arid Eales; 1976).
However;, in view of the extremely d\sperse nature of . tha fish. thyroid
and ‘possible d\fferences in actwity between diﬂ'erent reg\ons of the
thyroid (see Gorbman, 1969), changes in plasma levels of thyroid.hormones

in the hypophysectomized flounder due to’hormone treatment were used as




TABLE 25

¢ . 'EFFECTS OF MAMMALIAN TSH,:-MAMMALIAN FSH, T3 ‘AND Ty ON-,

o
VITELLOGENESIS .IN HYPOPHYSECTOMIZED FLOUNDER :
“Grop N Treatment “Dose - Water Tnsoluble yolk -
’ 3H Tabel 33p Tabel \\
. ’ Yiens :
K L . . .
1 1 Buffer 4 10108 700 + 80
2 5TSH (mnm)  0:2 1350 + 230 900 + 95 3
S35 TTSH (Mann) 1 1270+ 200 830 + 180
‘8, 5 TSH (Sigm) 0.2 1300 + 180 700 * 99
5 5 FSH (Signa) 1 1060 + 250 730 + 170 :
6 s Ts+Ty ! o028 1250'+ 250 840 + 200 gl
7 5 Ta4Ty 2.5 1420 + 390 830 + 210 . s W
3
L . i
l
, .
" - Y o
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. THBLE 26

IN INTACT FLOUNDER

EFFECTS OF T,,.T, AND THIOUREA OK v:@ioshcrsls

Grop N Treatnent ~Dose - Mater Insoluble Yolk~
% - ng/kg (dpm/g. ovary)

- - 3H Tabel

33p 1abel

1 6 Buffer - 13600 #1500
2\6\ T,o 410900 #1000

L ? 15800+ 1000

6 Thiourea 2 12400 + 3000

2400 + 300

2200 + 290
5100+ 1500
4000 570
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\'an indicator of thyroid stj‘mu]ating actijityof“the,hurmcne pre;iarat.(un. ¥
- .’Cnn A.1 TSH fractions “elevate plasma Ty and Con A II TSH = - P ’ .
L ** " fractions elevite plasma'Ty in the hypophysectomized Flounder

Furthernore, antisera to Con A 1 TSH. depress. plasma Ty with no’ s

signi?icant ch;mge in Ty, wﬁﬂe Con A B TSH antisernim depresses -

plasma T, without effect on p'Iasma T3 . These ’fmrhngs suggest that
the Con A I TSH fraction has a maJor rale to play in regulating Ta, 7
7. while the Con A Il TSH Fraction regulates plasma The. conl:ept of ' i
- ) separate contrcﬂ of -plasma Ty and Ts in te'leosts\:;m t from '
i several recen‘t reports of 'lndependent a\tﬂm plasma Ty and \
- T3 in response to environmental or hor'mona'( mani\\IWrown et al.,
]977 Leatherland and Sonstegard, 1578 Le'lDup et a'I‘ " 19765 Milne and .
" - Leatherland, 1978; Dshorn and Simpson, 1971; White and Hendersum i

. The more general conicept that at least two distinét thyrotropic \

q pnnmples ‘exist in the fish hypophysis is consistent with the -
h1sto1ngaca1 observations of Kau] and Vollrath (1974) that -two
+ . thyrotropes exist in the gnldﬁsh pituitary which differ in their

innervation by A and B ‘hbers.

It s of mterest to speculate’ o the mechanism whereby Con A1
N | - TSH and Con A 11 TSH s,mmnace respectively;, plasma leveﬂ of T3 and

T It ds weﬂ known that Ty and small amounts of T3 are present 1n

°

the teleost thyrmd (Garbman, 1969) and that in several spec1es,

fnctudiig ‘a pleironectid (0sborn.and Simpson. 1959, 1971), these .. -
" hormones a'lsn occur 'In the blood. "It is also knwn that in, salmomds
at 'Ieast from 40-70% of c1rculatlng T.. may be extrath.yrmdaﬂy .

v, converted to T3 (Eales, 1971 a,b); and that based .on’ mqmalian_

+ stidies (Greer and Haibath, 1974f the possibility of intratiyr
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T, to T3 conversion exists.' If Ty is indeed the najar hnrmne

id, the Con AT isH Tr\actmn st

--synthesized in the flounder,

elease. . The fact that plasma T3 is g!,evated’

P -.:ﬁ-;\ 3 at expense of, p‘l-sn T This éffect uou]d be reinforced by the
slauer plasma clearance of T; relative to T, as demonstrated in )

salmomds (Eales, 1978; Higgs and Eales, 1977). The pnssibﬂuy élsn

ex'lsts that Con A l TSH ltse'lf stimuTates Ty to T;. conversion!
=
Tu!s would be cunsistent with the observation that Con A I1 TSH

ed alone to hy ,' e flounder. is capable of

- . :
; L elevacmg plasma T, but ot plasna T3 Gon A IT TSH presumably .
| causes thyroidal Ty re!ease, but; m ‘the nbsen:e\af Con AT TSH
‘. or some other p'ltmnry factor; nzghgﬂﬂe I; fnmtlnn “takes place:
One applrently puzang ohservation is that bovine TSH hdeoted ", N B
’ 'gi_to hypophysectomized ﬂnundclf elevates both plasma 4T,. and T3,
whereas Con .A‘II TSH, the presumed glycoprotein. homolog of bovine
1§H. elevates plasma Ty only.. _Con A 11 TSH and bovine TSH would be

\!expected to interact with the same receptor site and the dlfferent
el oL 3 : responses, therefore seem. anomalous. Howwer. Con A II TSH fractinns '
o produced but mild thyroidal stimulation, uhereas the high dese of -
bovine TSH uused llassive stimulatinn that may have affected the .-

_’thyroldal system |n a different manner. In t!gis redard it is of. '+
A Ty and'Ty-in

..fnt\m: “interest tn observe changes Sn' p1‘
hyvnph.vsectmized floundér empToymg eithei‘ ’Imt doses ‘of ‘bovine ./ - Sa
TSH or Ingh_ dose; of flounder TSH. lt.ld‘l'l atso be uortmmﬂe to
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of assay mater\als.
Anothar point that remams to be resolved is why bovine TSH?
“ fai‘ls to e!evate p_lasma T3 1n intact flounder despite massive,
v‘elevations v:n\ plasma 'n.. This. pattern of response has heen des r1bed
prevluus!y for intact lrnut (Brown et al., 1978) and’ suggests hat

there is a mechamsm for hoIdIng plasma T3 in chéck. .It is possib]e

that this check does not exlst in hypnphysectomized ﬂounder where
bovine TSH stimulates both Ty and T3 'Ievels although it is important
2 ‘to note that even: in hypbphysectomlzed ﬂnunder _the plasma T3 does
not exceed cne control level. Without more detailed 1nfnrmat1on on
individual T.. and T3 negahve feedback ‘pathways to the hypothalmo»
hypophyseal axis further speculation is dangemus. However,: one
posslb:mty is thnt/ghere is yet another hypppﬁysea‘l factor awaiting . L vy ¥
.discov‘ery that is involved in the {nmbition’of ;;lasv‘g(a T3 and ‘which i
" -may .function by suppressing Ty to T3 conversfon‘
- Difference in b1o1og1ca1 activity hetween these twa t_ypes u?

thyroid stimulating hormunes Ty - stimulating versus T, - st1mu1at|n§,

argues against the llkehhood of a smgle hormone distrihhed s

between the Con A1 and Con A 11 ftacuous It 15 perhaps pert\nent

tu nute that, whereas recﬂrnmatugraph,v on Con A -Sepharose removed .
mnst of %éanadotroplc contamination due to the Con A T1 fraction .
\from the Con‘A 1 fraction of the dugﬁsh pitu{tar_v extract; “theCon
A 1 fmtwn still ‘retained 313 of the total TSH acﬁvny whereas

.the Con A IE, fraction contamed 69% (Sumpter et et a]., 1978)

\

The “low, car‘bohydrate cnntent of the eel TSH prepared hy anta{ne
and CondHffe (1963) suggests Lhat it may be a g'lycoprngein not
*, adsurbed on I:on A-Sepharose; the method-of greparatwn *invulvmg
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% i saline extraction,.gel fi'ltra\iio‘n an ion_exchange chromatography. bV
would not 1ikely separate Con A I .proteins ch]etely fron Con-A II

proteirs (Id1er et all, 19754). . In Astyanes mexicanis the pituitary

gonadotrops “stain more intensely by tne’/periudic acid-Schiff

method than do the thyrotrops (Atz, 195'3), suggesting that its TSH

. contained less carbohydrate than did its ggnadotropin. However in
‘; . i other species the: réverse4 seens to be the case (0 and"Chan, 1974):

. b the other vertebrate ‘classes TSH was more closély asso‘ciated iuylng

for i chmmatography with LH ‘than with FSH (Pier:e et al., 1971; Scanes and -

HEN _Follett, 1972. Ln:ht and Papkoff, 1974‘3 b).- In the teleost the -

mturatinna'l.homone prepared from the Con R 11 fraction is cumpurah]‘e

; X R
to LH in its biological activities:(induction of oocyte maturaticn,z L™

ovulatinn and stemvdogenesls), and it 1s interesting that the T, - \

stimu]aﬁing honnune can be isolated frnm the Con A IT fraction” It is ReRd
{ pussnﬂe thut TSH assays utilizing thyrn'idal uptake of iudme /
1 LI (Fontaine and Cond1iffe, 1963) ard phosphorus (Sumpter: et al "1978)

cannot d‘lffFrzntiate hetween T3 - stimulating and Ty - shmu'lat'lng
w, E Y activities. : . ;
The :hromatograyh'c behaviour of the flounder and pla\ce myrnid "
_stimulating hormone resembles that of maﬁmhan TSH (Pierce et al.,

“1971), avian TSH (Scanes and Follett, 1972), and eel TSH (Fontaine - %, win
& 2 . and Coh{ffe, 1963).1n'thai they are d11- adsorbed on-diethylaminoethyl - = .
fon exchanger under alkaline cond:i£7os as well as on carbog{ymetﬁyl

jpn exlpagg;ers undér s1ightly acidic conditions. ‘The piscine TSHs

also run closely to the \'liteﬂog”gnl‘c (Con A1) aﬁd maturational
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chrosatographic. behaviour between gonadotropins ‘and thyrotropin from
both mammalian and avian sources- accounts for the difficulty
experienced in obtaining pure hormone preparations (Pierce etal.,
19715 Sg:an'es and Follett, 1972). A close association b‘emeen - ?
gon‘adotropi: and thyrotropic activities during chromatographic i
separation has also been observed in the amphibian.and in the reptile

(Licht and Papkoff, 1974 a,b). The Tow TSH' content of the’\ fish

pituitiry relative to the gonadotropin content (TSH content: ¢

g - “" / . content approximately equﬂs‘l :;‘20) -;grees with the finding in n'|anma1s.
v / (Pierce et al:, o) ! e .

% The Con A I frnction of the f’lounder and plaice pituitary extracts

has heen_ shown to be devoid of any oocyte maturational and ovulatory

activities (Chapter 1). The preparation from the Con A 1. fractions -

of flounder and plaice pituitary extracts of tl\yn"tmpic CM 11 fractions

without any vité!logenic or steroidogenic activitysland of vitellogenic

o CH 1 fractions without thyrotropic activity, furnishes evidence for
the existence of separate v'lte’ﬂngen!c homne and T3- stimu!anng :
‘hormone in the Con A I fraction. The flounder T,-stlm’latmg .
h;mne has -minimal ‘cnntammat]on with the vitel'logem’cy and maturational
hormqnes as. E\(“ﬂeﬂCEd by Tow cross’ reactivity in radio{munoassay.:
The presence ‘of two distinct nunadotmins in the vituitaries of the
winter ﬂnunder. the American plaice and the chum snmnn (chapter 1)

‘ted by the

observation that the homone in the Con'A T1 fracton whidn nduces

L) ; hns_ be_en estab] jlsh:d. T!\1s ‘finding is further su

on:yte mtnration also reinitiates androgen prroducunn in une X
hypophymuﬂzed nwnder. nhm-eas the vlte'l'loganic homoua in the “
- Con A 1 fm:tion has ne1ther acﬁvity. The existence of a T. -

1
Bk
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stimulating hormone (CM-11) in the Con A II fraction separate from

the maturational homone is suggested by the absence of thyrotropic
activity fn the gonadotropic. CH I fraction. Gonadotropic activity
in the thyrotropic ﬂl‘ll fraction could well be due to contamination

~— with maturational hormone. 3 L

., The inter-relationships among the pituitary, thyroid and ovary

=7 in'fish reproduction are:complex and there is no unanimolis -opinion

|
|
H
A
-i
s

on this issue (see Pickﬂ‘ard and Atz, 1957; Sége. 1973; Eales; 1979),

. -although interact!ons among thyroid homnnes. gnnudn steroids and

vituhury gnnudotropés nnd thyrotropes do exist (Sage and Brorage,
| 1970; Hurlburt, 1977). i A
In hypophysectomized ﬂq"urider_the thyroid hormones, bovine TSH &
i * - and FSH.(l;e_téwtlumtmpinf did not influence vitellogenesis, ‘and
bovine TSH did mot induce cocyte maturation A‘nd ovilation, though
bovine TSH was thyrotropic as Judged by vlasua hormone Tevels. . -

.
»

i “en These fmdings agree with those fnr gvldflsh (lhr!burt. 1977) 1n
: Jmﬁutmg that thyroid hm-mes in the absence of piurltar_y
" hormones exert no e!fecg: on ovarian maturation. Sundararaj and’
Goswani (1966) and Anand and Simdararaj (1974) did observe marginal . - E
gonadutropic activity in the hypophysectomized lndiln catﬁsh due
to naml-lan TSH and FSH but this_ uay be lm-ibuud tn CDntminatlon
wlth .

4 e wa ¥ lt is Hmﬂy estab'lished that thyratrny activity can 'beg >
dAncreased or aecmsed respechve'ly by, thymidal |nh1b|t10n or tl\yroid

‘hormone aﬂminutrltion, and an attmp wus lude here to alter

pituitary TSH pmductinn by in:lecl:inn of tl\luur:u and T; or T., 1nto ;

or ﬂnoum‘

* -intact ﬂuunder Mong of the trgatnnts mn \',.'
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sy '
altered vitellogenesis indicating that T3, Ty, !.hi’ourea‘ or changes

in en&ngenous TSH levels do not ,i}lf]itencé_ yolk synthesis. ‘ This is Lt
. contrary to the findings of bothHurlburt (1977), who showed:that ‘

3 g, & ) ;
e Ty in the presence of gonadotropins enhanced ococyte development,

“ and.Detlaff and Davydova (1?74) who “indicated a facﬂit_étive role ~
.of T, in gonadal development. The present negative results may be
" due to the'use of a high level of Ty. : Hurlburt observed that!.

high levels of Ty vere lesyeffective thai low levels of Ty and ’ B

e_v‘ldence}frum mimuﬁs suggeét_s that extreme thyroid states lead.

4 " to ovarian atrophy (Leathzn, 1972)..
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pe Contrar;y to the Eonclusion arrived at by Fontaine and Burzawa-

Gerard (1972) and by Donaldson (1973) that the fish pituitary‘

* elaborates only one'ganadoirapin. the results of this thesis, sgrongjy

' mechanisms i.e., stimu]ation ‘of mcurporaﬁun of vitellngenin or

ovarian yolk synthes1s, awaits further stmﬁes. .

support the concept t_)f duality. of gonadotropins in the winter flounder,
the American plaice and the chum salmon. The matur@tional hormone
isoTated fro the pituftary Con A IT fraction regulates the

processes of angmgen production, spermiation, and b‘vu’l;t'ion. It is
also responsible for the first step in vlteﬂogenésis i.e., the _

production of vitellogenin through stimulation of estrogen, alth‘ough it

is not too clear why the hormone is not readily detectable in the early ol

phase of vitellogeresis (Crim et al., 1973, 1975). = .

The maturational homone also appears to'play a-role in the !

second step of vitellogenesis‘i.e., 1ncurporatinn of vi‘tenogenm into .

the ovary and" if av\y, uvanan yolk synthesis. On the nther hand, the
vite1logen|c honmue prepared from the putuitayy Con A I. fraction

does not have direct control over. androgen, productwn. spenmannn or .
ovulatiun, but” 1tsgonadatmpi: activity is manifested by its ability
p;) stimilate: ‘the,secon’d step of v(te]Togengsi;, the incorporation of
vitellogenin into the ovaty. Whether the viteTlogenic and ’

maturat’{nnal hormones stimulate this process thruugh different *

The- |su'lat'lon from the Cnn AT fractlon of p1a1ce and flnunder d

pﬂultary extracf.s, of tnyroid stimu]atlng hormanes nithnut

vlte‘llugenic act1vity, and of vite]'lugenic horrmionies without thyrotrop{:‘

activlt‘y.'is stmnq evidence for the existence of s’geparata» \dtel'logenic

5 and thyrotropic hormones. - This finding is. important because of a7




implications of the teleost thyroid gland in reproduction (Hoar, 1973;
Sige, 1973), and of the fact that the sl TS vas tested for
gonadotropic :ontminaﬂon inan anuran b1oassay and the possibility
remains’ that there: 1s a gonadotropm undetec!ed in Uns assay.

The. ohservatiun of T,-shmulating acgivlty ina pituitary CnAl
fraction, and of T,~stinulating a’ct{vuy in a pituitary lfnn A Il
fraction suggests that the prm!ucéim of thyroid hnmone; is
cnntraﬁ]ed b_y‘t‘no separate hormones. . The relative physiological
1npnrnnce of thes! two thyroid stimulating hormones in the control

of thyroid fum:unn is an/interesting research topic for the the future.
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; APPENDIX
Protoco) for estradiol radi ’ 9
7

Estradiol- [2 4, 6 7,16 1713H with a specific activity oF 130 wCi/
m-mole was purchased frum New England Nbclear.* Plasma_sample- (100
¥1) and 1000 cpn.of triti ated estradiul contained in 100 y1 assay
huffer{were added - to a test fube and the mixture was vortexed twice.
Ether (3.m1) wa added, the mixture was vortexed anq then put on ﬂry
ice. . The" top e:kg_f layer was poureﬂ off into anothgrrtube" " The bottom -,
aqueous layer was re-extracted with ether before freezing on dry ice.

The top et’her layer is combined with thé first -ether extract before .
heing evaporated to dryness under nitrogen. ;The extract was dissolved

in 200 w1 toluene: methanoT (9 1) before being appHed toab mx5.5

passed inta the gel, another 200 w1 of toluene:methanol (9:1) was addetf
to the column followed by annther 2 5. m]. A fnrther 3.5 m] was used ‘to

to dryness. ! l :
Tritiated estradiol was puri fied by .chromatography on Seph‘adex LH- . . iy

Zﬂ.as described above before beir;g used as label or tracer. ) "o

.. To the tube conw‘nipg the extract of'the sample 1 ml of assay )

buf fer was ad‘ded., fhe sol uﬁiun w‘as vortexed vigorously and allowed to

stand for 5 min before beirig vortexed again. Two aiiquots of 175 41

each were transferred t; countiﬁg vials forj recuvery'est'lmates.‘ Three - it

pH.quots' of 200 \N each were added to three assay tubes. To eacli'assay - : .

tube was added loo ul estradio] antiserum [{E 8000 dilution uf the

suppTied stock), 100 yl tntmed estradiol contaiping ﬁ) 000 cpm and .

the mixture was incubated at 4% for 2-hr before a!mtion of 200 yl




-8z "

v . 3 ~ .
dextran tharcoal,” The tubes were vortexed and 20 mifn Tater the tubes
wefe centﬂfuged Supembant (400 u]) was u):sl and mixed with. 2 ml )
Riafluor for comt(ng . :

The assay buffer (0.1 M phosphat;. Ph ])-us ;repared by dissoiving
5. 35 g Nah,P0y, 'Hp0, 8. 66 9 NHZHPOu. 9g l‘aCl and1g sodium azide |n 1
Titer of distilled nntev\ Gehtin (100,mg) was added to 100 ml of the
above buffer nnd ﬂisso'l veNy gentle heating The resultmg snluﬂnn vlas v

used‘as ‘the assay huffgr

N Samp]e (100 1)’ was added to 950 i led Ty solution

cnntained ina pnfypropy'lam assay tube coa v'w'nh T; antibodies.” The °
mixture was vortesed and incubated at’ 37°§: for 90 minutes. The tupe - =
contents were then aspirated and the tubes were washed twice with

- distilled wter before comting.. ; s i

A series of Ty standard solutions was pruviﬁed 1n the mcrumedir.
T3 RIA kit. . ; /
.Pmtoco for t xine (T,) radioimmuncassa, & )
A 5041 aliquot of the standard solution wes added to 450 u1 R )
dfstﬂled vater in a g]ass tube. A 20yl aliquot of ‘the r.h’luted mterial
¥ was added to 980 41 1251 TabéTed T, solution cnnuined in a poly
propylene assay tube coated with Ty antibodies The m]xture was vo texed

and incubated at 37°C for 60 minutes. The tube-contents were as| jrated

® and the assay tubes were u!shed twice with dlstil’led water ba{gf

conntl ng. X x - ) . )
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