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ABSTRACT

= ‘ 5 )
Direct evidence is provided for ovarian incorporation of plasma

proteins other than vitellogenin in winter flounder Fse;ldogleuronectes

" americanus. Two major poiypeptides of molecular ;we'g'hts 70 K and 28 K

from Peak A protein(s) of the plasma were demonstrated to bg Iv}ccrpéra-
" teﬂ into mia;-{an pr'of.einsi Both the polypeptldéi were structura“y.
dif_ferent from vite]i;)genlr} and were found to éxist in the oocyte‘as F
po\ypebtide f_r’agment's of moleculdr weights 28 K, 70 ,K,'and 76 K. .Vitel-
Togenin was s)luwn to occur as 96K and 86 K fr;gments in the oocyte.

The ovarian polypeptides'of ‘molecular weight 96 K- fragment from vitel-

- logenin, and 28 X fragment from Peak A protein(s) appear to be com-

plexed together an;i are classified here as 1ipovitellin 1 and lipo-

.n trogel- AcA 44 tngether ulth prolactin and, gruwth hormom "

viteTHin 1o This is simitar to~the molecutar organization_of yoIk 1n

Xe;nw'laevi‘s [Berri'dge, M.V., and La;m, c.D. f1976). CelT, 8,
é83-29i]. In addition, the_ presence of .the 70 K and _ZB K pblypeptldes
_of Peak 'A,p‘rote.In(i) in the testicular prntéins. has been established. !
‘Carbohydrate-poor p(tultsry proteins’ st‘llﬁq‘!at‘ed the ov;rlan incor~
porati;m of vitellogenin and éne nnn-viéeﬂogen}(n pIasﬁa proteins, ?éak
A proteln(s) and Peak E protein(s). A biolpgically active: p'epti&e (Rf
0.72 protein) was obta‘lned from the carbohydrate-pnor proteins; this |
S has a mo1ecu1ar weight of 14.3 K by polyacrylamide gel’ e1ectraphoresis
cuntnning sodium dndecy1 ‘sulphate and elutes |n the regjon of 28 K on
A reglﬂa-

' tory role of this gonndntropﬂ.in the ovarian uptake of P
pnntﬂn(s) was estab]ished. These findings were in ugreement ulth the
enrller stud!es on the auallq of gonadotropins in many spec!es of

’ telecsts. ‘reported from this 'Iuboratory (see Idler and Ng, 1983).

\,.‘.
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CHAPTER I

\rjﬂ General Introduction

“Processes such as maturation and fertilization.depend on the

synchronised growth of the ‘gametes during the reproductive phase. '

_Schuetz (1985) noted in Ms recent review that the fema'le gamete 1s the

prlmary or only ce'l'lula\r 'an between the present and successive

generations. The cellu'lar and molecular events: that ‘occur within the

cytoplasn and nucleus of an oocyte during its development are of funda- -

mental interest and importance to developmental biology.

- In this thesis, I have zidressed the question of the functional

role of plasma proteins in ococyte growth in a'teleo{t, Pseuduj

pleuronectes ameri'canus, with -emphasis on non-vitellogenin pro&eins.
The work,also deals with the gonadotropic regulation of uptake of these

plasma proteins into the ovagy during the reproductive cycle.

Role of plasma proteins &n non-mammalian vertebrate reproduction

Efforts te-understand the role of plasma proteins in non-mammal{ an
vertebrate ovarian growth have been almost entirely concentrated on

vite'nagenin also known as the female-speciﬂc plasma protel/l‘(ida et

. al., 1973a). The subject of vlte’nogenin and vitellogenesis\tas been

extensively reyiewed in non-mammalian vertebrates with respect_tc

il " .
oocyte growth (Wallace, 1978; 1985), expression of -the v/ite’llogen’n 3
genes in euka‘rﬁge orgaﬁ{sms and the rel atﬂmsilﬁp between vitellogenin

and egg yolk proteins (Tata and Smith, i979). stages of ovarian growth

v




{Wallace and Selman, 1981; Wiegand, 1g§2) and teleost yolk -formation
and differentiation (Ng and Idler, xgq’a) InducibiTity of this 1ipo-
phosphoglycuprotein (Emmersen and Pgtersem 1976; Hori et al., 1979)
“with estrogen. treatment hds been well estabHshed in all the classes nf
nnn-muma'lian vertebrates. Its chemical and |n|mno'log1cal “charac-
terimcs with respect “to yolk proteins have also been wen studied
(see Hn'llace, 1978). '

The h{stor,y of the role of circu1aﬂng p‘hsma proteins in the

synthesis of yo'lk in non-mamaHan vertebrates dates back to some 90

years ago, when Klemperer (1893) cbserved tha{ ant1body~1{ke activity
could be found iyolk derived from eggs of hens previdusly immunized

‘with specific « Togical and b ochemi 1 similarities

between certain serum proteins t?f the 1ay1Wen and the hen's egg

yolk proteins have also long been recorded (see Wallace, 1978). Ldter,
studies on the isolation of the yolk proteins (Cook, l‘!ﬂ):‘and demon-
strat!onl of the synthesis of some yolk precursor by liver s{lces (Heald

and McLachlan, 1965), reinforced the 1ong standing conviction among

workers in av|an‘rei)roduc_tive-biogogy that a1l macrﬁmohcule materials

of the developing oocyte, ﬁ!c'ludlng the yplk proteins, are derived from
the magernal-b‘looqstream (see Wallace, 1978).

Earlier, Laskowski (1936) had obser\;ed-pla_sma phosphoprotein
@ppearlng during the &eed!ng seuso‘n of a number of female oviparous 7
vertebrates. Flickinger and Rounds (1956) reported'tl_\e cross reac-
tﬁm:y of an antibody prepared igulnst .a yolk component with female
*serun as uen as with a variety of other extracts However, these
stndies were either Incomp]ete or not conslstent (Wallace, 1978) and,

moreover, Kaster and Schechtman (1957) fai]ed to obtain evidence fuy-




* the ;ransfer of 1injected protein to the ovary. Later, Glass (}959)'
demonstrated tha’t prot’ehs from th; matereal -bloodstream could
apparently be lncnrporated ant‘lgenically 1ntact 1nto developing. *
amphibian oocytes. “In addition Ulrist and Schjelde (1961) - found that
componengs with biochemical and ultracen:rlfugal properﬂes _simﬂar: tq
those of yolk proteins appeared in the serym. Outstand&ug studies by
Wallace and co-workers first with Xenopus and more recently with fish
prnvided ?chhwive evidence on oocyte growth' in relation to the plasma

, Protein vitellogenin and deftned the t _,’ ¥ g 1
to vite'l'lugenin synthesis lts existence as‘ *phosph‘og],yco’lip‘byrobein.\
in circulation and its convers1an to yolk proteins, Hpuvitel“n and
phosvitin, has also been well documented.

As in Nrds and ampmhians vitel(genin is very important in
teleost yolk synthesis (see rev‘lews by Wallace and Se1man. 1981;
H!ega d, 1982; Ng and Id1\er, 1983). Female specific protefns have been
dete }d in teleosts hy immunological, electrophoretic, chromatographic

‘ or u] racentrlfuga] methnds ('seo Wallace and Se!man, ‘19815 Idler et
al., 1979; So et al., 1984). o

Autoradiographic studies by Rorfsmeier (1966) after injection of
tr1t1_ateﬁ,amlnq acids into adult female zebra fish Brachydanio rerio,
which breed cen‘unuously, indicated the transfer of protein from the
blood to yolk spheres vi!t?_li_n the oocyte. Kcrfsn&éir (1966) demonstrated
theI apbeannce Bf labelled prutei»n first in the 1 ver before incorpora-

5 gion into yal_k.' élgctrophoret'c studies by ‘te Heesen and Engets (1973)
showed the ontogenesi§ of fegna]e.speciﬂc proteins in ih;a ova_r{es' of‘
the zebra fish. [ " —

k . Apart from the following |nd|rect'séudies. one on Xenopusand two
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others on teieosts. no other published study exists concerning tne

,/‘v' specific ru'le.of other plasma proteins in non-mammalian reproduction E =

= Wallace and Jared (1969), in order, to provide proof for the role

of the o\rnry in removing vltei]bgenin from the circuiat(on.'injected

equivalent amounts of two serum profein fractions S; and Sp and !

vitellogenin, a]1 labelled with 3H-leucine, into three groups of .  ° D

~ human chorionic gona:iotropin treated _Xeﬂm femalesv From this L

- . experiment, tﬁe,y conciuded tnat vite'l'logenin was rapidiy removed from {
the circulatlon and became associated with ovarian protein, whereas the
other two.serum protein fractions did.so to a much iesser extent; also,
the incorporation of vite'l'iogenin into ovarian protein appeared to be
about 50 times more rapid than tne incorpor;tion of eithér of the other
serum protein fractions. They reoorced that the process was selective
but the other serum protein: were also incorporated én a limited
extent. This study on Xenog was the first experimental evidence. . ~
indicating a posslb'le ro'le of otner serum proteins in the ovarian

. growth. However, based on quantitative analyses performed with the

/" ’ oocytes of MM,.yaiiace et at. (1972) “veported th!t >99% of

the yoik protein waszderived feom vi_teﬂogenin. ’ '

In te‘ieosts. evidence for the in:orporation of non-vitellogenin

macrme'lecn‘les by oooytes was ‘shown by Wegmann and Gotting (1971).

Through ultrastructura'l stndies on the swordtail %1ghcghore.s helleri, - A

w : they showed the: |ncorporation of an electron-dense molecule iv\to the '

yolk bodies of vitel‘logen‘lc cnc,ytes

. / The remaining evidence in te'leost cumes frpm an in vitro study”on
vite'l'logenin incorporation by . the ovarian fol'licles of radmaw trcut,

Salmo gairdneri ‘(Cnmpben and Jl'lahert. 1979). The—authors reported




" Yolk protei i )
0 roteins i

that a protein from the serum of § gairdneri, induced by estrogen
treatment, was -Incorpora:éd into vite110§en1c follicles to a greater
extent than other serum proteins of S. gairdner{ or bovine serum

albumin (BSA). which seryed as controls. They reached no, conclusion

concerning these n v|teliogen1c proteins as possible sources of
) .
oocyte proteins and suggested that a large proportion of the incor-
po}'ated BSA. and other non-vitellogenic prsnteﬂls could bé associated
e -

with fql\llcv‘.ﬂar: tissues other than the docyt'és.

. : 1 T
" ‘Whether'it is vitellogenin or‘non'—vitellogénin proteins, their  °

relevance to oocyte growth 1s mostly v]‘eflected in terms of yolk pro-

teins.” Molecular organizanon of” the yd1k in oocyte becomes pertinent

here.. ‘In teleosts yolk occurs as fluid-filled spheres (Grodzinski,

_ 1954, 1973) within the peripheral ooplasm (D_r‘o]lbr-énd Roth, 1966;

Anderson, 1968; U1rich.-’l969; Gupta and Yamamoto, 1972;- Shackley and
: X

’ ‘King. 1977), whereas in ampMM?s or in other ﬁon-mamaIHn vérce- E

brates, yo]k occurs as crystalline granules (see Hal'lace,L_ZB). How-
ever, crystalline yolk has also been desc?!bed in_ sgvera'l d|stanb1y '
re'lated teleosts (Vamamotu and Oota, 19673 Gupta and Yamamoto, 1972;
Riehl, 1978). which 1nd1cates some homology between te’lecst and
amphibian ynlk. Vn1k spheres' in teleosts are known to maintain tﬁeir-
integrity throughout oncyte gronth (Vamamoto, 1957b) or fuse centri-
pela'l’ly to form a cont!nuous mass of fluid yo1k which, confers on eggs
their characterlstlc transparency (Wallace and. Seman, 1981),

15 ‘is well established that the yolk protefns of ovwnruus verte-




/)rate_s are .composed of 'Hpovvltel'ljn and phosvitin (see Follett and
Redshaw, 1974; oh'lendnrf_ _ejé_].. 1975). A nuqber of invest1qat$rs have
attempted. to isolate 1ipovi ﬁe1|1n-1|ke and phosvi-ﬁvn-’lvike yolk proteins
from the ovnr(é?’of a variety of tel!ust species (see Ng and Idler,
1983). ln te]eosts Tipoviteliins are frequent]y heterogenous, they

* contain very. low amounts’ of prcte!n-pnosphorus (see Wallace, 1978) and
are soluble in so1uiions of lo.w ionic strength V(Jared End WalTace,
'!963) The phosvitlns are also frequent\y heterogenous (Mano and
Lipmann 1966 ‘a,b; Jared and Ha]'lace 1968), have Tower molecular . .
welghts and contain wl dely divergent amounts of yrotei n-phusphorus (see .

S ’\a'llace, 1975). Phusvitins appear to someumes be comp'lete’ly absent.
from yolk preparations in some marine teleosts (Jared and ‘Wallace,
1968) . '

Lipovitellin monomer (glycolipophosphoprotein) in amphibians has a
molecular weight in its native form, of about 200 K aﬁd is composed nf.'
20% ¥ipid and of about 0.5% protein-phosphorus (Wallace, 1978). Under
dénituring co‘nd\‘t(ons it can be resc’lved further into two pEDtNes
with a 1:1 mohr ratio and molecular welghts of 31 K and 120 K
(Wallace, 1978). On1y the smalwr peptide is phosphorylated (Bergink
and Wallace, 1974)..0n tne contrary, phosvﬂ;in has a molecular weight
of a‘bnut 35 K - 40 K under both native and den@turlng conditions with a
tn;ta] _pratein-phospnorus content of 9.5% (Reds!gau and Follett, 1971).

Different values of mo!ecn'lar weights f::r Tipovitellin have been-
reported among ‘teleost species. A molecular welqht of 300 K for’ trout
(Hara and Hirai, 1978; Campbe]'l and Idler, 1980). 500 K for w!nter
flounder (Ng and Idler,- 197&) were noted Ando- (1965) ihdicated that
trout 11povitellin has a molecuiar weight of 240 K 1in its native form

P . ' T e




an;i has two subunits. deVlaming et al. (1980) reported two subunits
for lipovitellin of gomflsh' by sodium dodecy! s?lfau polygcrylamide
gel electrophoresis hnvirug molecular weights of 105 K - 110 K and 19 K.
-25%, mspéctlve!y.’ Plack and Fraser (1970) clatmed the presence of
two types of 1ipovitellin in the cod ovary. ’

On the other ;-ind. tﬁe molecular weight of trout phosvitin was
reported to be 43 K by Campbell and Idler (1980) and 19 K by Schmidt 2
al. (1965) and' Mano and Yoshida '(1969)'. Ng and l}ller (1579) revori!d a
vdlue of 30 K fur uinter ﬂnunder— In general, 'molecullar ueights of
teleost phosvit{ns were, reported ‘to be hwer than that of other. verte-
brate phosvitins (see Ng and Idler, 1983). )

Apart f‘l‘om t‘hves‘e reported major-‘ yolk proteins, yolk components
&ksiinct from 1ipovitel1in and phosvitin were also reported in the

teleost ovary (Jared and Wallace, 1968). One of these, the " .com-

ponent” found in salmonids ! 1 no 1ipid or .,,. 3 orus and
was revort.ed to have a molecular weight of about II K; it nas derlved,.
* from the serum of sexuaﬂy maturing fen'les (Ihrkert and’ hnston!.
~1971; Campbell and mer. !9&!). was extractable with 0.5 N NaCl (see
' Ilg and ‘Idler, 1983). lsolatlnn nf livetin, another ovarian protein was
reported by Markert and Vanstone (1968) and by Jared and Wal)ace.
A quote from Wallace -(1978) is relevant to the present 1ywesﬁga-
tion: "In view of rece‘nt information on (1) tﬁe ‘;ntnre and origin 9'
the ;com onent in salmonids, (2) the ‘entreme susceptibility of at
least one teleost vitellogenin ta_pratenlysis (Hickey and Wallace, "
1974) and (3) the .derivuiun:of yolk protefns fr&m vitellogenin by pro-

teolysis (Bérgink and Hall'ace, 1974), it see!ls more r'qasonnble to

postulate-at this time that.teleost vitellogenins are proteolytically

A
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cleaved at alternate and/or more numerous sites dur“lng their conversion

~to yolk proteins".

Gonadotropic regulation of ovarian growth

In non-mammalian vertebrgtes,, the major event during the pr’acess
-of ovarjan growth'is represehted by ‘the massive syntnes‘ls' of yolk by
the oocytes, which s indlrect]y controned by ‘the vitultary honnones
(see Redshaw and Follet, 1971). “As indlcateJ earlier, yolk is syu‘he

. sized by incorporating the plasma protein(s), p_rincipany vitellogenin

(see Hal’]at‘:e. 1978). “The hormonal contro‘% of ovarfan growth :in‘
teleosts has been addressed in:several reviews (Dddd, 1972; Reinboth,
1972; Donaldson, 1973; deVlaming, 1974; Fontaine, 1975;-Fonta1ne‘, 1976;
Lam et al., 1978; Idler and Ng, 1983; Ng and Idler, 1983). Akin to
other non-mamaHan vertebrates, |n teleosts, gonadotropins were found
to enhance the_transfer of vtte'l’logenln{ram t‘ne blood into vitello-
genic oocytes (Campbell.and Idler, 1976; Campbell, 1978; Ng and ld'lé‘r.
1978a,b); appa‘rent'ly by stimulating micropinocytotic activity at the
oocyte meml;rane (Droller and Roth, 1956 - Anderson, 1968;'Heqmann and
Gotting, 19713 Upadhyay etal., 197@). .

The existence of two separate gonadotropins in fish was a contro- .
versln'l issue unti) 1975. Various reports on the isolation of gonado-
tropins from teleosts gave no l;uﬂc\atlon of the presence of two bio-
chemically distinct types of gnna‘dutropirys (see Ng, 1980), studi‘e/s by,
Idler and co-workers (Idler et al., 1975 a,b; Campbell and Idler, 1976,

) 1977; Ng -!milld'ler,- 1978 a,b, 1979; Idler and Ng, 1979; 1dler and *

Hwang, 1973)_ 11lustrated the existence of two distinct types of




gonadotropins in several teleost species. They called these two
gonadotropins Con Al gonadotropin(s) which e;hibﬂ no affinity to con-’
canavalin A, "ie" carbohydrate-poor GtH) and Con AIl gonadotropin(s)

which exhibit affinity to Con A, ie carbohydrate-rich GtH). The Con Al

GtH controls ovarian development by sti-ﬂa@g the 1ncnr'poraq'(oi
yolk ‘precursor from the blood and the Con AIl GtH stimulates ootytt

maturation and ovulg‘tlon (sge Idler and Ng, 1983; Ng and ld];r. 1983).
b'l':e possibility tha_t l‘lCh t‘ype. of gonadotropin -uy have other functions

in regulating ovarian development is not excluded.

Statement on the research problem

Wallace and Jared (1976) reported a very high specificity of

_incorporation of vitellogenin by isolated amphibian oocytes, although

Wallace and Selman (1981) noted that the available 'evldem:e' for
teleosts indicates a reduced specificity (see Campbell and Jﬂllb!ﬂ..
1979). The earlier findings on the incorporation of nonviielloggn1n
plasma proteins were rather indirect evidencé since the experiments
were 'canduc&d to e'subllsr‘: the specificity of vitellogenin uptake by
oocytes. In addition, the serum proteins that were testeti may not be
the protein species requi}td by the oocytes. Factors 1ike stage of
oocyte development could be very important in the regulation of protein
uptake. Furtl{gr, the study conducted by Campbell and Jalabert (1979)
was on isolated oVarian fo]lic\es—_ﬂ‘m and this may not reflect)the
situation 1n vivo. 'Thus the’available evidence either enmnislzed the
predominant role of vite!ingenlq in ukyte growth or provided incon-
clusive evidence for me'possible'pa‘rticipauon of other plasma ’




proteins.

’ Hence, there is a gap in our knowledge concerning the functional
selection of non-&lte]]oéenin-p}asma ‘proteins fn oviparous vertebrates
during oocyte qrunfh. Before this investigation was started, ‘the pre-
1iminary experiment conducted in-this laboratory (Idler and So,
personal comnunication) Indfg‘:ated, that at least ':nu p’lasma_pro‘teln(s). ’
in addition to vitellogenin were also taken up by. flounder ovary. '
Their study also indicated that the uptake was enhancéd b‘y the Cnﬁ AL
fractiﬁn'from the pituitary. These resuTts:proned the groundwork for
this study. ’ o '

The purpose nf this 1nvestigation Initiated in 1994 was:

1. To answer the questlon. Is vitelTogenin the dominant protein or do
other plasma proteins also play an important role in teleost
oocyte development? ' ’

2. To elucidate the structural and functional relatedness or
unrelatedness to vltel‘log;nin of the plasma pv:otems; which wév:e
found to be taken up by the oocytes,

3. To define more c\ear\y the influence of the carbohydrate-pour
gonadutrovi; fraction on the uptake of non-vitellogenin plasma

proteins and to compare the uptakes at dlff:erent times during the

reyroduc?e cycle.




CHAPTER 11

WINTER FLOUNDER PLASMA PROTEINS

Introduction

Although the study of mammalian, and especially human, plasma has
been intense, less information is available on the plasma proteins of
other vertebra!.e classes. Recently the protein mofeties of ﬁ,sh 1ipo-
proteins have receh;ed. increased attention (McKay ﬁﬂ.. 1985). Like
tfloée of mammals, fish-plasma 1ipoproteins contadn 2 héterogenous col-
léction of apoproteins associated with partitular densjiy classes
(Nelson and Shore, 1974; Chapman et al., 1978; Chapman, 1980). In
higher vertebrakes, the plasma proteins are best known for the trans~
port of.dietary and éndogenously synthesized 1ipids (McKay et al.,
1985) and cardiovascular diseases (Goldstein and Brown, 1977; Green and
G1ickman, 1981) but among thg ovipardus vertebrates, the best _undestood
function of one of the plasma Hp;prot.e!ns. vitellogenin, is its role
in the synthesis of }olk which is universal  among the oviparous Vém-
brates. The reports indicating the uptake of other plasma proteins by
the ov‘ary (General ;lntmd\lct(on) -and the preliminary study conducted in |

this laboratory on the ovarian uptake of other Hpop;-oulns Jdeft many

avenues open to pursue.. v}ite]loggnin having a defined functional roTe

in oocyte growth, the question of functional and structural relate'dnegs
of these non-vitellogenic plasna Proteins to vitellogenin has been
“dddressed in this Chnptgr‘. This can-be done by com‘l;ui{ing the polypep-
tides, primary structure by peptide mapping, and the imnnlug1c;l
cross ‘reactivities. Such an nttempé wasuwlade in this ?nrt of’ the work
using _ﬂnter flounder, Pseudogleurnmtgs americanus (Walbaum) as the

experimental animal.




Materials and Methods

Isolatfon and ana]zsis'uf winter flounder plasma proteins

Blood collection

Blood was coﬂecced from female and male winter flounder.
Pseudoghuronectes americanus at different times of the year in 1
volume of ice-co’ld PMSF so’lutlon [(50% 0.2 M phosphate buffer sa'Hne,
pH 7.3; 3 nM PMSFY, Devlaming et ai., 1980] for every 4 volumes of
blood and cgqtrlfuged at 8000_9 for 20 m|n in a Sorvall centrifuge at»

0 C to obtain plasma. The plasma was immediately dHuéed with an-equal '
vt;'lume of _vite'l’logenﬁ (vg) buffer (150 mM Tris-base, pH 8.0; 0.5 M
" NaCl; 10 MEDTA,‘O.ZS% PMSF) modified from Idler et al. (1979) and
centr1;uged again at 8000 g for 20 min at 0 C. The supernatant was }

either chromatographed or kept' frozen at -80 C-until used.

Sephacryl $-300_chromatography ]

An equivalent of 2.0 mL of the original plasma was. chromatographed
at 4 C with ascending elution on a 2;5 x 86 cm column‘af Sephacryl S- ’
300 superfiné (Pnam!acia) which had heen;aiﬂ“brned with Vg buffer.’
The column was eluted at a flow rate of 15 mL/hr and 1.4 mL/tube frac-
tions were collected. The optical density of the fractions was. read at
280 -nm in a spectrophotometer and the readings were plodtted on graph
paper to_obtain major peaks, designated as: ’Peak A, Peak B + C, Peak D:,
and Peak E TFIg. 1). The n,a‘mes A, B +C, D.and E for these peaks are

) \




Fig'urg 1. Chromatography of plasma from Fe‘male’ Hol‘mdef.' A

plasma equival.ent of-2.0 ml was chromatographed on a 2.6 x 86
cm Sephacryl S-;OO Superfine colu;l|n. Fractions of 1.4 ml were
collected at a flow rate of 15 ml/hr and protein was monitored

at 0Dpgy
-~ - @
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_ No naturir_\j polyacrylamide gel electrophoresis (PAGE) of the'

15

based on their gel filtration pkof(le. Hawever, Peak B + C'was identi-
fied earlier as vitgnogenln based on its e1ectr"ophoretic mobility and
inducibility with estrogen in Atlantic salmon (So et al., 1984) and
winter” flounder ([d1er and So, unpublished). ’

% . ’

T5 obtain evidence on the protein species present in individual

‘Sephacry1 S-?DO peaks, PAGE under non-denaturing conditions was per-

formed. Disc électrophoresis (Davis, 1964) in 5% running gel (5%
acrylamide, 2.6% cross 1inkage), pH 8.9 and 4% stacking gel, pH 6.8 was
performed on the plasma and on the eluted ;;eiks from the Sephacryl

S-300 gel filtration column for the peak-tubes, tubes representing

“different parts of the peaks and also on the pooled peaks, at a con-

stant cuirent of 2.0 mA/tube for 3 hr. Proteins were stzﬂned with 0.1%
Coomassie blue G-250 (Bfo-Rad), while fixing in 12% TCA for 30 min.

The bands uere then intensified with 0.1% Coomassie blue R-250
(Bio-Rad)- 1n__7% acetic acid, overnight, and destained in 7% acetic acid
in a tube gel destainer (Bio-Rad). For identification of 1ipoproteins,
the gels after eIeEtropharesis were stained with acetylated Sudan black
B (BOH) as described by Prat et al. (1969).

Pooling of the fractions

After visualising the electrophoretic band pittgru h_y Coomassie

blue G-250 staining, which indicates apparent homogeneity of the
. .




preparations, the protein peaks from Sephacryl $-300 column were
pooled. Only 4 to 5 tubes representing the ‘top of the peaks were
pooled separately and aliquots were kept for protein estimation and
PAGE. The remaining proteh; preparations were aliquoted and thereafter

kept frozen at -80 C.

Protein estimation i

Proteins in differen; samlf'les were est}lmated'b& the method of -
“Lowry et al. (19_51) after precipitating the proteins nvernight‘with 12%
TCA. The method described by Bradford (1976) was used to estimate
proteins in samples used for amino acid and amino sugar analyses.
< N ;

Sodium dodecyl sulphate (SDS) PAGE

An SDS-PAGE (10% acrylamide) was. performed on Peak A protein(s)
and vitellogenin by the Dreyfuss et al. (1984) procedure. The samples
were electrophoresed initially at 20V, and then at 50V for !.2 hr. Thé
gels were fixed 1n-50% methanol, 10% acetic acid and 40% distilled .

water for 30 min and stained in 0.6 g-Coamassie blue R-230,” 150 mL
methanol, 30 mL aceéic acid and/lzo nL distilled water for 30 min.
‘Destalnhig was done in 10% methanol and 10% acetic acid in distilled
wate‘r’. ‘

Since Peak A protﬁn(s) showed a very minor band of Rf 0.18 with a
mior band (Fig: 2) in a 5% PAGE, a different approach \was tr’led in
SDS-PAGE to identify the po’lypvept-i‘des contributed by the major band.

’ PAGE (5%) ﬁ a disc eIectropﬁni-esis'(ans. ‘19_64) éuparatus was .




Figure 2. Non-denaturing polyacrylamide:gel electrophoresis

(5% disc gel) of Peak A proteid(s) from Sephacryl S-300
chématography. Lanes 1 to 5 contain samples from left:
trailing -part of the ﬁeak. Lanes 4 and’ 5 contain equal amounts

of samples from peak tubes. Gels were stained with Coomassie
blue R-250. 4 . T
N







performed for Peak A\pro‘t‘eiﬁ(s) and the gels were stained with 0.1%
Coomassie  blue G-250 while ﬂxihg in 123 TCA for 20 min. The major
“band from dels was cyt (2 mm length) with a razor blade The slices
_were then equilibrated for 30 min at room temperature vdth occasional
sw'lr'ling —1n 10 mL of a buffer conta|n|n§~f1na1 concentrat'ons of-0.125
M Tris-HC'I pH 6.8; 0.1% DS and l md EDTA (C\eve!and _E&., 1977).
The slices were then boiled in 70 uL of 2X SDS sample buffer for § min.

cue]ed_rcr 15 min in dn fce bath and then each gel ‘stice was_ pushed

-with a spatuﬁ to the bottom of "the ué?l of a second SBS gel (101‘)_
f}l!ed with: the aht;ve buffer: S;:aceé around the slices were filled by’
overla);ing 'eac,h sliée viiﬂ] 10 uL of the above buffer containing 20%
glycéroI, followed by !D uL of the same buffer containing 10% glycerol "
and finaH:y 30 uL of 2X'SDS sample buffcs. Electrophoresis was per-
forned in the normal panner. Ly _ ’

In another ;bproach, 1251 1abelled Peak A ﬁroze!n(s) was
electrnphu‘rese‘d as descrihed-a_buve. inst‘ead of staining_ the gel, 2-mm
long slh:ers‘ were cut'and counted in a gama~cu|;nter. The slice
representing the highest counts was ‘e’lectrophoresed’ on a ‘second»
denaturing gel as-described above. 'After the’ electrophortsis, the gel

’ was fixed, stalngd destained, and then dried in a slab ge1 dryer, ]
Model 11258 (B‘Io-R\ad)‘ for 2 hr and then autoradiography was done using
Kodak X-O‘MAT AR X-ra§ film (XAR-fS) at -70 C. The films were developed,
and fixed fn-Kodak chemicals. < '

Pre-: statned higr mo'lecular weight markers from BRL and high "
mo\ecular we|gnt markers from Pharmacia were used in the mo'lecul{\
we1ght detennh)aﬂen. In some cases. "RNA pnlymerase 11, histone and

actin’ were used.
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Labe’lHng of the proteins

The recently developed Iocogen method modified from Fraker and B
Speck (1978) and SaTacinski et al. (1979) was adopted for the iodina-

* tion of flounder Peak A protein(s), v|tellngen1n (So et al., 1984) and

Peak E protein(s). 'Ten uL of {odogen [(1,3 A,G-tetrachloro-h 65-
d&phem-g!»ycomrﬂ[, Plercel, it a concentration of 1 mg/mk: of dich-
Toromethane, ‘was ‘allowed to dry’ on the bottom of a disposable borosili-
cate glass cu'lt\fre tube (6 x50 mm). Fifteen' g uf’ffnunqer plasma
Peak A protein(s) or vitellogenin or Peak E protein(s) in 25 uL of
sodium phosphate buffer (0.5 M, pi 7.}) were added. After transferring
1.5 mCi of 13110dine (Ne‘u England‘Nuclear) to the mixture, they

were y_lowed to react for 12 min. The reaction was terminated by
further addition of 600 uL of 0.05 M phosphate buffer. The radiofodi-
na’t_ed protein was then cleaned up onfa d|sposablé Sephadex G-25 M

column (Pharmacia column PD-10), before being used in M;)asda,ys. .

electrophoresis, checking antibody -titre and antibody binding assays.

The same procedure was followed while 1$be!1ing Peak A protein(s) with
12510dine (Amersham). '

;Eu]xaérxlamide gel analysis of Peak A protein(s)

PAGE (5%) was done for the 1311 labelled Peak A protein(s).
The purpose of this analysis was to find out the level o; radioactivity
contributed by the minor contaminant. About 2 x 106 cpm 1n 20 WL S
were loaded. onto the top of a tube gel. D|sc e\ectrophoresls was perw

formed for 3 hr. The gel was then cut into 5 mm slices and cuunted 1n




a gdima counter. The same procedure was followed for Peak A pfotein(s)
1abelled with 1251,

High performance 1iquid chromacngragh‘x (HPLC) of plasma proteins by gel
fittration -

J\mong many isolation methods employed in separating p'lasma pro-
teins, HPLC has been- widely utilised for the separation and fractiom‘
tion of many blologlcal substances .from the plasma because of {ts
inherent speed and exce_“ent reproducibility (Okazaki-and Hara, 1984).
Recently, Hara .ﬂﬂ' (1980)," developed a n;’ethod using HPLC with an
aqueous gil permeation column (TSK-GEL) to_separate serum 1ipoproteins.
The technique has been successfully used to study numan serum proteins
by}’Hara et al. (1980, 1982), Okaza;d et al. +(1982), Ohno eta.

(1981), Busbee e_t_al, (1981) and by many other workers for both quanti-
tative and qualitative analyses. Swergold and Rubin (1983) used the
gel permeation HPLC TSK-G3000-PW column to detemlne the molecular
weights of proteins and pepﬂdes in their nanve forms. In this study,
geI permeation (gel ﬂltration) HPLC was used to isolate the protein
species from Peak A protein(s), to purify Peak E protein(s) and to
determine. their molecular weight 1n native form.

A Spectra-Physics three pump high performance llqu!d—cﬁromatograph

system, equipped with Spectroflow 757 UV-detection and Spectra;Physics .

|nFegrator was used in HPLC gel filtration of the plasma proteins. _The
following combinations of gel filtration columns were used unless
otherwise mentioned. ’

1. A 300 x 7.5 mn Bio-Gel TSK-50 G 5000 PW column connected to a 21.5
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x 7.5 mm Bfo-Si1 TSK preparative guard column or 21.5 x 7.5 mm Bio-Gel -
TSK guard column.
2. A-00 x 7.5 mm Bio-S11 TSK-250.G 3000 SW column connected to a 21.5
x 7.5 m Bio-$11 TSK preparative guard column. A1l the columns were :
purchased from Bio-Rad. o o
. _ )

The main columns used in this investigation were Bio-Get TSK-50 [
5000PW which has a seoara(:loﬁ range of 4 K - 8000 K (polyethylena
glycol) and 10 K - 2000 K (Dextran) and BIu‘-SH TSK-250 G 3000-SW,
which has a separat'on.’range of- 1000 - 300 K. These ranges were suited
for the molecular weign‘t ranges of the plasma proteins of '1ntergst
here. i - '

The blrffer”s;stem used inall the chromatograms was 0.1 M sodium
sulfate (nazso.,f and .20 mM sodium dihydrogen p@‘sphate i
lMaHzPo;)‘, pH 6.8 and the samples were eluted at.a flow rate of 1
m/min. Detection was at 280 nm with sehsn:ivity 0.01 AU;S. in al‘l .the
funs. !

—

Gel filtration

A Bfo-Gel TSK-50 G 5000 PW column connected to a Blo-SH' guard
column was used for the gel filtration of the samples. The columns

| Were cnllb}ated using the follo‘wing molecular weight ‘markers from

810-Rad: Th,yrog!"obulin (670 K); bovine gamma-globulin (158 K); chicken
ovnbu;ﬁp (44 K) and bovine myoglobin (17.5 K). A total of 36.0 ug of
the standards weré eluted through the column (Fig. 3). .
’ To'determine the interferences and/or contributing peaks by the Vg

buffer, .2 -uL of Vg buffer_ was éluted through the column. Further, the




1

Figure 3. Calibration of HPLE"gel filtration column with 5 ug
of high molecular we;gP;t standards (Bio-Rad). HPLC column

system used: Bio-Sil TSK guard column + Bio-Gel TSK-50 G 5000
PW main column. Sensitivity: 0.01 AUFS. Elution buffer: 0.1M
Na S0, + 0.02M NaH,P0,, pH 6.8; Flow rate 1 ml/min. Detection

‘at 280 nm.
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individual components of Vg buffer, 80 uL of I0 mM EDTA and 90 uL of
0.025% PHMSF were eluted separately.

Preparation‘of the samples

The p'las-m_proteins from Sephgcry! $-300 eluted in Vg buffer neré
used.' To eliminate the interferences from ;Ig buffer, the samles‘ were
ultraflltered in an Am1coy| concentratnr using YM5 25 m diunef.er
membrane (Spectrapore) with HPLC grade dtsti]ied NW

A. Gel filtration of Peak A protein(s)

In ‘the‘ above system, 0.6 mg sample'in 100 uL was eluted at a flow
rate of 1 mL/min. A peak with RT 8.83 min was resolved along with the " -
pgaks from \'lg‘buffer. Peak A protein(s) from one of the Sephac:-y!

S-I)b runs had the addinon; protein band in almost équal -quantity
(402) 1n tubes representing the rlght trailing part of the peak. This
sample was run through a HPLC gel filtration column to separate the

contaminant. Only one peak of RT 8.83 min was resolved, with the other

peaks repr Vg bu—fﬁT. ad;omtion of the contaminant
protein to the column. The RT 8.83—min peak was collected from several
“ runs and re-chromatographed to confirm the above results.
Also, a few chromatograms were performed at pH 3.0, 4.0, 50 and |
ﬂ.ﬂ of the above elution buffer. - Samples weru also eluted with 36%
aceton‘ltrﬂe in the presence or absence of 0.1% trifluoro acetic ncM
(TFA) -(Swergold lnd Rubin, 1983). A comblmuon of columns was tried

tb confirm the adsorption of the second protein to collfnns and io




confirm that protein is not eluted with the buffer peaks. In a com-
bination of Bio-S{1 TSK preparative guard coluam, Bio-S1 TSK 250 6 .
3000 SW column and Bio-Gel TSK 50 G 5000 PW column, 0._? mg sample in :
100 u‘L was eluted as described ngnve. )

B. Gel filtration of vitellogenin

A Bio-Gel TSK-50, G 5000 PW main column connected to a Bio-Si1 TSK .
§ulrd column was used to elute vitellogenin. viteTlogemn sample used
here for HPLC gel filtration was isolated from the plasma o' estro-
genised female ﬂwnders where, the estrogen treatment dramatically
enhancgs the synthesis of vitellogenin by the llver {Plack et a1..

1971+ Aida et al., 1973b; Campbell and Idler, 1976 19&) Emmersen and

Petersen, 1976; Idler and Campbell, 1980) gnd hence yields a homo-
geneous preparation by Sephacryl S-300 chromatography (So et al.,
1984). Sample preparation and’gel filtration were carried out as

described for Peak A protein(s).

C. Gel filtration of Peak E protein(s)
: r

A Bfo-Si1 TSK 250 G 3000 SW column connected to a Bio-Sil TSK pre-l
parative guard column was used; sample was prepared as ?rev(ousl‘y
described. The column was calibrated with the same Bio-Rad standards
u;eﬂ to calibrate the Bio-Gel TS'K-SOV column. Jhe rest of the procedure
was as.described earlier for gel filtration of Peak A protein(s).

- A1l the peaks from several chrn-uiogrins for Peak A protein(s) and
Peak E protein(s) in each combination were pooled separately,
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concentrated and a 5% PAGE was performed. Protein was quantified by
the Lowry et al. (1951) method. These procedures were not performed

-5 e &

for peak's -from vitellogeriin gel fiTtration: - oy

Molecular weight determination

\

An attempt to determine the molecular weights of plasma proteins

in native form were done using’HPLc gel, filtration columns.

Con A-Sepharose affinity chromatography of Peak A proteins

Peak A protein(s) sample from HPLC was re-chromatographed on a Con
A-Sepharose column. The preparation from HPLC was dialysed for 2 days .
against Buffer B (0.05 M Tris-HC1, pH 7.8, 0.5 VI NaCl, 0.2 mM DTT, 1 wM
CaClp, 1 mM MgCl2, 0.1% PMSF) and then"app“eq to & Con A-Sepharose
column (2 x 15 cm). The sample/was eluted first with Buffer B~and sub-
sequently with buffer C (0.05 M Tris-HC1, ﬁu 7.8,0.5H MaCl:O.Z mM
DTT, 1 mM CaClp, 1 mM MgClp, 0.1% PMSF, 0.15 M g-methyl-D- ’
P glucoside) to yield' the unadsorbed and adsorbed fractions respec-
tiv.ely.

Preparation of the antiserun to Peak A protein(s)

sites on the back with 1 mg of flounder Peak A protein(s) from
Sephacryl S-30 emulsified with Freund's complete adjuvant and.a




primary subcutangous injection of 0.1 mlL pel"tussh. Half of the
primary dose was given (ntrlmscu}arIy to-the 1imbs in subsequent
booster doses, every month, until a rea’sonab'ly high ailtlﬁo-ay titer was
obtained. Assay titer of U\E antibody was determined at the dilution
. t‘hlt'gavev 50% binding of 1"1;41-; };béfled Peak A protefi(s) to-
anttbody. . =

Preparation of Peak A protein(s) g6 i %

Rébblt IgG ggainst flouqder Peak A protein(s) was prepared from %
unelml. of antiserum using a protein A agargse (BRL) affini:y' column as
reported by So et al. (1984) to isolate vitellogenin IgG. The eluted
fractions from the affinity column were checked as follows for the
Mndin’g to 1311 labelled Peak A proteiﬁ(s). An aliquot of each
fraction representing the eluants was diluted 100,000 fold and 200 ulL
of these samples were incubated with 200 uL 1311 peak A
protein(s): (approximately 10,000 cpm/200 uL) and 100 uL assay ‘x’ﬂluent
(barbital buffer, 80 mM, pH 8.6, containing 0.5% BSA and 0.01%
thimersol) at 4 C. After three days, nonull rabbit serum (1:80
dilution) and goat anti rabbit B-globulin antibody (1:20 dilution) was
added to the samples and incubated at 4 C overnight. The tubes were
then centpjfuged at 4000 g for 15 ;ﬁ‘ The supernatant was aspirated
off and the precipitates were counted in a gamma counter. Flounder
vitellogenin IgGs were .lsolated in a similar manner in this

1nvestigation.




N .
Checking the cross reactivity of Peak A protein(s) antibody with.the
other plasma proteins vitellogenin, Peak D aid Peak E
Competiti ;IE radioimmunoassay was performed to theck the cross
R _réacgivity of Peak A protein(s) antibody to other plasma ;;roteins; this ™

would also provide additionial Tiformation-ch'the structural relatednsss

or unrelatedness of Peak A protein(s) to vitellogenin ani two other’
protein(s) preparations.: Fi-ve ug of Peak A'vrqtein(s),'v'te'nogen!n._
Peak D, apd Peak E were diluted to 100, 10,000 and 100,000 times.
Triplicates of 100 uL of samples from these three different dilutions
were incubated with 200 uL of radiolabelled Peak A protein(s) (about
10,000 cpm) and 200 uL of Peak A protein(s) ant!b’bdy [1:100,900, 508
binding titer) at 4 C for three days. Then 100 uL enchlof normal
rabbit serum 80 dNution) and goat anti rabbit B-gl/obu“n antibody
(l:Z:uy/ ) added._ After 24 hr, the tubes were centrifuged
at 4 g for 15 min, the supernatant was aspirated off and, the

preclbitate camplex was courited in a gamma counter. Perce_nt binding

was calculated as follows. Percent binding =

Counts in_the precipitate-Blank g -
( ST ol ) x 100, where, blank = counts in pre:
cipitate in a tube from which the antibody 1is omitted during incuba-

tion; iom counts = radioactivity in 200 ul of labelled proteins.

Peptide mapping of Peak A protein(s) and vitellogenin

To obtain additional ewidence to corroborate the structural
relatedness or unrelatedness of Peak A protein(s) and vitellogenin,

peptide mapping by partial proteolysis by Staghz‘lococcus aureas V8
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protease enzyme (Cooper) was done, for Peak A protein(s) and vitel-
logenin, according to the procedure described by Cleveland et al.
(1977). Peptld&-mappln;} was also done for radioiodinated Peak A
-‘proévein(s) (1251) where gel slice (2mm long)'h%vi_ng peak counts’

from a.5$ PAGE irepnsents the ﬂ"d) was éut and the protein in

the slice was digested in a §0S-gel (10%) with V8 enzyme as described

Ty C1eve1and_ﬂ&:__ ~{1977), . Autoragjography wa | done as described on
page 19. : o o

Amino acid and carbohydrate analysis

P;'otﬂn samples for amino acid analysis were hydrolysed in 6 N-HC1
at 100 C for 24 hr and were then applied to a Beckman Model 121 amino
acid an;lyzer. Protein samples for amino sugar determination were
hydrolyzed in 4 N HCl at 100 C ;o'r 8 hr and the hydrolysates were
applied to the amino acid analyzer with a 15 cm Bio-Rad Aminex A‘-S
resin bed and a standard pﬂ 5.28 citrate buffer was used for elution

(Black et al., 1970).

Results

Isolation of plasma proteins

When the plasma from female flounder was chromatographed on Sepha-
cryl S-X00 column, four major peak_\s were resolved. The molecular
weights of{thesa peaks were: Peak ’ﬂ, 1,000,000; Peak B + C, 600,000 -

500 ,000; Peak D, 300,000; and Peuk'li, 200,000, estimated by compgrlson
[ i

—
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_ with the standards. In case of plasma from male flounder, the second

Peak (B + C) was considerably smaller with an optical density of less
than 0.7. The other peaks were comparable to peaks fron female

plasma.

. Variations in the Sephacryl S-300 chromatography elution profiles of |

flounder plasma collected during different times of the year-

(a) Samptes from female flounder

. .
In the sample collected during the first week of October, when the
fish was actively incorporating vitellogenin into oocytes (Chapter IV),

Peak B + C was ‘major peak. Peaks D and E were almost indistinguishable

. from Peak B + C. Peak A‘was comparatively smaller but was quite

distinct (Fig. 4).

Peak A was the ma:]t;r peak in the plasma collected during mid
February when the fish. had stopped active incorporation of vitellogenin
into oocytes, but not the incorporation of Peéak A protein(s) (Chapter
IV). Peak B + C was comparatively a smaller peak. However, Peak E was
a major peak (Fig.5). f
’ ‘Peak A was th:é\major peak in the plasma collected dgring early .
7lune, when the fish was ready to spawn. -Peak E was ahmit the same
intensity as Peak A. Peak B + C was a minor peak, not very much dif-
Ferent from the February sample (Fig. not shown).

. !

>
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Figure 4. Chmnatngraphy 'of plasma from female flohnder col-

lected during October. X 1.8 ml equivalent of plasma was
chramatographed on a 2.6 x 86 cm Sephacryl §-300 Superf{ne
column. Fractions of 1.4 ml"were collected at a flow rate of

15 m1Yhr and protein was monitored by ODZBO

w

« Figure 5. Chromatography of plasma fr;m female flounder
5 collected during February. A plasma equivalent.of 2.0 ml was
chmmatographe‘d on a 2:6 X 86 cm. éephacryl 5300 Supev“fine
column. Fractlons of 1.4 ml were collected at a flaw rate

of 15 ml/hr and protein uns monltored at 00280 g
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(b) Samples from male flounders

Peak A was a very major peak reaching a;| optical density of 3.0 in
the sample collected during March. Pea‘k E was the next major peak.
Female equivalent.of Peak B + C was almost undetectable (Fig. 6).

In the sample collected during e’ar'l,y June (early gametogenesis),
Peak A was -a very minor peak of optical dgnsity <0.4. Peak B + C was
a'l:.ﬁ avery minor peak. Howevev_‘. Peak E was a major:peak followed by ,

Peak D (Fig. 7).

Polyacrylamide gel analyses of the plasma proteins

PAGE

‘Peak- A protein(s) jhad a major band which. did not move beyond 0.7-
0.8 cm under non-denaturing cairul‘ltians in a 5% gel. ThI; najor band
stained with Sudan black, indicating the presenc‘e of 1ipids (Fig. 8).
H(;wever. there was another band of Rf 0.17-0.18. .The proportion of
this band seem;db to be higher in the fractions. from the right part of
the peak. The question I addressed here\wa§ whether the major band in
Peak A protein(s) constitutes one single protein or mo‘\:e than one
protein. An attempt to separate any add!}!onal proteins' migrating
together was done by performing PAGE for a Tonger duration; this
indicated no additional bands from the major band,-however, the minor
band separated into thiree closely moving components. '

The second peak, B + C from femnie plasma, had sseveral minor bands

and a major Sudan black stainable band of Rf 0.38. Peak B + T in males




Figure 6. Chromatography of plasma collected from male flounder

during March. A plasma equivalent of 2.0 ml was chromatographed |

on a 2,6 x 86 cm Sephacryl S-300 Superfine column. Fractions
of 1.4 ml were collected at a flow rate of 15 ml/hr and protein

was monitored by ODZSO.

Figure 7. _Chrumatngraphy of plasma collected from post spawned
male flounder (June). An equivalent of 2.0 ml plasma was )
chromatographed on a 2.6 x 86 cm Sephacryl S$-300 column.
“Fractions of 1.4 m were collected at a flow rate of 15 m'l/hr

and prcte!n was monitored by ODZBO.
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Fig\;re 8. Non-denaturing gel analysis (5% disc ggl) of the
plasma protein peaks from Sephacryl S-SOQ chromatography '
illustrates Tipoproteins stained with Sudan black. Lane 1

contains 10 u1 flounder plasma, lanes 2 to 5 represent the

peak tubes from the four peaks: Peak A, Peak B+ C '

(vitellogenin), Peak D and Peak E respectively.
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gave a band of Rf 0.30.

Peak D from males and females had a very fast moving band of Rf
0.93 along with few minor bands. Pea:k E in both sexes had several
bands between Rf 0.50 to 0.62 and 0.85 to 0.90, and all the bands were
more or less of the same 1ntens{ty The band pattern did not differ
between male and female, ﬂounders ver,y much (Fig. 9).

The band\patterns obtained for these peaks were very consﬁ{ent

S

for samples from every Sephacryl S-300 chromatograms.
SDS-PAGE

Peak A protein(s) preparation on a qu-polyacry’lamide gel%(10%)
migrated as two‘mador polypeptides of molecular weights 70 K and 28 K.
‘However, the 28 K frggmem; did not stain very well with Coomassie blue
(Fig. 10). There were a few,minor -bands associated with these polypep- :
tides. SDS-PAGE of the slice having highest radioactivity (uMch
represents the major band), cut from a now—denatur'ng disc gel, gave
two fragments of MW 70 K and 28 ‘I<; the-other minor fragments were
absent (Fig. 11). This indicated that these tv-to polypeptides were
from a single protein or from more than one protein. having s;lme
mobility under num.lenatur'ng cond‘t'ons.‘

Band patterns for radiolabelled Peak A protein(s) and vitellogenin
on a 10% gel were similar to,ge above }‘esuIts. However, vitellogenin -
upon radiolabelling, gave more fragments when compared to non- radﬁ- =
labelled protein.




‘Figure 9. Comparison of the band ;uttel“ns on 5% polyacryl-
uidn.'gcl electrophomis (disc gel) under non-denaturing con-
ditions for female (top) and male (bottom).plasma Sephacryl S-
300 e.'luant's. Fefila'l'e: Lane 1 contains sample fromlthe peak tube
‘of Peak A, lane 2 represents the sam_pl&bd‘tween Peak A and v
" Peak B+C at the trailing region, lane 3 represents the peak
tube of Peak B+C, lane 4 contains Peak D p;ak tube and lanes
5 to 8 contain samples from different locations on Peak E,
lane 7 be!r!g the peak tube, Male: Lane 1 represents the tube
between tﬁe Peak A and the Péak B+C at the trailing region,
lanes 2 to 6 contain the samples from Peak A at different
locations on the peak, lanes 7 n.ni 8 represent the two
samples from Peak B+C, lane 8 being the peak m&. Lanes
9 and 10 represents Peak D, lane 10 being the peak tube.
Lanes 11 and 12 contain Peak E samples.
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Figure 10. Polyacrylamide gel (10%) analysis (SDS-PAGE) of
Peak A protein(s) and vitellogenin. Lane 1 represents 30 ug
Peak A protein(s), lane 2 contains 20 ug vitellogenin and lane
3 represents 2 ul of the ovarian extract. Lane 4 contains
about 20 ug of the molecular weight markers, RNA polymerase
11, actin, and histones. The mnlecu]ar,w‘eight x 1073 s .

- shown on the right. o
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Figure 11. Polyacrylamide gel (10%) analysis (SDS-PAGE) o’f

Peak A protein(s) major band from a 5% non-denatyring tube gel.
Labelled Peak A protein(s) was first ele;traphoresed on tube

gels and- the slices’répresenting the peak radioactivity were
re-electrophoresed on a ‘SDS gel as described under Materials

and Methods. Lane 1 contains 20,000 cpm, lane 2 contains 150,000
cpm and lane 3 contains 100,000 cpm. Autoradiography was done

at -70 C for 40 hr using Kodak XAR-5 film,




70K—~

28 K—




Labelling of ghe proteins

. o

A1 three of the proteins were labelled successfully with

1311 by the lodogen method, with a high recovery of 62.3 + 3.21

(n = 12) for Peak A protein(s), 51 + 0.9% (n = 6) for vitellogenin and

60.1 + 2.2%.(n = 5) for Pea\E protein(s). P‘zak A protein(s) labelled~
very well with 1251 by the. Iodogen method with a recovery of 53%.
Also, the incorporation of the\radioactivity to the protein was greater

when compared to 1311 1abel11ng.

PAGE (5%) analysis of radioiodinated Peak A protefn(s)

{4

PAGE (l5$)»analy‘sis of Peak A-pruxq(s), ve_rfbrmed in order to .

" find out the specific r vity Y by the minor contami
nant, indicated that “the counts concentrated entirely in u\e\major
band, excluding any pnssibﬂ{ty of contribution by the minor contamina-
ting protein to the: total counts (Fig. 12). A simiTar result was )

obtained with 12_51 labelled Peak A protein(s). *

HPLC-GEL FILTRATION OF THE PLASMA PROTEINS

¥g buffer _

When Vg buffer was chromatographed-on a Bio-Gel TSK 50 G 5000 PW
column.connected to a B‘jo-sl'l TSK guard column, a large, broad peak of
RT 13.45 + 0.03 min was resolved. However, when !ndivﬂlu;l componénts
of Vg buffer, 10 mM EDTA and 0.025% PM§F were chromatographed Ase_pa‘ra-




Figure 12. Hlstngr’an of the radioa:tlviiy from a non-dénaturing i

gel ~{disc g’cl. 5% PA'GE) of n]l labelled Peak A protein(s). The

ge'liwas sliced manually into 5 mm pieces iaeginniv\é at the . 3 ) 2
g : . bgundary .between the stacking gel and the separating gel and the

- radioactivity was counted in a gamma counter.
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tely, a single broad peak of RT 13.47 min was resolved for EDTA (Fig.
13) and three smaller peaks were resolved for PMSF with RT 12.68, 13.46
and 14.78 min, respectively, which were otherwise hidden within the
EDTA peak (Fig. 14).

\

Ge) filtration of Peak A protein{s)

When Peak A protein(s) was .chromatographed on a Bio-Gel TSK=50 G
5000 PW ‘column connected to a Bio-Si1 TSK guardcolumn, a veryv ’
syMtrical peak was resolved with a .RT 8.83 (RT 8.87 _0_0.94 min),

_ along with buffer peaks of RT 12.73' min and RT 13.43 min (Fig, 15).°
There were variations in these peaks 1in térms of percentage area which
depended on the extent of ultrafiltration of the sample. N

The peak-A protein(s) sample, selected to be rich in the cont.‘!miv-
nating"pv‘bmn, alsp gave similar results. There was no additional .
peak which woulq correspond to the second band on a 5% gel. B Also, per-
centage of recovery was very poor (<10%) indicating adsorption .to the
column. When a Bio-Gel guard column was used with a Bio-Gel main
coiumn, the buffer peaks came out immediately after the protein peak.

When ‘he pH of the elution buffer was 1owered io below 6.0, there

" was no elution of the protéins from the column, even when 1 mg df B
protein 1n 100 uL was chromatographed. The same result was observed
when the elution buffer was changed to 3% acetonitrile in the.presence”
or sbsence of TFA, ~ - !

In a combination of Bio=S{1 TSK-250 and Blo:;iﬂ SK-50 columns,

Peak A proteiﬁ(s) resolved with a RT 14.43 mip (Fig. 17). The Bio-S11-

. gel matrix seemed to retafn EDTA and PHSF much longer in the column .




Figure 13.

HPLC column system used: Bio-Si1 TSK guard column + Bio-Gel TSK-50

HPLC gel filtration of 80 ul of 10 mM EDTA solution.

46 5000 PH main column. Sensmvity: 0.01 AUFS. Elution buffer:

0.1M N32504 + NaHzi’O“. pH 6.8; Flow rate 1 ml/min. Detection at

280 nm.

Figure 14.
HPLC column

HPLC gel filtration of 80 ul of 0.025% PMSF solution. A

system and otherr conditions were as above. b
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Figure 15, HPLC gel filtration of 176 ug of Peak A protein(s)
prepared on a Sephacryl S-300 column. HPLC column systen; used:
Bi0o-Si1 TSK guard column + Bio-Gel TSK-50'G 5000 PW main column.
Sensitivﬂ};: 0.01.AUFS. Elution buffer: 0.1 Na2504.+ 0.021

. Nalj,P04, PH 6.8; Flow rate 1 ml/min. Detectl:on at 280 nm.*

\

Figure 1€, HPLC gel filtration of 75 ug of Peak A protein(s) RT \
883 min peak from mﬂ filtration. RT 8.83 min peak '
. from several chromatograms w:re pooled, concentrated and
chromatographed again on the above system under Nentical

conditions.
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& Figure 17. 'HPLC gel filtration of 0.8 mg of Peak A prntein(sf
prepared on a Sephacryl $-300 column. HPLC column sys‘tem used:
Bio-Si1 TSK guard column + Bio-Gel TSK-50 G 5000 PW main
colu‘mn + Bio-Si1 TSK-250 G 3000 SW main column. Sensitivity:
0.01 AUFS. Elution buffer:.O.IM N32504 4 NaH2P04, pH 6.8;

Flow rate 1 ml/min. Detection at 280 nm.
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\
when compared to Bio-Gel.

When the pooled RT 8.87 + 0.04 min peak was re-chromatographed on

—a Bio-Gel TSK-50 with Bio-Si1 TSK guard column, a single peak with RT

“8.83 min was resolved (Fig. 16).

Gel filtration of vitellogenin

Gel ﬁl,u‘-aﬁon of vitellogenin in a Bio-Gel TSK-50 column with a
. oy .
Bio-S11 TSK guard column resolved a symmetrical peak with RT 10.29 min

* along with the buffer‘peaks (Fig. 19). The recovery was very low,

similar to Peak A protein(s), indicating adsorption to the column.

Gel filtration of Peak E protein(s)

Gel filtration of Peak E protein(s) on a Bio-Si1 TSK-250 column
conneqted to a Bfo-Si1 TSK guard column y1e‘lded a symmetrical peak with
RT 10.23 + 0.04 min, followed by the buffer peaks of RT 14.01 and 15.?_5
min. Peak E protein(s) in a Bio-Gel TSK-50 colu-'ﬁ came out with an RT
11.12 min (Fig. 18). The recovery was low but a little Mghér than
Peak A protein(s) and vitellogenin.

PAGE (5%) performed on pooled peaks from Peak A prctein(s) and
Peak E protein(s) chromatograms gave a single band for RT 8.83 min peak
from Peak A protein(s) {Fig. 20) and four bands for RT 11.04 or 10.23
from Peak E protein(s). The remaining-peaks from Peak A protein(s) or
Peak E protein(s) elution did not show any bands confirming that no
proteins are eluted Hltﬁ the buffer peaks. Protein determination also

did not indicate any proteins _|n these peaks.




Figure 18. HPLC gel filtration of 160 ug of Peak A protein(s)
and Peak E protein(s) together preﬁared on a Sephacryl S$-300
column. HPLC column system used: Bio-Sil TSK guard column +
Bio-Gel TSK-50 G.5000 PW main column. Sensitivity: 0.01 AUFS.
’Ehn:ion buffer: 0.1M Ma2504 +0.02M 'NaHZPOA‘, Ph 6.8; Flow rate

T:ml/min. Detection at 280 nm.

Figure 19. HPLC gel filtration of 60 ug of flounder vitellogenin
prepared on a Sephacryl S-300 column. HPLC column system and

conditions of chromatography were as above.'
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Figqure 50 Non-denaturing polyacrylamide gel analysis (5% disc
)ge])’of the samp’lesﬁrom HPLC -gel fil’tration of Peak A protein(s).
Lane 1 represents the origingl Peak A ﬁ;‘qu;in(s) (100 ‘ug) used
for the HPLC-gel filtration. Lane 2 contains 20 ug o.f RT 8.83
min peak from HPLC and lane 3 represents the pooled, co‘n-
centrated pedks of RT 12.47 and 13.46 min. The gelé were stained

with Coomassie b1ue R-250.
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P o Molecular we|g‘nt determination of Peak A protein(s), vitellogenin and
o Pedk E protein(s) by HPLC gel. filtration. Er’ucedur’e ' i &

it 2

' B By co;nparing thejkf of Peak A p.roteln(s) and vue’l‘logenin and Peak
’ E protein(s) w the tandards, tne mn!ecnnar weights were determined. ’
Peak A protein(s)/mo'lecm ar weight was found to be 1000 K, vite]logenin
being 450 K and Peak E prntein_(s) \had a molecular Weight of 200 K (Fig.

?1). “These values represent the molecular vqei-g.m.s of the proteins in

their native forms. . '

Con_A-Sepharose affinity chromatography of Peak A protein(s)

To obtain evidence on the glycosylation of Peak A protéin(s).» the
L ! preparatlon from HPLC was re-chrumatographed. Peak A protein(s) was R
) adsnrbedw -A Sepharose which |mﬂc‘ated thi's protein(s) is a.glyco-
protein (Fig. not shuu_n). ) 6

Checki’ng Peak A E‘rntein(s) antiserun titer amd“so?at(un of Peak A /,- h \
protein(s) IgG : ‘
Antiserum'raised in New Zealand'white male rabbits against Peak A
protein(s) gave an anﬁbody titer value of 47% Mndlng 1n/three months
3 .+ at a dilution of 1:100,000. )

. When rabbit anti-Peak A protein(s) serum was chroﬁut‘gwgraphed .on a
pr.ote;lmA Agarose co!hmn, the fraction eluted with 0.1 M egcine-ﬁCl
(pH 3) t."ontnjﬁed the specific’ IgG as shown by its binding capacity to

“

radiofodinated Peak A protefn(s) (Fig..22). The'total protefn in the




Figure 21. Molecular weight determination of Peak A protein(s),
- vitellogenin and Peak E protein(s) by Bio-Gel TSK-50 HPLC gel
filtration chronyxatogrhp[\y as described under Materials and
Methods. The retention time (RT) for the standards and for the
samples ‘were determined from several chromatograms and the mean

ET_:/____v.a;]ues were plbtted agairist the mulecu]ﬁweights.
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Figure 22, Affinity chramatogra;;hy for the isolation of Peak A
.protein(s) IgG from 1 ml of rabbit antiserum against flounder
plasma Peak A protein(s) n‘n a protein A Agarose column.
Fractions were collected at 1.5 ml/tube. An aliquot of each
fraction was diluted 100,000-fold for checking the binding
capacity to 1‘“I labelled Peak A protein(s) as described under
-Materials and Methods. S .




65

(v-w) v, ¥v3id @31138V1-I)c O ONIONIE %

g 8 8 Y o - o
>

T T T T

(SHY “1OH - 3NIDXIO WI'0)

¥344n8 NOLLNT3

A-A-Ab-A

(21 ‘y314n8 %0d Wro)

¥343INE ONILYVLS

60 70 80

20 30 40 50
NUMBER OF - TUBES

10

0

30~

o~

(0-0) %9200
/o

1 1
) Q ©



66
IgG fraction was 5.2 mg from one mL antiserum.

Lross reactiv!gx' of Peak A protein(s) antibody with the other plasma
proteins. vitellogenin, Peak D and Peak E

Other plasma proteins, vitellogenin, Peak D and Peak E did not
displace ‘the binding. of Peak A protein(s) to Peak A pr:otein(s) Ig6 in a
competitive radioimmunoassay performed as descrlbeﬁnﬁ Materials and
Methéds. On the. other hand, Peak A _prateln(s) displaced the binding of
radiolabelled Peak A protein(s) to IQG, even at a dilution of 100,000X,
when compared to bir‘lding’ in the tubes where only radiolabelled Peak’ A
_progeln(s) was incubated with the IgG. Blank counts were only 3%.

Peptide mapping of Peak A protein(s) and vitellogenin

To obtain additional evidence for structural unrelau.;dness between
Peak A protein{s) and vitellogenin, one dimensional peptide maps were
compared. Peptide maps generated by partial proteolysis with
Stag!x’lococcus M V8 protease enzyme were entirely différent for
Peak A protein from vitellogenin. Upon analysis of the digest by SDS-
PAGE (15%) the 74 K - 70 K fragment of Peak A protein was completely
digested at an enzyme concentration of-15 ng/100 ug of the sample.
However, the 2@ K fragment was 1ntae§ even at a concentration of 30
ng/100 ug.. There were 'se'verﬂ fragments of IM'IECI;H" weights less than
28 K. Prnteolyt_ic digestion of vitellogenin produced numerous frag-
ments, no single fragment being promineﬁt. The ‘major fragment of MW
180-200 K was totally broken down into minor lfrugments and none of the
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peptides co-migrated with the peptides from /Peak A protein(s) (Fig.
23). . :
Peptide ‘mapping of radioiodinated Peak A protein(s) major band
performed as described in Materials and Methods gave similar results.
" The ‘28 K fragment was intact (Fig. 24).

Amino acid and amino sugar analyses

The amino acid and amino sugar compositions of Peak A protein(s)
from male and female flounder are 1isted in Table 1.

Discussion

Isolation procedures

Several techniques such-as gel fntrat'nn_(Rudel et al., 1974),
affinity chromatography (iﬂcham, 1979), selective precipitation with
polyanion/divalent cation.reagents (Burnstftn et al., 1970) are cur-
irenny use& in the clinical and lnvestlgnlve-lnhoratory for separation
and quun_tif!catlcn of human serum lipoproteins, which can also be'nséd
to isolate fish .l|poprutelns. - The {solationof plasma proteins from
fish has been done’us(ng DEAE-cellulose chromatography and TEAE cellu-
lose chromatography (deViaming et al., 1980). Gel filtration pi-ocadure
was used in this investigation to isolate plasma proteins, because this
is a very ‘gentle method of separating proteins on the basis of their

molecular weights.




« Figure 23, One-dimensional V8-generated peptide maps of Peak A
proteins(s) and-vitellogenin. Samples of 10 ng, 20 ug and 30 ug
Peak A protein(s) (lanes 1, 2 and 3) and 10 ug and 20 ug vitello-

¥y genin (lanes‘ 4 and 5) vp'e digested each with 0.5 ug V8 enzyme.

The digest§ were separated in the presence of SDS on a 15% poly-
acrylamide gel. Lane 6 contains the molecular weight markers

(Pharmacia). The gel was stained with Coomassie blue R-250.
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Figure 24. One-dimensiona] V8-generated peptide map of Peak A
protein(s). Lane 1 represents the labelled Peak A protein(s).
Two 10 w1 of labelled Peak A protein(s) were dig'sted with 6 ng-
and 3 ng V8 protease (lanes 2 and 3) and the digests were ’
'sevaraced in the presence of SDS 6n a 10% polyacrylamide gel.’
Lanes 4 and 5 represent V8 digestion on the gel. Labelled Peak
A protein(s) was first elect;‘ophoreséd under non-denaturing
conditions on a 5% di{c gel and the gel slice containing the
peak radioactivity was introduced to a second SDS gel in the
presence of V8 enzyme as described under Materials and Methods.
L'ane 4,represen‘ts digestion with 3 ng and lane 5 represents
Eﬁaesﬂoﬂ with 0.5 ng. The slice digested in lane 5 had Tower
counts than the slice in lane 4. Autoradiography was doné over-

night at -70 C using Kodak XAR-5 film.
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. , @
- TABLE 1. COMPARISON OF AMINO:ACID AND AMINO SUGAR COMPOSITION OF
PEAK A PROTEIN(S) FROM MALE AND FEMALE WINTER FLOUNDER - -
: 4 i

“Amino acld Z WoTe % s

a By o Male Female

¢
Alanine 6.8 6.1
Arginine 1.8 2.2
Aspartic acid 11.6 10.9
Glutamic acid 10.2 10.5
Glycine 1.2 11.0 &
Histidine 1.8 - 1.8
Isoleacine o 1,7 2.1
“Leucine 7.2 7.3
Lysine 6.6 6.5
Phenylalanine 3.3 3.3
Proline 6.9 7.0
Serine 13.7 13.1
Threonine 18,7 9.4
Tyrosine 4.4 4.3
Valine 4.1 4.5
Amino sugars
Galactosamine 2.3 2.7
Glucosamine 97.7 97.3
}
!
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: prot'eﬁ.f The efectrophnret!c mapping of fractions across the peak

Variation in_the-: Sephacryl $-300 ciﬁmltngragﬂx elution profiles of
flounder plasma collected ‘uring different’ times of thé yea¥ &

In females, the observation uf’ lglgh 1evgls of Peak B + C .during .
October was in ad?eenﬁnt with the other studies on many teleosts (So et
al., 1984), coinciding with the ovarian uptake pattern. A high level

of Peak A protein(s) during February, and a low level ‘of vitellogenin,

“was also in agreement with the vite!llogenin'uptake pattern (Chapter '

IV). In males, the two elutfon profiles showed a very d|st'lnct il
difference with ‘respect to Peak A protein(s) levels in the p'lasmg A
very low level in post spawned fish, but a high, Ievel during March,
indicated that this protein could be invo!ved U‘ tesﬁcular grwth )

also.

Analyses of the plasma proteins \

As indicated by the results from PAGE and SDS-PAGE, Pea’k‘ A
protein(s). preparation from Sephaérle $-300 gel filtration was ndt
entirely homogeneous. The first question was whether the mindr band
(Rf. 0,17-0,18) observed in PAGE, was a part of Peak A protein(s), a
contaminating protein or was a prqteblyﬁc fra’gment from the main
showed an increased concentration of this band towards .the‘right
trailing edge of the m}z"ak. In addition, thg use of. prétense i}\hiblwr
in blood collection and isuIation buffers made 1t 11kely that this « -
minor band was another protein species. It could not be part of ma.jur; )

protein species in the Peak A prdtein(s) prepargﬂon, becausé- fts .




N
:concentra’tlon was not the same .ac;‘ossf the peak. '

_.The next questlo;i l_andressed was uhét'r;ér th; major band in Peak . )
A ;:rote‘ln(s) vreparauovn constitutes one protein nr,m\o-re than one
protein. The re_su'lts from,SDS-PAGE analysis of the major band sug-
gested ;wo possibilities. \1) Both th;! polypeptides,’ the J0 K and the
28 K are‘from a sing]e prote(’n', 2). If, the 28 K polypeptide is a ™ » -
separate protein, 1t most assuredly becomes tlghtly assoc(ated with the "

70 K palypeptide. Either of the polypeptides was. not separated by PAGE,

) ‘ﬁerformed for a longer /duraﬂun which hnwever. separated the other

protein band (Rf_0.17-0.18) into three components, electropheres(s for’ \

a shorter duration also did not: reveal any additiorial bands aAssociate’d \,‘

" with the major band. Re-chromatogr‘apl}y ‘of Peak A protein(s) on

Cov;canaVa'Hn A-Sepharose column-indicated that the |_irote1n which
represents the major p'a"nd 1n. a 5% PAGE, was held by Eon A-Sepharose and
hence a glycoprotein. On the other hand, the,’lminot_contam'nants did* )
not exhii it any affinity to Con A-Sepharose a’nd were eluted. The
prucedu;-e, owever, did not provide any evi’éence on the hcm&geneity of
the mljt; Due to very high mnlecu\ar\uelght of -Peak A protein(s)
(majov\ ban soele:tric focusing on a luwe§t possible.acrylamide con-
centraﬁon und cross linkage (51 acrylamide, 2.6% tross anage)
followed by 2-dimehsional gel e'lectrophores!s was not successful.
Ana'lysls of Ppék A proteh\(s) prevarat!on 7abe1led with 1311
indi .ated that the udioast\v}ty was ent!rely represented by the 70 K
and 28 K pn‘lypeptides. Hence the ovnrluli uptake of labelled Peak.A
protein(s) (Chapter III and IV) represents the wtake of these two
polypeptides. A'Iso, the relatlonsh(p to ovar!un proteins was
established for both the pplypept!de fragments (Chapter 1II). ‘Hem;e




their 1dentity as one protein or two sepérate proteins, and the minor

contaminants in Reak A protein(s) preparation do not make much dff- kk

ferem:e in the can!ext of this study.

However, Peak E protein(s) preparation indicated- a group of

| proteins of ‘Rf ranging from 0{(:0 0.95. Hence;  this protein(s) pre-
_paration was not studied dn greater detail at this timé. T

“Vitellogenin reportedLv has two maip-polypeptide subunits of about &

200 K -each in Xenopus laevis " (Bergink and Wallace, 1974; C’Iemens et

i 1975 Berridge et al., 1976). Two polypepﬁée subunits of 176 .and

127 K have‘ geen reported for Atlantic sa'lmov}nrvitel'logeniﬂn (So_gﬁﬂ.,
1984), estimated-under denaturing.conditions. In_ths study, flounder
vite’;logenln gave a single f:agmgnt of approx!mate{y lw K - 200 K arl|d .
can be separated Mh; two pulypeptiges of approximately 180 K ﬂ;ld 190

K (data not shown). - Also, it shonlnd be noted that Péak A protein(s)

and vIteHogenin did not yield any po'lyueptide fragments of the same
size, which indicated their structural unre'latedness.‘ Even if two v

polypeptides, 70 K and 28 K were to be considered individual proteins,

a1l the three polyueptlde: appeared stru;tural 1y different.

_HPLC gel filtration studies on Peak A protein(s) indicated that’.
the peak with RT 8., 87'+ 0.04 m|n was from the major protein band of '
Peak A proteinfs). This_conclusion was based on fo“owing observa- .~

) tions. The two later peaks of RT 12..68 ngin and 13.47 nin were found to

_be conér{bhted by EDTA and PMSF from Vg buffer. The possibiTity of any
protein peaks within these peaks was ruled nu& I;ased on the following
evidence. Protein estimauon by the Lwry method failed to detect any
prote{ns in later peaks after pnn'ltng and concentrn(on. Only the peak
with RT 8.87 min lndlcaeeﬁ yrnte.in.. Also, only thls peak gave a band

¢ ==
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corresponding to Peak A protein(s) on PAGE and SDS-PAGE. One more cun-

clusion drawn from these results was that the contaminating prote'n as

weH as the major pratein in Peak A protein(s), was adsorbed to the gel-

matrix, houever. the maJur protein was partially eluted bur. the

.recovery was very Yow (< io2). o
-The 1ow recovery of protein due co adsorption to the column

Timited the use of this procedure for 1solat1ng the protein. The

recover?es were also. Jow when, vitenogenln and Peak E-protein(s) were -

cbromatographed \Hteﬂogenin as well as Peak E protem(s). gave '

sing’le peaks along with the buffer peaks. Surprisfggly‘. B1o-S11 TSK-

250 column which had a separation rapge of 1000-300,000 da'ltor[s. did

not separat_e_the different vrote?n species in ank E. This was con-

firmed by 5% PAGE, which {ndicated that an the bands in the original

sample‘were present. }ilso,Lthe use of of columns

in serﬁes did not resolve any more prote'n peaks from Peak A protein(s)
and Peak E protein(s)._ ==

'fhe Tow recovery due to adsarptlon 1s not uncommon depending on
the‘pature of the proteins in ﬂ!e ‘gel filgv{‘atian columns. An essential
requirement for size-extlusion chromatogrdphy is that solute must have
minimal attractive or m;uls've interactlons.vgith the stationary phase.
This is ach!eved when' the stationary and moMie phases are of similar .
polarity (Kato et al.; 19&);qu1, 1978).. Under such conditions, par=~
_titlcning *occurs‘ only between the 561Ment'serving as the mobile p‘hasg
and the solvent trapped inside the'suH.& ‘support: as the stntiona;-y'
phase. (Swergoﬁ and Rubin, 1983). Syst‘emﬁ emp\oying buffers rjcntuh_nng
high concentrathns of salts or denaturing agent were used to minimize

‘soh;te interactions with the stationary phase.(Kato et al., 1980;




» following reasdns:

Rivier, 1989; Hashimoto et al., 1978; Hgfti, 1982)., In this study, the

‘requirement for obtaining the proteins of |ntﬁ-est under non-denaturing

conditions limited the use of such moﬁif{cations. In addition, these
plasmi proieins are 1ipid containing high molecular weight proteins;
hence having both hydraphﬂic and hydrophobic grilyps. Considering the
possibility of a hydrcphéblc interact¥on in an aquéous buffer system,
the elution system was chSnged to 36% acetonitrile with or without 0.1%
TFA, a system reported by Swergold and. Rubin (1983).’ The complete ~
adsorption of proteins to the column with this elution sy§;eﬁ confirmed
an ‘1ncompa‘tlb1e polarity. ' . :

Interestingly, Blewitt et al. (1985) had reported the effect of pH
on the confomation of d‘iptheria toxin and (ts~1-m|ilicac|o|fs on membrane
penetration, based on HPLC Sephamgel -TSK 3000 SW cu]umn elution
studies apart frcm electrophoresis, clrcular dIchrMsm, and binding to

non-fonic detergents. . They had proposed that exposure to lw pH

trlggers a rapid changs in diptheria toxin conformat1on, the transition’

occurs»ov{er a narrow pH range and below the transition pH, buried
tryptnpimns become expdsed and the toxin hetnm&s_h}idrophohic, favouring
membrane penetration. Their findings were in agreement with several
other stuldies (Sandvig and‘nlsnes,-lsm, 1981; Ble‘wl’t Lt—'_al.. 1984) .
These obs_grvatim'ns seem to apply to Peak A protein(s) as wel] for the
1. ‘The 'd‘dsnrpﬂcn of “the proteins onto the column and ve?y Tow
recﬁvery when' aqueous buffer system wasjused at-pi6.8.
2. . Grudual decrease 1n recovery with the above buffer s,vstem when the
pH was lowered from 6. a to 6 and comv'lgte idsurptiun to the column
at pH below 6.0.




3. Complete adsorption in a volatile buffer system (acetonitrile].
tional change of Peak A protein(s) coul ogeur before entry into

om:ytes by micropinucytosis. Also evidgnce obtained in this investiga-
- —tion regarding the role of tne p|tu1ta gland and the normorie involved e
~ in the uptake of both Peak. A protein(s) and vitellogenin (Chapter )

suggests a commn mechanism of their ovprian uptake & T Om

Molecular weight determination'of Peak

peal E protein(s) by HPLC gel filtration

The molecular weights determined by h is proceduré corresponded
with-the ﬁqlecular weights determined by- Sephacryl s-abo gel flltratfon
'repnrted by S&; etal. (1984)." A molecular welght of 1,045,000 for Peak‘
A protein(s) from Atlantic salmon was report€d : formg .
Owing to its‘very high molecular weight, the‘sensitivity of Sephacryl
-300 and HPLC gel filtrations seemed to be pnor. “he molecular ueight
of 400 K for flounder vitellogenin, detennined by HPLC \gel . filtration
in this study was much lower than the reported vaIue-of 5!
and Petersen, 1976). The molecular wei‘ght w;s Tower wnén compaged to
other specfes: namely Atlantic salmon, 495 K by gel filtration a
K by gr‘ud‘lent. gel electrophoresis (So ﬁ:ﬂ.. 1984); rainbow trout, 500
" K tsumpter, 1981), 60 K (Hara and Hirai, 1978), 450 K (Campbell and - /‘
idler. 1980); mgher-th'an coho salmon; 330 K (Markert and Vanstone, 5 7
'1971), and goldfish, 326 K (Hori et al., 1979), 380 K (deViaming et 1
‘al., 1980). The mo’leeuiar weight of 200K for Peak'E pro_geln(sf was a. 3 .
g Tittle lower 'than the reported value for this prctelnis) in Atlantic. .
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salmon (220 K, So ﬂﬂ.‘, 1984).

N - ' 1solation -of Peak A grote!n(s)‘ 196 )
5 ¢ )
The high titer value ob.ta‘lnedvulthin three @nths indicated ‘that
this protein is°highly antigenic. .ﬁeak A protein, being a glycoprotéin
" (held by Con 'A-Sepharos&) couid be quite antigenic. The 70 K fragment
of Penk A protein{s), which stained positive. with periodic: ac‘ld Schiff

ervation and’ ihdicated that these fragments

8. reagent, confirmed this

nugenic-detem.inants‘ This uas\l\ater confirmed

-'cmnd be poss
by 1munabl tting (Hestern b'lott!ng) (Chapter III). Lo o

A agarose affinity chroflatography procédure” (Bethesda)
on of Peak A protein(s) IgGs

seemed . to be well| sufted for the isolat:

The same procedute was® used earlfer to isolate

q‘ from rabbit antigerum.

——————IgG-against-vitellogenin £So-et al., 1984

Besides cnnflmi’ng the specificity of Pgak A protein(s) IgGs, the
4 ci‘oss-rea:‘t‘lvl}y’ uf 1gG was che:k:ed to degérmine whether Peak A
. protein(s) shares nny properties with ¥itellogenin and ofher plasma
e . proteins fn untlgenh:lty (antigeni determinants), and to confirm that
‘ ‘the 1gG could be used to detec' eak A prate'n(s) in yolk by Sjmmuno-
» biotﬁng and 'munuprecl i Ation (in &haptef'nl). Tbe absence of

of Peak A prutaln(s) 1gG with other- vrote!ns cnnfirmed

its Mgh specificity and provlded additional information

Togenin and, Peak A protein(s) -are structurally different ‘and have




separate anti genlc determinants.
To abtaln further evldence to corroborate the structural unrela-
tedness of Peak A protein(s).and vitellogenin and to characterise thi /)
peptide strucwres. one-dimenslonal VB8-generated peptide maps weréém—
pared. The pepti{ge maps |mﬂcaced that the peptides generated from
Péak A protein(s) and viteﬂogemn have d1fferent e'le:trophoretic .
moMHties Considering these results it can be stated that|Peak A
protein(s) is* structurany different. from viﬁnagenin and 13 not a
dimer of vitenogenln M: tne same t|me it was ‘quite lnteresging that

. the 28 K fragment uf Peak ‘A protein(s) remained undigested by V8

enzyme. i..aureus V8 protease enzyme cleaves at the_chH-temina'l side
A 9 )

of aspartic acid and glutamic acid residues (Houmard and Drapeau, 1972)
and has proven t’o/be' eminently su(tahl_e for generating digests which

contain many'a’;propriately §1zed fr_a_gments (Cleveland et al, 1977).

Apparently, the 28 K fragment did not possess any aspartic acid or

_ glutamic acid residues. However, the 70 K fragment was completely °

digested into low molecular weight vragments. un‘thé ochér hand,
vitellogenin prodl‘fced numerous fragments of molecular weights higher’
than the Peak' A protein(s) fr’agme_nts. This finding corroborated the
resul't; reported by chke} and-Wallace (1974) in f:haf/ cat.ﬂsh.

« Ictalurus nebulosus, vi_tellogenin‘ was.composed of high molecular weight'
pepﬂdes hut was hlgh\y suscentlb)e to proteolysis. The 1%“147\
of the resuns from peptide mapping of Peak A protein(s) and

logenin. are discussed 1n relatlon to ovarian proteins (yolk synthes!s)

* in Chapter 111 of this thesls.

Based on the results from PAGE, SDS-PAGE, HPLC gel inra‘NOn
studies, 1munolugica'] studies and peptide mapping, Peak A protetri(s)

i \‘-




appears to be str‘ucturdl’ly‘d!_fferen‘t from vitellogenln_‘. In Eddiﬁon.
e;tmgen treatment of female flounder did not enhance the plasma level
of Peak A protm(s) (Xdler and So, personal comunication) and taken
together with the fact that this protein(s) 1is a1§o present in the
plaspa of ma.'le flounder, confirm the abové inference made based on

\blnchemical studies.

Lo w
Amino acid and amino sugar analy e

The amino acld ccmposiﬁons of Péak A prol:eln(s) from female and
ma'le flounders were essentially the same, supporting the 5% PAQ{ band
patterns t_hat the protein(s) was the same in females and males. Also,
the higher aspartic acid and glutamic acid contents supported the V8

enzyme diﬁestion. which cleaves at the COOH ter'mnal of aspartic acid

and"¢ g\ulamic acid. .

Amino sugars 1n “beak A protein(s) samples from both ma'les and
_f_e_ynnles were also essentially. the same. In addn:lm\, the Mgh amino
N [ .

sugars content corroborated Peak A protein(s) affinity towards

Concanavalin A-Sepharose.




CHAPTER 11T

’ wiNTER FLOUNDER OVARIAN PROTEINS
| 2,
. ’ ¢ - 2 LAY
Introduction . J{‘.z.«

. = ., The charagterization of l“ipovﬂen{n and phosvitin as principal ‘ .,L\, .
yolk pro‘teins in oviparous \‘l’ef‘tebr‘ates such as amphibians hen and -
' teleosts has been reported by|many wcrkers {Karasaki, 1963; Redshau and’
) Follet, 19715 Follet and " mdshau 19743 Maltace and Jared, 1969; Ng and
\id’ler, 1983; Ha'lla:e, 1978). \\At the same time, the re1ac|onsh1p of 3
/( g viteﬂo.genln to these ydlk components w‘?:,s estalil!shed on {he. basis of ‘
imnunolo‘gica] cross reactivity (see.Wallace, 1978; Wittlift and Kenney,
.- 1972; Plack et al., 1971). iledshaw and Follett (1971‘) ha;i' reported
" that v’lte'l_logenin has essentially the same amino ;cld profile as the
ccm;blned yo\k‘p'lateI et proteins.. However, the yolk pr;telns isolated
from t€leosts were reported to be generally atyplcal (Hallace 1978).
Studies by various workers also indicated that there are a number of
anomalies in teleost yolk cnlnponents (Jared and Wallace, 1968; Murkgrc
and Vanstone, 1968). | 7
& : Even though consideral ‘ e evidence was reported regarding the auto-
synthetic activity of an onc‘rte before maturatiﬁn and after maturuc(on
(see Wallace, 1978), the sources of many yolk cémpnnents are not known,

1 whether they are hecerosynthet'lc or autosyntheﬂc in nuture have not

been confirmed. L|pov|tellin. being such a big molecule, could be made
up of more than one spec!es of proulns apart froi.. _vitellogenin; the .,

A molecu'lar organlution of’ th;ls yolk component s not known. Also, - ’

\ /
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except f{:r vlteﬂcgenin.wvarﬂn proteins have -not been studied from a

_ heterosynthetic point of view with respect to other nnn-vice]]u’genin

plasma proteins. The preHminary results obtained in this laboratory

sm»ted that at least two nan—v!te\logen!n pTasma proteins were also

|m:orporated by the. oocytes.
As indicated in the General lntioduc_tien of this thesis, the main

objective of this pirt of the investigation is to resolve the relation-

sMp of plasma-proteins, vite!logenin and ‘the 70,k and 28 K pu'lypep

tides from the Peak A prote!n(s) preparation to ovarian prote'ns.
‘'would help to unﬂerstand ovarian prnteln synthesis espechny ;he yo'lk

proteins, from a heterosynthgﬂc viewpdint. The dther questioyl .

« addressed in m? chapter is whether the:70 K aid 28 K po]ypé%ﬁd\es of . ’
s

Peak A protein(s) are also present in the testicular-extracts. .

Materials and Methods .

ISOLATION AND ANALYSIS OF OVARIAN PROTEINS FROM FLOUNDER OVARIES

‘Extraction of ovarian proteins:

¢ -
Mature ovaries were excised in becember 1985 and ovarian proteins
were extracted in 0.5 M NaCl--.5 m EDTA solution (Plack et al., 1971)

and stored at -80 C until used.”

Polyacrylamide. gel analyses of the ovarian‘extract

4 In order to establish ajos:lble uiatlonéhip of plasma protein;

2
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to ovari an' proteins, the following procedures were followed.
Non-denatu;"ing 5% PAGE and SDS;-(P_&GE (8% ar’ud 10%) were performed
For the ovarian extract. PAGE: (Dav’ls, 1964) was performed H; a disc
electrophoresis apbnratu; under has{c conditions 1na§l‘gels (Chapter
11). F_ur SDS-PAGE, the .oQarian proéelns after exhracc’l'on were 'dlnysed
for 24 hr in a buffer (0.125 M Tris-HC1 ,I pH 6.8, 0.1% SDS, l’nl‘l EDTA),
before electrophoresis. In annf;her preparation, \ipovitei‘lin and

vhnsyitm werq recipitated from the ovarian extract’ by dialyzing for

two “days with i cm; and re-disso]vlng the precipiute in the
above buffer ~ SDS-PAGE (8% and 10%) was perfofimed also on’ the Hpo-
vitellinphosvitin precipltatés. Vitellogenin and/or Peak A proteln(s)

was electrophoresed along w!th these samples.

In another experiment, 5% PAGE (disc ge\) was performed for the

’ovarian extract and the/ major band from these tube gels was cut and .

re-e'lectropnoresed on a SDS PAGE (10%), as previously described

'{Chaptar m. ! o

Tracing the 1nJected radio!odﬁmted Peak A protein(s) in the ovarlan
extract by- d(rect autoradiograghz ~

About 4 x 105 cpm/0.1 uL/500 g body weight of 1311 Peak A
prntg{n(s) was injected to an intact female flounder during Decembér,
1995. Aftgr 3 days, the fish was ki11¢d and the ovarian proteins were

/e'xtracted and prepared for SDS-PAGE as described above. Amounts .
/ yiirying from 25 pL to 60 yL were electrophoresed on a’ SDS-polyacryl- /-

amide gel (10%). Electrophoresis and autorﬂdiography'ware done as.

S

described in Chapter 11.
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.
7" Immunoprecipitation of ovarian proteins with Peak A’protein(s) antibo

and analysis of the precipitate bz.SDS;PAGE - ) %

.

I-iu!mprec!ptntion with IgG against Peak A pryteiq(;) was done
for (a) ‘ovarian proteins extracted from normal flounder and (b) ovalri’an ’

protefns extracted from 1251 peak A nrote'u(s) injected

= nwnder B . C Pl
—~ (a) ‘Two dilutfons of ", it dy were (AI)‘ 10 -uL of the '
i samy’le was 1ncubaud uith 100.uL ‘\tibnqy (1:10); (41) 400 wiL uf the
samp‘le was lncubated with 100' uL “of antibody (4 1). N % 5

. After lncubatlon at 4-Cyfor 24 hr, the precip'tates were recuvered

by centrifugation in a Beckman microfuge for 20 min and the supernatant

was 'separated. The preclp!tabé were washed with 70% ethanol and then
with 100% ethanol. The sﬂperr?atant and the precipi ta_tes.nere electro-
phoresed qn a SDS ‘po‘lyacrylaludz gel (10%) as desctibed hre‘viously.

In another j‘mnbpmiv‘l_taﬂon exberinent,' the fﬁlloﬂng sch.én
was adopt.ed; (1) 40 uL of nv)arian extract was dTNf,t.ed to 200 uL ;vith
0.5 M Tris-base, pH 7.0, and then centrlfhged for‘J) min in a Beck'un
lﬂcrofu.ge. The ;ﬁumtint.ns again centrifuged for 15 min and 200 wL
af Peak A,prouin(s) antibody was added to.15 uL, 30 u(, and 60. uL of

“\“"the supernatant from the above preparation and incubated at 4 C; (i1)
R - 77 25 WL of ovarian extric't was centrifuged for 15 min a2 L of _super-
‘ natant was fncubated with 100 L of antibodys The rest of the pro--

cedure was as described in (a). .

b) In this immunoprecipation Experiment, 1.0 nl. of 1257 gvarian

extrlct {approx. 1250 cpm) was/{ incubated with 500° uL of ant{boqr (1 2)
o
for 12 hr at 4 C2 After centrifugation, the preclplntes were




rec'bvered.,'counted in a gamma counter .and then electrophoresed (approx. 3

300 cpm) a; described p.reviows‘,y. 2 N . e
' ,The gél-uas treated with 'Enhancé' solution (New England Nuclear) . )

according the supplier' s instructiws and then autorgd!ognpny was

done u: ng intensify{ng screens (Du Pont). ’

. Immunoblotting

Imunob]ottlng (Hestern blotting) was dnne fnr the ovarian extract : ’
acccrtﬂng to the procedure supplied by Amersham, with suitab'le mch/fi-
caﬂons. Antibodies against Peak A prote{n(s) and v{te'ﬁogenin were
used to probe the blet. In brief, the procedur;)wa,s as fc1lws

5 A.  Peak Aprotein(s) < ° . ' = =

(1) varhn Eroteln extract1on
Ovarian proteins were extracted from mature ovarles as descrfbed

previously. .

A (1) sos-pagel - oyl ) <
M\‘ ’ SDS-PAGE (10% 3nd 8%) was done fnr the ovarlan extract accordlng
to the Dreyfuss e_t_a_1. (1984). method described earlier. The ge1 was
“not stained before transferring (transblnttl‘ng) thé_ proteins from the

< L o ¥ _ 5
- e gel to a Hybond-N (Nylon) membrane éAmersham). . .
£ ' % ..

(11)Transblotting . . 3 o St e

The gel was eqbilibrated for 90 min-in protein trar{sfer buffer
(0.025 M Tris-HC1, pH 8.3, 0.15 M glyc!nﬂ)--’- Transbluttin‘g‘was done in

an electroblotting unit (Hoeffer Scientific) for 8 hr at 0.6A with '




cooling. Tne membrane was washe‘d with transfer buffer after trnns-
blotting to remove res!dua] acrylamde and allowed to dry for.l5 min.

“tvr Blocking the’ Erateln blot
Blocking was done to minimize the non- specific binﬂing of prote‘ln

probes to the membrane. "The membrane was wWashed for 15 hr at 50 C in

10x phosphate buffeired sa’line [o.am sodium phosphate,’ pH 7. 5{ 1.3 M

NaC1. (PBS)J, containing 1% gelatin and 107. BSA. -

(v) rob1ng the blot = - : S »
(a).The probe, in this case, Peak A protein(s) antibody, was

diluted in diluting buffer (pBS" cantaining 1% BSA). A 1.290 ﬁﬂutlgn‘

of the antibody was used. The membrang was |ncul}ated with the diluted

antihndy in a neat'\s'ealed plastic bag using 10.mL per 100 cm2 of the
» : 5 N

.membrane. I’ncubaﬂon was at room cemperacuré for 1 hr on a rotary

shaker. The membrnne was washed in 200 mL of 'washing’huffer [PB‘s.con- )

taining 0.1% twéen 20 (Sigma]‘vby |m:ublag|ng at'room temperature for 15
m1n‘|rn an orbital shakev“.Q Washing was repeated two more tlmes.-

(b) Species-spéﬂﬁc second antibody, anti-rabbit IgG (Amersham).
was used.as feporter mo'lecu‘le. Anti-rabbit IgG was diluted in di’luting
buffer (l 200) and added to the Mot The rest of, the procedure was as”

Adescrihed in stgp (a). °

‘(vi)Detection « ~
Biotin-streptavidln ‘system (Amersham) was used zo detect theu ™

specific binding in the b'lot. Afte! washing the mmrane 1n step (b),
the menbrine was incubated with 3 ni’ci of (0.1 mCi/mL) Motinylated
.35S-St»:ept‘n‘vid!n for. 20 min at room temperaturevon'a rotary shaker:
'355-Streptavidin was dilited in diluting buffer in the volume.used

in step: (v). The membrane was washed Five' times for 4 hr"‘in a large




. : 1 3
5 ¢
. N
volume of washing buffer and. then was blot dried, wribped 1n Saran wrap

and au_toradiograpl\y was done at -70 C as described on page 19.

Yitellogenin

The blot which had’been pr’ev!ously. probed with Peak A protein(s)
antibody as described above was used again to probe with vitellogenin
antibody. The procedure was as follows: S
>H) The previous-blot was f’irst de-probed w!th‘ a. huffér (0.006 M
smﬂum p!wsphate, p}j 7.5,:0.002 M z-mrcaptoethano'l, 2% (H/Vi »SISS by
incubaﬂng the lﬂot for 30 min at 60 C.. The b'l * was air_dried.-
(1) The dried blot was then incubated in a heat sealed plascic bag

with 0.1 nm of 1311 1abelled- vitellogenin antibody (Ig8) 4 30

“ml of 1ncubation buffer for 30 min on a rotary -shaker (labelling of

vitellogenin 1gG was dnne by the Iodngen method as described under .

Materials and Methods in Chapter 11, for the plasma prote!ns). The .

“ blot was then washed with 300 mL washing buffer for 6 hr, changing the

washing buffer 4 times. _The membrane was then blot dried, wrapped in

‘Saran wrap and autoradiography was Ldone as previously described.
. . f 3

Deternination of antigenic deterriinant of Peak A protein(s
- Western Mott\‘ng uas done to determine the antigenic determinant

of Peak A proteln(s). Pbak A protein(s) was e'lectrophoresed on a SDS

gel “01,). transb'l otted onto a Hybcnd-N membrane, and -the blot w"és

probed as descrlbed earliér in Step A, paqe 85. )
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Immunoprecipitation of testicular proteins with Peak A protein(s)

i ~
- 89
8 -
ISOLATION AND ANALYSES OF TESTICULAR PROTEINS

Extraction of test{€ular proteins .

§amples of "testes (2.0 g) from October and February were extracted
with 5,0 mL of 0.5 M NaC1 - 10 mM EDTA so]‘:tiun as described previously

for the extraction of ovarian.proteins.

antibdgx and analysis of the precipitate by SDS-PAGE -

imunoprecipitation with IgG against Peak A protein(s) was done as

follows:

L8 Testicular extratts from Octobér and February were centrifuged for

30 min in a Beckman mfcrofuge.. Fifteen uL of supernatants were then
incubated with 50 uL of Peak A protein(s) antibody at 4 C for 24 hr.

(11) To serve as control, 20 L of testicular extract supernatant from

. October and February samples was incubated with 50 uL normal rabbit

serum (NRS) (1:4 _dilution). : & g

After 24 hr, the aboye samples were centrifuged and analysed on‘a

SDS-PAGE (10%).

o wm w
RESULTS  + 3 .

Po\!‘ucrz]amide gel analyses of ‘the ovarian extract,

v
he ovarian extract on 5% PAGE gave ‘a broad and vgfy intense band,.

- : 5 P
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the Rf ex‘:tend!ng from0.25 to 0. 32' A few natrow bands of Rf 0.23,

U 55 and 0.76 were also ohserved (Fig. ‘1), The' matn band however,

seemed to have more than one component moving together under basic non-

denaturing‘conaitions of the ?ﬂ. There were no bands which would

correspond to Peak A protein(s) or vitellogenin. . . ' =
SDS-PAGE for the phosphoprotein p‘recipitatés and for the :super—

-natant did n'z’:‘t show any difference in band pattern from the total

ovarfan extract in 8% pnd 10% gels.. In \SDS-PAGE, ovartan Extﬁact gave

. three major bands of molecu)ar -weights 96 K, 86-76 K, and 28 K V(E(g.

2). The 96 K and' 28 K bands were very broad and strong, however, the

“+86:76 K band had three components. Also, there:‘were bandé-of molecular >

[ ‘weights, 70 K and 40 K, along with severa'l minor bands. Re- .
electrophoresis of the major band of Rf 0.25-0.32 on a SDS gel (10%), K
yielded fragents of molecular wefghts, % K, 86K, 76K, and 28 K

. (n"g 3.

: Wiy \
Direct tracing of injected radioiodinated Peak A protein(s) in the
ovarian extract- by autoradiography after SDS-PAGE 'A
As a starting po|nt for 1nvesﬂgit‘lng a possible re]atlnnsMp
hetween Peak ‘A protein(s) and pn'lypeptldes 1n the ovar1an extract, I.
: asked 1f fnjected radlniodinated Peak. A prote!n can be traced to

ovarfan polypeptides by autorndiography. But one problem in using this

brocedure*wii the p’v‘eglpitatlcn of ovarian proteins 1n. the gel when the -

sample volume was gheater ghbn 60 uL, evevﬁ_‘af&er the samples were
prepared in the way described in !‘Iaterla!‘é and_Methods. This amount of

ovarfan extract contains Qery VoW counts which {s not enough to give @




3 . -
F{gu;'e A Non-denaturing polyac_ry'l'anii'de “ge] analysis (5% disc gel) )
.of ‘the ovarian extract prepared from .ﬂdund.er ovaries. ;.an_e l’_
contains about‘?D(l'ug and lane 2 ;onta-ins_ ab‘nut 125 \ig of the
sample. The gels were stained with Coomassie blue k-z:sa. .
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F'&g_ure,Z. Polyacrylamide gel (10%) analysis {SLS-PAGE) of ,the
‘ovarian extracts. Lane 1 _represent; thevsupernatar!t (5 w1) after
5 lrM/Camz didlysis of ‘the gnta'l. nvariﬂ‘an extract, Lane 2 contains
CaCl, precipitable portion of the ovarian extract, di¥lysis was
“done for5 days. Lanes 3, 4 and.s, 6. represent the supermatants.
and the pre:ipitaﬁtes f'ro;ﬁ‘s days and 1 day dialyses. Lanes 7 and .
8 contain 30 ug Peak A protein(s) and 20 ug vitellogenin. Lane
10 represents the molecular weight markers, RNA galymerase 11,

actinand histones (M x 109).
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Figure'3. Polyacrylamide gel (10%) analysis (SDS-?AGE) of the

major band sliced fron}‘a non-denaturing.gel (5% disc gel) g1éctro- -

- phorgéis of the ovarian extract. About 100 ug of the total

ovarian extract was first electrophorese# (5% PAGE) aﬁd the slice

wa.s. re-electrophoresed on a SDS gel as described under Mg‘ts,rials.
. |

The gel .was stained with 'Coomassie Blue R-250. The MW );'IO'3 are

shown ‘on the left.
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proper signal in an autoradiogram. ‘However, on ope’occasion, enough

counts were obtained to give a reasonably ,good signal in the auto-
'

radiogram.

There were two bands of MW 70 K and 28 K after one month €xposure
to Kodak XAR-5 X-r.‘\y f|(!|‘ns. (F1g. 4) from an original 40 cpm loaded
onto the gel.. Seven days expnsl}re, hawever, 1ndlcated a narrow band of

MW 70 K, but the 28 K band had not yet appeared in the autoradiogram.

a . . .
Imundgrecig!tation of the ovarian extract by Peak A protein{(s) /
antibody and identification of precipitates by SDS-PAGE

The occurrence of Peak A protein(s) as 70 K and 28 K poiypeptidés
in the ovarian eutraf:t ma‘de‘ the Interprétation difficult. There was a
possibility that these bands were from the intact Peak A prot’e‘ln(s)
polypeptides‘. Hem:e’. further analyses of the ovarian extract were done

with the mom:-speclﬂc antibody to Peak A protein(s).

(a1 Analysis of the 1mnogreclgitats of .ovarian proteins extracted
frop nnrma] flounder .

Immunoprecipitation analysts of ovarian proteins, extracted from
normal f\ounq:r, in two ullht,lons in one sgt of experiments, "and four
»dﬂut(bns in another set of experiments, gave the same band patterns by

SDS-PAGE for -the precipitates as well as for the supernatant. There
\

. were luJor _protgin bands of molecular wetghts 96 K 86-76 K, 28 K and

70 K in the lmnopreciplntes as well as 1n :he supernamnts (Fig. 5).
The 28 K band and the minor 70 K band cu[uspnndeﬂ m the 28 K and 70 K
bands ‘of Pe}ak A protein(s). There~ uas an additional band frory the free -~
antibody to t!ve supernatant. f_p_roper antibody-antigen ratio to obtain




Figure 4. Autoraﬂiogram inﬂigating‘the presence of }3!1' labelled .
Peak A proteir(s) in the ovarian extract.as 70 K and 28 Ko Lane

1 contains about 200 cpm of qu-Peak A protein(s). anes 2 and

3 contain about 40 (;.[Jm and 30 cpm of the uva—r’ian extract pre-

pared as’described under Materials and M;thods. The say\t!p]es were
electroph‘uresed' ona 10% pniyacrylamidé gel in the presence of

SDS and exposed to Kodak XAR-5 film at -70 T for 27 days.
i

Q
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Figure 5. Polyacrylamid'ev gel (10%) analysis (SD§-PAGE) of the

. ovarfan extract imui\\zﬁrecipitated with Peak A protein(s) anti-
body. Lape 1 contains the tital ovariap extract (5u1). La'roe;
2 and 5 contain supernatants from t}!e two incubations (l1~:]0 am';
4:1 antigen to antibody) andll_anes 3 ami 4 corjtain immuno-
precipitates from the above two incubations. L‘ane 6 contains
the high moTecular weight mrkers (Pharmacia). -The gel vas
stained with Coona@sie blue.#-250. ) ‘

o _J ’
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complete precipitation was not achieved in ;everul other combinations.

(b) Analysis of the immunoprécipitate of ovdrian proteins extracted
YN fTOURGEY: {njected with |21 Peak A protein(s)

The immunoprecipitatidn of ovarian proteins extracted from normal:

flounder in the previous €xperiment indicated that most of the uvaﬁ-an
ﬂ_‘agments were précipitated. A1l these fragments could not be from '
Peak A protein(s). One poss!biﬁty for the |munoprec|pitat|nn‘ of all
these. ovay‘lan polypeptides cou]vd'be that the 70 K and 28 K fragme‘nts.
".. from Peak A pratei»is) were a;sociated with.other polypeptides in thg
oa‘cyte.': Hence, 1nl;\uncprec1p1t..atlo.n }:f ovarian protefns extr,’a‘cted from
1251_peak A protein(s) injected flounder was done; this would
indicate ‘the labelled Peak Aprotein(s) in: the ovarfan polypeptides.
Thé autoradiogram of SDS'gel gave hann{s of molecular weights 76 K,
70 K and 28 K in the precipifate ‘and these eorresponded to the 70 - 76
K and 28 Kk fragments of Peak A protein(s). The supernatant also gave 3
fragments of size 76 K, 70 K and 28k ‘lnd1cat|ng incomplete precip(tu-
tion but estab]ishing ‘that fio other radloa:tive component was detec-
table (Fig. 6). )

o . % “

Analysis of the ovarian extract by immunoblotting

Peak A-protein(s) L . . - )

.. % E & .
lmunol}]otting of the ovz"‘ianY extract, wﬁeu the o;arun proteln"s

were prebed with Peak A prote'n(s) antibody after ‘sevaraﬂon on a SDS=

PAGE. gave two ret:ogn‘lt!nn signals. This lnd1cated that the 76 K. lnd

70 K friqnnnts of the ovarian estratt are frnm Peak- A prn!e1[\(s)




. Figure 6. RAumradmgram 1nd1cat:ng Peak A pratem(s)

‘in the ovarian extract as 76K, 70K and 28K fragments,
4'1251 uvar\an proteins were immunoprecipitated with
Peak A-protein(s) antibody and electropﬁnrésed on a
. SDS pn)yacry]amvde gel ‘as descﬂbed under Materm]s
. and Methods. The gel was treated with ‘Enhance sclut-

ion. (NEN) and .exposed to Kodak XAR-5 film at -70 C.
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(Fig. 7). There was no radioacﬂv!ty detected at the 28 K region. \At-
thé same time, 1munoblott1ng of plasma Peak A prntein(s) 1nd|cated two
antigénic datemlnants for Peak A protein(s) at the 74 K and»?OK
regions (Fig. 8). The 28 K fr:a‘gment’ of‘plas;!la Peak A protein(s) did
not react with the antibody-and hencé no radioactivity was detected in
this region.

VitélTogenin

The protein blot which was already probed wlth‘?eak'k protein(s)

antibody was used to re-| probe with viteﬂagenin autibody. The radlu-
' gram showed detection signals for v!teﬂngenin at the 96 K and at about .

86 K region. The 96 K ‘'signal was very strong (Fig. 9). There were no

detection signals from a;\y of the fragnents from Peak A'protein(s) or

from ovarian extract which showed positive detection with Peak ‘A &
* protein(s) antibody.

g e .

« limunoprecipitation and analysis of the testicular extracts ] . |

SDS-PAGE (10%) analyé}s of the testicular extracts from Gétober
and February indicated a quantitative and qualitative difference in

their protein species. A polypeptide fragment of molecular weight
was a minor fragment in the October extract-(Fig. 10, lane’2). '

' Immunoprecipitates of the testicu)ar\ eitucts from February with

A

Peak A protein(s) an‘tlhﬁdy. on SDS-PAGE (10%), yielded a fragment of
B mo]e'cuh{ weight 76 K and another major fragment of MW 28 K. Immuno-

precipitation of the October extract had also precipitated the 28 K




Figure'7. Autoradiogram of a Western biot indicating
- Peak A protein(s) in the ovarian extract as 76K and 70K
bolypebtwe fragments. Duplicate ovarian extract from
Decemér was electrophoresed on 8% polyacrylamide’ gel
in the presence of SDS, transblutted\' on to a Hybond-N
membrane and hybridized to Peak A protein(s) antibody
as described under Materials and Methods. Autoradiogra-
" phy was done at -70 C for 7 days using AGFA-GEVAERT RP

1 film. b
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- Figure 8. Western blotting of Peak A protein(s) indic-

ati_ng' an‘tigenic domains at‘ the 74K and 70K r;gians.
Peak_‘A protein(s) was electrophoresed in ‘the presence
of SDS-on a 10% po1¥acry1am1’de gel, transblotted.on to

, Hybond-N nylon membrane and hybridized with Peak A pro-

" tein(s) antibody (Ig8) as described under Materials and

Methods. Autoradiography was done for 7 d}ys at -70 VC
using Kodak XAR-5 film.
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Figure 9. Autorladiogram of a'Western blot indicating
Viue}]ogenin {n the ovarian extract as 96K and 86K

polypeptides. The blot which was previously py;obed with &
Peak A proteﬁ’n(s) antibody was de-probed and ysed again 5
to p‘vj‘abe with the radioiodinated vite”ag'en’iln antibody

(IgG) as described under Materials and Methods. The . L

. membrane was exposed to AGFA-GEVAERT RP 1 filv!n for 5

days. Ry .
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* fragnent {Fig. 10, lane 2), but this was a minor fragment during
October as observed in SDS-PAGE on the total extract.. Immunoprecipi-
tat{on of thg October and Febmar;y testicular extracts and also the
ovarian extract with normal rabbit serum did not precipitate any of

these fragments (Fig. 11).

DISCUSSION

Isol ation. procedure

A humber of (nvesti;amrs have attemp'ted to isolate 'Ilpavitel“n-
Tike and phosvitin-1ike yoﬂ( proteins from the ovaries of a variety of
teleost species (sée Ng and Idler, 1983). Extraction with 0.5 M NaCl
has been adopted by many 1nvest|§a£drs (Wallace et al., 1966; Jared and
Wallace, 1968; Markert and Vanstone, 1968; Plack et al., 1971; Campbell
and Idler, 1976, 1980; Idler et al., 1979). The purpose of this study
was to characterise the ovarian prot:elps extractable with 0.5 M NaCl in
'r'e'laticn to p)as.u Peak A protein(s) and vitellogenin. Accordtngly,
the ovarian extract'ion was done using the yolk extraction medium

reported by Plack et al. (1971).

Ovarian extract analyses
~

In this study, the 70 K and 28"K polypeptides from Peak ‘A
protein(s) were shown to be incorporated into ovarian as well as testi-
cular proteins. . The structural unrelatedness of these polypeptides to

vitellogenin was demnsgl:aud in the previous chapter. =




Fig. 10. SDS-po1yacrylam151e gel (10%) analysis of immuno-
'preci‘pitates of the, testicular extracts from October and
Rebruary precipitated with Peak A pratein(s)‘antibady as des-
cribed under Materials and Methods. Lane 1 contains total
testicular extract from October (5 ul)‘\'lanes 2 and 3 contain
the 1mmunupre:1p\tate and the supernatant from October
extract. Lane 4 contains the total cest1cular extract frum
February‘ (5 u1), lanes, 5 and 6 contain the immunoprecipi-
tate and the supeynatant from the February extract. Lane 7
represents Peak A protein(s) alftibud}f (1g6). Lane 8
represents the high molecular weight ;narkei"s (Pharmacia).

The gel was stained with Co‘om‘asﬂe blue R-250.

%ig./]l. SD'S-polyacrylami_de gel (10%) ani]ysis of the control
incubations of the testicular extracts and the ovarian extract
with normal rabbit serum (1:4 di‘lut!‘on). Lane 1 represents
the precipitates and lane-2represents, the supernatant from
the October testlcular extract mcubatwn. Lanes 3 and 4 are
the prec1p1tates and the supernatant from the ovarian extrac
Lanes 5 and 6 9re precipitate and the supernatant from the
Februa;‘y \;,esticu.lar extract. Lane 7 gontains the normal
;abblt‘serum and lane 8 is the h|gﬁ ‘molecular weight mart‘ners
(Pharnﬁcia’). The gel was stained w‘ith Coomassie blue R-250.

>
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The ?AGF pattern for the ovarian extract Ind_icated that there were
no protein bands ‘uhich would correspond to Peak A protein(s) anﬁ vit&[—
Yogenin as such, suggesting a rearrangement of these plasma proteins in
the oocyte. y Such heterosynthetic’ dei‘ﬁcaﬁons (or converslons) of the
plasma proteins inside the anc‘yte’ has beeh s\uggested by many fnvesti- )
qators (see Hallace, 1978). Howe\}br, in loc:jsts (Chen and Hyatt, 1981)
and in Drbsogmla (seé Postlethwait and Giorgi, 1985) yolk plate‘let‘

proteins were known to be the same molecular weight polypeptides 1n the

oocyte und in’ the plasma. L
The preliminary. study conducted in this laborato.ry'un ‘the uptake
of 1311-peak A protein(s) indicated that the protein(s) becomes =

. assocfated with thé oocytes. Based on’direct evidence obtained in this

# (nvestigation t’hé incorporation of this proteln(s) tc ovary (and to,

testis) was conchlded to be specific. X ; ”
- Cmppar'lson “of the polypeptldes fr;m Peak A prutein(—s) and from
vi‘tel’logenin to those from ovar|an extract by SDS-PAGE was the first .
step in establishing a possﬂ:!e relationship bétween these p'lasma
proteins and ovarian proteins. In SDS~PAGE, the major fragments of MW
96 K and MW 28 K appeared to be Hpovﬂe’ll(n 1 and 'Iipov{tenin I,
slmilar to the Hpovlte‘l”n ar_ganization in Xenopus.. Tm‘s conclusion
was based 6n the results reported by Berridge ar.|d_ Lane (1976). Their
study on ‘the transTation of Tiver mRNA in 3(51}_0&5 ‘ocytes and vjtello-

gen‘ln syMgs and conversion to yolk proteins was{very valuable here.

They had “shown that the source of yolk p]atelef:‘ eins, lipovitellin

1 (W 100 K) and phnsvltin\is vitellogenin. But their study did not
indicate vitellogenin as the source of another major fragment, 11po-

vitelldn I1 (MW 28-30 K).. The results from SDS-PAGE of flounder




ovarian extract, which yielded a polypeptide of MW 28 K as did the quak
A protein(s) is signiﬂcant here.
The direct.tracing of injectdd 1311-peak A protein(s) in the
ovarian extract by- SDS-PAGE and autoradiography indicated that Peak A
i protein(s) occurred as 70 K and 28 K( polynejmdes 1n_the oocyte. How- &
‘éver, theré v’laS a,prubl.em_t\ this experiment. ‘The indi;a‘ctlujty/unit
vu!ilme'of the ovariam .extract :-'aé Tow and. there was a larae amount of -
.v proteins/y It"volnme of extract, ' This 1imited the volume. f)f extract
which coun be electrcphoresed and al so -the cpm which cauld bo e'lectrﬂ- i
: phoresed. Thus theré was a poss1b|1‘lty that more than two 1311
po]ypéﬁtfdes from Peak A protein(s) were present in the ovarian
extract,, The results from 1munoprec|pltat1on and immunoblotting
ana\yses of the ovarian éxtract with Pe.k A prote{n(s) antibody con-
“firmed this pdssibility.
The results fiom’ immunoprecipitating the ‘ovarian protein(s)
extracted from flounder 'lnrjected with .1251.-1’ea-k ‘A protein(s) com-
' plemented the earlier results and prov1ded flnn evi‘dence “for the
functional \incorporation of 'th!s protein(s) into the oocyte. The
- results Indicated that the uvarian fragments of melecu'lar weights, 75
-, 70 K and 28 K were from Peak A prote(n(s). However. the 76 K
fr‘agment was Qeakér\ and hence was not dgtgcteq in direct Wadng by

autoradiography.

Andlysis of the ovarian extract by imunoblotéing
* The prototo] ;unnHed by Amersham was used with modifications for
’_1mmnohlotungfo‘r Western b’lqttlng of the yo'ik extract. These




which was resistant to V8 enzyme digestion. However, at this point, it

m7
modifications entail the use of BSA and gelatin (]0% and 1% respec-
tively) to block the non-specific'binding sites in the Hybond-N
membrane after transblotting; blocking was done at 50 C for 15 hr; The

blot was then washed after probing with 355 Streptavidin for 4-6 hr

in a large volume of washing buffer. These modifications reduced the _

. background and ruTed cut, the possibility ci any false signals. SDS was

omitted from .the transfe}wlmffer while transblotting. Though SDS

facilitated the transfer of proteins from gel toc the nylon membrane, as

reported earlier (Erickson et al., 1982; vNielsen 2t al., 1982; Vaissen
et al., 1981), subsequent probing failed to‘detect any signals. By
omitting SDS from the transfer buffer, the vunage hdd to be increased
to effectively transfer the high mo'lecu’lar weight po!vpeptides also,
the radioactivé bands were very well detected.( The technigue, first,
accomplished by Renart ﬁgl. (1979), termed Western bioct'ng

(Burnette, 1981) reportedly has high sen;l%ivlty and finnate versati‘lity -

(see Gershoni' and Palade, 1983). This procedure made 1t possible in
trlﬂs study to detect the 76 K as well as bt?m -79 K polypeptides |‘n the'
ovarian extract. The 28 K polypeptide detected by direct scanning was
not detected by t_his method. fhe most Hk_e]y explanation is that the
28.K polypeptide is not precipitaﬁéd by Peak Al antibody except when it
is associated with Peak A protein(s) or the ovarian protel;ls. ‘The
Imunoblott‘l'ng of Peak A protein(s) with the antibody had indicated
that tﬁls plasma 28 K polypeptide does not cro’ss’ react with the
antibody. ) .o )

The results from partial proteolysis of Peak A protein(s) (Chapter

11) was purtllcn’lur'ly important here. There was a fragment of MW 28 K

-



is not known that the 28 K fragment, observed in the peptide map, is
the same 28 K polypeptide from Peak A protein(s). The possibility fhat
the 28 K fragment after proteolysis is from the 70 K polypeptide of
Peak A protein(s) can not be ruled out at this pz;int'. In either case,
.1t 1s important to note‘ that there is a ffaglnent of MW 28 K, which is
apparently resistant to proteolytic cleavage in Peak A protein(s); this
has direct relevance to ovarian proteins since Peak A protein(s) also
give risé 'to a 28 K polypeptide-fragment in the oocyte.

Vitellogenin in ovarian exiraci was represented by the maju;i .96 K
fragment and another fragment of MW 86 K. There were other fragments
in the ovarian extractvand they may be -uerived “rom plasma proteins or
autosynthetic proteins or chromosomal prateins.: 1t has been reported
as indicated in the Introduction that v(teHog’en_fn occurs in the ovary
as 1ipovitellin, a major yolk protein and also as phosvitin. The 96 K
fragment appears to be 1ipovitellin (Lipovitellin I)‘. however phosvitin
fragment was not recognized in this study with vitellogenin antibody,
probably the re'cognit!on was not possible for lack of any antigenic
determinant in phosvitin. The other fragmem. which gave a positive

—’sfgnal with vitellogenin antibody had a higher molecu'lar weight than
reoortep for phosvltig\i

Further, {t should bg noted that the relative strength of signals
in autoradiograms should not be interpreted quantitatively, as indica-
ted by Gershoni and Palade (1983), The afﬁnity of a ligand to an
{mmobi11zed protein may be considerably less than to its native o
counterpart. For instance, the isolated, 1mmy1ued, a=-

subunit of the acetylcholine receptor binds a-bungarotoxin with ai

affinity 103-104 times Tess than that shown by the non-denatured
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receptor . (bershon{ et al., 1982).

Immunoprecipitation of the testicular extracts

The _tes’i!cular samples from tyo different reproductive phases were
selected for |mn;hobrecip1tatiar;. {.e., from Oc_Foher. when the testis
was immature and from February, when the testisvuns fully mature«i.' The
lreason‘fur this was that whe}l Peak A proteln_(;) was tested for nptake\
in nu]es‘ durivng banuary (see Chapter IV) there was no’ uptake; however,
uptake was observed before ISecen;her in a few.males while testing the
uptake in females. One conclusfion was that by December, 'the uv‘take had
stopped, owing to the fact that the testes were fully matured and sperm

were activable. If fhe Peak A protein(s) is present in the testis in

V-add'l tion, the experi-

February, this conclusion would be confirmed.
ment was done to determ*lne_the protein path‘zrfn’of the testicular
e;m‘uct and to note di fferences, if any, in two different phases and to
compare the pattern with t.h:myarian_extract. N
In this study, the difference_between she two ;)hases of testicular
development were quite obvious, both in the number of prbtein fragments
present and in the amount, Specific changes in the: pattern of protein
synthesis during mefotic maturation of amphibians and mammalian oocytes '
has been shown by mnn} workers (Smith and Ecker, 1969; Eck.er and Smith,
1971; Schultz and Wassarman, 1977). But no work was reported with ‘
respect to testicular proteins, other than hlstonés and protamines,
from fish. The presence of several p_olynepu des in the F‘ebruary testi-
cular extract (note that the second meiotic d'visign was completed by

+ this time in this species) notably a very major fragment of MW 28 K and
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another fragment of about 26 K molecular weight, both were a_bseﬁt or
very low (undetectable) in the October extract, demonstrates the
specific change. The 76 K fragment in t.h'e February extract of testes
seems to be the homologous fragment to the ovafian 76 K fragment from
Peak A protein(s). The results from lnlnunopret_:ipi_tat‘lnn of the testi-
cular extract with Peak A protein(s) antibody confirmed the likely
origin of the 28 K fragment, both‘in males as in females,. from Peak A
protein(s). Since vitéi»'loggnin is not pv:esent in males, the 28 K .
fragnent c‘vuld not‘he from ViteIYoggnin. Since the testts has not yet
incorporated Peak A pvju‘tein(s) during October in appreciable amounts,
the 28 K fragment was still a minor polypept}de.(

The specific Incnrporation. of Peak A protein(s) into both ovary
and testis, demnstrat;d in this investigation, appears to belvzry

significant In gonadal growth during the reproductive cycle of winter

‘flounder. Comparison of this aspect among species may enhance our

understanding of relative importance of this protein(s) to. vitellogenin

and other plasma proteins in oocyte growth.

N =




< CHAPTER IV ' “ o
GONADOTROPIC REG];ILATION OF OVARIAN UPTAKE OF YOLK PRECURSORS

. Introduction _
The existence of:two gnnadotropfc homone_s in fish has been the
subject of controversy for many years. However, Idler and co-workers
.defined two distinct gonadotropic preuurat:lons and their biological
activities. Con AII stimulates the gonadal synthesis of estrogen (see
Ng and Id1.erj, 1983) while Con }.U stimlbies the incorporation of vitel-
logenin (Campbell and Idler, 1976). However, in hypophysectomised
mature flounders, Con AIl also stimulates vitellogenin uptake (Idler
and Ng, 1979). The stimulation of vitellogenin 1ncorpdration into
salmon or f10under-co§ytes'cau1d be at;tributed to Con AI fraction based.
on th\e following experimental results:
1. In salmon, Con AIl becomes undete;rahTe in the circulation durl‘ng
the active vitellogenic stage (Crim et al:, 1975). °
2.(a)‘An ant!serum to Con Al;prevvents the fncorporation of vitello-
genin, indiéatcd by the follicular at.re.s'ia, in maturing females; anti-
serum to Con Akl does not have any such ap_prec1able effect on the
histnloglcal appearance of the ovary (Ng et al., 1980); .o
(b) Hleg;nd and Idler (1984) reported the failure of Con AII antibody
to inhibit rapid ovarian growth in vitellogenic landlocked Atlantic
salmon but 1t dfd inhibit 1n earler stages and in lm{ure fish.
3. The immunofluorescent localization of the hormones in the ovary (Ng

‘et al., 1980) corroborated the above findings, fe Con AI was located in
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the ooplasm of both large jmmature @nﬂ_groﬂng.wcytes anyl in folli-
cular envelopes of growing oocytes 1wlying_m;t‘ the ~hl:l:lncure primes the
oocyte for the ovarian uptake of yolk precursor protein(s). .Con AIl
was localized in follicular envelopes, in interstitial tissues, and
large immature oocytes, suggesting a steroidogenic role.

One of ‘the primary goals in this investigation was to isolate a
singte active component from Con AI fraction‘l'mich would stimulate the
ovnr‘ian uptake of plasma proteins; ':Ms would provide additional lnfor'-_ _‘
mation on the basic mechanismand tne'lnﬂuen:e of pituitary hormones
on the pro(;ess of oocyte growth. : ) .

Flounder Con AI fraction was shown to influence-the ovarian uptake .
of non vitellogenin plasma proteins (Idler and So, unpub\isﬁed).

Hence, the possibility 6f narrowing down’ this biological activity 'of

. Con Al to a single gonadotropic component, which would stimulate the
ovarian uptak-e of these proteins, is addressed in this chapter. This
would extend the h‘lo\og1gal function of ﬁts gonadotropin from stimula-
ting the bvarian uptake of viu'lfagenin to stimulating the uptake of

other plasma proteins also.

Materials and Methods

"egaration of pituitary hormones

In order to find out whether there are any detectable differerces
in the principal hormone and biological activity, the cnrhdhyﬁrlte-ponr
fraction was prepared and analysed from pituitaries collected during

‘the active vitellogenic ufnse (September) and near to spawning (May).
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A total of 80 g of pituitary glands from approx. 10,000 fish
(winter flounder) were collected at Margaree, Newfoundland, from fish:

caught in St. Georges Bay during May 1980 and September 1985. They

were kept frozen at -80 C unti) processed. |

Proce;sfu"g of pituitary glands to obtain various hormone prepara-
tions was done according t;a published, methods (Idler et al., 1975a,b;
Ng and Idler, 1978a,b) with minor modifications. Briefly, the methods
were as follows:

(a) Chromatography on Concanavalin A-Sepharase

« Pituitaries were extracted 2 times with 4 volumes of Buffer B.
(0.05‘ M Tr‘ls;HCl. pH 7.8, 0.5 M-NaCl, 0.2 mM DTT, 1.mM CaCi.z, 1 m
M‘bClz, 0.1% PMSF and then applied to a an A-Sepharo_so,.(Pharmacla)
column (5 x 36 cm) previously equilibrated with the same buffer. The
column was loaded at a flow rate of 30 mL/hrj and eluted at 50 yL/hr.
first with Buffer B and subsequently with BufferC (0.05 M Tris-HC1, pH
7.8, 0.5 M NaCl, 0.2 WM DTT, 1 mM CaClp, 1 m_MgClz, 0.1% PMSF,

0.15 M g-methy1-D- glucoside) to yield the unadsorbed Con Al and the
adsorbeq Con AII fractlons_respecti;e'ly. Can Al fraction which con-
tained n"on-egcoproteins and glycoproteins devoid of the apprppriate
residues (Goldstein et al., 1965) is used in tﬁis investigation.

(b) Gel filtration.

Ng and Ildler (1978a,b) and Idler and Ng (1979) ‘Had earlier repor-
ted the fractionation of Con Al based:on molecular weights by éel
filtration on 2 Ultrogel AcA'54 or AcA 44 columns connecéqd in serleé,
into 3 major peaks: A, B and C with mlecul‘ar‘we'lght ;‘anges of > 160 x
103, 160 x 103 - 45 x 103; 45 x 103 _i 10..x 103 respectively. .
Ng and 1dler (1978) reported big and ng foms of ‘matuuuonnl (Con
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AIL, carbohydrate rich) and vitellogenic (Con AI, carbohydrate poor)
hormones of 62°K and 28 K from Peak C of Con AIl and Con Al fractions
in A;ner‘lcan plaice. Further, they reported that the Mologicil
- activity, with rgspect to vitellogenin uptake by the gonads resfdes in
the 28 K fraction. Tnls fraction was 15oated" for furthey -
“fractionation (n this investigation.
The high molecular weight proteins (> 100K) and very low molecular
weight proteins (< 10K) ‘were removed" from Con Al fractionsby Minitan
ultrafiltration system (Millipore) using >100 K and then <10 K mole- -
cular weight cut off Minitan p]ates.: This also concentrated the Con Al
fraction to a convenient volume for gel filtration. This preparatiolg
. was dialysed against Buffer D (0.05 M Tris-Cl, pH 7.8, 0.15 M NaC1, 0.4
mM DTT, 1.0 mM EDTA, and 0.1% PMSF), centrifuged and applied on 2
Ultrogel AcA 44 (LKB) columns (5 x 165 cm) connected in series and
eluted using Buffer D in the ascending mode at a flow rate of 60 mL/hr
to obtain three peaks. Peak C defined in terms of molecular weight
range was the major peak.
Re-chromatograpt‘\y of peak C after concentration in Minitan ultra-
filtration system »of <10 K cut off plates was done on AcA 43 doub]‘e
columns to obtain a broad and symmetrical peak. The pooled peak C was
concentrated’ln an Amicon concentrator using YM 5, 43 mm diameter mem-
brane (Spectrapdre) of molecular weight cut off > 5,000 to a c&wenient =
volume. To-remove any contaminating residual glycoproteins (Con All),
tl_ds preparation was again eluted with Buffer D through a Con
A—Sgphurose column. The tubes containing eluted proteins were pooled,
concentrated and dialysed extensively in a 6-8 K molecular weight cut
off dialysis bag (Spectrapore) against 5 mM NHgHCO3, pH 9.0 with ) .




two changes dafly for three days, before being chromatographed on a
DEAE Bio-Gel A (Bio-Rad) ion-exchange column. *
(c) lon-excﬁnnge'chromatograghx

The anion was fully regenerated with a saturated solu-

tion of NH4HCO3, followed by 1 M NHgHCO3 and then equilibrated’
with 5.mM NHgHCO3 .for several days befor! vse. )
The ‘unadsorbed prntelns, DEAE 1 (DE R fraction was first eluted

with 5 mM NH4HCO3 in descending mode and adsorbed proteins DEAE II,
111 and IV (DE II-1V) were collectively elut;d by 0.15 M NHgHCO3,

at a flow rate of 10 mL/hr by reversing the flow to ascending mode.
Tubes uprésenting DE II-1V were pooled together and concentrated in
an Amicon concentrator using YMS Smemhrane to obtain a protein concen-

tration of 8-10 mg/mL.. A1l the procedures were done at 4 C. Protein

. was estimated according to Lowry et al. (1951).

(d) Preparative polyacrylamide gel electrophoresis

% Prepa;‘;ﬂve polyacrylamide gel electrophoresis (prep. PAGE) was -

done on poo\éd concentrated DE II-IV preparation, to isolate different )

protein species based on their relative mobility {Rf) on a 7.5% PAGE.
Polyacrylamide gel (7.5%), pH 8.9 was polymerised overnight at 4 C

in an Isotachophoresis (LKB) column, the gel dimensions being 60 x 5§ mm

for separating gel and 5 x 5 mm for, 4% stacking gel, pH 6.8. The ge'i

was pre-electrophoresed for: 4 hr at 320 volts 'hefore loading the -

sample. The sample DE II-IV was dla'llsed for 2 days against Prep. PAGE

upper buffer (0.1073 M.Tris-base, pH 8.7, 0.08 M Glycine) with frequent

changes. 14-16 mg of DE II-IV in 2.0 mL with a final concentration of .

10% sucrose were loaded onto the top of tne stacking gel. The electro-

phoresis was perfonned at 320 volts fur 15 hr and the electroeluted

L
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proteins were eluted from the column with.lower buffer (0.125 M Tris-
base, pH 7.7) at a flow rate of 15 mL/hr and 0.6 oL fructim\\‘s were
collected. The eluted pmu(ns‘ were read in Spectrophotometer 240
(Gilford) at 0D23) and the eluants representing each peak were
pooled, and kept frozen at -80 C. /

Polyacrylamide gel analyses of the pituitary hormones

LN SR T

PAGE -and SDS-PAGE. 1n the presence of 2-mercaptoethanol “as '}ou‘;éi;\"g“
agent was performed to identify the proteins in each frg?iionuticn
procepuré. starting from an A-Sepharose chromatogr:apiw to prep. PAGE.
(a) PAGE i )

Non-denaturing 7.5% PAGE [Disc e_le'ctrophoresis (Davis, 1964)], pH
8.9 was performed on Cc‘m Al, Con AIl, DE I, DE H-‘XV- and eluants from
Prep. PAGE,_as described’puviéus!y.

(b) SDS-PAGE }

SDS-PAGE (15%) was performed for all the preparations from Con Al
fraction to prep. PAGE eluants according to the procedure published by
Dreyfuss et al. (1984) to determine the purity of the preparations and
the molecular weights of different species of proteins. High molecular
weight and low molecular weight markers (BRL) were used to determine
the molecular weights of the protein species. The details of the

procedure is given under Materials and Methods, Chapter I1.

Bioassays

In Mn'\ugull activity studfes, in terms of uptake of vitellogenin,
: P
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Figure 1. Fractionation of flounder pituitary extract
to obtain various hormone preparations.
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Figure 2. Further Fractianat%on of flounder pituitary

Con A I 28K fraction.
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Peak A protein(s) and Peak E protein(s), DE II-IV and Rf 0.72 protein

from DE II-IV fractionated by-prep. PAGE were used.

Animals for bioassay

Mature female and male winter flounder Pseudopleuronectes
americanus_were collected by M.S.R.L. divers from September to May,

representing the two reproductive pﬁases: active vitellogenesis and

- vitellogenin uptake by gonads, from September to'January, and mature,

fron! February to April, when the oocytes were maintained in a yolky
state, ti11 spawning. Fish from both phases were used in uptake and
bioassay studies.

Flounder were hypophysectomised as described by Campbell and Idler
(1976) and/or sham operated and then allowed to recover in 33% seawater
at 8 C for at least .10 days. .

In four different experimentgl aﬁprnaches,‘an1m\als were assayed
for uptake of vitellogenin, and other non-vitellogenin p'lasma. proteins
[Peak A‘protein(s) and Peak E proéein(s)] and to study pituitary .
influence on the uptake of these proteins. .

1. ITo compare the uptake of vitellogenin with Peak A protein(s),
intact female flounders were injected with 2 X 105‘ cpm/0.1 mL/500 g
body weight of 1311 labelled Peak' A protein(s) and 131y '_

Tabelled \{Rellagenin, intravenously at the caudal vefn. The fish were
sacrificed after 48 hr. s

2(a) To study the influence of the pituitary gland on the uptake oé

these proteins, intact, sham operated -and hyvoph:vsectnlnlsed female

. flounders were injected with 2 x 106 cpm/0.1 mL/500 g-body weight of
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1311 1abelled Peak A protein(s), Peak E protein(s) and viieilo-
genin, and sacrificed after 48 hr.
: (b) Sham oﬁeﬁated and hypophysectomised male flounders were injected
with 2 x 106 cpm/0.1 mL/500 g body weight of 1311 1abelled Peak
A prote(n(s) ) N
3. Two or more groups of hypophysectoml sed female f1 ounders were
used. One group was injected with Tris buffer (pH 7.7) as contral and,
other gruoups were injected with various Con Al preparations, DE II-IV
and Rf 0.72 protein and once, sockeye salmon Con Al fraction in dif-
ferent ex‘perlments. Four injections on alternate days were given
intraperitoneally to these fish. Also, each fish was given estradiol
) be_nznate at a rate of 10 ug/kg body wéight with the first normo;le
injection. With the fourth hormone injection, 2 x 106 cpm/0.1 mL/500
g body weight of 1311 labelled, Peak A protein(s) or vitellogenin
'or Peak E prutein(s) were hnjected lntravenous]y The fish were
sacrificed after 48 hr. .

In all the above gxperlmencs, ovaries and 1ivers were excised and
weighed on a Mettler analytical balance. A blood sample was collected
from each fish before autopsy. The animals were cﬁeckea,for the
absence or the presence of the pitultar‘y gland. S}mules from fish
which were partially hypophysectomised were rejecuted. The total radio-
activity in the ovaries, 1iver and plasma was measyred in a gamma '
counter. Methods gf by Ng and Idler (1978a,b) were follwe;g ‘to calcu~
late the incorporat‘lon of injected Peak A protein(s) into TCA precipl-v
table proteins and yolk proteins ‘as phnsphoprotein precipitates.
Duplicate 100-200 mg pieces of the ovaries were weighed out on a Cahn.

electrobalance taking care not to include the ovarian wall. These



pieces were homogenised directly in scintillation vials in'32% TCA in 4
pu1ytr‘un homogenizer. The homogenates were incubated at 85 C for 20
min to eliminate any aminoacyl transfer RMA‘ from t?nt; precipitate

(Roberts and Peterson, 1973). The precipitdtes were recovered upon

-centr!fugat(on at 2,000 g for 45 min and counted in a gamma counter.

A 2-3 g piece was also exised from each ovary and homogenised 1n

' four volumes of yolk extraction medium (0.5 M NaCl - 5 mM EDTA; PYack

et al., 1971) and incubated overnight at4 C. Centrifugation and re-
centrifugation of' these homogenates at'15,000 g for 2 hr in-a sor¥all

“centrifuge at 4.C, ylelded a supernatant, which was taken and dialysed

against three daily changes of 30 volumes of 5 mM CaClp, as de;cribed
by Ng and Idler (1978a,b). -The contents of*dialysis bags along with
the washings of the bags were centri fugéd at 2000 g for 45 min. Thé_
supernatant was aspirated off and the protein gr_ecipitates were counted
direct'ly in a gamma counterﬁ cpm/g of ovary was calculated.

' The blood samples from eac’h fish were centrifuged at 8000 g for 20
min and one mL serum was counted in a gamma counter. All the values
were corrected for 1311 decay.

The‘ same assay procedure was used when determining the testicular
uptake of Peak A protein(s). However, the phosphoprotein precipitation
was omitted owing to very low counts/g of testis. :

4. To study the uptake of Peak A protein(s) by the ovary o;er a 6-day"
period of time (time course study), another bioassay procedure was
followed. - Sham operated and hypophysectom‘ised female flounders were
injected with 2 x 106 cpm/0.1 mL/500 g body weight of 1251

labelled Peak A protein(s). Biopsy was du'r‘m for every 48 hr by intro-

ducing a cannula into the ovary by directly puncturing the ovaty from
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the ventral .side of the body and sucking the eggs using a 20 cc syrinje
connected to the cannula by a 18 gauze needle. Duplicate 100-200.mg of
eggs were sucked out, weighed in a Cahn electrobalance and counted in a

gamma cnuntgr. Three such biopsies were done over a period of six

days.
_ Treatment of assay data ~ ya

' ot

Assay ‘data were analyzed with Student's t test and repur{:ed as

°+ Mean + Standard Error of the Mean. = - = .

Results
—
1SOLATION OF CARBOHYDRATE-POOR FRACTION FROM THE PITUITARY EXTRACTS ON
CON_A-SEPHAROSE_AND ULTROGEL : '

Chromatographic_behaviour

The elution profiles of pituitary-extracts from the May batch
pituitaries wére similar to those of pituitaries collected during
September on a Con A-Sepharose column: the bulk of proteins (90%) was .
in the unadsorbed Con AL frac{lon, whereas the ads;lrhed Con All
fraction accounted for only 10%. :

The use of minitan ultrafiltration system (Millipore) fitted with

* minitan plates, which are tangential flow filter units, in the ultra-
filtration of Con Al fraction yielded a concentrated yr‘otein' prepara-
tion free of high molecular weight proteins (>100 K) and very low
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molecular we1gm proteins (<10 K) before passing through Ultrogel AcA
44 gel fﬂtratlon column.

Ultrogel AcA 44 gel filtration of Con Al fraction gave three
puks:va small peak, one iarge and broad peak reaching an optical
density of greater than 1.5 and another small peak (Fig. 3). The small
peak (Peak B) was at the region of 62 K molecular weight, and the major
pe‘ak (Peak C) being at 28 K region. Tubes representing Peak C were
pooled As shown in Figure 3 to glve fraction C. Peak A, representing
'Mgh mo)ecu)ar weight prote‘lns, was absent. . e

Re-chromatography of Peak C on Ultrogel AcA 44 dnub'(e cn'lumns
pruduc_ed an apparently symmetrical, broad peak with a peak tube I3
molecular weight of 28 K (Fig. 4).

FURTHER FRACTIONATION OF FRACTION C FROM ULTRQGEL

DEAE Bjo-Gel A Chromatography

DEAE Bio-Gel A chromatography yielded an unadsorbed DE I fraction
and an adsorbed DE II-IV fraction. This DE II-IV fraction was used for

further fractionation.

Prep. PAGE L S
A ]
The protein species present in the DE II-IV preparation were
sepun‘-uted‘by prep. PAGE (7.5% gel). The electroeluted fractions from
the gel gmie several peaks (Fig. 5). Tlhe‘ first major peak, where the

0023 was greater than 3.0, was contributed by sucrose and




Figure 3. Chromatography. of Con AI fraction u4f f]uunﬂer
pituitary extract on Ultrogel AcA 44 dqub]e-calum’ns con;rected
in séries. Fractions of 4.5 ml werle collected at a flow rate
of 60 m1/hr and prot;ziv; was monitored by ODZBO' The dotted

line indicates the pooling of Peak C (Fractiun 2).
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Figure 4. Re-chromatography of Peak C (Fig. 3) on Ultrogel AcA 44
double columns connected in series. Fractions of 4.5 ml were
collected at a flow rate of 60 ml/hr and protein was monitored by

20,
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Figure 5. Prequatory polyacrylamide gel electrophoresis (prep.
PAGE) of flounder Con AL DEAE II-IV prepared from the May batch
p1tu(ta_r1es. 7.5% non-denaturing gel, pH 8.9 was polymerised '
overnight with a 4% stacking gel, pH 6.8 and 14.8 mg of the
sampte in 2 ml conmfining a final concentration of 10% sucrose
was electrophoresed at 320 volts for 1_5 hr. The ele(itrm

eluted proteins were eluted from the column with the lower buffer
at a flow rate of 15 ml/hr and frattions of 0.7 ml were col-
Tected. Prazein was monitored by 00230'. The entire proce;s

was carried out at 4 C.
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un-polymerised acrylamide gel residues. The later peaks represented
different proteins and particularly one peak was sharp and symmetrical.
This peak had a Rf of 0.72 on 7.5% PAGE.

Polyacrylamide gel analyses of Con AIl fraction and Con Al fraction
components

PAGE (7.5%) and SDS-PAGE (15%) done at each stage of fractionation
indicated the specific proteins in various preparations.
(a) PAGE (7.5%)

(1) Con Al

Band pattern for{on AL fractian was essentlany the same for the ~
May batch when compared to the September batch p(t«l nry preparations,
except that a band of Rf:0.22-0.23 was very minor for the September
batch pituitaries when compared to the May batch.” Remaining bands n‘ers
the~sa@ in both the preparations. The Rf-of these bands were as
follows: 0.15-0.16 which is a -anr: band; 0.22-0.23; 0.27-0.28;
several minor bands between 0.37 to 0.45; 0.60-0.64; 0.72-0.73, a major
band; 0.88; and 0.99 (Fig. 6).

(1) DE I, DE II-1V .

Band patterns on 7.53 PAGE done at stages of fr

tion corresponded very well to the original Con Al fraction bands (Fig.
4), which allowed to monitor the presence and purity of the different
preparations. DEAE Bio-Gel A chromatography separated the major pro-
tein species of Rf 0.15-0.16 (DE I). The remaining collective frac-
tion, DE II-1V, had the remaining protein species, Rf 0.72‘-0.13 being
the major. However, DE I fraction had other minor bands from DE I1I-1V




Figure 6. Non—denaturing polyacrylamide gel e'lec;rophores‘ls

(7 5% disc gel) of various fractions from flounder pituitaries
,Lake 1 contdins- 40 ug Con Al fraction, lane 2 represents ‘a0 ug
DEAE I and Tame .3, 15 ug DEAE II-IV._ These prepuratiuns were

from th; S-eptemher batch pituitaries. Lﬁnés 4 and 5 contain ~

60 uq DEAE 'I1-IV. and 40 g DEAE I, Qrepa-red from the May- batch
pltulnries.. The gels were stained overnight with Coomassi® -

blue R-250. Note the quant!utive.di{;er‘ehce_ in growth-hormone——
(Rf 0.22) from the September and the lilay DEAE-1I-1V preparations.
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indicating an 1ncnmpleté sepa‘rat'on’ on DEAE Bio-Gel chromatography.
(111) prep. PAGE eluants
The eTectrqelutgd fractions fron’ prep. PAGE indicated that the
different proteins present in DE- II-1V were well separated (Fig. 7).
The main protein species in DE II-IV was well separated and gave a
single band of Rf 0.72.
(1v) Con AII fraction
P@GEvpattern for Con AIl fraction was completely different from
Con AI 'fractton. Con AII appeared to have more acidic and/or high
molecular weight p}dte}lﬂe'ﬁg held'at the stacking gel, when co'nrpared'
:E Con Al fraction. Con AIX had a major band of Rf 0.07-0.08, a minor
band of Rf 0.10, several hands between 0\ 4-0.57, and another major band
at 0.66 (Fig. 8).
(b) SDS-PAGE
® SDS-PAGE (15%) for vnrﬂ;us preparations of pituitary extract gave
a band pattern which corresponded to 7.5% PAGE and ind]cated ;‘he
molecular weights of differ;nt species of proteins and purity of
dlffarent preparations.
bon Al fraction had two m:ain protein speciés of molecular weights,
34_!( and 14.3 K. There were several minor bgnds reprjesenting Mgh‘
molecular weight and low molecular weight proteins (Fig. 9). DE'I had
) 3 major camponents. 24 K, 21 K and a 14.3 K. /DE 11-1V revealed that
tne 24 K band in Con Al fraction had actually | two protein species of
molecular weights, 24 K and 23 K, one from Rf p.15-0.16 (DE I) and thé
other f»:om Rf 0.22-0.23. The band at 14.3 K, cofrespond'ng to Rf 0.72
on 7.5% PAGE, was another major component in DE II-IV. “The RF 0,72
. p;‘otein preparation from prep. PAGE gave a majbr,bund on SDS-PAGE of



‘Figure 7.  Non-denaturing polyacrylamide gel ;xna‘lysis (7.5% disc
gel) of flounder DEAE II-IV prep. PAGE eluants representing’ the
fractions from different peaks. Lanes 5 to 11 represent the
samples from Rf 0.72 protein peak, lane 8 being the peak tube. R
The gels were stained with Coomassie blue G-250 while fixing
in 12% TCA *for 30 min and then sta:ned overnight with Coomassie
" blue R-250.
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Figure 8. Non-denaturi’ng polyacrylamide gel (7.5% disc gel) ! £ _7
analysis of flounder Con AI and Con AII preparations from the ' -
September batch pituitaries. Lane 1 contains 30 ug Ca}: ALl and ™

Tane 2 contains -40 ug Con AI. Gels were stained with Coomassie

blue G-250 while fixing in 12% TCA and then the bands were

intensified by staining with Coomassie blue R-250, overnight.
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molecular weighé 14.3 K (Fig. 9). There were two other minor bands of
higher molecular weights in this preparation.

BIDASSAYS

1. Effect of hypophysectomy on the gonadal uptake of plasma proteins

(1) Peak A proteins(s) »

Hypophysectm‘ny significantly decreased the ovarian uptake of
1311 Peak A protein(s) when compared to sham operated animals.
The incorporation into TCA precipitable (protein) and phosphoprotein
fractior‘n of t‘he o;lary was markedl:v decreased in hypophysectomised
animals. However, in the ca_ée of males, the uptake in hypophysecto-
mised anlma?; was not dlfferent fr?m the sham operated and the uptake
was too Tow to be of any significance (Table 1). This experiment ;m‘s
done in Decemher--‘!anuary, when th‘e males wére fully matured and the
sperm were motile. : !
(11) Yitellogenin

In a bioassay experiment done during January-February, hypophy-
sectomy significantly decreased the ovarian uptake of 1311
vitellogenin, when compared to sham operated or intait animals. There
. was a significant difference between hypophysectomised and'sham
oberited or intact animals-n the TCA precipitable (protein) fraction.
However, there ;as “no significant difference between these groups in

phosphoprotein precipitate fraction of the yolk (Table 2).




Figure 9. Polyacrylamide gel (15%) analysis (SDS-PAGE) of
various pituitary preparations from the September batch
pituitariés. Lane 9 contains 37 ug Con AII fraction, lanes 8
and 7 cu‘ntain 37 wg and 75 ug Con Al fraction, lane 6 contains
35 ug DEAE I, lanes 5 and 4 contain 35 ug and 45 ug DEAE I1-1V
and lanes 3 and 2 represent 8 ug and 10 ug of Rf 0.72 protein
from prep. PAGE. Lane 1 contains the high molecular v;eight

markers (BRL). The gel was stained with Coomassie blue R-250.







TABLE 1. EFFECT OF HYPOPHYSECTOMY ON THE GONADAL UPTAKE OF PEAK A PROTEIN, ISOLATED FROM FLOUNDER PLASMA

Number Phosphoprotein
® * of Total counts TCA precipitate precipitate -
. Experiment  Sex Date Group Animal fish  (cpm/g of gonad) (cpm/g of gonad) (cpm/g of gonad)
\ ;
1 Female 4/3/85-25/3/85 1 Sham operated 7 1611 + 95 844 + 49 87 + 3
2 Hypophysectomised 8 1204 ¥ 46 552 ¥ 22 1+ 3.9
K i (p < T.01) (P < T.001) SD)
2 Female 28/3/85-16/4/85 1  Sham operated 8 3736 + 272 1518 + 86 274 + 12.6
2 Hypophysectomi sed 8 . 2787 ¥ 135 1063 ¥ 39 lBG ¥ 10
& . (P < T.01) (P < T.001) (P <0.001)
3 Male °'21/12/85-5/1/86 1  Sham operated 8 274 + 13 216 + 13 -
2 . Hypophysectomised 8 25 * 18 207F 9 *
(NSD) (NSD)

A1 fish received 2 x 106 cpn{g 1 mL/SOO ] hod,y weight.
A1l values are corrected for 131lodine decay
*Phosphoprotein precipitation from yolk extrlct was not done owing to very Tow counts in the testis.
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(111)Peak E protein(s)
Hypophysectomy significantly decreased the ovarian uptake of

1311 peak E protein(s) and also the TCA precipitable (protein)

and phosphoprotein fractions (;l the ovary, when compared to sham

operated animals (Table 3).

2. Effect of Con AI OE II-1V and Rf 0.72 protein of DE II-1V on_the
. gonadal uptake of Peak A protein(s)

., T DE1I-IV and Rf 0.72 protein increased the ovarian uptake of
1311 peak A protein(s) significantly above those of the control

group when administered at doses of 800 ug and 200 ug/kg body weight/
injection of DE II-IV and 110 and 100 ug/kg body weight/ injection of
Rf 0.72 protei‘n.‘ In ad[ﬂﬂun», the incorporation of injected protein
1nf.;) ‘TCA-precipitable (protein) and’ phosphoprotein fractions of the
ovary was nrkédly enhanced (Table & '

‘However, when the fish were ready to spawn (during June), the dif-
“ference between the Rf 0.72 protein treated and control animals were
very low in terms of ovarfan uptake, TCA-precipitable (protein) and. -
‘phosphoprotein fractions. ' 7

"‘ ) Effect of sockeye salmon Con Al fraction and flounder Con AI DE-TI-1V
on the gonadal uptake of vitellogenin

' . . .
: °
In_the bioassay conducted during November (31/10/85-20/11/84), the -
ovarfan uptake of 131 vitel1ogenin- was si gn!f!&lnt]y higher in
sockeye salmon Con AI fraction and flounder DE II-IV treated animals,
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compared' to control anfmals, when amlnisured at doses of 1000 ug and
800 ug/kg body. weight/injection respec.tively The 1ncor1writlnn 1nto
TCA-precipitable (protein) gnd phosphquu'n ‘fraction of the ovary
was also markedly increased in tﬁe’h»nrl.lone treated groups. Hm}ur,
bioassay experiments for flounder DE-T1-1V, conducted during December,
Janu‘ar‘y and February failed to give any significant differences between
the Huru!ne treated animals 'andl control animals, when tested at 800
ug/kg body weigh:/lnjec‘t;nn (Table Six Sockeye salmon-€on-Al fraction
was not tested in these experiments for biological activity nor was the
S(n1ogic_al activity of Rf 0.72 protein of DE n-n( for the uptake of

_vitellogenin by the ovary. !

Effect of flounder Con Al DE II-IV on the ovarian uptake of Peak E
protein(s) °

Only one bioassay e‘;perhnnt was conducted for the uptake of Peak
E protein(s) (in December). The ovarian uptake. of 1317 peak €
protein(s) was significantly higher in DE 11-1V injected animals com-
pared to buffer injected coptrol ani'nals. when tested ;t a dnse' of 800
ug/kg body we!ght/lnjectlon.. Incorporation into ovarian TCA- ’
precipitable (protein) and phosphoprotein fraction were also §1gn1f1-
cantly higher in the hormone injected group.than the cnntrol/ group
(Table 6).

i

3. Com‘rison of ovarian uptake of Peak A protein(s). and vitellogenin

.

In two experiments conducted. during December and February, ovarian
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uptake of 1311 peak A pr’ocem(s) was significantly hiéher than

the 1311 vitellogenin uptake, when tested fn intact flounders.

The sig?ﬂﬂcance markedly increased between the two groups, in ovarian

TCA-preclpItab'le (protein) and phosphoprotein fractions; Peak‘A
- prouin(s) Incurporatlon was Mqher (Table 7). 5, ,

+ Interestingly, the Hver and plasmu counts were much lower in the
vitellogenin 1njected group than 1n the Peak A protein(s) injected

‘group (Table 7). <

4. Time course study of ovarian uptake of Peak A grotein(ﬁ) over a
period of six days in hypophysectomised and sham operated

flounders \

When 1251 labeneq Peak A protein(s) was injected into
hypop)wsectom!se& and sham operated flounders (January); the ovar ‘an*
uptake was considerably higher in sham operated fish compared to the
1’\ypophysectomlsed fish (Table 8). The initial rate of uptake in
hypophyséctomised flounder was quite high, however, in the second and

third biopsies (four and six dws‘nfter mjecg 5 the rate of uptake
had reached-a plateau indicating no more uptaké after two days. In
sham operated flounders, the uptake increased exponentially in the
first four’or five days after the injection. However, the subsequent
rate of uptake declined considerably (Fig. 10). Values from later
biopsies fafled to show any significant correlation to the above uptake
trend, due to rnpturinq of the ovarfan wall caused by repeated
blnvs!es.

The drop in plasma counts of 1251 Peak A protein(s) for
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OVARIAN UPTAKE OF 12510DINE PEAK A PROTEIN(S) OVER A SIX DAY TIME PERIOD IN HYPOPHYSECTOMISED AND
SHAM 0P ERS

e 0f counts asma counts
(cpm/g of gonad) (cpm/m1)
1 16/1/86 6710 159288
2 18/1/86 778 * 113 127250
3 20/1/86 8600 * 146 92097
1 16/1/86 4730 167437
2 18/1/86 5442 + 173 108266
3 20/1/86 5108 Z 2200

77396

“A1l fish were injected with
Values are not correced for

4 x mG cpﬂ/ﬂ 1 m/500 g bnqy weight on 14.1.86.

€91
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every two day interval in hypophysectomised and sham operated female

flounders is presented in Figure 1i.
Discussion

Polyacrylamide gel andlyses

PAGE and SDS-PAGE analyses ‘of flounder Con AI and Con AIl prepara-
tions indicated that they have gntlreLy dif}erent protein species and
this 1s in agreement with the original findings of Idler et al. (1975a)
based on Con A chromatographic behav'or. Ng and -Idler (1978 a,b; 1979), - A
Idler and Ng (1979) in terms of chemical composition ll;d bio'log{ca'l
activities, in many tel‘eosts. By polyacrylamide gel analyses, it was *
possible to identify the three majurr protein species in Con Al:
Prolactin (DE I, Idler et al., 1978) growth hormone (Idler iﬂa_\.,
1978; Komourdjian and ldler, 1979) and another protéln_species of Rf
0.72. As observed in this 1nvestigatl§n, the low level of growth
hormone 1n September cofncides with the feeding behavior of flounder.
They stop feeding when they enter the active reproductive phase,
(September) and the ,synthesis of growth hormone would not be necessary.
However, .the 1e_vel of prolactin and Rf 0.72 protein appeared to be the
same in both phases; this complemented the biological activity of DE
II-IV.and Rf 0.72 protein, pre‘pured from pituitaries of both the phases

of ovarian growth.




BIOASSAYS

Hormone preparations and.plasma proteins

Flounders were used from two phases (May and September) of their
reproquctive cycle. This was to find out ‘the biological activity of
various Con Al fractions pv:epared in tems of uptake of Peak A
protein(s), vitellogenin and Peak E protein(s).

The successful Tabelling of plasma proteins by the Iodogen method
“provided a direct measure’of the ovarian uptake of these proteins and
their sub‘sequent incorporation into ovarian proteins. This was an
improvement over the indirect method, which utilized leucine and

phosphate (Ng and Idler, 1978 a,b; 1979).

Naming of Hormones

The term Con AI fraction or carbohydrate-poor gonadotropic hormone
®

has been used in tnﬂs study instead of vitellogenic hormone, as pro-
posed by Campbell and Idler (1976). Vitellogenesis rather refers to
synthesis of vitellogenin by the liver under the influence of estrogens
‘(Plack and Fraser, 1970; Plack et al., 1971; Idler and Carnpben -1980).
The |ncorpnratian af this protein in ;:lnter flounder’ occurs for a
shorter per1od of*ﬁme from August to January. One ‘of the Con Al
components. Rf 0,72 protein, studied here stimulates the untake of Peuk
A protein(s), for a longer ‘period of the raproductlve cycle. The term
vitellngenic impTies that only vit_ellogenln 1s taken up, by the oocyte
-and ch_is study s;mwr that 't'Ms'As nqc,.thé casg.‘ ‘In gddit];n, the Af

0
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0.72 protein was found in both the reproductive phases and was not

. restricted to the active \;nel‘logenln incorporation phase alone. The

term Rf 0.72 protein applied to this component is based on its electro-

' phoretic mobility on a non—denaturfng 7.5% gel.

Biological "activﬂz and ug’ take studies

1. lnfluencg of hypophysectomy on the gonadal uptake of plasma
protein. )
The_reduced ovarian uptake of plasma proteins in hypophyse;:tomised
female flounder compa'red tn‘ sham operated or int‘act controls clearly
provided evidence for tr;e role of certain pituitary hormone(s) in
;timﬂat{ng their uptake. The uptake of Peak A protein(s) obtained
with male flounders in the experiment conducted\ during January was very
valuable in this context. Significantly low uptake with no difference'
between hypophysectomised and sham operated males when compared to"
females during and after December-January suggested that the uptake in
malas stops by this time. It has been observed in this study that.
before January, btherg was uptake in males :'6mpardb|e to that of
females, when a few males were present in the experiments with females.
The immunoprecipitation studies (Chapter III) of the testicular
extracts confirm the above finding. During January, the sperm were
motile’in seagatér. Earlier, Burton and ldier (1984) recorded a
,maximum {ncrease in GSI from mid-October to mid-November, and by
January activable sperm were present, Following the second meiotic

division’of the spermatocyte, the relatively unspecialized spermatid

commences a remarkable nuclear and cytoplasmic transformation,

’
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spermiogenesis, resulting in formatfon of the mature sperm (Grier et
al., 1981). This may mark the time 1imit of Peak A protein(s) uptake
in males. Females reach their final stage of maturity only just before
spawning and this could exp1ain the contalied uptake of 'Peak/Q 5 =
protein(s), until spawning. The uptake of vitellogenin and Peak E 1
protein(s) was rot tested 1n'males. . “
2. Influence of Con Al - DE 1I-IV and Rf 0.72 protein from u[-;“‘
I1-1V on the ovarian uptake of:sv‘l asma proteins.
Campbell and ld‘\er (1976) for the firstXime i1lustrated the’
. ability of the Con Al fraction to stir’nu!ate the ovarian upta‘ke of H3
33PD’4 and 3H-1eucine. _Con Al contains four major compnnenfs: '
DE I, DE II, DE III, and DE IV (Ng ;nd 1dler, 1978a,b). - Ng and: ldler
(1978a,b; 1979) and Idler and Ng (1979) narrowed down thé stimulatory
effect of Con Al fraction to DE IIl. They also observed that the

ovarian uptake of serum proteins labelled 'in vivo' with .

" H333p04 and 3H leucine v;as stimulated by Con AI 28 K (Peak c} /
DE III CM I fraction and there was no activity in the DE I fraction.
The DE I fraction identified as prolactin from salmon was reported to
be active in maintaining sodium levels in hypophysectomised Poecilia
latipinna (Idler et al., 1978). Similarly DE II was identified as
growth hormone and ifs' somatotropic activity has been demonstrated
(Idler et al., 1978; Komourdjian and Idler, 1979). ‘Con Al fraction
from flounder has another protein species, the Rf 0.72 protein. The —
stimulatory effect of DE I1-1V fraction and Rf 0.72 protein in the
ovarlun.upnke of plasma protein observed in t;ds study confirmed that
this 'prééein {s the gonadotropin. Although the effect of Rf 0.72

. protein in fag Hta'ﬂng vitellogenin and P‘eak E protein(s) uptake was
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not tested, the ‘stimulatory effect df DE II-IV on their uptake and the

results obtained with k A prﬁteln(s). suggest that Rf 0.72 protein

would influence the uptake\of these proteins ‘a'l so. It was reported

tﬁat te}rapnd LHs were active the Ttzard (Licht and Creyl;, 1975;
Licht et al., 1977)‘a;w‘1 were able to displace human FSH from blndul;g. to
squamate gonadal tissue (Licht and Midgley, 1976), although the
squamate pituitary was lacking fn both LH-1ike biological (L1cht l974)
and immunotogical (Licht et al., 1974) activities. Hence the stimula-
tory effect of sockeye s_almon Con Al fraction in ovarian upfake of
vitellogenin by flounders was not surprising, in sp'tg of a species
differenice.

The" failure of Rf 0.72 proteln to increase the nvarian uptake of
Peak A protein(s) significantly during June could be due to a s'Iower
rate of Peak A proéin(s) qptake since the fish were ready to spawn.
With respect to vitellogenin, DE II-IV-fraction failed to increase the
ovarian uptake during December, Jaﬂuarj and February.,_Thls suégests
the possibility that the fish had already assimilated vitellogenin-and
the active uptake had stopped. The dosage of DE II-1V given was quite
potent which rules out the possibility of dosage below th‘e minimum
effective dose. . ! )

In some experiments, significant differences were not obtained in
phosphoprotein precipitation of the ovarian extract between 'the two -
groups. Unlike tt!e TCA precipitates, phosphoprotein vrec\pitates
represent the protein that would precipitate with CaCly solution.
Results from analysis of this precipitation on SDS-PAGE 1mﬂ}:ated that

" such a precipitation was not quantitatively complete (Chapter 111).
Hence, the resu'lts.'from,camg precipitation are not always a good




ted with Peak A prote:

1r.|d1cator: of the stimulatory effect of gonadotropin on the incorpora-
tion of plasnia proteins. = 5
3. Ovarian uptake of ‘Peak A proteln(s) and vitel'wgenin during

‘1ate February. : . a

In all the b}oassay and'nptak‘e studies, vitellugenin, having a

. well established ovarian yptake and function, served as a positi\e

control wfth respect, to ovarian uptake of other plasma vroteins. The

Mgher ovarlan uptake 'of Peak A protein(s).compared to vitellogenin

. during late December ,and late February in normal flounders and the

higher uptake of vlte'l"lngenln' during Octo’bg}-Nnv&mher (unfortunately, a
direct comparison was nbt made between these 'tyo proteiné, when tife GSI
of the ovary was 'rapld‘ly}nereas‘lng) sugéésted a definite pattern
between these two proteins in their ovarian uptake from the circula-
tion. Sephacryl S-300 elution profiles of plasma from fema\g flounderé
at different times support this poss}bﬂi:ty by indicating that relative
diffe‘rences in circulating levels of these plasma proteins coincide
with ‘the upt;b pattern. i )
In the above experiment, in ac‘idliion to other experiments on
biological activity, the high plasma_and llver counts in groups injec-
ﬁ(s) suggest a slower w;etaho1|c 91ee.rance rate
(mcr) for this protein compared to vitellogenin.
4. variable rates of ovarian uptake of Peak A protein(s) between
sham operated and hypophysectomised flounders. '
Continued ovarian uptakel after four days in sham operavted as
opposed to hypoéhyse';_tbmi sed flounders, where the uptake reached a

plateau, explained the high uptake in controls of previous bioassay

I
experiments. The autopsy was done in those experiments after 48 hr and
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the difference between the droups had not yep‘ reached a maxmm.
However, further study is needed to interpret the ovarian uptake

- - pattern observed in this experiment. .
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' Fig;xre"'m, Time course study of the ovarian uptake of 1257 paak -
p A protein(s)- for a period of 6-days. . (o )-indicates the uptake
in hypophysectomised fish and (02_1n{sham opera;:ed fish.. Biopsy’
% 7 (K :
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Figubre n. Lnss of 125: labelled flounder Peak A prutein(s) from %

the p]asma in hypnphysectomsed and sham operated ﬁsh. -About
2 10S cpm/o.l m1/500 g body we\ght of Iabeﬂed proteln was in- “
Jected intravenously. ()ne\ml of the pl‘asm:i' was coug\ted edch
tire, i : .

2
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- to the midd!e of Ju’ly, but the active ovarian uptake of vitellogenin

ometRy T
Summary : " v

In teieo_sts, the 5mportance inf an gnha:n'ed uuderstand’h‘!gﬁof
ovarian biochemistry during nocyté growth is uriderlined by the ohse;-va- -
ﬁoﬁ that hormonal acceleration, of “the r;eﬁrodl.(ctiv'é‘cycle of' Atlantic
salmon can yleld ‘eggs with highly variable viabllity (Crim and G!ebe,
1984). Fema’le winter ﬂounder spawn generally from the m|dd|e of Haw )

stops -in De:amber—danuary. Hnuever, this, Invesvzlgaﬂon 1nd'cated the
cunc!nued uptake of, another plasma protein(s), Peak A prntelnls) untﬂ

(Chapter 1v) and a'lso demoztrnl.sthaL_thj&plasmaq)ro;ein(»ng—g__.‘.
a

yolk c:ormwv!ent7 This implies t the process of ovarian dgvelopnievﬂ't e

continues until spauning and an induced early spawning ustng‘homnne:é; $
Tike LHRH mightyield eggs of pour viability., The testicular protein
analyses durlng the two phases of test(euhr greuth indicated tmt Peak
.A. protein(s) s the major mﬂcular compnnent (CT:‘ 117

.presence of Peak A protein(s) in the circulation of

“he .

le flounders was

also demonstrated (Chapter 1. .
; The isolation of a biologically active peptide’ component (Rf 0.72
protein) from the carboh,vdrate noor gonadotropins (Chapter IL). supports -
the original fipdings of the dua'lity of gonadotropins in teleosts,

. reported from this 1aboratory (see ldler and Ng, 1933). ?Stion.

of this

.

the results from the bioassays indicated the stinulatory- effe
- pitu!ta‘v‘y protein on incorporating ‘Peak. A protefn(s) into oocytes and
possibly 'tesges. Although the bio1oq1ca1‘ac‘t{v1ty of this ﬁrl‘otMn in




% gation, the stimulatory effect of the carbohydrate-puor fraction, an

) the DEAE. H v fracﬂoﬂ on incnrporating vitellogenin 1ntu uocytes §

. observed in this invesﬁgatfun asy@l'l as in earHer studies reported .
from this hboramry. cou'ld be attrlbuted to, the R 0.72 pept{de

/84 compnnent. SECIR S . : .
These results extend’ the preHmlnary f‘lndlngs -of Campbell and

Jnlabert (1979) that the ovarian uptake of vibel'logenin in teleosts may

not be Mghly selective. In additlon, this 1nvestigat‘lon also indica-

ted a conlnon mechanism of ganadal growth in terms nf synthes'z{ng the

* gvarian and testicular proteins: derived from the parental blood. stream

(heterosynthet.ic) The. functional- se]ectinn of different phsma pro %

_teins by the ovary, and testls, regulated by.a single gonadotrnpln, dis-

tinct from the more common_ carbohydrate-rlch gonaduu-opin in a repre-

sentative from the earty vertebrate c'Iass is qnite fasc?nat'lng.

A
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