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In starfish Marthasteria glacialis , full-grown bocytes are

———

arrested at the prophase of neiosis. Meiosis }:s re-ini%iatedrby a
relay hormone, l-methyladenine. A high lavel of protein phosphory’.aa-

tion stimulated as early p.s five minuts a.fter the addition of the

A
hormone to theqoocytes agpears to.be a major prerequisite for 4
- T T I A ' o
melosis induction, This phenomenon is also observed when 'tortices #

{ o ]

isol‘ated from immature oocytes are treaﬂ;ed with lythyladenine. .

The focus-of the study described in this thesis wds to identify and

partially characterize—a phosphoryla.ted factor foumfiﬁhe es”-'
of" oocyteé that were treated with 1-methyladend‘,‘ﬂe in the presen e

of 32 P ATP'ysing an "in vitro" and an "in Vivo" sysgém. It is 'believed
that this factor is the maturation promoting factbr. The phosphorylated
factor Wao found to'be a cortical protein having an- appa.rent molecula.rn X

{ weight of (17,000 daltons’, . —
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‘INTRODUC'.I‘ION »

W 1.

- 2o

“Weismann (c:lted by wilson. 1925), based on his e-f)ryolxrical
atudies, concluded that a continuity of tho gen cells frem genera-

tion to genetation was ninta.ined dur:lng sexual mproduction. He a.'lso

. observed that. the fertilizcd eggs divided to produce, on one hand,

, the.cell material by which the characteristics of the species are
nmaintained, and on the other hand, the material responéi’blg for the
propagation of the species, This type of dii‘faron{:iati.gn shows the

progressiv‘é developmental potential and the specialized functions ef

» ' . ’ . /
the embryonic totipotent cells. . o
» - .
PA - :\ ¢ . -
. N » 3 T ) 4 ? "
T Thé £inal de;relopnent of the-enbrys preduces the cenception: .

A

of a multicellular individual which appears te be a dual exrganism ~ -
in which gers cells and somatic cells lead te'a quasi-independent
Lifes \ \ . : . N

)

\ Once the pﬁmordial geTMm cella have migrated to form the lecus

-

(of tha genads, they nultiply and pmduce esogonia cells in females and

atogonia cells 1n males. These cells are larger and have diﬁ‘onnt
dist bution of cytoplasnic organelles from the prinor:dill gem cells
(Gieze and Pierss, 1974), ” ‘ ' J

N \

" The populatien of eegonia ‘Ancreases gr;itly in a relatively -
_ shert paried ef tims, by a nmgL number of ‘mitotic divisiens, Shertly
after the last divisien of the ooigonlun. t[c cell enters an inter-

‘phiso in which D\Ni\-is erganiged 11.1, preparatien fer nelesis, During

Ad

+




/-,
this preparation. the oogonium goes through the phases leading to
the diplotene stage of the melosis prophaée. This equally applies to/

. -
v oogenesis as well as to spermatoganesis (Austin and Short 19?2)

:'c. . At this stage, the similarities end, The spematogcnium continues €.

the melosis, but the oogonium becones tra.nsfémed into an oocyte\L .

entering A "resting pefflod” which is terminated shortly -after—or- T

" ‘before ovulation, . \ .

' 2N
4 N

. o The emergence from this statlonaky stage is followed by the operation of ‘
' .o ) '

externa.l or 1nternal stimull that control the ripening or maturation )

of the oocyte’ (Sundara.raj & Guswani, 1973; Papkoff et §_, 1973;

gl ,  Kanatani, 1973; Dorée et al, l976a) So far this mechanism/of maturation

. is not well understood, but %t can gnly be re‘cognized at the terminal
stage, where the cellular, morpholoéical and physiologlcal character-
istics and molecular: components typical of this process become apparent

a ] (Rutter et al, 1973).







MATURATION OF OOCNTES IN

L L * ASTEROLDEA] . o

[ Y
-
. .
'G‘“a——-\

IL1 Introduction

The control of gonadal functions has been

N \ directly or indirectly on the neurcendocrine systems in vertebratdn

< _'(Pa.pkoff ot al, 19733 Licht and Pa.pkoff. 19714a, 1974b; Licht et al, !
1977) and also¥n’ invertebrates (Ka.natani 1973; Clark, 1965; Vlcent,
- 1966; Hells, 19603 Adiyodi and Adfyodi, 19703 Chaet and McConnaughy.

1959), These neurosecretory homones (genadorophins) have been 1solated '

and characterized in all the vertebrates (Papkoff et al, 19731 Licht

‘ et g_]?. 1977) but‘ in invertebrates, they have only been cha.racteélzed - -
in Asteroidea (Kanatani et al, 1971);\ : : ,

. ~ N ‘ . N
I1,.2 Neurosecretory Hormone ' ®

J  Chaet and McConnaughy (1959) reported the presence of an sctive .

substance in Ksteria forbesii responsible.of ga.mete-shed&ing. This was |

. ' shown by injecting a water extract of the nerve into the coelomic

»

, . cavity of the starfish, - 3, .

| . R ~ l ;
. . / , L C

- \ After the findings of Chaet and McConnaughy (1959), other workers -

‘ in the field reported the presence 61‘ ‘the gameté}—shedding substance l

(Gss) 1n 29 diffarent spacies (Kanatani, 1973) and. it was further '

shown that this factor lacked species-specificity (Hartman and Chut, : v

. L
- 1962 Chaet, 1966; Kanatani, 1973). . . %

LI ' /




[}

MV _ 'GSS was reported to be p:;e'sent in the radial nexrve of both malg .

@ and fenale (Chast and McConnaughy, 1959:, Kanatan1 and Ohguri, 1966; -
- . _ Chaet, 1966a) in equal physiologfm'ig\vols (Chaet, 1966a; Kanatani o

L} |

*".  and Ohguri, 1966).,  Hoever, Kanatani and Ohguri (1966) found this

substance was :also present in other regions of the sta.rﬁsh in which |

nervoua tlssues W present; la.ter. these results were confirmed by ' o 5\

Atwood and Simon (1971). GSS was found to be a polypeptide (Chaet,

19668, 196?! Kinatani and Shirai, 1967; Shuetz, 1969?. . ' S '
Kanatani et al (1971) reported that GSS. was an acidic polypeptide

with a molecular weight of approxinately 2,200 daltons, A series of

functions were at:tributed to this neuroaecretory hormone, At one

ﬁaint. it.was postulated that the nerve extrac,ts ocontained a "contrac-

] M ' N P
. tion factor” (Chaet et al, 1964;, Chaet, 1966a) and a maturation B |

factor (Cha?t 1966a, 1966b), These factors were ‘prom¥sed based on the
evidence that the shedding (Chaet e't al, 1964; Kana.ta.ni and Ohguri,
1966; Kanatani, 1964; Chaet and McConnaughy, 1959) and maturation
* (Kanatani,*1964; Chast, 1966a _1966b) of the oocytes were induced ot 3

4 .

by the injection of nerve extragts into the coelomic cavlity of the
/ ' «
f )Q starfish, However, Kanatani '(196?) deponstrated that the nerve
{
} substance did not contain the "oontraction‘i"actor". This was shown

by testing prévioualy gel filtrated nerve extracts on starfish ovarian

' - walls attached to.a kynoi;ra.ph. Not much contractiqn was 'p
although such extracts }79 a strong capacity/ to induce spawning in /
normal ovaries of‘starfiéh. . Y .

L]

-

. It\vas also shown independently by Kanatani and Shirai (1967) !




. maturation were not produced by the direct action of GSS5, but that

and Shuetz ‘and Biggers(1967) that bqth gamete release and ooeyte’

-

-of a second substance which was newly biosynthesized in the gonads Tk

under the 1nf luence 61‘ GSS, Kangtanl (19?2) proposed a mew nan;e for
£
the neurosecretory hormone d for the seconda.ry factor, ba%ed on

theiﬁ‘ physiological functions. The neurosecretbry substance (Chaet»

and McConnaughy, 1959) called gamete-shedding suj ce was renamed p A

Gohad~Stimulating Substancn (Gss), since it acted on the ovary to

stimulat% the productlon of the secondary factor. Thi seconda.ry @
factor was designated by Kanatanl ‘and Shirat (1967) a melosis-~ : s )
. ‘ - . P

inducing substance and renamed "Maturation-inducing Substance” (M1s), o, ’
11,3 / ' MATURATION-INDUCING SUBSTANCE * ’ |

r ° N . ' .

) ! 1] Ty

I1.3.1 ) NATURE OF THE FACTOR )

/ﬁ ’ \

! Maturation inducing Substance was isolated by gel filtration

from the supernatant of ovaria.n f ragments that were itreated with
aQ

Gss (Ka.natani and Shirai, 1967, 1970; Shuetz and Bigger, 1967 Shuetz, f\
1969a), and was shown to ﬂave spawning and maturation-inducing -
.activity when used on other prepa.ra.tions of ovarian fragments, ’ ' ‘
{ . ~ X
Gel filtration of the mixture of extracts of ova.rigs without /

' v

prevlous treatment of GSS did not show afdy MIS activity. It was also o - -
sho;m that MI3 was not contained in the radial nexve extracts from

* where. GSS was extracted (Hiral and Kanatani, 1971). However, MIS

was only present when the ovarian fragments weére incubated with GSS .
& t

7. lu‘~\ ’ ‘ ' N,
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Fron the above, 1t was cancluded tha.t the‘ action of GSS was only to

pmduce MIS that nu function as a relay honone (Kam.ta.ni. 1972\7\

19?3) in® the ovary.: I L o,

o - .‘ L ' N ‘

. The productlon of HIS nndor the 1nf1uenco of GSS has been shown .

to be preaent in twelve (12) différent starfish species so far studied
(Kanatani, 1969, 1973; Shuetz and’ Bigger. f9§7~; Shuete, 1969b), " The
chemcial strusture of MIS.was reported by Kenatani'st # (1969)-and
1t was shown to be a purine ‘oase nolecule- nethy atpd AL’ the ~‘ﬁ.:r:m: “

-ring position, l—nethylﬁenine (l-HA) r f .

{ . oo P . _ .,

Tha induction of spavming and naturation of oocyten by synthotic -.

1-nA has been reporbed in 19 atarfish species (Kanatani, 1973) and u ,

N K

1s believed to Ye a genera.l meipsis-inducing agent in Asteroidea, N
I1,3.2. BIOL\OG';[C& ACTIVITY OF ADENINE DERIVATIVES -
. » ;) ® \ i . ' - .
v o ' ’ . *

P 1 P
A‘-"ue:rihu, of adenine derivatives were tea.ted for their blological
activity (Kanatani and Shirai, 1971; Kanatah, 1972). but only analogous
st‘xcturea havlng -an alkyl substituent at.the poaition N-1 and an

‘-

. imino group attached to position C-6 indficed la.turation -and spawning
of| oocytes in starfish, ' - P N T i ’

L

»

P Q‘ . *
Later, it was shown by Dorée et al (1976),, that the degree of the

v ! . . A

y biological activity proaent ¥n the substituted adenines with N-1
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y activlty. It vas a.lso pointed out tha.t at pH 7, 50% of the
ylkyladenines exist in the pmtonated form with a d(ﬂocalized .
pbpition charge 1n the purlna ring. 'l‘herefore. it may be concludod
thqt any substituent pla,ced at position N-1 that.will stabilize the

poeItive charge donated to the moleﬁie by the protonatian of the

imi
<

0 group, will thus produce biological activity,

° P ’ 'y ) 1
. " '
With respect to the binding abilities, it was shown that bulky
.gtoups as benzyladeng:e attacl)a'cf to N-1 and C-6 do not suppress

» _ 1 , .
blological activity or inhibit binding ve;th the raceptor, However,

By adding a second substituent to the purine r'lng position N-7, or

N-9, as in 1. 7—dibenzyladen1ne. 1. 9-dimethyladenine, and 1, 9-di-
benzyladenine, 1t aup ssed biological activity even when the -

a

slrbetituent at positio N-9 was & ,small methyl group (Dorée et al. L

. 1976&) This portion.of the purine ring was suggested to be the '

possible bir\ﬁiing position of the hormone with the externa.l neceptor.

4

_I1,3,3 SITE OF ACTION OK THE OOCYTE OF THE MEI s:s-mnucmc

— ——— —————— " w———

v .SUBSTANCE

’

A )
Kanatani and Hiramoto (1970) suggested that 1-MA acts on the
L} ’ ) ‘\. *
oocytes on the external site of the membrane during the reinitiation
" of relosis, This was shovm by microlnjecting 1-MA into isolated

OOcytes from Asteria pectifera and conmparing the results obtained )l

~

with those fron the oocytes treated with axterna.l application of /

- the hormons, ‘ A

T T T R i Fooris Sy, oWy o 4.8 F 4TI X mxﬁsm
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o

qocytes treated with 1<MA ex’oorn‘uya underwent naturation as seen

L that vere injected with the hornona failed to uturate. but once -

" transfered to sea water conta.ining 1-MA underwent breakdown of ‘ ,

'Dattlaf et al (1964), These

to onter the oocyte menbra,ne of starfish to be converted into anm 1ntr&- . '

o= » w o o R o]
) ) T ! N Mo !
1 = The following were observed from these experiuents:Hl) the

~

by the geminal veuicle breakdown in oocytes, However, the oocy":es

f‘

gemlnal vesicles with?m\\ninutep followedﬁlith -aios!.s x\mt,m':a.ti.on.c

Dettlaf ot a& (2964) and Masui (1972) proposed that t.he mechaniem , (6

of ,oocyte naturation in starfish as so far elucidated is silllar .\

to tha.t of amphibians, Support for this statement na.s based on the -

work done by Masui and Markert (1971), Snith and w}[ (1969) and

aut.hors showed that microinjection of ‘ <
o .

{
MIS (progesterone) in cocytes of Rana pipiens did not promote oocyte

nat\iration, whereas externally appliéd MIS lead ‘to naturaf:ion. : ¢

.
i . L4 Te . [ F
- . . *

“Toole and Shuetz (197u) proposed that, MIS -(1-MA) may be required !
collular active netabolit.e tl%t in //u,c_gs maturation, Thd.s was ruled )
out by -Dorée and’ Guerrier (1975), Thesé authors, from conpetitive
permeability studies with:a specific inhibitor of “the hgzlngne uptake, «
demonstr;ted tha)t threshold concentration of: 10"7H 1-MA was necessary . .
to produce 100% maturation, loweylng the con‘cen'tration of the‘hoxpone. . 2
directly'r decx:a&sed the f:ercentaée of oncyte maturation, ‘whereas an
inactive horndhe snalogue, 1, 9-dimethyladenine, inhibtFted the
permesbility of 1-MA into the oocytes, but 41d not inhiblt the blolo-
gical‘response of the hormone, and concluded that 1 . \'ras not mnuimd ‘
to e_r;ter the oocytes of M-glacialis to induce maturation,.Further

evidence for the presence of a surface receptor was mpor?t,pd by Dorée
' o v




et al, (1976b). who 1ncuba.ted the oocytes with a non-ionic detergent.

.Triton X100’ (0,01 to O oz%) for eight (8) minutes.and abolished the

w

\ - biological response to the homone. It is also possible that the N

detergent. inactivated or extracted recognition sites for the hornone.
£

* Furthermore, lganatam (1978) teported thht Triton X~100 uaﬁ of
. follicle-free oocytes contains g heat-atable ’ non—prt:teln substancs,’
"and that oocytes incapacitated following Triton ti'eatnent had thelir
P responsiveness to 1-MA restored.when they were ﬂ:ncubated with this
v - /subst%pce._ ‘ L -

/,’ [
/ . ~

Y

Y ’/ Godeau et al -(1978) sudcesded in fmdqung }ﬂxgpy_ oocytes to
ma.ture by exposing 'them to a polymer conjugated steroid. This showed -
R that MIS in sta.rfish as'well as 1n Xenopus acted at an extoma.l site
of the oocyte membrane, The na.ture_\of thii! site has not yet been

Ve ' ‘ characterized; however it has been shown by Kishimoto et al {1976) i
© © that in stMish the sulfhydryl cpntent of otcyte cortica]! prgteins

was increased after the treatment with 1-MA.“°§og;stmctura'1 analogues
of 1-MA, i.e, disulfide-reducing agents such as dithiotheritcl (DIT)
. and 2,3-,dim\ercapto-l-pmpanoi (BAL)' (K'ishimoto et g.l. 1976); Kishimoto oo
f ) &, Kanatani, 1973) ‘ha.ve‘been shown.to mimick the action of 1-MA in

} - - .. the ability to induce oocyte maturation, Furtheimore, 1t was shown’
| a o ‘  that, DTT, like 1-'-MA. acts on the oocyte from the outside (Kishimoto
. e et a1, 1976)

. cr w4 eeemeperm——
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PHYSIOLOGICAL AND BIOCHEMICAL CHANGES PRODUCED BY MIS DURING GERMINAL

® ° !

VESICLE BREAKDOWN

h—

» 5 \ r ’ .
IIT.1 Introduction - \ 5’

The full grown oocytes of starfish are arrested at the prophase

.4

of melosis until they are reinitlated by a relay homone 1-MA. These
changes occur as a normal process of sexual reproduction shortly

before or after ovulation, -

12 . (1N - . a
. ’

13
w

. The term "maturation” is being used to describe completion
of meiosis‘a's defined by Wilson (1925), who stated that "uatur:tion
is 'a,cc(;nplished in the oocyte by .the bred.kdoim of the germinal vesicle
followed with succéssive neiotic divisions in the course of which \
the oocyte ‘qu(;? forth two polar bodies and it represents the final

stage of the "ripening" of the e"gg. In the oocytes of the starfish

M terias glacialis, the response to the homoﬁxe -primarily occurs
by geminal vesicle breakdown observed 18 minutes (Guerrier and
Dorée, 19753 Guerri,er and Dorée, 1975) a.fter the @xternal addition

of 10'7H 1-MA (threshold concentration) Changes wera not obaerved .

by raising the hombne concentration (Dorée et al, 1976a), The geminal
vesicle breakdown was followed by the release of the first and seoond

"bodles B0 minutes and 2 hours later, respectively (Dorée et al,

e,

19760). | . . " . ’ . —

>

It has also béen reported (Guerrier and Dorés, 1975) that the

—

. , v \—
germinal vesicle breakdown process in the oocyte of starfish has two

A M »ﬁ*a“!’ 3 %nv‘
% e ‘ﬁ' ) ’M: fﬁi’ﬂ?ﬁi

.

A




° f
A .
. .

phases, one hormOnel dependent. and the other hormonal 1ndependent

The first: phase. vhich laste about 4 minutes 30 seconds from the

i S

3,1me of the hormone a.ddition. requires ‘the presez(ce of the 1-MA, T T

' whereas the ond phase, establish tween the 4,50th to the 18th g
RN 're - - s . . L9 B ° .

- ‘ minute, d‘o’es}rsq\xirs'the exogeneous supply of 1-MA, < e

| * . Y . :

- \ T

. J‘% . s ' . . -
- + If the hormone is applied 1n th periods during the hormonal-

&

o dependent phase of 2 n:lnutes and 15 seconds mcan give
biological response only if the lapse between the two a
is not than 7.5 minutes. The above .obsexrvations s

during maturation, P;IS triggers reversible changes during the homon&l-

A dependént phase, followed by an ureversible change that_ provides the "
. - . .
actual mode to reinitiate maturation. '

)
. s
e . e

- \\M 11,2 MACROMOLEcn;;i»Blosynrnésxs DURING GERMINAL VESICLE BREAKDOWN -
\ - < . ‘
> . ) . .

It has been observed that neither protein synthedis nor nuclelc . -
acid. s seem to be required durlng the two steps that preceed
‘gefiinal vesicle breakdown (Guerrier and Dorée, 1975). K

P III.2,1 RNA Biosynthesis 0, d
. - , ™~ . ‘

Guerrier and Dorée (1975) reproted that the presenceiof

. . - actynomycin D (100(1;;/m1) plus the hormone'in the‘l'ncubat‘ion nedium

‘ did not inhibi emina.i'»vesicle breakdown induced by the relay

. homone, but it prevented the formation of the two polar bodies shen

the inhibitor of RNA synthesis was present during the hopmonal-dependent

AN

‘ . phase, .

O
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II1,2,2 fProtein Synthesis _ L T .

3

.o
. ’
Bﬂ LN ) °

i Tt was shown (Guerrier and Doree;' 19753 Guemer °t aly 1977) o

(/ : . that the 1nhibitién of protein syniylesis by emetine (20 ug/nl). ’
v cyclohexinide (100 ug/ml) or puronycin (100 ug/m1) did not block 'the

- " germinal vesicle breakdown that is induced by the hormone, On the

L

] R e other. hand, biosyntheeis of RNA is necessary during the de_pende'nt’ ot

o / . 4 .

‘e .. hormonal phase, This .RNX 1s ,p‘robably required for changes’ that foIlow' - N
. e, .

co . - gomminal vesicle breakdonn, - w. ‘. . oy

L
- ” -
o . .

1.3 © ' ROLE OF Ca'; IONS DURING GERMINAY VESICLE BREAKDOWN

Kanatani (196!;) andaShuetz and ]3g.gger'(1967)ushow‘ed that Ca.H
A

[ 4

. . ions fan trigger meiosis of oocytes of starfish when they were 1solate§

in normal or: ca't em::iched artiﬂcial sea water.It was proposed that this ion
. VoL \
. Jr - . acted bv releasing l-MA from ghe fellicle cells. | ]

Y -~

“'I‘his" process of spontaneous maturation‘ has been questioned by : \’\~\
" Guexrrier et al (1978): They sho{led that an increase of célciun con- J
ﬁ t o ) ‘centration in the 1nc’ubation medium of oocytes of M-gla.cialis. 1solated
e e -’@h Ca froe sea Water (Ga. FASH) nimicked the response to 1-MA, ‘
The};oocytes lncubated 1‘n calciun-rich art.ificial ‘sea water we:; shown

; / : to ‘exhiblt nomal gemina.l vesicle breakdown in about 18 minutes, ) .

Hhen *maturation of these calclun-treated oocytes was conpleted' and

they‘were fertilized y the enbryoe developed nornally to the bipinn-

h " aria larvae (Guerrier. et al; IQZB). Taking another ‘approach, Moreau




. chelating agent that lowers the light response pmoduced’by Ca

It was also ,/shown (Morea.u et a1, 1978b) that a divalent actlon iorio-

. r M
. ++
and Guerrier\(l978§) have shown that about 0,5 to 1.5 MM of Ca

ions was released in less than one second after the addition of

2X10"7M 1-MA (threshold concentratién).” e

£
Furthermore. it was shown by the microinjection of EGTA ( a Ca

-aaqgorin

interaction) into gocytes lowers the internal level of Ca réleased by

3

the external addition of the.hormone that was necessaxry to aliow melosis
. A ,

reinitiétion (Moreau et al, 1978b, 1978c). The inhibition of the

“ Al , H B .
meiosis response may be due to insufficlent quantities of free Ca N
ions. Howeve7% the injéction of EGTA after the production of the Ca't

- €y
response-was no longer effective in inhibiting neiosis rainitiation.

. ! ‘H N . e
phore (A 23187) causes release of Ca  lons 20 times higher than the 1y

o

levels observed duripg the external appfication of 1-MA; however, no

maturatioh was observed in the oocytés, Instead, it was found that the

. fertillzation membranes of these oocytes became elevated in a way s

“the concentration of 1-MA 1s 1nc;eased (Moreau et al, 19?8b. 19?8c) , which

which resembled what 1s seen during insemination of mature cytes

'S Q

(Moreau et al, l9?8b; Guerrier et al, 1978; Shuetz. 1975). °

- ’,
]

‘
4 [

\It is very poégible that the levels of Ca++ re%eased have to

be within an‘appropriate-range to induce melosls reinitiation (Masui
and Clark, 1979, unpublished) A series of inhibitors, e.g. D 600, .
isoptin..Mn ' theophylline. procaine hydrochldride and eh;tine

affect 1n an apparent competitive way,both the biological resuonsg;?nd

\

the' release of cdx, They can thus prévﬂnt meios#n unlesa

allows the Ca

surge tokattains,the the threshold value.

.
\ -



* There is‘nonbubt tgat the 1ntrac;11u1ar'release of calc;um in.

the oocyte of starg&f? is a primary event that occurs during hornonal

) induction and it is a compulsory prerequisite for triggering meiosis
reinitiation (Moreau et al, 1978b, 1978c) Dorée et al (19?8) demonstra!g>
also thdt 1- MA can- induce the release of calclum lons from 1solated
plasma membranes of oocytes.of M, glacialls, It was also ghow; that
the‘same inhibitors ihat act "in vivor bx blocking the ral;ase of Q@F*
ions competitively with the hormone. (Moreau et al, 1978b) iﬁhibited
the release of Ca in the "in vitro" system (Dorée et al, 1978).
This seems to suggest a way to isolate "in vitro" the whole sys@eh

present in the cortices of oocytes responsible for the hormonal binding
and calcium release,
From thevahové discussion it is reasonable to conclude that
-+ .
Ca ' release is a primary event induced by the hormone interaction

which is absolutely required to trigger meiosis reinitiatlon in oocytes

of the starfish.

o .
i

Presently, the ‘mechanisms by which éa%cium acts 1s not yet well

understood, but at the present ;tnis‘belleved'that calcium release
' is respoAsible for-the stimulation 6f two irreversible events that
are may be responsible.for meiosis rein%tiation. These two even}s
~ ares the activation of'the Na' -k punp (Guerrier et al, 1979) and
the activation of-a cortical pﬁosphoprotein kinasa (Guerrler et al,
'1975, 1977). It must be emphasized however that only the lat{er event
may have some signlficance in the process of maturation. Tbe inactivation

+ 4+ L ++
of Na -K' pump with ouabain neither blocks the Ca  release nox the -

H




’

biological response,

¢

. “ -
4 ‘
L] - P . 'G/
In contrast, the endogeneous phosphorylation of a cortical sub-
strate (Guerrier et al, 1975, 1977) was shown to be inhibited by
_ chemicals that block the calciun release (ﬂgreau et al, 1978) and the

/
\\\ biplogical response to the hormone, This may mean that the release

s . ‘of calcium, followed by the activation of a cortical kinase play an -

i ;yportant rolé in meiosis reinitiation in oocytes of starfish,

\

1114 ' ' PROTEIN PHOSPHORYLATION

S

. \ 4, )
The stimulation of protein phosphorylationzals been shown to be

- an irreversible step that occurs in oocytes of starfish, This phos-

S VUL -

-~ phorylatlon appears to occur after the intracellular release of cglc;un

ions from the plasma membrane and is caused by the external action of
N the hormone 1-MA (Guerrier et al, 1975, 1977).
’ .
N . |

[y

The increase in the activity-of the global protein kingse-was
observed (Guerrier et al, 1975) during the interaction of the hormone
' with oocytes from M. glaclalis and A. Eggggg.‘by using endogenous and/
exogenous substrates,Kinetic studies were performed "in vivgby Guerrier
‘SE al (1977) on tha basis of the dependence of the eiternal presence
. . of‘the hormone, It was observed that the levels of phosﬁﬁorylatlon

were sharply decreased if the hormona was washed frém'the incubation
medium at the 4th minute, inducing only 13% of the oocytes to undergo
melosis; however, elimlnatioﬁ of the hormone at any time during the

“

hormonal independent phase did not affect the levels of phosphorﬂ}ition
3

and all the ococytes underwent germinal vesicle breakdown at the 18th

o
o




minute, } ' .

- This Weans that‘the‘hqrmune was required only during the

‘ deﬁondsnt phase, inducing the production of sufficlent levels of

phosphorylation for G.V.B.D. The 1nporporatioﬁ’of'32P on an endo- ' o
genous phosphorylated fac#or‘ﬁas increased more rapid}y in the ‘ . '
cortex’ than in the endqﬁlasm'of oocyte (Gudrrier et al, 19?7).

_The difforances of phosphotylation levelé present betwsen the control
and the hormonal treated oocytes was shown to be due to pfotein

. kinase activity, and not to a decrease in activity of phosphatase

(Guerrier et al, 1977). ‘ ,

The steady state level of phosphorylation in the cortex was

“ reached between ?he 8th and 10th minute after the addition of the
hornone. whereas the steady state 1s achieved during the. 30th minute
?n the endoplasm, 12 minutes after G.V.B.D. Furthernore{ the relation-
phip between G.V.B.D, and phosphorylation 1e:e1s was shown by a
noticable decrease of the 32? incorpoi;tion into the endogenous

. ) substrate, when inhibitors of G.V.B,D, were present in the inc@batioh

medium, All inﬁibitors such as emetine, caffeine, diamide.and protaase

Qinhibitor Leupeptin were shown to conpete with the hormone, but a

slight increase in %Qe hormone concentration produced G vV.B D. and

raqtorad the phosphorylation levola to normal,

C : . - ' b

M &
L . ’ ‘ L R -
v

i ' This kind. of~gvldence suggests a close relatlionship between ' ‘

pmotaiﬂ phosphorylation nnd‘G.V.B.D, Is this phosphorylated ficto&(s)

responsible for the reinitiation of maturation? .

w




Kishimoto and Kanatani, (1976) showed that a meturation promoting
factor (MPF) appears in the cyt:oplasn'n of the oocyte of starfish 13
minutes after the external addition of 1-MA, mis MPF reached a
. steady state at’the 20th minute, during gexrmin \1 vesiéle breakdown,

‘ and stayed at a plateau up to the 4oth ninute. The level of the
maturation pronoting factor decrea.sed and a.lmost disappeared during

\ the release of the first polar body,

. This correlates \;ery well the findings of Guerrier et al (1977), a
whb have shown tﬁat ,the cortical phosphorylited levels were increased:
. very rapidly during.the 5th minute after extemal addition of the
. ' ’ ' * hormone, reaching a plateau during the 9th minute. Geminal vesicle
\ breakgiown was found to occur at 'the 18th?ninute‘, \wherea:s the phos?-
- phorylaf;ed levels were at a plateau in the corftex and ;no're\ than 5056
of the final levels of phosphorylation found during the 30th n;.nute
Wwers presient in the cytoplasa,. ' .
P  lhe differences in the 2P incorporation betwesn the control and .
L the hormone-treated oocytes were maintained until the maturation
reached the formation of the first p%‘la.r body., The'—’ﬁsults obtained
by Guerrier et al (1977) and Kishimoto and Kanatani (1976) link the
maturation promoting factor with a phosphoryl ted factor that may be
( P responsible for the 1nduction of maturation szstuﬁsh oocytes. In

: other words. the MFF may be a cortical phosphorylated factor.
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MATURATION PRONOTING FACTOR .

- \

-IV,1 Nature of the Factor -

oo r .
| Thé "maturation promo%ink factor” (MIF) was the‘nme given by
Dettlaf et al (1964) to the 'f a.ctor responsible for inducing maturation
in oocytes of Rana pipiens. The presence of  this factor in the cyto-

plasn of maturlng nucleated and enucleated 'progesteroye treated
6ocytes was suggested by the result /of eStpe'riments involving micro-
injection of cytoplasm from these maturing (oocytes into immature
oocytes, The oocytes receiving the matured cytoplasm were. induced to )

undergo seminal vesicle breakdown (Dettlaf et al, 1964y Masui and

Harkert, 1971). ‘The MPF has been found to be present in other animals

as Xenopus Laevis (Schordemt-Slatkine and Druryz/( 973), bxstoua.
mexicanun (Reynhout and Smith, 1974), sturgeon (Dettlaf et al. 1977)

©

and starfish (Kishimoto and Kanatani, 1976), | ) -
\ ‘ .

' Th 8 factor has been shown to be a non-species speciﬁc factor
in amphibians (Reynhout and Smith, 1974) and stu'fish (Kishimoto
and Kanatani, 1977), Furthermore, it has been shown' that the pro-
Luctiop of thé MPF is a result of a more complicated mechanism than
the simple product of the reaction between the rec?ptor nolecule‘s
and the hormone, This means that the reaction between the receptor

0 1

and the hormone is not necessary f{'or the production of the MFPF, The

.,fact that other hormone non-analogues can"induce naturatior'l as well

as the natural hormone has'nlready been discussed,

. o / ) | | '




|
|
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‘natural hormone progesterone can induce maturation,

. and protein, because their inhibition. does not affect the G.V,B,D.

.go.g. DTT, BAL, CGa ) can induce meiosis reinitiation, S:.ni.lar.tesulta

were obtained for \amphiblians, where mercurials (Brachet et al, 1975)

Ca'" tons (Wessermdn snd Masul, 1975), valinomycin (Baltus et al, 1977)

and La?* 1ons (Schordered~Slatkine et _a_1_f 1976), as well as the

— ' ‘ N
o
"
e ! \

It seems that the mechanlsm that producés the MFF is not ‘A

involved in "de novo" synthesis of machmolecules such as RNA »

(G}xerrier and Dorée, 1§?5). The nature of the MEF has not yet been
demonstrated, however there is a high correlation bet‘;'een phosphor-

ylation and the production of MPF, Morril and Murphy (1972) showed that ;

Rp incorporation increases :iuring maturation of oocytes of Rana - o
pipiens, Maller et al'(1977) also found that prote:n phosphorylation

on Xenopus laevis was sharply increased a few hours after treatment ' ¢

- .
with progesterone, reaching its highest level at G,V,B,D,

.’A similar phenomenon was observed by Guerrier et al (19??)

Furthermore, Maller et a.l (1977) report that the microinjection of the )

cytoplasn of Xenopus homone-treated oocytes 1nto non-homone-

- 4reated oocytes induces a burst of protein phosphorylation, The ° ’ i

above sugge'sfs a close relationéhip between MFF and the increase in

L - ' .
levels of phosphorylation. Therefore, it is very possible that a '
protein kinase- may'be activated during the process of oocyte matura-

tilon, for the purpose ~of“phosphorylnting 2 speciflc%bstrata.




~

More evidence :fé‘i' this can’'be obtained by injecting commercially

preparsd kinase into Ambystoma mexicanum (Wiblet et al, 1975) and

Xenopus laevis (Moreau et al, 1976), Some att&npts to isolate and

»

‘characterize the MFF in a.m?hibians have been performed by Wasseiman

‘and Masut (1976), They isolated a factor that #as Mg-dependent, Ca "
aen;itiive and heat lablle, The ‘activity was found to exist in three
different molecular weight“fra'.ctions with an optimum pH between 6, 5‘

" and 6,8, Drury (1978) nodified the Wasserman and Masui method by
.adding ‘sodiun fluoride (NaF) to the extractibn nedium; this appeared
% bo @ betiter noans of isolating \QPF Drury (1978) proposed that
NaF stabilizes {:ha MPF, The stabilization of MFF may be due to the

1nhibit1.on of phosphoprotein phosphatases, This may open the possl

* - bility that the MPF in the oocytes of Xenopus laevia could be a
. - = = .°

phosphoprotein, . : ' Le

IV,2  MECHANISM OF ACTION OF THE HORMONE 1-MA
. The nechanisn in which the hormone acts to induce maturation
in oocytes of starfish is not yqt well understood, However, some S
. ;

indications show that the pattem in which the hoxrmons’ acts can be ~
explainpdmby the scheme proposed by Masui and Glark (1979).

-~ ‘ o —

(RS SR .o Ve . |

~

The scheme is presented in the following way: t‘;he hormone (H.I‘S) .
' .acts in the external site of ‘the oocyte,producing almost immediately.
a xelease of Ca++ ions, These calciun ions, that are freed fxom a
binding protein in turn activate the regulator site of a phosphodiss- |

texase responsible for the lowering of the cmp l.evels. The CAMP




. * T ‘“ » .21. 7

Y

dependent protein phosphorylation is arrested, ~ increasing or:@
5 ’ . activating a CAMP indeﬁrfd!nt kinase, 'l‘pis phosphorylated 'f‘:ctor
"1s believed to be the active MFF and its non-phosphorylated fom

18 the 1nact1ve: precursox of MFF,

!

P
> »

The only evidence that supports this theory of maturation of

oocytes of starfish has been given by Guerrier and his associates,
’ - .
. who denonstrated that the external addition of 1-MA in the incubation

medium p'i'oduces almost immediate release of Ca'H' ions which trigger
an 1mvem{ble_ event wk‘u:ch results in the. activ'atiqn of t..he'cortical ‘
kinase; This kinase was shown' to phosphorylate a cortical substrate
| that poasibly plays the role of a maturation prqmgting factor, Hihth ' }
respect to the activation of a phosphodiesterase (FDE),“enly indirect
. evidence obtained by the use of PDE-specific inhibitors, 1.e. ‘theo- " ‘ ' I
phylline, (1,3 dimethylkmthme) (Haring et al, 19763 Anders and Nielson,
s . 1578; Bravo et ;._1_, 1978) that inhibits PDE and énhances the ievel of
| CAMP blocking the z;cti“o_n of 1-MA in‘ -the oocytes of starfish 'f’ﬁorée
/ et al, 19?63'3‘ Moreau et al, 1976b) 1s available, Further studles |
that nay explain the :coie:of cyclic AMP and the phosphorylated factor‘
in the maturation of oocytes of starfish may also prove the validity

. of the above mechanisnm,
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v

' possible as a starting point in the atudy of the uolecular aspecta

is mjected 1nto cytoplasm of n;at\dg oocytes, then it should be

'this factor from oocytea that were treated with 1l-MA in the presence

FURPOSE OF THE PROJECT

-

If a spacific maturation propoting factor produced as a Tesult ‘

<,
of the action of 1-MA on the oocyte surface, is released as a

. . £, o

phosphorylated molecules into the cytoplasm and remains stable enough
thére so that it is able to promote maturation of other immature.

eggs when ‘cytoplasm from these maturing oééﬁ\es containing this factor

\

of the maturation process in sta.rfish oo&tes to lsolate and identify

of 32P AT~P. The results of this effort to.identify and partially

cha.ract?rize the maturation factor from starfis oocytes are descrlbed

in fihi.elthesis. o v
: v
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" MATERIALS' AND METHODS,

' ’,

Al

. 3
! c g ‘
J -
. ’

VI.1 o . CHEMICALS \ - L .

B .
gt 4 3 l
LI . \

Menosine 5-(Y 32P). triphosphate triethylammoxﬁum salt in

¢

' 50% ethanol, Code FB.168-(3000,C1/mt radioact. ¢one., 1 nc1'7n1) and o
PB 108 (3.55 ci,/mia ra.dioact. gonc, 1 nGi/ml) wei-e purchased from '

. Amersham, Buckinghamshiré y Bngland, |

. . o .
. ~ . " . .

ra = ¢ \- ° : - / . : t LI i

! | : '

", .o batches of 32p NaHZPO,‘ were obtained, ‘one (PBS-40, 70 01/:-5 . :

. ~ radiocact, conc, 40 mCi/nl) froll Amershan, Buckingamshire, England, a.nd
the second (P-32-S+2 20 mCi/mg, radtoact. conc,/40 nCi/nl) from C.EA.,

14 . [

A Frahce;, ., S ‘ : . : .
. ~ " a ¢ .
LI ) } N -
e - Unlabelled adenosine tq:iphbépha.te. ethylene glycol bis (B-amino -

ethyl etherS-N, N, N, N',-tetra acetic acid (EGTA), ethylene diamine :

- ) tetracetic acid (EDI‘A}. l-methyladenine (l-MA) and the protein narkets
' {
! L g s  Were obtainsg from Sigma Chemical Compa.ny. All reagents used in the gel

~electrophoresiss bromophenol. godium lauryl sulphate (sps), acrylamide.

.

|
l ' N, N -methylene-bié (Acrylamide), smmonium persulpha.te. P-ner;captoeth- ]
! " a:no.l Were purchésed‘from Eastna.n, Detergeqt Triton X-100 was obtained l

. RN . )
H ‘ - RIS N . ' °
g} o . from Intertechnique, .France, . , L% l
e em ' - oLy B . S )
L ‘ R ' g : . .
g . ‘ _ ~ Acetic acid, tris (hydroxymethyl amino methane, trichlorty ., ‘
. 4 -7 . - . . ' | ‘ )
! . - ¢ a’e:etic acid. folin_ciocalteu phenol reagent were obtained from E,

i ' . Herck. Darmastadt, Naﬂzﬁo and Nazl{POu were obtained from Hinwoil
. . +
.o Fur Brd, Emch;lepich, West Berlin. Ooous.te\ brillimt blue R-250 -, .

LI . N .
»' - was purchasﬁd from Schuchardt. Munchen. ‘Sudan black B fmn R.A L., Franco. *

i B .
\‘4 . o e R AT
- . . .,n ;MS fﬁ?ﬂ.yf‘i‘“%\ "‘)w* e u' 5 e ? 32
Y ' Y 3 e ‘x . '“ , ’?@‘g.w &\




Q¢

R+

.
.
- 0~
. ' \
- - f .o . . -t
e e g e ey o I Aot acn s e B ety e . e

VI.2 . BIOLOGICAL MATERIAL S :

>

Starfish Marthasteria glacialis were collected by specimen

v

collectors of the Biological Station of Roscoff, F‘r7.nce, off the : .

French coast qf Brittany. 'I'hey‘w,ere maintained in large aquariums '

D . » .
ﬁfﬂn\ continous runiing sea water, ‘ L.

“t

[

COMPOSITION OF THE CALCIUM-FREE ARTIFICIAL SEA WATER

- L
[ . ’ f
\ . ! - f
[ ! ,
. N

This medium was used tq isolate follicle-free oocytes and it

*18 called Shapiro s solution (Shapiro, 1941), The solution OOnta.inedl

452.2 mM NaCl: ,10.?/8\94 KC1; 29.8 uM MgCly; 17 mM MgSO,in 2uM Tris-HCl, pH 7.8 |

L T -
VL4 PHOSPHATE BUFFER USED IN ENZYME ASSAY

T o —

This buffer was used in all the enzyme assays pe;foméd "in

vitro";for sinplicity it was called PK/2, The buffer contained:

: “ ¥
6 mM MgCl,, 30 mM Phosphate buffer (pH7.5) and just before using, -
7.5 ng of Dithiothreitol (DTT) was added per 25 ml of the buffer, ‘

VL5 METHOD TO COLLECT IMMATURE OOCYTES T

'
©

Ova.rieq Were 1sq}ated in Sha.piro 8 sol\xtion fxom the arns of

¢ the starfish Marthasterias gla.cialis. Ovaries were quickly dissected.

torn with forceps in ice cold Shapiro's solution. and then they were
filtered throug cheese cloth to collact follicle-free oocytes.. The -

. ooéy‘tes were washed three tiles with Shapiro's solution and collected *

«
8 i

A

w - P o e o [T




! T .25,

each tine-by centrifuging them for 10 seconds in a bench clinical

centrifuge. 4

.
'

- . . j H . s N .
“Immature follicle-fres oocytes" were equilibrated with contin- o
: |
uwous stirring in Shapiro's soiution for at least one hour, This !
A \

procedurs prevents more than 90% of the- eytes from undergoing

spontaneous naturation (Dorée g,nd Guerrier, 1975),

VI.5.1 Blological Test
 After the equilibra.tion. the oocytes v~iiv1ded Anto twor
equa.l aliquots containing a.bdut SXl.Ou oocytes/nl in suspension, !

One aliquot yas used 'aa a2 control, the other was incubated with the

hor‘one. 1-MA 10'7M. Both batches v}érg incubated with'cogtinuoua stir-

3

ring at 23°C.

“- .
In all cakea, the aliquots treated with the hormone s?)wed ger-'

rinal vesicle breakdown at around the 18th minute after th addition’

of the hormone (Guerrier and Dorée, 1975).

F

I
i

@ ' Qh T
VI.5.2 Isolation of Oocytes, Cortices and Endoplasm

L4

The cortices vere isolated durin'g the homorial—indepem}ent .period

.
-

in th‘e following way:
J.

The oocytes were collected and washed twice in cold Shapiro's ol

solutlon at low spaod in 2 clinical centrifuge. Then the oocytes were
divided in test tubes (a volume of 1 nl of wacked oocytos each), mhod

| { 4
v . -
, K - - '
< L) !
o ° . - . ‘ v
T : »
. PR ’ .




£ . A
-

- A

-

with 0,1M MgCl, in 10mM tris-HC1 (pH é.%) and homogenized in ice

cold 0,1M HgCl2 with 10 strﬁkea oila hand hon?éenizen fitted with
E a Teflon peath'(Guerrigr et al, 1977; Sakal, 1960; Kishimoto gﬁﬂel. ' -
1976). A pellet was obtained by centrifuging at 107g in a clinical

centrifuée'for one minute, The first supernatant was collected f

L]

(Endoplasmic fraction) and the pellet was washed twice with cold

MgCIE to obtaln pure cortices,

o R A e gt v e < own

VI,5.3. Fractionation of Cortices

BN

” ' B ' ~

|

VI.S5.3.1 KCl Soluble Fraction . - _ ‘

3

I -
A KCl-ébluble fraction was obtained from the isolated cortices

J e b

(Murofushi, 1974) by washing once with 1 mM EDTA containing 10 nM |

tris-HC1 (pH 7.2) and 1 mM GSH to remove water soluble materials

- ~ which contaminated the cortex preﬁazatidn. Then the “EDTA-treated

- . ”» . . .
cortex fraction” was further extracted with 0,6M KCl in nM tris-HCl

* (pH 8,4), The supernatant was collected after being centrifuged at
1033 for five minutes. This supernatant was called "KCl soluble fraction”,

. The pellet was discarded,

N
1

\
-

V1.5.3.2. Triton Extractions - . —

; Cortices were resuspended in 5 mnM phosphate buffer (pH 7.2)
5 . _containing 0,2 Triton X 100 andincubated at 4°C, for thirty (30)

Yinutes (Dorée et al, 1979), The supernatant was collected by

e e

centrifuging the mixture at 10°g for five minutes and the pellet
was diacardod. The supernatant collected was called "plasma membrane

]

o ‘l -
|

4
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rich fraction", Further fractionation of the "plasma membrane rich
. - !

_fraction” (PMRF) was done by centrifuging it at 105g.
L8

A 1o5g pellet and super;ixatant were prepared by'centrifqging‘ )

- the PMAF at 10°g for 45 minutes with a S5.W, 50,1 Rotor in a Becknan
. L5-75 Ultracentrifuge, o . _

7 3

4 VLG PRELIMINARY ASSAY3 PERFORMED "IN'VITRO" CONDITIONS .

-

VI,6.1 Determination of J-P-label Incorporated in the TCA-sqluble

Sub-fraction, "In vitro", Using Total Cortices, Plasma Membrane-rich

Fraction and KGl—.;oluble Fraction from Treated and Non-treated uith

v

1-MA,
1

The "in vitro" incorpoxation of the 2P label in the TCA- insoluble
sub-fraction was determined in duplicate as followst Aliquots of

200 ul of each fraction were incubated with 100 ul of PK/2, To study

. - . Pv
| the effect of calclum, to one of them 50 ul of 10 mM Ca'' was added,

' and to the other 50 ul of 10 mM EGTA.

'
. -
2

N

The reaction was started by axiding 6x107% nC1 in 200 ul of a
~ stock solution of ATP that contained 5 ml of 9, 0?x10'“M of unla.belled

_ ATP and 200 yl of 3.8x10™*M (¥ 321>) ATP (20 mCi/mg, radiodet. conc.

! 1 mCi/ml, purchased from C.E.A. ) to a 8, 86X10_uM total ATP concentration,

&
The ﬁnal assay volume was 450 uli

The reaction mixture was incubated for 20 minutes at 23°C, Incu- -

_ 1
bation "a.s stopped by the addition of 2 ml of ice-cold ¥5% TCA(v/v),

and it was kept overnight at 4°C, The first supernatant was used to .
o .

| ’ ‘ ‘

3 EAALTS
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measure the 32p free in solution. The TCA~%nsoluble sub-fraction was
collected by centrifuging at 1035 for one minu}g, and then it was
washed three times with cold 10% TCA(v/v) and finally washed with

' 100% ethanol (Guerrier et al, 1977). The final TCA-insoluble sub-

fractfon was hydrolyzed with 3 ml.of 0,5M NaCH for 10 minutés ;t 100°G.

-

Aliquots of the NaOH digest were taken for protein determination

according to Lowry et al (1951). Finally the label incorporated was
measured using Cerenkow counting (Parker and Elrick, 1970) in an

Intertechnique 51~30 Liquid Scintillation Counter,
) .

VI,6,2° Influence of Isotopic(Dilution
A
These studies were performed to observe the effect of the incor-

poration of the label using different concentrations of ATP solutions,

Three diffefent stock solutions were prepared as followsi

-l

Solution "A"1 contained 20 ul of 3.8X10™M (¥ 32P) ATP solution

(20 mCi/mg, radioact. conc, 1 mCi/ml) and 200 ul of 4X10™7M unlabelled

ATP; the final concentration was 3.67X107M ATP,

Solution "B"t contained 20 ?1 od 3.8X10'4M ( W'BZP) ATP solution

A

(20 mCi/mg, radioact, conc, 1 mCi/ml) and 200 ul of 4X10™ M unlabelled

ATP to a final concentration of 3.67X10-4M ATP,

. -l
sSolution "C": contained 20 wul of 3,8X10 N ( X’32P) ATP solutlon

(20 mCi/mg, radioact, conc, 1 mC1/il) and 200 ul of PK/2 to a final

cpncentration of 3.67K107 M ATP. :




. - A L , . : .2.
g_' LA “ 9

V1,6,2.1 Total Dephosphorylation Activity in the Enzymatic Assay
\ka . B

(]

1

- In these assays a "plasma membrane rich f;actiqu:pas used, The
asaa; was perf;rhed in duplicate as follows: to each volume of 200 ul
of PMR fraction, 150 ul of PK/2 was added. To one.50 ul aiiquot of 10 mM
e EGTA solution, and to the other 50 ul of PK/2 was added, To reaction
was ataréed by agding 20 ul of either A,B, or C to a fihal volume of
' 370 vl at‘23°c. Two 1nc;bation time periods were measured, one at 0

: . ‘ ' ,(\’

minute and the other at 20 ninﬁtes. -
The enzyme reaction was stopped with 2 ml of ice-cold 25%‘T6A
(v/v) solution, the proteins were allowed to precipitate at 4°C for
at least three (3)‘hours.,The free 32p ana AfP present in the super-
’ ) natant was measured in the following way: 0,5 ml of the supgrnata;t
was added to 1 ml of a 20% active c;arcoal‘solution to absorb the ATP
in solution and another 0,5 ml were added to 1,0 nl of distilled water . s
_to measure the total label present in the suporﬁafant. After one

rinute incubation, the charcoal was centrifuged and 500 ul were taken

from the two test tubes and the3r$dioac§1v1ty wasbneasured by Cerenkow

-

-

'counting (Parker and Elrick, 1970).
I ‘

VI.6.2.2 Incorporation of the Label BZP';g the TCA Insoluble '

Sub-fract&gg . .
b

~ The volumes for the snzyme were similar to the one in Part V1, 6,1,

} The enzyme reaction was stopped with 2 ml of ice-cold E;% TCA and then

N
50 ul of 2 mg/ml albumin solution were added to trap the insoluble TCA

A S <

e




. yzed in 3 ml of 0,9 NaOH by incubating for 10 minutes at 10000. and

sub-fraction in order to decrease a.nyd logs during the following

washing: the mixture was incubated overnight,
4

The TCA-insoluble sub-fraction ;vas washed three times with 10%

TCA and once with 100% Ethanol, TCA-insoluble sub-fraction was hydrbl-

o

_then radioactivity was measured by Cerenkow counting (Paxker and

Elrick,;-1970). )

4 [4 ¢

V1,7 RELEASE OF CALCIUM IONS "IN VITRO" (AS MEMBRANE-MARKER)
Co, ]

The release of CaH ions from the ".plésma nembrane rich fraction”
in the presex;ce of '1-MA was measured in the presence of the photo-

protein Aequorin using the method described by Dorée et al (1978).

VIi.8 PARTIAL CHAHACTERIZATION OF THE PHOSPHORYLATED FACTOR

- ~
~—"

vI.8.1 "In vivo" System

About 4,4 mCi of 2P NaH,PO, (200 ul of P-32-S-2 and 100 ul of

PBS b0,For spec, act, and radioact, conc., see séction on materials)

were injected into 60 ml of 5X10u oocytes/ml in Shapiro's

solition, The oocytes were incubated with gentle stirring for two

Y

hours at 23°C. °
After the incubation,\the eggs were divided into six pfrtions

of 10 ml and washed three tines with bhaplm 8 solution and recuper-

.300

ated by gentrif uging at 1033 for five minutes in a clinical centrifuge.~-




The six fractions of packed eggs were pooled and diluted to 60 ml

with Shapiro's solution.ﬁ'l‘hen the pool.wu divided into two .cqua.l R
parts of 30 nl in two 100 nl beakersj one of them was used as a control
1

and to the Stier 50 ul of 10"9M 1-MA was added, Both fractions were /

incubated at 23°C. with continuous stirring, B

. - Fractions of 10 ml were taken at 10 minutes, 30 minutes and 53
] / o B
% : minutes, Each 10 nl fractiohn was treated in the following wayig the

oocytes were packed and washed once with 10 ml of cold Shapiro and N

then washed immediately with 10 ml of 6.1M HgClZ in 10 aM tris-HCl . P }
J e
:

/‘\\ ~ (pH 7.8)., Tne packed oocytegs ware msusy\ded' in 10 nl of Q.1M MgCl,, .
) homogenized with 10 strokes in a hand homogenizer, One a1 of e total
homogenate was kept. The re }Ln%n&9 nl “were centrlfuged for 2 minutes
a.t 103 . 1 nl of the fi'{st supernatant was collecta‘l. The pellet was

/
J '\ashed once with HgClz. obtaining clean cortices (Guerrier et al,

1977). e , Cot
' A Nl ] I \

-

| . The cox;tices were solubllized in 200 ul of 2% SDS 1:{ 5 mM tris- ‘
: HGl (pH 7. 5) and‘incubated a.t 20%¢, for 10 ninutes for conpleted

solubilization, then P -nercaptoetha.nol vas added to a final concen-
. ' tration of 1% (v/v), To the total homogenate and endoplasm fraction -
a ‘solution of 20% SDS (w/v) was added to a final Qancentration of I
r | . 2% §DS and then 1nc\‘xbate‘d in 70°C water batph-'i"or 10 minutes, Bach ‘

» fraction was ele;:trophoreaed on 7% SDS acrylamide gels in duplicate,
pride e ‘ J

4 The radigSactivity present on the gel was acanned with a Berthold

g .~ scanning device in an atmosphere of Methane, The donsitogm of the.gels - — - —§—

) \
’ . . v -




32,

: “ -
-

was obtained by using Vernon gel scanner apparatus,

]

®

vi,8.2 "In Vitro"

»

Cortices were freshly prepared from oocytes treated a.n‘d non-
treated ﬁith 1-MA, The plasma membrane rich fraction was extracted
as in VI, .5, Thé enzyme assgy was “performed as follows: 200 ul of (Y 321’) .
ATP (PB 168, For spec, act, and conc,, see sedtion on materials) were- . |
injected in two diffey:ent flasks and then taken to dryness., Then 50 ul
of PK/IZ' ‘wexe added to each, 'i‘o one of these, 100 ul of plasma membrane
rich fraction prepared from oocybes that were not treated with 1-MA
was added, and to the other was adged 100 ul of pla.sma. membrane rich
fraction prepared,,from oocytes “treated with 1-MA, simultaneously. The g ¢
enzyme mixture was ihcubated a.t 23 C, for 15 minutes, The reaction was
stopped by adding a: volume of 20% SDS (v/v) to a final concentration of
2% SDS, The mixture was 1ncu‘oated in a water bath at 100°C for 2 minutes,
after which the two fractions were electrophoresed on a 7% SD3 ’ '

acryiamide gel, The radioactivity pattern and densitogram of the gel

were obtained as in Part VI.8,1,

- N . - ! &

© V1.8.3 Control for the Presence of Non-specific La.bel Present in .the

-

SDS Polyacr_ylamide ﬁzls
W

4

/———T\ . ‘< .
Freshly préb’a.red "plasma membrane rich fraction" was obtained .
/ Al

from oocytes non-trea.ted with the hormone. The PMR fraction was divided
into two volumes of 1.5 ml each; one was denatured by adding 150 ul

' of 20% DS (v/v) and boiled for 2 minutes at 100°C,, and to the other,

A



t

150 ul of distillevater vas added and it was kept at 4°C,
\ \ A

{ a

The egxzyme'as'say was pérfqrmed as follows: twq ﬁol/umes of 200 ul
of (¥ %p) ATP (100 ul of 'FB 108 and 100 ul of FB 168, For spec, act,
and conc,, see section on naterials) were reduced td dryness, To the
two flasks, 50 ul of PK/2 were added, and the reaction was started
by adding simultaneously, to one, 100 ul of PMR fraction denatured.
and to the other, 100 ul of the active PMR fraction, incubated for

30 minutes at 23 °C, The reaction was stopped by adding a volume of .

. A}
20% sDS (v/v) to a final concentration of 2% SDS to eqchufl@\and then

incubating them in a water bath at 100°C, for 2 minutes , -

\

The fractiefis were electrophoresed as usual and the radioactivity

present in the lower reservolr:of the electrophoresis apparatus was

-

determined by using activated charcoal as in VI,6,2,1, \

!/
1 32 .
VI,9 DISPRIBUTION OF THE ““P LABEL IN THE ORGANIC AND AQUEOUS LAYER

AFTER EXTRACTION DURING "IN VITRO" ASSAY

J

"\ The phospﬁorous components of the cortices of starfish were’ '

-

extracted using the method of Palmer and Verpoor'be (1971). with some

modifications, The C(Irticea were obtained in the usual way, and then they °

were washed with PK/2, the pellet was recuperated by cenrifuging -

qt 10?3 for 5 minutes, The total pellet was diluted.up to a volume of
L4'm with PK/2 and the reaction was started by adding 1 ml of 10724 ATP
cop;t;aining ’&?O mCi of (‘KBZP) ATP of PBQ168 (Fox spec. act, and conc,,

see section on materials). The reaction mixture was incubated

with gentle stirring fgr 30 minutes at 23°C..

e -
' .
- [y v
iy

-
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After incubation. the mixture was cooled to 0 C, to alow down the
) ma.ction. and cen,trifuged at 1055 for 15 minutes, The pellet was
recuperated and washed twice with 10 mM EDTA to chelate any cationic

- ions, The pellet was recuperated every time by centrifuging at 1055 i

2
: for 15 linutee in a Beckman L5-75 ultracentrifuge, .

[y

A
\
Finally the pellet was diluted With 3,5 ml of 0,2% Triton (v/v)

in 1 mM phosphate bﬁffef (pH 7.2) to.a total.volume of 4,5 ml, The
same volume of Butanol was added and the pellet was extracted for
six hours at 4°C, under r;ontlnuous stirring., A milky solution was
. Observed, To obtaln a clear Butanol phase, the solution, wa;; centrlfuged
ovemight at 105 (4°C.), Three phases were observed: a Butanol phase
, . at the top, a water phase at,‘the bottom, and a millq 1nterphue.

e

The Butangl phase of 2.8 ml volume was recuperated, To both the
remaining waﬁgr phase and interphase, a volume of 100% acetone was °
added, The mixture wq;s imought almost to dryness under pressure using
a Roto Vapor, and to the pellet,* Imlofa chlorofom-methaﬁol-ﬂ(!l
(200:100:1)‘ was added and incubated undei' continuous stirring f_or
'three hours at 4°C, The ‘chloroforn mixture was separat;d -from the
pellet, ~ e ' ‘

¢
» . ¥
n -

! . ‘The followi&ateps were performed to determine the labgl / %

incorporated in the Butanol, ehloroform and protein fractionss ,
.- < ‘-
LN . -

“ N\ The organi¢ phases (Butanol and chloroforn phases) were washed
with water sevoral tines until no more label was obta.inod in tho

aqueous phase. The protein pollet was washed in the usual uw md

K -~

., s
<
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«

T . | .
hydrolyzed in NaOH, Finally, the label in the ti

. determined by using Cerenkow counting.

‘vi.g.l localization of the Lipidic Zone .

4 T
.
! :
_The chloroform phase was taken almost to

using a Roto Vapor, -and then prepared for electro !

¢ - ’ .
way as the.other fractions, Phospholipid mixt\}res obtained from

_Boehringer Nannhein were treated ip the & 8 way to [be used as stang :

dard to determine their ‘positions on the gels, The

duplicate in the usual way, After electrophoresis, one gel was
stained with Coomasie brilliant blue and the .other with Sudan,{)lack
- B, as described in VI.1l.1 and.VL.11.3.

-~
~ N L)

\

VI,10 " ANALYTICAL METHODS
[ - ) .‘ s ., !
\ VI.10,1 Protein Concentration .~ .- s . .

/ . . N
'fmta}n concentration was determined by the nethod of Lowry *
et al (1951), using crystalline bovine serum albumin 4s a standard,

. V1,10,2 Cérenkow Counting

.

Cerxenkow

p -enttters of %p vith a Bux.of 1,71 Mev in a homogencus solution,

‘

.
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This ‘type of «’»radiation is generated when a charged i)aruclé t'ra.v;h' ,
through a medius faster than the speed of light throughthat wedlum, . }
and- 1t fs known as Cérenkow radiation (Parker and Elrick, 1970),. ‘

An efficiency of 35% was obtaihed using this method,

i

V1.10.3 SDS Polyacrylamide Gel Electrophoresis,

N
- . . + 0«

The gel electrophbresis was' performed according to Hebar and

. Osborn (1969), with some modifications. The apparatus usad vas a

standard disc-electrophoresia appa:atus connected t6 a pouer supply- _ .

VOKAM, The follo»gg stock solutions were used to prepare the gels: o

°

3 . . .
Solution A1 0.1% SDS (w/v) in 1 M-phosphate buffer (pH 7.5 .
Solution At 80 nl of A I

20 ml of distilled water (D.V.)

. 0.23 ml of TEMED ' S '

I L]
Solution Bt 28% Acrylamide (w/v) : . /
0.7% Bis-acrylanidél (w/v) - . “

" in 100 ml of D.W,

e N

. Solution Ci B% SDS (w/v) o S

——

s

Solution Dt 1% Amo:\nt‘\g'emnlfate"(w/v)\ ' s




&

“were:r 2 al of Ay b ml of B;/Z al 5% C and after de- seration, 8. ml.

‘The nixture was added gently to a set cof tubes of 8 mn diameter per ‘

'\.
-

The proportions of the above solutlo to make 2 % Acrilanid; gel

of D were-.added, ' s, ‘

12 ca long, Using a fine syringe, a few drops of water were layered °

on top of the gel solu'tion to prevent a deep miniscus from forming 5
oﬂce the gel was set, The gels were allowed to polymerize for about ) '
30 minutes, The eleqtrophoresis buffer was prepared by nixiné 82,22 ml
of .0,2 M sodium phosphate monobasic with 167, 73 n1 of 0.2 M sodiun -
phosphate dibasic and diluted twice using D.¥, and ﬁnally 0,25% SDS

(u/v) were added (pH 7.5). The geIs were nﬂ at 5 MA,/gel.

° N
\
»

VI,10,3,1 Sample Preparation

2
’

The fractions were solubilized in 2% SDS (w/v) in 5 aM tris-HC1 g

; (pl‘l 7.5) and 5% P -mexcaptoethanol (v/v), followed by an incubation

for 2 minutes -at 100°C, Then 5ul of a concentrated -solution contain- .

&

, !
ing Bromophenol (tracking dye) and glycerol were added .to each fraction

N

before overla.ying on top of the gel, About 100 ug of. protein were R

— placed on top of each gel, Electrophoresis was allowed to proceed-

until the tracking dye was 2 gn/fmn 'ohe end of the gel.

: \ /

VI~10.3.2 Standand Proteins - C -

' Fa
J : ' ¢ <0
v

The following standard proteins wexe used to calibrate the gels

. Bovine serun altuain  K.¥. 68,000 ° ober and Osborn, 1969
P galactosidau (vovine) M., 32,000 Chyt1l, F,, 1965

~ + ‘ 3

o9
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Loos
o Trypsin M.W. 2?,300 ' Weber & Osborn, 1969 °
. Lysozyme  M,W, 14,300 Weber & Osborn, 1969
\ ) : .
VI, 11 STAINING AND DESTAINING )

4

-\
>~
.

After electrophoresis, the gels were stained ahd destained in,

P

the following way:

VIs11.1 Total Protelns

: RS

* Stalning for proteins with Coomasie brilliant blue R-2501 the

. ) Pl
gels were placed in test tubes c&ita.ining a solution of 30% isopropyl
. N < .

alcohol (v/v), 12% acetic acid (v/v) and 0.025% Coomasie brilliant

blue (w/v) for twelve (12) hours. Then they were destained with 7.5%

acetic acid, in volumes of 200 ml/gel. Gels were preserved in acetic |

acid (7.5%).

‘ / ‘3 : _ ’ .

VI,1142 Glycoproteins '~
¥ \

/ ' .
.The gels were stained for glycoproteins using a Periodic Acid
Schiff stain (PAS) as described by Zacharius et al (1969). The gels

were destained and stored in 7.5% acetic aeid (v/v).

]

VI, 11,3 Lipid Staining ) . t
' The gels were stained for the presence of lipids with Sudan

N .ot
black B, The staining of the gels was carried out in a saturated

- golution of Sudan black‘ﬁ in 60% v/v ethanol, to which O.i nl of a

-

L : ’

.
4 o
’ .
o
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® l ' Y . v ' ! Do /Lf . 390
. R ’ . .

~xan

- P

N

b

! " 25% NaOH (w/v) was added~per 50 ml of the Sudan black B stock solution,
The gols were stained for,about 12 hours and destained in 50% ethanol -
(Sargent, 1965)., . . ’ s o

4
N -~

1

" VI.11,4 Phosphoprotein Staining

e, ¢ e

Stain-A1l (Cationic carbocyanine dye) was used to visualize = >
- phosphdproteins (Green et al, 1973), After electrophoresis, the gels .
\ " were incubated for 10 hours in 25% (v/v) isopropanol to remove 'sps,
:The presence of SDS in the gels interferes with the dye,
A stock solution of the dye was 'prepa.red as followsi 0,1% stain-

All was prepared in 100% formamide in a dark bottlé covered with al- -

uminium paper, The staining solution contained 10 ml of the stock

stain, 10 ml form;mide, 50 ml 1sopropanol, 1 ml 3 M tris-HCl pH 6.8
. * and distille‘d water to a volume of 200 ml, The gels were rlnse:l and
; , - incubated in the stain solution in the dark for twelve (12) hours;

the gels were destained with distilled wate,r until there was a clear

N ~ background,

23
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. l-methyladenine), X t&picai preparation of cortices obtained by * .

o . RESULTS

ViIi.1 ISOLATION AND FRACTIONATION OF THE OOCYTES CORTICES

’

\

e ;
—~  The.modification of Sakai's (1960) method as described by

.-//Kishimoto et al (1976) was used to prepare cortices from starfish

oocytes (1,e. normal oocytes and oocytes that were treated with

this method is shown in the micrograph in Figure 1, The preparation
contains clean ghost membranes wicﬁ very few cortical granules

attached, Cortical preparations were ;ubjec£§d to two extractions: -
(1) the cortices were extracted with KCl according’ to the method of-

Murosfushi (1974) in order to isolate a cortical protein kinase, and

. (2) cortices were.extracted with 0,2% Triton X 100 in 5 mM phosphate

buffer pH 7.2, to‘*isolate endogenous substrate, iriton X=-100 is a
nQn-ionic detergent/ that mobilizes membrane-bound protein forming
small vesicles, Dorée et al (1978) reported that at least 40% of the

total protein present in the cortices could be extracted by th;s
method,

VII.2 PRELIMINARY STUDIES TO STANDARDIZE THE ENZYMATIC ASSAY "IN

VITRO" CONDITIONS

VII,2.1 Determination of the Radioactivity (°°P) Incorporated into

the TCA-insoluble Sub-fraction of the Three Cortical Fractions -

¥

""In vitro" Conditions

-

\
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Figure 1: Cortices isolated from starfish M, glacialis using the
method of Sakai (1960), modified by Kishimoto et al (1976).
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. A standard enzyme assay "in vitro" was set up to determir}e the
specific activity of JoP label incorporated in the TCA-insoluble.
.su.l-b-fraction using the following cortical fractions: (1) Totﬂ

cortices, (2) ke fra.ction,l and (3) plasma mgmﬁ‘rane rich fraction, / '

-

N . Using the same assay, the effects of millimolar concentrations

; of calcium and EGTA was also studled, The results in Figure 2, whiclg—

s , are presented 'in the form of a histogram, show the levels of radio-
/s activity per mg of protein jncorporated into the three fractions,

Further work was performed using "control ZGTA-PMR fraction"; this

fraction was shown to incorporat; the highest levels of radioactivity

in its TCA-insoluble sub-fractions,

©

V1.2,2 Isotopic Dilution ' o L~

To establish the isotoplc concentration necessary to naximize
the incorporatlion of the label into the TCA insoluble sub-fraction ~
;}’f the "control EGTA-PMR fraction"”, three different ATP solutions
with different isotopiqbdilutions were used in the enzyme assay,
\ . This assay was done in duplicate 1n oxder to study at the s;uue time
the effects <;f EGTA versus a control, The results summarized in Tal;le ’

1 show a very small amount of the label is.incorporated into the TCA-

insoluble sub-fraction (0,14% to 1,67%), and it also shows that by

. decreasing the ATP concentration and increasing the specific activity

.+ of the isotopic solution, EGTA does not facilitate the.incorporation
o R

P in the TCA-ineoluble sub-fractions but rather shows an increase

v

of the hy;lrolysis of ATP during the erfzyme assay,.
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Figure 2/ Incorporation of the 32p "in vitro® from (¥ 3ZP)A'I'P
into the total cortices, KCl fraction and P,M,R, fractiop;
The assay mas performed as indicated in the Methods -
section,
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TABLE 1

Distribution of radioactivity from three different isotopic

solutions of (Y 3°P) ATP in ths TCA soluble end insoluble

fractions of the "“in vitro" assay,

3

|

E Percentage of total 32P radiocactivity |
g / TCA insol- | TCA soluble |Spontanecsus |Remaining
§ uble sub- | sub-fraction hydrolysis | ATP
§ / Assay® fraction ‘20 min, 0 minute 20 min, ; .
g say 20 nin, . o
I " -
i .A o. lu 5 .Bu 8“'85
| A 9.17 _
i EGTA 0.24 7.45 ' 83.1%
B 0,92 17,34 ' 70-63
! 11,06
B EGTA 0.95 26,65 61,34
¢ 1.67 35,70 " 51,52
| * 11,11
i Ceora 1.4 48,21 ‘ 39,24

a, This assay was done in triplicate using three different 1sotop1c'
dilutions, with or without EGTA, as explained in the Methods sec- N
tion, The protein concentration was 1 mg/ml, Counting efficiency - i

was 35%.




VII.2.3  Release of ca” Ioms "In vitro" as Membrane Marker

Dorée et al (1978) reported .that the release of calcium is
\

AN

produced "in vitro" '1n the presence of the hormone l-MA;, It has been
shown by Guerriexr et al and Kanatani et al that the 1-MA receptor is.

present in the cortical region of the oocytes, Therefore, in this»

case, the release of calcium from the “control PMR fiaction" in the
presence of 1-MA is used as a membrane marker, Figure 3 shows the

levels of calcium released from the "control PMR fraction" after. the

A BTN T o W R

. addition of the hormone; the levels of calcium were measured as A
déscribed in the Methods section of the text.

b ‘ o .

% ’ | \ VII.3 PARTIAL C ' TERIZATION OF THE PHOSPHORYLATED FACTOR

The next step to ldentify and determine the nature of a phos-
phorylated factor observed on SDS acrylamide gels of extracts of cor-
tices obtained after cortices were labelled with ( f 32?) ATP while

they were being treated with 1-MA under "in vivo" and "in vitro”
conditions,

/VII,3.1 “In vivo" Conditions » : v '

"In vivo" condition ‘'was established as follows: Immature starfish
oocytes wefe isolated in Ca @ free artificial sea water (Shapiro's !
) ‘ solution), then they were pre-charged with@zp) NaH, PO, washed and
incubated with or without 1-MA. The protein and 2P label pittern

of cortices isolated from oocytes treated 10 minutes with 1-MAlgs .

<
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N VITRO INOUCES REILIABE OF CALCIUM IONS FROM PLASMA MIMBRANE

NN N

\

" -

Light response produced by the photoreaction of uquorir
with the calcium ifons. 500 ul of plasma membrans-rich

fraction.gontaining 50 ul of aequorin were tested,
of 5mM tris-HC1 (pH 7.2), (B) 50 ul of 10-5M 1-MA,

of 5 mM tris-HCL (pH 7.2). (D) 50 ul of 10-5M 1-MA, (R) 250 ul
of 3x10-7M CaClz, Vertical and horizontal bars correspond

respectively to 1.3 nA anode current and to 12 sec,
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shown in Figure 4, The 32P radioactivity incorporated in the band .
present between 0,8 and 1,0 relative mobility was approximately
300 cpm, The protein and 321”-131)91 fatterns of control c;rt:ices
s shown in Fig 5. Figure 6 shows the protein and ?abel patterns

of the endoplﬁ” obtained from-eocytes treated 53 minutes with the

' hormone, In the control gel, 112 cpm were incorporated in the band
present in the rmxé! of 0,8 and 1,0 relative mobility, The enddplasn
obtained from cocytes treatéq with the hormone at 10,.30 and 53

minutes did not show any label in the gels;

VII,3,2 "In yitro" Conditions

B _ _ -
For the "in vitro" system, the enzymatic assay was performed with
. ~
the endogenous substrate and kinase present in the "plasma membrane

rich fraction" obtained from cortices of cocytes treated with or

without the hormone (1-MA) for 15 minutes, ~

The protein and label pattern of the "1-MA-PMR fraction" is shown
in Figure8 ; most of the 32?_ radioactivity was incorpbrated between.
0.8 and 1.0 mobility\. This was about 4%0 cpm, wheéeas the ﬁrotein
and lzbel pattern of the ' control PMR fraction" in Figure 7 Shows i
that the 1abe1 was incorporated as well 1&the 0.8 to 1 0 relative
‘ ‘mobility and was about 3,150 cpnm, The efﬁciency obtained in the
Berthold scanning device in nhich the gels were scanned was 20% for

8

e 3 P isotopes, - : o
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RAILATIVE MORILITY :
: Figure 4 _';In vive" phosphorylation, The ococytes were pre-cl-:a.rgod ‘ o
[ & .. with (7“P) POyHpNa and then incubated 10 minutes with the = -
s . hormone 1-MA, The cortices weres isolated. as -described in
the Methods section., Protein (A) and label (B) pattern
. of- the SDS polyacrylamide gel,
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"In vivg" phospho:;ylation. ,Tha oocytes were pra-chuxed
with (32P)POLH,Na and then incubated 10 minutes without
the hormone -ﬁA ‘The cortices wexe isolated as describod
in the Methods seotion, Protein (A) and lgbel (B) of SDS
acrylamide gel,
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lation, The endoplasm from oocytes
P)POyH,Na and incubated 53 minutes
1-MA) was isolated, dissolved

Figure 61 "In vivo" phosﬁho
pre-charged with 5

S with the hormone d
. electrophoresed as described in the Methods sectlon.
Soe Lapel (A) and protein (B) patterns of the SDS acrylamide®
. gel. ~ L . .
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"In vitm phosphorylaf,ion assay using endogenous kinase
and substrate present in the plasma membrane-rich fraction
-obtained from control oocytes, The membranes were dissolved
and electrophoresed as described "in the ‘Methods section, ’ ‘ N

B incorponted into the gcl.
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. . Mﬂ* "In vitro” phosphorylation assay using endogenous kinase

.ot obtained from.oocytes treated with 1-MA. The mesbranes
: were diassolved and electrophoresed as described in the

brilliant blue, Label (B) ‘incorporated into the gel, .

- - . - N

and substrate present in the plasma membrane-rich fraction

Methods section, Total proteins (A) stained with Coomasie




——

- . . ] ] IR MRS i AL S TAC I LU A
13 ' v R AR S VI IR & L el 'yxﬂ,»f:bs ot

Y1I,3,3 Control fox Non-specific Label in the Gel

\
A control for non-specific label in the gel was established to

show that nons of the J2P gadloactivity incorporated in VIL,3,1 and VII,
3,2 of the SDS acrylamide gel was dt;eito contamination, but only to
incorporation of the 321’ into a substn;.e that had a specifie relgtive
mobility, The results in Figure 9 show that under the oondijhions es~
dtablished for this control (described in the Methods section), non-
s;rciﬂc radioactivity was found present after the staining and de-.

staining of the gel.

]
K

* 'VII,3.% Determination of the Apparent Molecular Weight of the Band

-~

that Incoxporated the S-P Radioactivity on SDSPAGE

Figure 10 shows the localization of the radioactive label in _
the gel with respect to the standard protein with known apparent
molecular weig!':t. The .radioactivity was‘ sﬁown to be present in a ban{l
which migrates in a position between ’trypalin H.H‘. 23,300 and lyéozy'ng .

MW, 14,300, R
- - '

. L]
VIL.bL ‘ NATURE OF THE SUBSTRATE

Atd'.ter the deteminafrion of the relative moblility of the band that

4

incorporates the radioactivity in the gel, the nature of the substrate
. i o \ ~

~—

was studied by ’usins'diffdrent staining procedures, Three different

types of macromolecules were considered as possible substrates for the

kinase enzyme, and thay were:

53
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Figure 101 Iocalizatio;\ of the radloactive label on the gel with

_standard proteins, The cortex _fraction used in this assay
- . was done with oocytes pre-charged with (32P)POyHsNa and -
o /7 . then incubated 30 minutes with the hormone, Label (A).
S ‘ ' ) v and protein (B) pattern of the SDS acrylanide gel,
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VII.b.1 Lipids

The extraction of t_he 1ipid fraction was performed by using the
method of Palmexr and Verpoorte (1971). with some n'od_ifications as
described in the Methods section of the text, IThe results (Figure
11) showed that the chloroform phase contalned 48% of the label, This'
‘ag;-ees with results of Palmer and Verpoorte (1971), who reported that’

this phase contained the major part of the phosphorylated lipids,

¢
[

The chloroforn phase was treated as described in the ‘M'ethods section,
electrophoresed and stained with Sudan black B, a specific stain for

1lipids, The pattern of the radioactlivity and 1lipid zone were corre-

lated after locating the radiogctivity in the Berthold scanning device.

Figure 12 shows that the position of the lipidic zone was located
beyond the track;né dye.,
b

VII.4,2 Glycoproteins

~

Another possible substrate was a glycopxotein, Electrophoresis
was carried out 1n duplicate, One 1 was stailed with Coomasie

brilliant blue to locate the pmte ns }nd the other with PA3 a8

described in the Methods: section of the text in oxrder to locate

carbohydrate-containing molecules, The data in Figure 13 shows that
the najor glycoproteins were correlated with proteins sta.ined with
Coomasie brilliant blue and they correspond to higher molecular (-
weight species, However, positive Schiff reaction was observed in a
broad _I:and wh!.gh migrated just below the tracking dye in the position
that was shown t}? be occupled by 1ipid-containing molecules .

.56,
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" Figure 111 Distribution of the 32p 1abel in the organic and aqueoua '
Ve phase during "in vitro" enzyme assay, . ]
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Figure 121 Incorporation of the 32p label in the 1ipid rzone,. The

—

s, . extraction of the lipids. from the oocytes cortices was
; » 'done as described in the Methods section. The gel was

. .+ stained for lipids (A) with Sudan black B, The label (B)
" incorporated in'the gel porresponds to the lipid zone,
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dye reflects the Schiff-positive activity of the membrane
1lipids. a
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VIL.4.3 Proteins S _ .

Stain-All was used to detsct phosphoproteins on SpsS gel of
solubilized cortices. This stain is light sensitive. It showed

the presence of a dark blus band characteristic of the phosphoproteins
that had migrated in a position just above the tracking dye. )
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The prelimlnary studies were performed to determine which fraction, K
i.e. total cortices, KC1 fraction and plasma membrane rich fraction,
contained the maximum levels of engogencus substrate, and also to étudy ¥

the best conditions necessary to perform the enzymatic assay "in

vitro",

However, before 'discussing the results obtalned for the enzyme
"

assay done in the ﬁreliminary,studies, it 'is neéessary to “point

out that the cortices used in the "in vitro" system are obtalned from

oocytes treated with or without the hormone 1-MA "in vivo". This
-

means that the oocytes treated with the hormone have already depleted

the substrate, whereas the ones that were not treated with the hormone .

contain the substrate and the kinase,
//“-
. A
. % P
The results shown in Figure 2 can be explained in the following

1, the "control EGTA gta tion" incorporates the 32? _P label in higher,

way1

levels than the "l—MA-EGTA fraction" in the three cases this occurs

-

due to the explanation given above, ) . -

2, a millimolar concentration of Ca++ ions inhibits almost 100% in-

corporation of\BZP label with respect to the one treated with ZGTA,

3. the "control EGTA-PMR fractlon” has 2.05 and 6,01 fold increase

of radloactivity incorporated with respect to "control EGTA-KCl frac--
3, ‘! * ' v

oy 7
tion" and "control EGTA-Total cortices” respectively.

N

&
v‘
R R ”‘mwg.‘ Pt r?&;




B T D pr

-

,.-Thaiplasma membrane rich fraction was‘uhqan ta contain the
b;ghest levé§§ of the'endogenous substraéa. It was also‘?ecessary ~
- to.measure all the parameters that night affect the availability . : %
of the 2P from the (Y 22P) ATE, as AT spontaneous hydtolysis
and dephosphorylating enzymes.tTable 1 shows that increasiéé‘specific‘~,
activity of the (% 32P) ATP solution increases the'gacoiporat}cn of

32P radioactive level in the TCAlinsoluble sub-fraction from O, lu%

Pt

< to 1,674 and at the same time the free 22 P present in the assay medium
is increased from 5.84% to 48,217 In Table 11t can also be observeé‘
that EGTA doea not facilit e the incorporation of the label in the TCA- "
insoluble. sub—fraqtion. This means that the assay re%uires a solutioq of .
(¥ 2p) ATP with a high spesific activity to, naxinize the 0P 1abel incor-

proated into the phosphorylated factor, ’ . A nu' L

t

Finally, the Standard Conditidn of the enzyme assay "in vitro”

+

was established as the ‘medium containingl "plasma membrane rich " L

fraction”, the buffer PK/? (pH 7 5) and a high specific acﬁivity sol— .-
ution of (¥ 32P) ATP, Recently, Moreau et al (19?8) ‘studied a phen— . L
omenon that occurs when the hormone (l—MA) is added to starfish oocytes.

This phenomenon is the intracellular .relgase "of calcium 1ons which .
¢

corzeaponc to the earliest response to fhe hormone recorded sc fa?. | ”Jé
The same phenomenon was shown to occur "19‘;i?ro",ﬂyhen the'plasaa ; lw ‘ch
menbranes of the oocytés of starfish wereE;ncubated with the hormone .‘ AR
. " 1-MA (Doxde et al, 1978). This characteristic of the‘plagpa menmbrane PR .
i //uas,uscd as a membrane markef'and it 15 shown 1in Figure 3~that.the : | . ¢

release of the Ca ' ions was produced by additign of ﬁhe 1-MA to the * o
kS "

"plasma membrane rich fraction”, o . e
0y g . .

B




Having already established tI:g conditions for the "i .vitro
- ‘enzyme ;xssay, the next step was to-separate the phosphorylated sub-

strate by using SDS polyacrylanide el electrophoresis, hese assays 'Y

Were perfomed under "in vivo" and "in vitro" conditions|as alrea.dy

def ined, Under "in vivo” conditions, 1t wa;\possible to pbserve that .

the ‘label was incorporated in a molecule that migrated 0 a position

on the gel very close to the tracking- dye. It was also hown that

the cortices treated with l-MA (Figure l!) incorporates 2,7 fold

more Rp radioactivity than the control cortices (F1 5). These

results support the data obtalned by.Guerrier ef al (1977), who X

. -~ chowed an increase in the label incorporated in the.coxtices obtained

fr?m oocytes tréateci with 1-MA with respect to the control,

' ‘ i . )
The eridoplasm did not sﬁow”incotporation of the label (Figure 6).

This indicated that the phosphorylated factor was of c rtica.l origin

/
B a.nd not cytoplasmic. In the "in vitro" condition. it W found that

32

P radioactivity Was incorporated into a molecule in #he same mol- .
‘ gecula.r weigh{; range as "in vivo", However, as explaineﬂ‘l pefore, it was:
' expected' to have the same range as that of the fontro PMR fra.ction.\
This fraction will incorporate higher levels of radio tivity than @
.the "1-MA-PMR fraction” and it was shown that “control !PMR fraction” -

(Figure ‘7) has ? fold increase in the la.bel inco#pora.ted with respect

‘to the "1-MA-FUR fra.ction" (Figure a) : ’

.

-y

1
1

. The 3°p radioactive substance seems to correlate wi h'a band ' -
\ .

. stained with Coonasie brilliant 'bllée that gigrates on ‘the ge_Jé, be- ° -

two7n 0.8 md 16 relstive wobility and falls betmn toypein KW
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3,300 and’ lysozyme M,W, 14,300 used as molecular weight markers

(Figure 10). However, the fact that ‘the label correlates with a band

“stained with' Coomasie brilliant blue does not nécessarily mean it 1'8

a protein: therefore, in order to determine the nature of this mol-
ecule, the gels were subjected to differential stalning in oxder to

locate lipids, glycoproteins. and phosphoproteins,

4

During the extraction of lipids in the "in vitro" condition,

-1t was observed tha£ 48% of the label incorporated into the control

cortices. ocrresﬁonded to the chlo?:ofom_ phase, whereas only 30% was
incorporated into the proteins (Figure 11), This means that the
condition for thf "in vitro" system was optimal for other kinase as
phosphaﬁdyl-inositol kinase that incorporates 2P from (I 329)
ATP into a 1ipid Hhich co-chromatographs with diphosphoinositide
(Buckley. 1976). The lipids were found to be present in a band stained
wiiBpsudan black B below the tracking dye, All the radioactive label
deposited in the gel was found #§ be incorporated in this band (Figure
12}. Furthermore, the lipid zone was also obgerved as a broad band

339109 the tracking dye in the gels stained with PAS (Figure 13).

’1\(0 position of the glycoproteins Here fonnd in the upper part
of the gel, This may be due to their a:bnona.l mobllity produced by

" the changes in the net charge- and differences in the stock.radlus

in 'compa.rison' with a polypeptide, The final stain used’ was Stain-All, .

which shows the presenoe of a dark blue band characteristic of a

‘ phosphoprotein. This band was f&nd Just above the tracking dye,
, having the same mlut.ive mobility as the band that incorporates the

/

radioactive label “in vivo” and-“in vitro”,

‘ -

~ )




It.can be concluded from the results ppe"sented hexe that.in the
presence of 1-MA and(32P) ATP, a protein in the cortices of starfish
oacytes was phosphorylated perhaps by a pro’talin _kinase located m\t/he
co:g:tices'. It can be assumed that this kinase waa. activated by the

action of the hormone 1~MA, The molecule that was phosphorylated

appears to be a protein of a molecular weight of approximately 17,000
daltons, This finding agrees with a Tecent observation of Preddie et
al (1979) who showed by using immunological methods and “cross-affinity"

chromatography that a protein nolecule of 17,000 daltons becomes

phosphorylated when cortices of starfish eggs were treated with
(\‘ 3"‘ZP) ATP in the presence of l-methyladenine,

Y

'The results of Guerrier et al (1977) and Kishimoto and Kanatani
- (1976) aeeﬁ to duggest that t[hé' n?.turation promoting factor is similar 5
to a phosphorylated factor that may be responsible for the induction

of maturation in starfish eggs. The results presented here suggest

>

that this 17,000 dalton species may very well bé a maturation pro-

moting factor in this specles of starfish, B

f
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