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ABSTRACT

The ovarian up take o f t he homolog ous serum proteins

v itellogenln (VGI and ve ry high density lipoprotein II (VHDL

I I ) ( forme rly peak,. prot e in ) we re s t ud i ed a s potential yo lk

precu rso rs involv ed i n v i te l logenesis in winter floundl:![

(Pseudop l !!!urom!ctes~). The llIil j o r yolk p r e c u r s o r

a ppea r s t o be VG ba sed on the q uantity of yolk protein thi1t

recog nizes the VG a nd VHDL II an t i s era b y We s tern blo t t ing .

The rate o f up take of VG by the ov a r y is about; three times

greater than VHDL II. rnee en e i Iaec VG is processed i nto a

280 ,000 relative molecular mass (MrJ yolk protein

(lipovi tellin) t hat contri bu t es t o t h e major fract ion (82 \)

of ovarian pr ot e in . Ac culIlulation of VHDL II occurs i n a n

unprocessed f orm. an d c ont r i b ut e s to a fract i o n of ova r i an

protein r e pr e s e nt i ng 12\ of the total. Phos v it i n and a low

Hr phosphoprot e in wer e apparent but i n s dall amounts .

In~ ovarian i ncubations done du r ing the prespawning

t o early vitellogenic pha s e s of the r eproduc t i ve cycle i n

vfntier- f lounde r showed that p itu i t a r y e x t r ac t stimulates

est radio l - 17P (Ell product ion on ly during the vite lloge 'ic

phase , while i ndu ced testosterone (TI produc tion was

greatest shortly be f ore s pawn i ng. These obs ervat ions wer e

r eflected in the seas o nal pattern o f s e r um Lev e Ls of El a nd

T in fe mal e wint e r flounder. To i nvestiga te the effect o f

soc key e s almon carbohyd r ate- po or (Co n A 1) a nd c arbohyd rate -
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r ich (con A II) p i tuita ry pr otein fract i ons on Ez

p r od uct i on , ov a rian fo l licles with ( intact) or without the

s ur fa c e ep ithelium- t hecal cell l aye r (de fo l lic u l a t ed) f rom

r a inbow trout (Onc orhynchu s ~) were inc ubated jn ti.tt2 .

I t was demon s t r ate d t ha t Con A I i n the pre se nce of T i s

c apa bl e o f signif icantly increasing Ez p r oduc t i o n in

defoll icul a ted ova ri an f ollicles while under similar

co ndi tions c on A 11 (con t a in ing the ma turat i ona l

gona dotropin ) was not . Purifi ed s a l mon i d and pleuronect id

g rowth hormones (GHs ) we re t ested fo r their abilit y t o

inc r ea se e i t her Ez a nd T prod uc tion du ring .in~ ov ar ian

i nc uba t ions in both r ainbow trout and winter fl ounder

re s pect ive l y , but wer e found to be inactive .

Gr owt h hormones were i sola t ed from the pituitaries o f

s ockeye s almon ( Oncorhynchus ~) and American plaice

(Hippoglossoides clate s s ol de s j. A bioassay ba sed on the

inc r ea s e Clf s e r um triiodothyroni ne i n r i!linb ow trout was

developed to f ollow GH biological activity during pituitary

fract ionation . The i solation of a pituitary prote in from

s ock eye sa l mon that was a c t i ve i n the bioassay was conf irmed

a s monome ric GH by an amino-terminal (N-T) amino acid

s equence . In pla i ce GH va riants were isolated from two Mr

r eg ions within the pitu itary , 42, 000 a nd <33 ,0 00 , that were

ac tive i n the bioassay and had ident ica l N-T ami no acid

sequences . The 42,000 Mr form predominates in the plaice

p ituitary making up 93 \ of the total.
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CRAPTE R 1

GENERAL INTRODUCTZON

A major co mponen t of o ocyt e gro\rith i n all ovi p a ro us

vert ebra t es derives fr om the ac c umula t i on of blo o d pla s ma

j Lpopro t e i na 1aid down as yolk in the ovary (Wallace 198 5 ) .

Th i s yo l k rep r e sents the s ole nutritional reserve of the

even t ual offsp rinq . The proces s of yol.k pro t ein fo nation

and i t s h ormonal r egulat i on can b e br o a dly tieraed

vitellogenes i s . The most wel l studied y olk p re cursor protein

is vitelloqeni n (VG ) (Wal lace 1985 ) . Vitellogenin.

s y nthe s i z ed i n the l i ver and re leased i nto the blood, enters

the ooc y t e via rec e p t or-me d iat e d endocytosis and i s

pro teolytically cl e a v ed to form the yolk proteins

lipovitell in, ph osvit in and sma l l er units c a l l ed phosvettes .

I n aeph Ija f ans the majority of yolk formed i s at t r i but ed t o

up t ake of VG (Wall a c e §..t. .sU. 1972). Howe ver, in bird s serum

very rev densi t y lipoprot e i n is active ly acquired by the

ovary and contributes more t o t he yolk than VG (Wa llace

198 5) . with r e s pect t o fish VG is established as a yol k

pre cursor (we i ga nd ~982, Ng and I dler 1983, wallace §.t. gl .

198 7, Ty ler tt Ai. 1988a,b).

There ar e d i fferences O'll1'longst marine t el e o st s and other

ovipa r ous ver t e brat e s with respect to yo lk formation and

c o mpos i t i on. The yo l k proteins lipovitell in and phosvitin



ar e present I n a sol ub le fo rm i n mo st ma r i ne t e l eos t

oocyt es . This i s in con t ra s t t o o t he r e gg laying vert ebra t e s

wher e the y o l k i s i ns o l ubl e d ue t o i t s f OrJIation i n to

c ry s t a llin e structu res t e r med yol k pl ate let s (Wa llace n ill.

1966 , Wal lace a nd Sel ma n 19 8 1 , wal lace 1 9 85) . Some mad n(!

t eleost s ma y hav e lit t le or no phosviti n withi n th e yo l k

(Jare d and Walla c e 1968) and t eleo sts i n ge ne r al ha v e bee n

rega r ded a s hav i n g at y pica l y ol k prot e in patterns when

compa red with o t h e r ov ipar ou s vert e bra tes (Wal lace 1 985) .

Fin ally , in t ele o s t s plasma lipi ds, ca r o t eno i d s ,

glyco p ro t e ins a n d vi t a min - bind i ng p r ot e ins al so gai n ac ce s s

t o the ova r y i n addi t i on to VG (Wei gand 1982 , MOllmscn a nd

Wals h 1988 ) . Rel a tive t o VG t he spe c i fi c con t ributio ns o f

t hese othe r ext raovar i a n compone nts to teleost yol k p rot ein

are n o t kn o wn.

Th e pi t uita ry gland regu l a t es r e prod u c ti on i n te leos t s

(Id l e r an d Ng 1983) . Go nadotropins are the p i t u itary

hormones tha t r egulate r epr o duce Ive proce ss es a nd i n rcee r c

!ish t heir b i ol ogi cal a ctio n s ca n be c a t e gor iZed as

vite l l oge n lc and mat u ration a l. Vi tellog e n i c act i vi t ies arc

i nvo l v ed with yo lk fo r mation which en t a i ls ex t r aova r i a n

lipoprote in sy nt hesis a nd i t s ova rian uptake . Matura tional

activities d eal principally with the r e gulation of ov ar I nn

sex steroid hormones b efore spawning whi c h r e-initiate

mei o s is v i t h in the ooc y te s and r egul a t e ovu l a tion.

Initia lly fish were t hou g ht to h a ve one gonadotro p in



jGTH) which w~s responsible for bo t h vi tellogenic and

maturational events . To date the re is n o cons e ns us as to the

number of defi nitive GTHs that r e gul a t e these r e produc t i ve

processes. Howev er , I d ler !it li . (1975 a. b ) proposed t he

existence of a second pi tuita r y GTH bes ides the "cla s s i ca l"

GTH kno wn in f ish and showed using chu m salmon (Oncorhync hus

1s;~) pituitaries how i t could b e sepa r a ted o n Conc anava lin

A a f! in ity media due to its lo w carbohyd rate content. Thi s

led to the re cognition of two groups of GTHs in fi s h termed

Co n A I (carbohydrate-poor ) and Can A II (ca rbohydrate ­

rich). Subsequently, Ng and Id l e r (1979 ) det-.ermined that

America n p la i ce (Hippoqlo ssoldes plates!io ides) a nd wi nter

flounder (Pseudopleuronectes~) pituitary Con A I

f a c il i t a t e d the uptake of r a d i o l a be lled leuc ine and

pho sphorus into the develop ing o va r y of winte r flounder,

whi le Con A II was primarily i nvol ve d ..... ith mat urat ional

activities . Lat e r , a puri f i e d protein ( R t 0.7 p r ot e i n ) f r om

chum sa lmo n Con A I was s hown to s timul a te ov arian uptake of

ra d iolabel led VG in land locked At l a nt i c salmon (~~

Q1!A.rn..!!..!£hg ) (Id l. e r a n d So 1987) . The work of I d l e r a nd

colleagues suggest tha t Con A I t yp e GTH is v i tellogenic

while Con A II t yp e GT H con trols matura tiona l events,

al though the Con A II GTH i s t hough t to regulate es t rogen

synthesis whi ch induces hepatic VG pr od u ction (Ng a nd Idler

198 3 , Mommsen a nd Walsh 1988 ) . Mo r e recently S....anson llll.

(19 87 a , b ) and Suzuki !it .u . (1988a, b) h ave isolate d mUltiple



glycoprotein GTHs from co ho (Onco r hync hus ~) a nd c hum

sa l mon respectively , but t hese preparat i o ns ha ve bi o l og ica l

activities such as i nducing gonada l ste r oid production that

classify them as maturational-type GTHs (rnGTII) .

Vite llogen in produced by the liver i s und e r t he contro l

of ovari a n est rogens, principallyestrad i o l -1 7/3 (El ) , in

fish (Ng and Idle r 1983, Mommse n and Wal s h 198 8 ) . The site

of El b iosynthesis i n the sa lmonid ovary is the qr-an u l ce n

cell l a ye r within the ovar-Lan follicle ( Kagawa tl ill . 1982 ) .

This follows from t he " t wo-c e ll " mode l first proposed I n

mammals by Falck (1959) whe r eby testosterone (T ) s ynt hes i zed

in the outer t h eca l cell layer i s a r omat i zed via t he

aromatase e nzyme in the inne r granulosa call l a ye r to El • In

salmonids ovarian El synthesis is contro l led by t he

pituitary a nd mGTH ( Le. Con A II) is considered the

hormona l mediator distinct from v itellogenic G'I'lI t Le . Con 1\

I ) (Idle r and Camp be l l 1980 , Ng II lll , 1 9 80) . 1\ number of

experimenta l studies b o t h in Y.iY.,Q (Billard tl sU . 1978,

Breton il U . 1 9 8 5) a nd .lo Yil.I:,Q (Kag awa !l.t !tl . 1982 , zo trer­

g!;. Al . 1982 , Young II ai , 1983b, Van Oer Kraak and Donaldson

1986, Kanamor i ll.ill . 1988 ) ha ve demonstra ted t hat mGTII can

i nc rease ova rian El p raduction. In contrast accumulated

evidence f r om s tudies on natura l blood levels oC mGTH an d F.2

i n f e male aa Lacn Lds d u ring the rep r oductive cyc le do not

i ndicate a n in t erdependence of one with t he o t he r (Billard

g!;. .su. 19 78 , Scot t a nd Sumpte r 198 3, Sumpter tl ~ , 198 4) ,



During the vitellogenic pe riod when p l as ma l evel s of E2

increase progressive ly to t he ir highest levels in fema le

r a i nbo w trout (Qn.&Q.rhynchus~) (s cot t and Sumpter 1983 ,

Scott ~ U . 1980 ) plasma levels of l'IGTH remain very low

« 0.5 ng/ ml ) and unc hange d (Sumpter and Scott 1989) . In the

aneso salmon (Oncorhynchus~J mGTH wa s s hown to be

inactive i n enhanc ing E2 prod uction b y ova rian g r a nul o s a

cell preparat ions i ncuba t ed in illm with exogenous T as

aromatizable substrate (Kagawa n i\l . 1982 . Young it li.

1983a). The i nabi l i t y of mGTH to affect granulosa cell

aromatizatlon persists throughout the rep roductiv e cyc l e of

t h i s species (Kana morl !tl. 1!l. 1 988) . Clearly discrepa ncies

remai n concerni ng t he r ole of rnGTH i n reg Ulati ng E2

production i n the sa lmonid ovary .

Another h o r mone of pitui ta r y origin , growth hormone (GH ),

has recently been found t o inf l uence the production of E2 by

t he ovary . Studies showed t hat GHcould i ncrease t he leve l

of ovarian E2 pro duction , both .in v ivo and .in Y.it.!:2, in

kill if ish (F undu lus het e r oclitus) an d by r a i nbow t r out

ovarian fragments .in~ (Si n gh ~ li. 1 9 8 8) . I n goldfish

(~ a uratu s ) GH appears t o po tentiate the effec t of

mGTH i n stimUlating both E2 an d T productio n by o v ar i an

t oj Llc Ies in illI:2 while by i tself it is i nactive (Van ner

Kra ak fi.ill . 1990) . These studies i ndicate t hat GH could

have effects on the syn t hesis o f ovarian s ex s teroids . This

is particula r ly i nteres ting sin ce GH is fo und i n the Con A I



p ituitary f r a c tion (Komourdjian a nd Idle r 19 7 9, Id ler tl ej ,

1.989) . Pr evi ou s studies in male teleosts have documented

steroidogenic capabilities of t he Con A II fraction (Le .

containing mGTH) and have also reported some androgen

stimulating capacity i n t he Con A I fract ion (Ng and Id le r

1979, Van Der Kraak and Peter 1987) . It i s possible that

compone nts of the Con A t fraction may be involved J.n the

synthesis of ovarian sex steroids particularly when mG'rH is

u navailable or unable to regulate processes a t t ributable to

the pituitary gland .

The objectives of this study therefore are to: 1) explore

the uptake and processing of VG and another homologous serum

prote in . as potentia 1 yol k precursors in the winter

flounder , 2) examine the pituitary regulat ion and possible

involvement of GH, i n ovarian Ez synthesis of winter

flounder and r a i nbow trout, and 3) isolate t h e salmonid and

p leuronectid GHs to be used for objective '2.



CHAPTER 2

OOCYTE YOLJt FORKATIO N IN THE WINTER FLOUNDER

I NTRODUCTION

St udies ha ve been und ertaken to ascertain if serum

proteins ot her than VG bec ome assoc iated with the ovary of

wtnter flou nder . Bhat (19 A6) an d So and I d l e r ( 19 87 ) h av e

prov Lded evidence t hat other ser um proteins besides VG are

in co r porated i nto winter flou nder ova r ies . All the c r ude

se r um prot e in tract i ons separated ba s ed on molec u l ar mass

that are no r mally presen t i n the s e r a of adu lt f e male s we r e

s hown t o becce e assoc i a t ed wi t h t he ovary t o s ome ext en t (So

a nd I dler unpublished ) . Of particular i nt e r e s t is a h igh

r e l at i ve mol ecula r .ass (Hr) serum p r otein (1 ,170,000)

fo und in bo th sexes. Th i s prote in h a s been termed peak A

protein (Pk A) i n re fe r e nc e t o i t be i ng the first serull.

prote i n eluting on s epha c ry l 5-300 (S-3 00) ge l fi l t r a t ion

medi a . By c ompa rison winter flounder VG ha s a native "r of

514 , 0 00 . Peak A pr ot e in i n terms o f its biochemica l

cha r a ct e ri s t i c s i s JI'Iore like VG t h an any othe r ser um p r ote i n

both being glycolipophosp hop r ot eins . Howeve r , na tive a nd

de na turing p ol yac r yl amide gel electropho resis (PAGE) ,

en zymatic deg r adation and immunocross- reaction s t ud i e s

i ndi c at e t h a t t he two proteins are s t ru c t u r a lly d istinct



f r om one another (Bhat 1986).

From a compar-a't Lv e viewpoint Pk A ap pears /I 1 ikely

c a ndidate t o contribu t e to ovarian yolk protein along with

VG due to thei r s i mila r b i ochemical makeup a I though a number

of qu est ions r ema i n . Wha t are t he seasona l serum

concentrat ions o f these two p rote ins i n r-epr-oduct.Lve l y

active fema les? I n other female teleosts de s c ribe d t o da te

VG levels a r e t yp i cally e levated during the vitellogenic

period (So !!!....t.1!l. 1985, Scot t a nd Sumpt er 198 3) .

vite l logenins are usually characterized as v e r y h i gh density

lipop r ot " i ns (VHDL) (Ba b Ln and Vern ier 1989 , Sc hje ide and

Schjeide 198 1 ) but the lipoprotein d ensity of both wi nter

flounder VG a nd Pk A are not kn own. The i dentification of

t he everrtuc I end product(s) of Pk A in t he developing oo cyte

would afLow a co mparison wi th yolk proteins derived from vn .

I n summary , the specific contribution by vo an d Pk A towards

winter flounder yol k both i n t erms of qualitative an d

quan titative cha racterist ics i s unknown .

To da te no other studies on fish have compa red t he u pt a ke

of VG a nd a ny othe r homologous serum protein know n to be

incorpor a t ed by t he ovary during t he reproductive c ycle . The

present s tudy so ught to compa r e VG and Pk A i n terms of

t hei r seasona l s erum levels by radio i mmunoassa y (RIA) ,

p lasma l i poprote i n class, upta ke by t he ov a r y, and

qualitative and quantitative r e latio nsh ip to yo lk proteins

i n the wi nter flounder .



KA'l'ERIALS AND METHODS

Fish

Mature winter flounder ( Ps eud op l e u r o ne ct e s ~!i

Wa l baum) were captured throughout the years 1986-1990 by

SCUBA divers using ha ndnets from conception Bay,

Newfoundland. Fish were brought to the Ma r i ne Sciences

Research Laboratory (MSRL) where t he y were maintained in

tanks (10-15 f ish/240 1 tank) with ambient seawater and

natural photoper iod. Fish h e l d f r om June t o October were fed

chopped caplin (~~) to satiation three times

per week . Since feeding normally ceases i n this species

during winte r and early spring (Fletcher and King 19 78) no

food was p rovided at this time of year . Experiments r epor t e d

h e r e i n were conducted from October to January during the

rnid -vitellogenic phase of t he female reproductive cycle

which is characterized by rapid gonad g r owt h as a result o f

yolk formation wi t h in the developing oocytes. Female winter

fl o under typically weighed 425-750 9 with average

gonadosornatic indices (GSI) (ova ry weight/body weight-ovary

weight x 100) that varied f rom 10 to 18 . sampling and

experiments were always conducted ap proximately 2 weeks

after the fish were obtained .
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Isolat ion of lIIerum vitel log'eDin a nc3 peak A p r ote i n

To increase the seru m VG titre f i sh were injected

i n t r a p e rit o ne a lly ( ip ) wi t h p - e s t r adiol - J - b e n zo a t e (Sigma )

s u s pe n d ed in peanut o il (10 lIl9/kg) 1 llIont h before blood

collection (S o n Al. 1985) . Serum VG degradat i on was

p revented by injecting a ll fish via cauda l vessels with 2 ml

of ap rotinin ( 15- 30 trypsin inhibitor units/mI l (S igma) 15

mi nutes prior t o blood sampling (Wallace and Se lma n 1982) .

Blood was sa mpled by needle an d syringe f rom t he ca uda l

vascul a ture of una ne sthetized fish, usually in t he morning ,

a nd al lowed to c lot in s terile p las t i c tube s e' 2006 ,

Falcon) overnight a t 4°C. Serum was sepa ra t ed by

cent rifugation a t 13 ,OOOx gravity (e) t he following day a nd

then used immediately or frozen at - 60OC fr.lr up to ) ye ars .

The blood s erulll proteins of reee I e wi nte r flounder we re

eeparaeed based on their " , by low pre s sure ge l filtratio n

cenuen chromatography on 5 - 300 (2 .6 x 90 c e ) (Pharmac ia)

using VG buffer (pH 8 . 0) (So ~ ill . 1985) contain ing 0. 4 Il l)

a p rotinin/ m1 a s column e luent. Column ch r o mat ogr a phy was

conduc ted at SClc in a cold room at a flow rate of 15 ml/hour

using a s cend ing elution. Th e column was c a l i b r a t ed with

t h yroglobulin (669 , 0 00) , f erritin (4 40,000) and a l dolase

( 1S8 ,00 0 ) M, s ta nda rds su pplied by Pharmacia. The optical

density at 280 nm of t he e luate f ractions were mo n i tored i n

a spec t rophotom eter (Ultrospe c I I , LJ<B) using a 1 em quartz
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cuvette. To isolate VG the peak tubes were concentrated and

re -chromatographed an 8 -300 to r emov e any con tamination from

adjacent peaks . Both the VG and Pk A frac tions were furt he r

pur i f i ed by affinity chromatography on Concanavalin A

sepne rcse (Co n A) (Pharmacia) collecting the adsorbed

fraction following elution wi t h a -methyl -D -glucaside (Idler

a nd Hwang 1 978) . Only the peak t ube s were utilized whe n

recovering s e r um proteins . Purified Pk A an d VG were

aliquoted , stored at - 60°C a nd never r e-froze n a f t erward .

Serum protein concentration wa s determined by

trich loroacetic acid (TeA) p r e c i p i t at i on followed by t he

Lowr y me t hod ( Lowry II U . 195 1) usi ng bov i ne gamma globulin

(BloRad) as standard .

Na t i ve (ana lytical) PAGE o f serum pr ote i ns isolated on s ­

300 was do ne using t he met hod o f Davi s (1964). Briefly, 1 0

cm gels (5% acrylamide: 0.2% N,N '-methyl e nebisacrylamide, pH

8 .9) were cast in 5 x 125 mm g lass tubes and e lect rophoresed

using a d iscontinuous bu f fe r system (S mM tris , 38 mM

glycine , pH 8 .3) i n a Bi oRad Model 1 5 0 e lectrophoresis cell.

Electrophoresis was conducted at a co ns tant 2

milliamperes/gel (300 vo lts ) at room t empe r ature wi t h

tapwater cooling unt il the br-cmc phencI b lue tracker dye

reached 1 cm from t he bott om of the g e l (u s ually about 3

hours). Fo l lowing e lectrophoresis ge ls were stained wi th

0. 1\ Coomassie R-250 a nd desta ined by diffusion in 7% acetic

acid .
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Denatur i n g sodium d od !;!c yl sul fa te ( 50s ) PAGE of VG and Pk

A we re perf o rm e d on u ni form 10 \ s lollb gels (33.5\ acryl a mlde :

0 . 3\ N,N ' -meth y l e ne b l sacrylami de . pH 9 .1 , conta i ni ng 10 \

80s) . 1. 5 x 1 20 x 1 40 IIUII! . wi th a 1 em H s tackI ng gel (30\

acryl a mi dQ: 0 . 44 \; N, N' - methy lenebisacryla llid e . pH 6 .8 ,

c on ta i ning 1 0 \ 80s ) followIng Dr eyfus s ~ ll. (19 8 4 ) .

SaJnp l e s were mi x e d wi t h the same v o l u me o f sample b u ffer

( 0 . 5 H Tr i s - He l , pH 6. 8, 10\ SOS , 2 0 \ g l y c e r ol) cont ai n i ng

10\ 2-mercaptoe tha nol (2 - ME) and p l ace d i n bo iling wate r fo r

5 minu tes b efo r e a pp lica t i o n onto t he gel s . A Hoeffe r Mod e l

SE 40 0 was used a t ro om t e mpera ture r un a t co ns t a n t 10 0

vo l t s f or 16 hour s (or until the b r omophe no l b l ue t ra c ker

d ye had run o f f t he ge l ) v i t h a typi c al rese rv o ir buf fer ( 25

DIM Tr i s , pH 8. 3 , 19 2 mM g l ycine, O.H. 50s) . Gels we r e fixe d

f o r 1 hour i n 50 \ metha no l -lOt a cetic acid , stai ne d fo r 2

hours i n 0.3\ COOllltls s i e Bl ue R- 250 i n 50 \ metha no l -1St

ace tic acid and de - sta i ne d by d i ff us i o n i n 10\ me t ha nol - lot

a c e t i c ac i d . Relat i ve ecj. e c u j e x mas s es were estima ted f rolll

p r otein s tandards ( UfW a nd HMW , Pharmacial ru n o n ad j acent

lane s of t he g els . Cen s itome t r ic s c a ns (Hod el 16 5 0 , Bi o Rad )

were us e d to c a l culate the r e lative mobility (R, ) o f

s tanda r d s a nd unk nowns , a nd a semi -logar ithm i c plot of

s t a nda r d l s l og Mr v s R, (F i g . 1 ) wa s u s ed t o de t e r mi ne the M,

of t he unknowns ba s e d on their Rf •

Protein phospho r us de t erminatio ns o f se r um pr oteins were

made using the a l ka li- l a b ile prot e in phospho ru s (ALPP)
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protocol ou tlined i n Nagler n li. (1 98 7) .

The a mi no ac id com pos i t i on of Pk A and VC vere determi ne d

by phenyl-thiocyanate der i vitization (Plc o-T ag . Wat e r s) a nd

quantification by revers e - pha s e (C-18) h igh pressure liqu id

c h r oma t og r a ph y (Spect ra- Ph ysics ) .

Fo r u ltracentri fugati on an alysis b lood ""as obtained f r o ,.

I S fem ales and pooled . Plasma was i s olated by p lacing b lood

i n hepa r i n ize d glass t ubes (v ecuee m er 4783 , Becton-

Di ck inson) , kept at 4°C ove r night a nd cent rifuged as above

the f ol l owi ng da y. Five ml a liquots o f p lasma wer e used to

isola t e the va rious lipop r otein c lasses based on the same

de nsi ty inte rva l s us ed t o separ a te huma n p lasma

lipoprote i ns : ve ry l ow density lipoprot e in, d <l.006i low

de nsity lipoprotein , d"'l.006-1.063 ; high dens ity

lipoprotein, d - l. 063 - 1. 21, a nd VHDL, d >1.2 1. Prepa rative

u l tra ce ntr i f ug a t i on wa s c onduc t ed in po1yc arbonate tubes

with a Beckman LS-50 (50 Ti rotor) a t HO ,O OOx g (lO"C)

following t he Ille t hod of Ewing tl Al . ( 19 65) . Lipop r otei ns

r e cov ere d were f r oz e n a t - 60"C until u sed . Prote i n co ntent

was dete rmine d by the TCA-Lowry method de s cribed above usi ng

bov i ne gamma globulin as s tanda rd .

Rad i olabelling o t v i t ellagenin and pe ak A protein

Vitelloge n in a nd Pk A were r a d i ol a belle d wi t h l3Iiod i ne

CUll ) (NEN DuPo nt) in Yll.r.2 us ing lodogen ( Pi e r c e ) following
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tine protocol described by So n li. (19 85). This i nvolved

reacting 101-19 of either VG or Pk A (in 25 1J1 of 0 .5 M

phosphate bUffer, pH 7 . 4) i n a 6 x 50 mm borosilicate glass

tube with 10 ""1) of lodogen a nd L 5 mCl of 131t f a r 12

minutes . The reacti o n was termina ted b y adding 500 ~l of 50

roM phosphate buf fe r (p H 7 . 4) for a f urther 12 minu tes before

applying the mixt ur e to a disposab le Se phadex G-25H column

(PO - IO, Pharmacia) to separate l a b elle d protein from free

isotope . The f irst radioactive fraction e l u t ed c ont a i ni ng

t he l abe l l e d protein was subsequently cleaned-up before us e

o n a disposable plastic c o l umn (0 .8 x 18 em, Kontes) packed

with 5 - 30 0. The c o l umn was previously rinsed with 1 ml 5 %

bovine serum a lbumin (BSA) (Sigma) and on ly t he pe ak t ube

from the first radioactive f raction e luted in each case was

recovered. Iodinated VG and Pk A were used in RIA a nd for

s ho rt term ovarian upt a ke s tudies in YiY2 .

vitellogenin and Pk A were a lso radiola bel led wi t h

t r it i um (3H). for longer t erm ovarian uptake studies by both

.in riY.2 and ..in~ t e chn i ques . Labelling of VG in~

involved ip injection of f e male s with ,8-estradiol-3-benzoate

one day prior to i p i n j e ct i on of a [3H] ami no acid

hyd rolysate (TRK 440 , Amersham) carrie r -free at 0 .5 mei / kg

f i s h . After two wee ks fish were b lood samp led and the

r-eeu Lt.Lnq serum appl ied on 5 -300 as previous ly described f or

t he isola tion o f VG (pg. 10 ) . The p rotocol wa s simila r fo r

3H l abe ll i ng of Pk A in yj"yQ , except that the ,8-estradiol-3-
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ben zoate i n ject ions we re omi t t ed a nd f i sh were bloo d sampl ed

after fou r weeks . For both proteins the fract i on co nt aini ng

the [ 3H]VG or [ 3M] Pk A from a number o f chromatograph i c

s eparations were poo l ed . co nce nt r a t e d by ul traf i l t r ation

(YMIO, Ami c on) and f r o zen at -60°C until required .

Proteins we r e labelled in illx.2 by modi fica t ions t o the

method of Asher gt !ti. . (1 98 3 ) . This method, used f or

r ad iolabelling locust VG, is base d on c he mical aod Lr t c at I o n

of l ysi ne residues by reaction with [3H] - sllC cin i midyl

propionate . Pr oteins were ultrafil t e red (YM5. Am i con)

aga ins t 0 .1 M bora te buf f er , pH 8 .5. guc c LnImf dy I

propionate, N- [propionate-2, 3- 3Hj (56 .8 Ci/mmoll, was

purchased from NEN DuPont . Modificat i ons t o Ashe r tl 21 .

(1 983) i nclud ed 1) i ncreas ing t he amount of p rotein r ea cted

(18 ~g) , 2) d ecreas ing t he r e action time when it was f ound

that 1 hour at room temperature gave a better recov e r y t ha n

16 hou r s at 4°C , 3 ) s t op p i ng the react i on wi th 25 0 III of

borate bUffer, and 4 ) appl y ing the rea c t i on mixture directly

onto a dis posable plastic c olumn (0 .8 x 18 c m, Kont e s )

packed with S-300 at 5°C, p revious ly rins ed wi th 1 ml 5\ BSA

and us ing bo r a t e buffer a s eluent . Pe ak tubes o f the firs t

radioactive fraction eluted containing either [3U)p ro p iony l ­

VG or [3H)propionyl-Pk A were lyophili zed and recons tituted

with 0. 9% saline f or injection .
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Polyc lona l a ntibodIes we re r a i s ed f o r 6 Jlon t h s i n male

New Ze aland Whi t e r a b b its a gainst pu ri fi ed Pk A and VG

following the protoco l of I d l er a nd Nq (1979). The Pk A

an tibody (Ab) o btained was d ilut e d at 1 :60 0 , 0 0 0 while those

of VG 1 :150,000 t o give sa l b inding o f r adioiodinated

an tigen , respectively. The RIA p r ot oc o l , u s i ng a double -Ab

method, was the same as that described for sa l mon VG by So

g .1!l. (198 5) . The l og-logit weighted r egre s sion line s f or

Pk A and ve , r e specti vely , had rl s - 0. 993 a nd 0.995 , s lopes

of -1.936 and -1. 5 06 , i ntercepts of 0 .82 6 a nd 1. 87 6 and 50\

b inding/ol b inding (8 / 8
0

) of 2 .67 a nd 17 . 6 nq , Th e u seful

ra ng e o f the standard curve f or Pk A was 0 . 13-65 . 4 n9 an d

f o r VG 0.85-2 19 n9 ( Fi g . 2) . Vi tellogeni n ha d 01 cros s ­

r ea ction in the Pk A RIA and Pk A ha d 01 c r oss - r e ac tion i n

t he VG RI A. Blood s amples we r e co llected mont hl y du ring

1986-1987 from female wi nt e r f lounde r t o p rovide seas ona l

serum pro fi les fo r Pk A a nd VG.

Sa lt so luble ovarian extract illllllunoreactivity with

vitelloqen i n and peak A protein anthera

Ovarian follicl es are small «0 .5 mm) and difficult to

isolate i ndiVidually i n any number, ther efore pieces of

ova ry frolll 2 fe male winter fl ou nder we r e di s sected free of
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represented as %bi nd i ng/ O% bind ing (B/ Bal versu s

log do se for winter fl ounder vit ellogen i n ( 9) and

peak A protein ( ,).
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t he o var-i a n wall a nd u t il i ze d t o o b tain s a l t soj u b j.e o va r i an

e xt r a c t s (SSO E) . Te leost yo lk proteins a re so l u b l e i n 0. 5 M

Ha C! ( Wa llace d, AJ.. 19 6 6, Plac k £t p.!. 1971) . Po rtio n s o f

ova ry (3 ) 0 II<)l were ho mogenized (power sett inq 3, Po l ytron,

Bclnkmann) and ext racted wi th 4 volumu o f VG bu ffer . After

24 hours a t 4°C the sal t solub l e portion of the ovarian

ex t r act W;J S separated from folli c le ce ll a nd v itel l ine

enve lope debris by ce nt r i fuga tion at 19, 000x G for 1 hou r .

Sa l t solub le ex tract s wer e then placed i n dia l ytic bags

( 6 , 0 0 0- 8 , 0 00 Mr c u t -o f f , SpectraPor) , precip i tat e d by

d ialys is a g a in s t 5 mM Ca C12• and separat e d by cen t r ifugatio n

a t 19 , 000x G f or 1 hour . The precipitat ed f ract i on wa s r e­

d isso lve d i n VG bu !fe r a nd chr omatogr a ph e d on 5 - 3 00 .

Fo llowing c hromatog r a ph y e ve ry fif t h elua te f ract i o n f r om

across t he p rof i l e was mea su r ed f or i.Muno r eactiv i ty i n both

t he VG and Pk II RI lls .

Denaturing electrop hores is of oocyte prote ins

Oo c yte p r oteins f o r de na t u r i ng 5 0S PAGE were obtained

from f r e s h l y r e mo ved ova ries of 2 f e mal e ....i nte r flounder .

Foll i c l e s ( 0 .2 ·0 . 3 mm) ....e r e dissec t ed f rom s t r o ma l t issues

wi t h f i ne f orceps und er a s t e r e os c o p i c micros cope and

transferred with a gl a s s Pa s t e u r pipette . The y ....ere r i ns e d

t wi c e i n modified (1 58 mM HaCI) FO sol ution (a physio l og ical

fi s h oocyte bUf fer; Wallace and Se l man 19 78) and collected
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each t ime b y g e nt l e centri fugat ion . Batches of 1 0 or 20

f ollicles ....ere placed i n 500 # 1 polyp r opy l ene mi c ro t e s t

t ubes ( BioRad ) wi t h a min i mum of Fa sol utio n , l yo phil ized,

and s tored d e sic cate d at - 2 0°C until used . Lyo ph ilized

fol licles we r e ground u p with a small glass rod, taken up i n

sam ple bu f f e r (62 .5 mM Tris-He l , pH 6.8, 2% 50S, 12 .5%

g l yc erol, 40 mM d i th l o t hreitol a nd 0 .002% b romophe noj, b lue)

a nd p lac ed in bo iling water f or 5 minutes b e fo r e

cent r ifug ing t o remov e fo llicula r deb ris . Tota l protein

content of oocy te proteins (in sample bu ffer wi titiou t;

b r omop he nol blue) was e s t i ma ted using the Pierce Coomassie

protein assay re age nt and eS A standard . Samples were ap plied

t o 5 -20% linear grad i e nt slab gels (30% acry lamide:o .8%

N, N' -me t hy l en ebi s acryla mi d e , pH 8.8 . conta i ning 10\ SOS)

(Hames 1981 ), 1.5 x 120 X 14 0 mm3, overla id with a 1 cm 3\

stacking ge l (acr y lamide rat io as above , pH 6 .8, co ntaini ng

10% 5DS) . Elect r ophor e s i s co nd itions , s t a i n i ng a nd de ­

s taining we r e iden tical to t h e prot oc ol o utlined fo r serum

prot eins de s c r i bed earlier Cpg . 12) . The M~S we r e estimated

from protein s t andards (505 -7 and SOs-6 H, Sigma) run on

adj a cent l an e s of the ge ls. De ns itomet ric scans were used t o

calcu l ate the Rf o f standard s a nd un knowns al lowing t he

low est M~ s tandi!.r d (14,200) an Rf va lue of 1.0. Similar t o

50S PAGE an alys i s for se rum proteins a s emi- logarithmic plot

o f s tandar d I s log M~ vs R, was used to de term i ne t he Mr of

t he un kn owns based on t he ir RI.
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wes te rn b lotting and immunoassay a naly s i s of o o cy t e prote ins

Oocyte p r ote ins sep ara t e d by 5 0S PAGE above ....ere

e l ectrcphoret l cally tra nsfer r e d onto nylon membran e s (Zeta ­

Prob e , Bi oR a d ) i n a Hc e f f e r- Mod el TE 52 equipped with a h e a t

e xcha nge r . The gel was i nc u b a t ed i n 200 rnl o f transfer

buffe r (25 mM Tr i s , pH 8.3 , 19 2:rnM glycine) for 10 minutes

and t h en placed i n t h e transfer casse tte sandwiched against

the ny l on me mb rane be t ·...een s heets o f b l otter p aper ( 3MM,

Wha tm an ) and foam pads , and c l amped t ogether . Trans f er

co nditions we r e typ i cal l y 0 .6 ampe r es at 2°C f o r 10 hours to

remove al l t he protein f rom the gel.

Following tra ns fe r the membranes were a naly z ed using an

en zyme -immun oas say emp l oy i ng a pr imary Ab (e i t h e r Pk A or

VG) an d a s e cond ary a l ka line phosphatase c onj u ga t ed Ab

(Pr o t ob lot , pr cmaqa ] f or irnmunodetection and subsequent

co lour r eact io n . Mod ifications to t h e protocol su pplied by

Promega included b l ocking the nylon membrane with 10 % BSA in

Tris-buf fered saline with Tween 20 f or 12 hours at 50°C,

i nC"u ba ti ng wi t h the primary Ab in 1 % BSA + Tr i s - bu f f e red

s al i ne wi t h Twee n 20 for 2 h ou rs a n d s i mila r l y with the

seco ndary Ab f or 1 hour .
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Ezp eri me n t s u s i ng r lld i o iodina ted v i t e l lOCjlln i n a nd pea k A

prot e i n

To e sta blis h the s t abili t y of injected [1l1IJPk A and

[ 13lI)VG i n t he blood u p t o 48 hours post i njection six

f e llla le wi nter flounder we re a nesthetized wi th t r i ca ine

metha nesul fonate (125 mg/l; Cr escent Resea r c h Chemica ls ,

Inc. ) an d 3 each injected intrave nously (IV I. via caud a l

vesse l s, with e i ther (1l1I J Pk A o r [ lStI ] VG a t 0 .5 JLCi/ kg

f i sh . After 48 hou rs 2 ml o f blood wa s withd r a wn f rom e ach

fish and diluted 4 : 1 with PMSF solution (a VG stabi l izi ng

s o lut i on; de v laming n u. 19 8 0 ) on i c c . Th e b l oo d wa s

centr ifuged a nd 1 ml plasma a l iquots frn!ll fish of each g r oup

pooled a nd chromatographed on 5 -30 0 a s above . El uate

frac t ions we r e mon i t o r ed f or abs orba nc e a t 28 0 Rill and

specific a ct ivity in a q a mmllo s cintilla t i on count er (Packa rd

5 6 50 ) •

To asse s s short-tera (48 hou r ) ov a rian uptake 6 fem ales

were a n a esthet ized a nd i n j e c t ed , a s a bove , wi t h either

r adi o l a be lle d [ tl1IJPk A or [ 131 I JVC at 10 JlCi /kg fish . Two

fish pe r group were kil led by de ca pi t at io n a t 12 , 24 , a nd 48

hours p os t i nject ion and t he ovary d i s s ec t ed f r e e o f the

ovar ian wal l. The s peci f i c ac t i vity i n 2 . 5 g o f ovary wa s

d et e rmi ned i n a gamma s c i nti l l a t i on co unter as a bove .
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Experim ents using' trit ium label led v i tBllcqenin a nd peak A

pro t ein

Two experiments were undertaken to examine longer term (2

week) ovarian uptake by b oth in yj.yQ and 1n iliJ,:Q [3H]

l ab e lled VG and Pk A. In t he f irst e xperiment 2 female

winter flounde r were anaesthetized and injected as above

with either 13 .6 X 10" degradations per minut e (dpm)

[lH Jpropionyl - VG or 7 .4 x 106 dpm r' Hj prop i o ny l - Pk A/kg f ish.

The f i sh, killed aft e r 2 weeks were weigh ed , blood sampled

and plasma prepared as a bove . Ovaries wer e removed, weighed

and placed on i ce.

Plasma aliquots (3 ml) from each f i s h were

c hr oma t ogr a p hed on 5-3 00 with VG buffer, modified by

add i t i on of t he proteo l y t ic e n zyme i n h i b i t ors pepstatin A

a nd leupept in (s i gma ) e ach at 0.4 ~9/ml , as column eluent .

Sal t soluble ovarian extracts were prepared f rom 2 9

portions of ovar y as described previously (pg . 17 ) but us ing

modif ied VG buffer (s ee above) and omitting the d ialysis

step in order to obtain a ll the sal t solubl e ovari an

pr oteins . Aliquots (4 mIl of t h e SSOE, a lways used fresh,

were ehromatographed on S-300 or Ul t r oge l AcA 54 (AcA 54)

(2 . 6 x 84 em) ( I BF Biotechnics) using modif ied VG buffe r as

col umn eluent. The AcA 54 co lumn was use d at a f low rate of

12 ml/hour with upward e lut ion and calibrated using
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