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THE OCCURRENCE AND TRANSLATION OF 

STABLE MESSENGER RIBONUCLEOPROTEIN COMPLEXES 

IN THE CYTOPLASM OF ACETABULARIA MEDITERRANEA

CHAPTER I  

INTRODUCTION

A cetab u la ria  m editerranea and r e la te d  spec ies  belonging to  

the  fam ily Dasycladaceae have been w idely s tu d ied  sin ce  the p ioneer­

ing  e f f o r ts  o f Hammerling (1931, 1932, 1935, 1963). These organisms 

a re  q u ite  la rg e  -  some spec ies  reaching  len g th s  o f 200 mm (B erger, 

Sandakhchiev and Schweiger, 1974). They a re  u n ic e llu la r  and a s in g le  

nucleus i s  lo ca ted  in  the b a sa l rh iz o id  during most o f the l i f e  c y c le . 

Each sp ec ie s  proceeds through a s e r ie s  o f c h a ra c te r i s t ic  s tag es  to  a 

c h a r a c te r i s t ic  a d u lt morphology. This morphogenetic development has 

been d escribed  fo r  a number o f sp ec ie s  (B erger, Sandakhchiev and 

Schweiger, 1974 and Schweiger, e t  a l , 1974).

HMmmerling showed th a t  the  c e l ls  may be e a s i ly  enucleated  by 

an çu ta tin g  th e  rh iz o id . The c e l ls  re a d ily  surv ived  enuclea tion  p ro ­

cedures and th e i r  morphogenetic development proceeds in  a normal fa sh ­

io n . Enucleated fragments in c re a se  in  len g th  over a  period  of weeks 

and a re  capable o f developing normal gam etotangia (caps) and sy n th es iz ­

ing  p ro te in  in  a reg u la ted  manner id e n t ic a l  to  n uclea ted  c e l ls  se v e ra l
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weeks a f te r  removal of the nucleus (Spencer and H a rr is ,  1964;

B racke t, 1967; HMmmerling, 1963). Morphogenesis may be m odified by 

tra n sp la n tin g  n u c le i from a donor species in to  the enucleated  cy to­

plasm of a re c ip ie n t sp e c ie s . Such m anipulations have e s ta b lish e d  

th a t the development o f the morphology th a t i s  c h a r a c te r i s t ic  o f each 

species  i s  determined by the nucleus^

These observations led  HMmmerling (1932) to  p o s tu la te  the 

ex isten ce  of "morphogenetische Substanzen" th a t  were the c o n tro llin g  

fa c to rs  in  morphogenesis. He p o s tu la ted  th a t  th ese  s p e c ie s - s p e c if ic  

"morphogenetische Substanzen" o r ig in a te  in  the nucleus and e x h ib it  

s t a b i l i t y  over a long period  o f tim e. The exac t chemical n a tu re  of 

these  "Substanzen" has been the su b je c t of much re sea rch  (B racket, 

1964; Hammerling, 1963; Werz, 1969: K loppstech and Schweiger, 1975 

a , b ) . Messenger r ib o n u c le ic  acid  (mRNA) has been p o s tu la te d  to  be 

id e n t ic a l  to  these  "Substanzen", bu t f in a l  p roof has been la c k in g .

Kloppstech and Schweiger (1975 b , 1976) have is o la te d  p o ly - 

adenylated RNA from A cetabu laria  m editerranea th a t  has a number of 

p ro p e r tie s  th a t  co incide w ith  those of the "m orphogenetische Substan­

zen" : i t  i s  syn thesized  in  the nuc leu s, i s  ra p id ly  tra n sp o rte d  to

the  a p ic a l end of the c e l l ,  i s  s ta b le  in  the cytoplasm  ( h a l f - l i f e  o f 

10 days) and i s  capable of inducing pep tide  sy n th es is  in  a c e l l - f r e e  

system from wheat germ (Schweiger, 1977). The n a tu re  o f the  p ep tid es  

syn thesized  has no t been fu l ly  in v e s t ig a te d .

Other s tu d ie s  have dem onstrated th a t  the  nucleus i s  involved 

in  the re g u la tio n  of non-morphogenetic events in  th e  cytoplasm . For



example, the nucleus determ ines the d iffe re n ces  observed in  the 

number and e le c tro p h o re tic  m o b ility  of the isoenzymes of malate  

dehydrogenase (Schweiger, M aster and Werz, 1967; Sandakhchiev,

Niemann and Schweiger, 1973; B erger, Sandakhchiev and Schweiger,

1974) and of la c ta te  dehydrogenase (Reuter and Schweiger, 1969) 

among se v e ra l spec ies  of A ce ta b u la ria .

The above observations are  examples of the numerous l in e s  

of evidence which support the  conclusion th a t  messenger r ib o n u c le ic  

ac id  can e x is t  fo r  long perio d s  of time in  the cytoplasm of Acetabu­

l a r i a  in  the absence o f the nuc leu s. This inform ation  (presumably 

in  the  form of RNA) i s  s ta b le  in  the cytoplasm d e sp ite  the ex isten ce  

of very a c tiv e  ribonucleases in  in ta c t  and enucleate  c e l l s  (Schweiger, 

1966).

I t  has been p o s tu la te d  th a t  the combination of mRNA w ith  

p ro te in  ("informosomes") could p ro te c t the messenger r ib o n u c le ic  acid  

from endogenous rib o n u c lease , re g u la te  the tra n sp o rt of the  messenger 

r ib o n u c le ic  ac id  from the nucleus to  the cytoplasm and re g u la te  tr a n s ­

la t io n  by the s p e c if ic  b ind ing  and b locking o f mRNA by reg u la to ry  

p ro te in s  (S p ir in , 1969). Attempts to  i s o la te  messenger rib o n u c leo - 

p ro te in  p a r t ic le s  (mPNPs) from A cetabu laria  have no t been su ccessfu l 

to  d a te . K loppstech and Schweiger (1975a) found RNPs of buoyant 

d en s ity  = 1.4 g/ml ( in  CsCl) in  A cetabu laria  m ed ite rran ea . This i s  

w ith in  the d en sity  range (1.35 — 1.5 g/ml in  CsCl) o f the  informosomes 

in  f is h  embryos (S p ir in , 1969). However, the  RNP's found by Kloppstech



and Schweiger were syn thesized  in  enu c lea te  as w ell as nucleated  

c e l l s .  The sy n th es is  of these  RNP's, th e re fo re ,  could n o t be 

c o n tro lle d  by the  nucleus. Alexeev, eik ^  (1974) is o la te d  RNPs 

from A cetabu laria  c re n u la ta  w ith  a buoyant d en s ity  o f 1 .4  g/ml in  

CsCl. These RNPs were in je c te d  in to  non-growing enuclea te  c e l l  

fragments and induced incom plete morphogenesis in  10% of the in je c te d  

c e l l s .

Messenger r ib o n u c le ic  ac id  in  the form of mRNA tra n sc rib e d  

from n u c lea r genes and sequestered  in  the cytoplasm  in  th e  form of 

mRNP fo r  long periods w ithou t t r a n s la t io n  should be d e te c ta b le . I t  

should be p o ss ib le  to  i s o la te  mRNP from young c e l ls  th a t  d ir e c ts  the 

in  v i t r o  sy n th es is  o f p ro te in s  th a t  a re  norm ally found only in  o ld e r  

c e l l s .  We have undertaken to  id e n t ify  a p ro te in  unique to  o ld e r  c e l ls  

and to  dem onstrate the ex is ten ce  in  younger c e l l s  of th e  messenger 

r ib o n u c le ic  acid  necessary  fo r  i t s  s y n th e s is .



CHAPTER I I

MATERIALS AND METHODS

M ateria ls

In s ta n t Ocean was purchased from Aquarium Systems, Inc . 

(E astlak e , O h .). [5 ,6- % ] -u r id in e , 40 Ci/m mole, and L-1-^**C-

le u c in e , 342 mCi/m mol were purchased from Amersham Corporation 

(A rlington H eigh ts, 1 1 1 .). 5 -% -u r id in e , 26.7 Ci/m mol,

L -[3 ,4 ,5 -% (N)] - le u c in e , 78.2 Ci/m mol, L -[alan ine-3-^H (N )]-phenyl- 

a la n in e , 16.1 Ci/m mole, Aquasol liq u id  s c i n t i l l a t i o n  c o c k ta il and 

PP0(2,5-diphenyloxazole) were purchased from New England Nuclear 

(Boston, M ass.). T r i t ia te d  rad io iso to p es  were s to red  a t  4“C.

Carbon-14 rad io iso to p es  were s to re d  a t  -20*C. T r i t ia te d  u rid in e  

so lu tio n s  were made 70% (v/v) w ith  re sp e c t to  e th a n o l. The e thano l 

was removed before use by f la s h  evapora tion .

Sephadex G-25 Medium was purchased from Pharmacia Fine Chemi= 

ca ls  (Piscataw ay, N .J .) .  Sodium dodecyl s u lf a te  (SDS) was r e c ry s ta l­

l iz e d  by a m odification  o f th e  Decker and F o s te r  (1966) procedure.

One hundred fo r ty  grams of SDS was d isso lved  In  L& of 70% ethano l a t  

70®C. One gram of clean N o rlt A (Thomson, 1969) was added. The mix­

tu re  was f i l t e r e d  through Whatman i?l f i l t e r  paper and p re c ip ita te d  a t



-20®C overn igh t. The c ry s ta ls  were washed w ith  95% e th an o l on a 

Buchner funnel and d ried  under vacuum. Acrylamide was re c ry s ta l l iz e d  

by d isso lv in g  140 g in  Id  chloroform  a t  50®C and f i l t e r in g  through 

Whatman i?l f i l t e r  paper. This was p re c ip ita te d  a t  -20®C overn igh t.

The c ry s ta ls  were washed w ith  cold chloroform  on a Buchner funnel and 

d ried  under vacuum. N,N’-m ethylenebisacrylam ide was re c ry s ta l l iz e d  

from ace tone. Twenty grams were d isso lv ed  in  Id ,  p re c ip ita te d  over­

n ig h t a t  -20®C, washed w ith  co ld  acetone and d ried  under vacuum.

Bovine serum albumin (Cohn f ra c t io n  V ), cytochrome C (type

II-A ), agarose (type 1, low EEC), and chicken egg albumin (grade V) 

were purchased from Sigma Chemical Company (S t.  L ouis, M o.). Human 

gamma g lobu lin  ( f ra c t io n  I I )  was purchased from Pentex (Kankakee, 1 1 1 .).

Nonidet P-40 was purchased from Deutsche Shell-Chemie GmbH 

(Hamburg). Cesium s u lf a te  was p u r if ie d  according to  Szybalski (1968) 

and W ilt (1973). B entonite was purchased from Sigma Chemical Co. and 

p u r if ie d  according to  F raenkel-C onrat, S inger and T sugita  (1961).

Complete F reund's ad juven t was purchased from Difco (D e tro it ,  

M ich .). P ro te in ase  K was obta ined  from E. Merck (D arm stadt). E scheri­

ch ia  C o li , s t r a in  D-10, was a g i f t  from Dr. Leon Unger, U n ivers ity  of 

Oklahoma H ealth Sciences C en ter. Polyribosomes were prepared from la te  

log  D-10 c u ltu re s  by the method o f  Godson and Sinsheim er (1967). RNA 

was is o la te d  from polyribosom al p e l le t s  by d e p ro te in iz a tio n  w ith  

ehloroform -pheriol (80% w/w in  w ater)-isosm yl a lco h o l (95:100:1) 

(Kloppstech and Schweiger, 1975b).



Xenopus la e v is  were purchased from Nasco (F t.  A tkinson,

Wis. ) .

R ad io ac tiv ity  was determ ined by counting in  a Beckman Model 

LS-133 Liquid S c in t i l l a t io n  Spectrom eter. Counts p e r  minute were 

converted to  d is in te g ra tio n s  p e r minute (DPM) by the e x te rn a l standard  

r a t io  method.

Methods

C ulture o f A cetabu laria  m editerranea

Dormant c e l l s ,  1-2 mm long ("K eim linge"), o f A cetabu laria  

m editerranea were m aintained a t  20®C in  M üller's  medium (M üller, 1962) 

in  constan t darkness. The keim linge were illu m in a ted  a t  approxim ately 

3 month in te rv a ls  fo r  3-4 days under standard  cond itions of l i g h t  and 

tem perature (Keck, 1964). Growth of the c e l ls  was in i t i a t e d  by adding 

a suspension o f th e  keim linge s to ck  c u ltu re  con ta in ing  100-200 c e l l s  to  

200 ml o f s t e r i l e  medium in  1 l i t e r  Roux f la s k s .  The f la s k s  were incu­

bated  under s tandard  co n d itio n s . The i n i t i a l  c u ltu re s  were subdivided 

when the c e l ls  reached a leng th  o f 10-15 mm, so th a t  each Roux f la s k  

contained 50-100 c e l l s  in  200 ml o f nœdium. A ll tr a n s fe r s  o r o th e r 

m anipulations o f c e l l s  were performed under a s e p tic  c o n d itio n s .

Standard c u ltu re  cond itions were 21*C in  Sherer RI 24 and RI 

48 in c u b a to rs . L ights were turned on a t  08:00 CST and o f f  a t  20:00 

CST. I llu m in a tio n  was provided by a m ixture of Westinghouse "Cool- 

White" and General E le c tr ic  "Gro-and-Sho" f lu o re sc e n t b u lb s . L igh ts 

were p laced 12-16 cm above the c u ltu re  f la s k s .  Two thousand s ix  hundred
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n in e ty  Lux from the  "Cool-White" and 1345 Lux from th e  "Gro-and-Sho" 

bulbs illu m in a ted  the  c u l tu r e s . Crumpled sh ee ts  of aluminum f o i l  were 

p laced under the c u ltu re  f la s k s  to  enhance il lu m in a tio n .

M üller’s medium, Shephard 's medium (Shephard, 1969) and modi­

f ie d  In s ta n t Ocean were used in  various p o rtio n s  of the re sea rch . The 

com positions of the  th ree  media are  given in  Table 1 . M u lle r 's  medium 

and modified In s ta n t  Ocean were s t e r i l i z e d  by passage through a Mil11- 

pore type AP 25 p r e f i l t e r  and a  M illipo re  type HA f i l t e r .  T w o-lite r 

volumes of Shephard 's medium were autoclaved fo r  25 m inutes a t  121“C.

A standard  v itam in  com position was adopted fo r  use in  a l l  media. One 

ml of f i l t e r - s t e r i l i z e d  standard  vitam in so lu tio n  was added to  each 

l i t e r  o f medium. This v itam in  m ixture contained 300 ug/ml thiamine-HCl, 

20 pg/ml p-am inobenzoate, 10 ug/ml C a-panto thenate , 5 ug/ml b io t in ,  and 

4 ug/ml v itam in  B-12.

The b ic arb o n a te  Ion concen tra tion  in  m odified In s ta n t  Ocean 

was much h ig h er than the o th e r  media. Mature c e l l s  grown in  th is  medium 

developed r ig id ,  calcareous c ru s ts .

I s o la t io n  and C h arac te riz a tio n  o f P ro te in s  

A cetab u la ria  m editerranea c e l ls  were b lo t te d  dry on Whatman 

#1 f i l t e r  paper and weighed. The c e l ls  were resuspended in  a concen­

tr a t io n  of 200 mg p e r  ml o f S tu d ie r (1973) sample b u ffe r  w ithou t bromo- 

phenol b lue  (BPB) (50 mM T r is ,  pH 6 . 8 , 1% SDS, 1% 2-m ercaptoethanol,

2 mM Na2 EDTA and 10% g ly ce ro l)  and homogenized in  a Potter-Elvejehm r 

homogenizer on an ic e  b a th . The homogenate was cen trifu g ed  a t  10,000 xg



TABLE 1 . S y n th e tic  media fo r  A ce tabu laria  m ed ite rranea .
C oncentration o f  a l l  so lu te s  given in  mM.

M ülle r's Shephard 's Modified In s ta n t Oc<

NaCl 475 410 441*
MgSOi, 26.6 48.7 26*
MgClz 23 23.5
CaCl. 13.5 6 .8 9.3*
KCl 9 .8 10 9.5*
TrisZ 8.3
NaECOg 2.4 1.2 7.57*
NaNOg 1.18 0.47 0.472
H3BO3 0.032 0.03 0.4
NaBr 0.185 0.27
S i02 0 . 2*
NaaHPOjt 0.14 0.01
SrClz 0.014 0.09
Na2S i03 0.07
Na2 EDTa3 0.054 0.032 0.00016
LiCl 0.00014 0.029
MnCl2 0.001 0.018
ZnCl2 0.014 0.0003
ZnSO% 0.007
NaF 0.005*
K2HPO4 0.006
MnSOij 0.0038
Na^MoOk 0.0008 0,004 0.004
S2O3 0.0036
FeCls 0.002 0.0005*
AICI3 0.00021 0.0015
Fe(2) C itra te 0.0012
KbCl 0.00013 0.001
Nal 0.0006
VCI2 0.0004
C0CI2 0.00004 0.00001 0.00017
KI 0.00012
CuSOi, 0.000008 0.00001 0.00005

^aNOg (0.47 m m oles/1) was-added to  In s ta n t  Ocean s a l t s  th a t had been 
d isso lv ed  in  U n iv ers ity  o f Oklahoma tap w a te r . The s a l t  concen tra tions 
marked w ith  an a s te r i s k  (*) a re  the sum o f those in  the In s ta n t  Ocean 
p rep ara tio n  and those in  the  tap  w ate r. The tap  w ater an a ly sis  i s  th a t 
repo rted  in  Clemens and Jones (1954).

2
T ris  i s  2 -am ino-2-(hydroxym ethy l)-1 ,3 -propaned io l.

& a2 EDTA i s  ( E th y le n e d in i t r i lo ) te t r a a c e t ic  a c id , disodium s a l t .
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fo r  10 min. a t  0“C. Low m olecular w eight m a te ria ls  which in te r fe re d  

w ith e le c tro p h o re tic  sep a ra tio n  were removed from the supernatan t by 

g e l f i l t r a t i o n .  Small sample volumes (1-3 ml) were app lied  to  a 15 x 

60 mm column of Sephadex G-25 Medium th a t  had been e q u ilib ra te d  w ith 

S tu d ie r b u ffe r  w ithout BPB. Larger samples (3-8 ml) were app lied  to 

a 15 X 150 mm column. The e f f lu e n t of the column was monitored a t  

280 nm w ith an Isco UA-5 Absorbance îfcn ito r and Type 6 O p tica l U nit 

(Instrum en tation  S p ec ia lty  Co., L inco ln , N eb .). The peak th a t e lu te d  

in  the void volume was c o l le c te d . T r ic h lo ra c e tic  ac id  (TCA) was added 

to  a f in a l  concen tra tion  of 10% (w/w) and the sample was l e f t  overn igh t 

a t  4°C. The p re c ip i ta te  was c o lle c te d  by c e n tr ifu g a tio n  a t  10,000 xg 

fo r  10 min. a t  0*C. The p r e c ip i ta te  was washed 4 times w ith  95% 

e th a n o l, tw ice w ith acetone and tw ice w ith  d ie th y l e th e r .  The e th e r  

was removed under vacuum. The p ro te in s  were then s to red  a t  -70“C.

Xenopus la e v is  oocytes were homogenized by suspending 25 

oocytes in  1 ml of S tu d ie r b u f fe r  w ithou t BPB and fo rc in g  the  suspen­

sio n  through a 1" 23 ga n eed le . The homogenate was then cen trifu g ed  

a t  13,000 rpm in  a Beckman Model 152 M icrofuge. The su p em a ten t was 

c a re fu lly  p ip e tte d  o f f ,  avoiding the  yo lk  p la te l e t s  a t  the  m eniscus, 

and made 10% (w/w) w ith  re sp e c t to  TCA. The rem ainder of th e  procedure 

was id e n t ic a l  to  th a t  fo r  A ce tabu laria  m ed ite rran ea .

Polyacrylam ide ge l e le c tro p h o re s is  sep a ra tio n s  were made on 

10 X 13 cm s lab s  using the appara tus designed by S tu d ie r (1973). Pro­

te in s  were separa ted  w ith  the  continuous b u ffe r  system  (25 mM T r is ,  192 

mM g ly c in e , pH 8 .3 , 2 mM Nag EDTA, 0.1% SDS) o f Laemmli (1970). Gels
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of 7.5%, 10% and 12% acrylam ide were prepared w ith  3% acrylam ide 

s tack ing  g e ls .  A naly tica l sep a ra tio n s  were made on 1.1 mm th ic k  g e ls . 

P rep a ra tiv e  sep a ra tio n s  were made on 3 mm th ic k  g e ls .

TCA -precipitated p ro te in s  were d isso lved  in  S tu d ie r sample 

b u f fe r , p laced in  Beckman m icrofuge tubes and heated in  a b o ilin g  

w ater ba th  fo r  2-5 m inutes. The samples were cen trifu g ed  a t  13,000 

rpm fo r  2 m inutes. A m ixture of bovine serum albumin (300 pg /m l), 

human gamma g lobu lin  (1 mg/ml), chicken egg albumin (1 mg/ml) and 

cytochrome C (400 pg/ml) was used as a m olecular w eight s tan d ard . An 

a p p ro p ria te  volume (10-30 p i)  of th i s  m ixture was run on every g e l.

E lec tro p h o resis  was c a rr ie d  ou t a t  30-40 mA. The run was

u su a lly  term inated  when th e  BPB band reached the  lower edge o f the  g e l .

P ro te in  bands were s ta in ed  in  Coomassie B r i l l i a n t  Blue R250 a t  room

tem perature according to M aizel (1971) and desta ined  e le c tro p h o re t i-  

c a l ly .  R adioactive p ro te in s  were de tec ted  by fluorography (Bonner and 

Laskey, 1974; Laskey and M ills ,  1975). S tained  ge ls  and fluorography 

film s were scanned w ith  an Isco  model 1310 gel scanner.

Radioisotope Labeling of Macromolecules 

F resh ly -prepared  M ü lle r 's medium was found to  provide the  

h ig h e s t r a te  o f in co rp o ra tio n  o f lab e led  p recu rso rs  in to  macromole­

c u le s . One-half gram of keim linge was placed in  20 ml of in co rp o ra tio n  

medium contained in  100 ml m ilk d ilu tio n  f la s k s .  The in co rp o ra tio n  

medium contained 5-10 pCi/ml of % -lab e led  p recu rso rs  and /or 1-2 pCi/ml 

o f ^‘*C-labeled p recu rso rs . Older c e l l s  were tre a te d  s im ila r ly  except
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th a t  they were incubated in  10 ml o f in co rp o ra tio n  medium. Incorpora­

tio n  was term inated  by washing the  c e l ls  3 times w ith  a to t a l  of 100 

tel o f fre sh ly -p rep ared  M u lle r 's  medium con tain ing  a 30-100 fo ld  excess 

(0 .2  teg/tel) o f unlabeled p re c u rso r .

Is o la t io n  of Messenger R ibonucleoproteins and 
Messenger R ibonucleic Acids

A cetabu laria  m editerranea keim linge and c e l l s  5 mm long were 

lab e led  fo r  28 hours, s ta r t in g  2 hours a f te r  the beginning of th e  

l i g h t  p e rio d , in  the  presence of ^E -urid ine and l^C -leu c in e . Messen­

ger ribon u c leo p ro te in s  were is o la te d  using m odifica tions of G reenberg 's 

(1977) techn ique. C ells  were resuspended a t  a co ncen tra tion  o f 0 .3  g 

per ml in  sample b u ffe r  A (50 mM T r is ,  pH 7 .3 , 30 mM KCl, 2 mM MgSOi*,

2 mM 2-m ercaptoethanol, 0.5% Nonidet P-40, 0.1% b e to n ite  and 10% (v/v) 

g ly ce ro l)  and homogenized in  a P otter-E lvejehm  homogenizer on an ic e  

b a th . The homogenate remained on ic e  fo r  5 min. and was then c e n t r i ­

fuged a t  10,000 xg fo r  10 min. a t  0®C in  polycarbonate tu b es. The 

su p em aten t volume was ad ju sted  to  3.54 ml by the ad d itio n  of CS2SO4 

g rad ie n t b u ffe r  (50 mM T r is ,  pH 7 .5 , 30 mM KCl, 2 mM MgSOj,, 0.01% 

Nonidet P-40 and 15% (v /v) dim ethyl s u lfo x id e ) . The d ilu te d  supem a­

te n t  was brought to  a f in a l  volume of 5 .9  ml by the ad d itio n  of 1.69 

molal CS2SO1, d isso lved  in  g ra d ie n t b u f fe r .  This so lu tio n  was then 

layered  over 5 .9  ml of 1.69 m olal CS2SO4 in  13.5 ml polyallom er tubes. 

The tubes were cen trifu g ed  fo r  30 hours a t  45,000 rpm a t  25"C in  the 

Beckman Type 65 ro to r .  The bottom of the tubes was punctured and the
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g rad ie n ts  were d isp laced  by In je c tio n  o f 0 .4  ml volumes of m ineral 

o i l  d e liv e red  w ith  a Hamilton Repeating D ispenser (Hamilton Co.,

Reno, Nevada). Five o r 10 p i of each f ra c t io n  and 50 p i of 1 N HCl 

were added to  5 ml Aquasol. The d en sity  of each f ra c t io n  was d e te r ­

mined by weighing 100 p i a liq u o ts  on an a n a ly tic a l ba lan ce . The 

g rad ien t f ra c tio n s  were s to re d  a t  -70®C w hile the  l iq u id  s c i n t i l l a ­

tio n  counting was perform ed.

G radient f ra c t io n s  con ta in ing  mRNP were pooled and d ilu te d  

50-fo ld  w ith 10 mM T ris  b u f fe r ,  pH 7.5 con ta in ing  500 mM KCl and 1 mM 

MgClg. The mRNP was separa ted  in to  2 f ra c tio n s  by f i l t e r i n g  through 

n i t ro c e l lu lo s e  f i l t e r s  (Greenberg, 1977). The n i t r o c e l l u lo s e - f i l t e r -  

bound RNP was e lu te d  from the f i l t e r  by shaking fo r  30 min. w ith  2 

changes of 5 ml o f 0.5% SDS and 200 pg/ml p ro te in ase  K. The RNP was 

d ep ro te in ized  w ith  chloroform -phenol-isoam yl a lc o h o l. The RNA was 

p re c ip ita te d  fo r  2 h r s .  a f t e r  the a d d itio n  of 650 pg o f E. c o l i  

ribosom al RNA by the a d d itio n  o f 2 volumes o f 95% ethano l con ta in ing  

0 .2  M sodium a c e ta te  a t  -20“C. The p r e c ip i ta te  was c o lle c te d  by 

c e n tr ifu g a tio n  a t  16,000 xg fo r  10 min. a t  0*C. The RNA p e l l e t  was 

d rained  and s to re d  a t  -70°C.

O ne-tenth volume of 1% SDS and 200 pg/ml p ro te in a se  K was 

added to  the f i l t r a t e  s o lu tio n . This was then concen tra ted  4 0 -fo ld  by 

d ia ly s is  a g a in s t s a tu ra te d  po lyethy lene g lyco l (m olecular w eight range: 

6000-7500) d isso lved  in  10 mM T ris  b u f fe r ,  pH 7 .5 , con ta in ing  500 mM 

NaCl and 1 mM MgCl2 » The in s id e  o f the d ia ly s is  bag was washed w ith  4 

volumes o f g la ss  d i s t i l l e d  w ater and the washings added to  the concentrated
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RNP s o lu tio n . This p rep a ra tio n  was then depro te in ized  and p re c ip ita te d  

w ith  e th an o l.

M icro in jec tion  o f Xenopus Oocytes 

Each experim ent u t i l iz e d  oocytes from the same Xenopus 

la e v is  fem ale. Oocytes were in je c te d  w ith 50-80 n l  of mRNA d is ­

so lved  in  B a rth 's  medium (Barth and B arth , 1959 and Gurdon, 1968).

Each mRNA sangle was in je c te d  in to  10 oocytes (Gurdon, Lane, Woodland 

and M arbaix, 1971). Control oocytes were in je c te d  w ith  B a rth 's  medium 

o r E. c o l i  rRNA. The oocytes were incubated fo r  24 h r s .  a t  21*C in  

2 ml d isposab le  beakers covered w ith  co v ers lip s  and sealed  w ith s il ic o n e  

g rease . Each beaker contained 100 p i o f B a rth 's  medium conta in ing  100 

pCi/ml of % -phenyla lan ine n e u tra liz e d  w ith 0 .1  N NaOH.

D eterm ination of S ite  of Synthesis of mRNP 

Enucleated fragm ents from c e l ls  20-25 mm long were prepared 

by l ig a t in g  and am putating the rh iz o id  and 5 mm of the  a p ic a l end. 

N ucleated c o n tro l c e l ls  had only the  ap ic a l 5 mm am putated. The c e l ls  

were allowed to  recover o v e rn ig h t. Both types o f c e l ls  were incubated 

fo r  28 h r s .  in  the  presence of 5 pCi/ml % -u rid in e  and 40 pg/ml 

rifam pin  beginning one hour a f te r  th e  onset of the  l ig h t  phase. The 

c e l l s  were homogenized and sub jec ted  to  Cs2S0% isopycn ic  d en s ity  g rad i­

en t c e n tr ifu g a tio n  as d esc rib ed .

P rep a ra tio n  and Use of Immimoadsorbant 

The MY p ro te in  from 3 .8  g o f mature (30-35 mm) A cetabu laria
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m editerranea c e l ls  was is o la te d  by p re p a ra tiv e  polyacrylam ide gel 

e le c tro p h o re s is  on 7.5% g e ls ,  followed by sep a ra tio n  on 12% g e ls .

The p ro te in  was recovered from the 7.5% g e ls  by homogenization in  10 

volumes of S tu d ie r b u ffe r  (con ta in ing  one-ten th  the  normal concentra­

tio n  of SDS and w ithout BPB). The gel fragm ents were removed by 

c e n tr ifu g a tio n  a t  16,000 xg fo r  10 min. a t  0“C. The su p em aten t was 

then ly o p h iliz ed . The same procedure was used to  recover the  p ro te in  

from the 12% g e ls ,  except 20 mM T ris  b u f fe r ,  pH 7.4 was used.

One hundred th i r ty  m illigram s of ly o p h iliz e d  MY p ro te in  was 

is o la te d  and resuspended in  3.2 ml of 0.15 M NaCl. This was d iv ided  

in to  0 .8  ml a liq u o ts  and s to re d  a t  -70*C. J u s t  befo re  in je c t io n ,  0 .8  

ml o f fresh ly-thaw ed p ro te in  s o lu tio n  was mixed in  a Potter-E lvejehm  

homogenizer w ith  0 .8  ml 0.15 M NaCl and 1 .6  ml o f complete F reund 's 

ad juvan t.

One ml of th is  m ixture was In je c te d  in to  each o f 3 dom estic 

ra b b its  (Oryctolagus s p . ) .  The f i r s t  in je c t io n  was made subcutaneously 

d o rsa l to  the p e c to ra l g ird le .  The second in je c t io n  was given sub­

cutaneously  d o rsa l to  the  p e lv ic  g ird le  6 days l a t e r .  Three days a f te r  

the l a s t  in je c t io n ,  1 .5  ml o f blood was removed from each ra b b it  and 

te s te d  fo r  the  presence o f antibody u sing  an in t e r f a c i a l  p re c ip ita t io n  

t e s t  (Kwapinski, 1972). Ten days a f t e r  th e  f i r s t  in je c t io n ,  15 ml of 

blood was removed by ca rd iac  puncture from ra b b its  th a t  showed a p o s i­

t iv e  re a c tio n  fo r  an tibody . F if te e n  ml o f blood was a lso  removed from 

an u n in jec ted  co n tro l r a b b i t .
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Inso lub lè  immunoadsorbants were prepared from the ra b b it  

a n t is e ra  (Avrameas and Tem ynck, 1969). T ritium -labe led  p ro te in s  

(20 p i o r 50 p i) produced in  Xenopus oocytes in je c te d  w ith Acetabu­

la r i a  m editerranea mRNA were mixed w ith  immunoadsorbant (14 mg o r 

70 mg) in  1.5 ml microfuge tu b es. The m ixture was shaken fo r  30 min. 

a t  room te n çe ra tu re  and cen trifu g ed  fo r  2 min. in  the Beckman micro­

fuge. The su p em aten t was decanted and saved. The p e l le t  was washed 

tw ice w ith a volume o f b u ffe red  s a lin e  (150 mM NaCl in  10 mM T ris 

b u f fe r ,  pH 7.4) equal to  the  o r ig in a l  volume. Unbound ra d io a c tiv ity  

was determined by combining a l l  supernatan ts  and counting in  10 ml of 

Aquasol.

S pecifica lly -bound  an tigen  was e lu ted  from the immunoadsorbant 

by washing th ree  times w ith  one volume o f 100 mM g lyc ine  b u f fe r ,  pH 

2 .8 . The e lu a te  was counted in  10 ml of Aquasol.



CHAPTER I I I

RESULTS

Growth of A ce tabu laria  m editerranea

C ells grew most rap id ly  in  M u lle r 's  medium. C ells  a tta in e d  

a len g th  of 5 mm in  10-14 days, a leng th  of 15 mm in  30-35 days, and

a len g th  o f 30 mm in  60-70 days. Gametotangia (mature caps) were

w ell formed by 70-80 days and were f i l l e d  w ith  gam ete-bearing cysts

a f t e r  80-90 days.

I s o la t io n  and C h a ra c te riz a tio n  o f P ro te in s  

F igure 1 shows a ty p ic a l c a l ib ra t io n  curve fo r  m olecular 

w eight e s tim a tio n . SDS-polyacrylamide g e l e le c tro p h o re s is  was c a rr ie d  

out on 10% g e ls  fo r  th is  f ig u re .  F igure 2 shows the p ro te in s  from 

A cetabu laria  m editerranea c e l l s  of 15 mm and 30 mm in  le n g th . These 

p ro te in s  were separated  on 10% SDS-polyacrylamide g e ls  and s ta in e d  

w ith  Coomassie B lue. F igure 3 shmjs the p ro te in s  from c e l ls  of 5 mm, 

15 mm and 30 mm in  len g th  th a t  were la b e led  w ith  % -le u c in e . These 

p ro te in s  were separated  on 10% SDS-polyacrylamide ge ls  and f lu o ro -  

graphed.

17
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F igure 1

C a lib ra tio n  curve fo r  m olecular w eight e s tim a tio n . M olecular w eight 
standards are  bovine serum albumin (BSA) = 68,000; human gamma g lo b u lin  
heavy chain (HGGh) = 55,000; chicken egg albumin (OA) = 43,000; human 
gamma g lobu lin  l ig h t  chain (HGGl) = 25,000; and cytochrome C (CYT C) =
12,000. Equation of b e s t f i t  l in e  i s :  log Ml̂  = -1,351 (Rf) + 5.279;
( r  = 0 .997).
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Scan of Coomassie B lu e-sta ined  p ro te in s  from A cetabu laria  m ed iterranea . 
Upper curve: p ro te in  from c e l ls  15 mm long. Lower curve: p ro te in  from 
mature c e l ls  (30 mm lo n g ) . The arrow in d ic a te s  the p o s itio n  of the MY 
p ro te in .
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Figures 2 and 3 show the  presence of a unique p ro te in ,  

designated  MY, in  the o ld e r c e l l s .  No tra c e  o f th is  p ro te in  was found 

in  5 mm c e l l s . There was a low r a te  o f sy n th es is  and a b a re ly  d e te c t­

ab le  concen tra tion  of the MY p ro te in  in  15 mm c e l l s .  The MY p ro te in  

has a m olecular weight o f 51,000.

F igure 7 shows the p ro te in s  from in je c te d  Xenopus la e v is  

oocytes th a t were lab e led  w ith % -phenylalan ine and fiuorographed .

The high endogenous p ro te in  sy n th es is  of the oocytes i s  ev iden t from 

the co n tro l in je c te d  oocy tes. There i s  an endogenous Xenopus p ro te in  

which m igrates co inciden t w ith  the MY p ro te in  in  e le c tro p h o re s is .

I s o la t io n  of Messenger R ibonucleoproteins 
and Messenger R ibonucleic Acids

The PNPs is o la te d  from 20-25 mm long enucleated  c e l ls  and 

nuclea ted  co n tro l c e l ls  a re  shown in  F igure 4 . Inco rpo ra tion  o f % - 

u rid in e  in to  ribosomal RNA was in h ib ite d  by the use o f rifam pin  a t  

20 pg/m l. A la rg e  peak of a c t iv i ty  (d en sity  = 1 .3 3  g/ml) was found in  

the nucleated  co n tro l c e l l s .  Greenberg (1977) found mRKP from mouse 

L -c e lls  to  have a d ensity  o f 1 .3 -1 .5  g/ml under s im ila r  co n d itio n s .

The BÎTPs is o la te d  from keim linge and 5 mm c e l l s  a re  shown in  

F igures 5 and 6 , re sp e c tiv e ly . RNP was lab e led  w ith  ^H -uridine and ^’*C- 

le u c in e . The CS2SO1, d en s ity  g ra d ie n t c e n tr ifu g a tio n  s t r ip s  p ro te in s  

from ribosomal RNA. mRNP p a r t ic le s  remain I n ta c t  under these  co nd itions . 

R adioactive la b e l inco rp o ra ted  in to  ribosom al p ro te in s  was found near 

the meniscus a f te r  c e n tr ifu g a tio n  (d en s ity  = 1 . 1- 1.2  g/ml) and la b e l
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Figure 3

Scans o f fluorographs of ^H-labeled p ro te in s  from A cetabu laria  
m ed ite rran ea . A = mature c e l l s  (30 mm lo n g ). B = 15 mm long c e l l s .  
C = 5 mm long c e l l s .  The arrow in d ic a te s  the p o s itio n  of the MY 
p ro te in .
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Isopycnic CS2SO4 d en sity  g ra d ie n t c e n tr ifu g a tio n  of RNP from 
keim linge. P ro te in  i s  la b e led  w ith  ( — 9 — @ . RNA i s
lab e led  w ith % ( —§— 3—> ) .



24

b

û .
O

X
fO

25
12

1 0 20

8

6

4

2
r «

1 0 2 0 3 0

I
O

û.
o

£
1.6 f  

1.4 >-

Lü

F R A C T I O N  NUMBER
Figure 6

Isopycnic CS2SO4 d ensity  g rad ien t c e n tr ifu g a tio n  of ENP from 5 mm 
c e l l s .  P ro te in  i s  lab e led  w ith ( —®— @ — ) . KNA i s  lab e led
w ith  ®— e— ) .
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in co rpo ra ted  in to  ribosom al RNA i s  found near the p o s itio n  of pure 

RNA (1 .57 g /m l). mRNP p a r t ic le s  are  found in  the density  range o f 

1 .3 -1 .5  g/ml (Greenberg, 1977). F igures 5 and 6 both show peaks of 

a c t iv i ty  corresponding to  p ro te in ,  mRNP and ribosom al RNA. F igures 

5 and 6 d i f f e r  in  the h e te ro g en e ity  of the mRNP f ra c t io n .

F rac tions  10-18 of F igure 5 were pooled. F rac tions 6-22 of 

F igure 6 were a lso  pooled. The RNP was f ra c tio n a te d  by b inding to  a 

n i t r o c e l lu lo s e  f i l t e r .  RNP th a t  bound to  the n i t ro c e llu lo s e  f i l t e r  

was designated  f i l t e r  (+ ). RNP th a t  did n o t bind to  the f i l t e r  was 

designated  f i l t e r  ( - ) .  The RNA from both types of RNP was is o la te d  

by d e p ro te in iz a tio n .

P ro te in  Syn thesis in  Xenopus Oocytes

Xenopus oocytes were in je c te d  w ith  f i l t e r  (+) RNA, f i l t e r  

( - )  RNA and Ê . c o l i  rRNA o r B a r th 's  medium as a c o n tro l. The Acetab­

u la r i a  m editerranea RNA in je c te d  in  th is  experiment was ob ta ined  from 

c e l l s  5 mm long . P ro te in  w ith  a m olecular w eight equal to  th e  MY 

p ro te in  i s  apparent in  the in je c te d  o o cy tes. However, in  the co n tro l 

th e re  i s  a low le v e l of in co rp o ra tio n  o f r a d io a c tiv ity  in to  an endo­

genous Xenopus p ro te in  o f the same m olecular w eight.

P rep ara tio n  and Use of Immunoadsorbant

Three ra b b its  were in je c te d  w ith  p u r if ie d  MY p ro te in .  Two 

ra b b its  developed anti-MY a n tib o d ie s , as in d ica te d  by an in t e r f a c i a l  

p r e c ip i ta t io n  t e s t .  Blood was removed again the follow ing day in
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Figure 7

Scan of fluorograph  of ^H-labeled p ro te in s  from in je c te d  Xenopus 
la e v is  oocy tes. Upper curve: in je c te d  w ith f i l t e r  (+) RNA. Middle 
curve: in je c te d  w ith  f i l t e r  ( - )  RNA. . Lower curve: in je c te d  w ith  
B a rth 's  medium (c o n tro l) .  The arrow in d ic a te s  the p o s itio n  of 
p ro te in s  w ith  MW = 51,000.
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la rg e  q u a n tity  and again te s te d  fo r  anti-MY antibody. One r a b b i t 's  

serum was found to  con ta in  a s a t i s f a c to ry  t i t e r  o f  anti-MY antibody . 

Blood was removed from an u n in jec te d  r a b b it  fo r  use as a c o n tro l serum.

Immunoadsorbants made from each serum were mixed w ith  Xenopus 

oocyte p ro te in s  produced a f t e r  in je c tio n  o f f i l t e r  (+) RNA, f i l t e r  ( - )  

RNA and B a r th 's  medium. The RNA from th e  keim linge RNP was in je c te d  

in to  Xenopus oocytes w ithout f ra c t io n a t io n  in to  f i l t e r  (+) and f i l t e r  

( - ) .  The p ro te in s  produced were mixed w ith  both types of immunoad­

so rb an t. Table 2 shows the r e s u l t s  of a l l  the immunoadsorbant b inding 

experim ents.

Two p ercen t o r le s s  o f the  in p u t ra d io a c t iv i ty  of p ro te in s  

is o la te d  from oocytes th a t  had been in je c te d  w ith  B a rth 's  medium or 

keim linge RNA was bound to  the  anti-MY an tiserum . P ro te in s  is o la te d  

from f i l t e r  (+) -  and f i l t e r  ( - )  -  in je c te d  oocytes bound s p e c if ic a l ly  

to  th e  anti-MY antiserum  a t  le v e ls  exceeding 10% o f th e  in p u t rad io ­

a c t iv i ty .

The a f f in i ty  o f the p ro te in s  tra n s la te d  from f i l t e r  (+) RNA 

was 55 tim es g re a te r  fo r  the  anti-MY antiserum  than fo r  th e  co n tro l 

an tiserum . I t s  a f f in i ty  fo r  anti-MY antiserum  was 10 times g re a te r  

than th a t o f p ro te in s  from c o n tro l oocy tes. The average a f f in i ty  of 

th e  p ro te in s  tr a n s la te d  from f i l t e r  (-)  RNA fo r  the anti-MY antiserum  

was 6 .1  tim es g re a te r  than fo r  th e  c o n tro l serum. I t s  a f f in i ty  fo r  

anti-MY antiserum  was 13.4 times g re a te r  than th a t  of p ro te in  from 

c o n tro l oocy tes. P ro te in s  tr a n s la te d  from keim linge RNA showed no
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TABLE 2. Binding o f MY p ro te in  to  immunoadsorbant.

Oocytes

TmmUnO™
adsorbent

B a r th 's
in je c te d

Run 1 Ron 2

F i l t e r  (+) F i l t e r  (-)  
in je c te d  in je c te d

Run 1 Run 2

Keimlinge RNA 
in je c te d

Run 1 Run 2

Inp u t r a d io a c t iv i ty  (DPM)

965 1040 876 1068 1075 1474 1272

Unbound r a d io a c t iv i ty  (DPM)

anti-MY 430 602 460 420 732 355 487
co n tro l 395 594 370 353 639 337 524

S p ec ifica lly -b o u n d  r a d io a c t iv i ty (DPM)

anti-MY 3 19 96 183 132 12 25
co n tro l 15 5 2 23 30 12 24

P ercen t of in p u t bound

anti-MY 0.3  1.8 11.0 17.1 12.3 0 . 8  2.0
co n tro l 1 .6  0.5 0.2  2.2  2.8 0 .8  1 .9

F i l t e r  (+) was th e  FNA from the  RNP th a t  bound to  a n i t r o ­
c e llu lo s e  f i l t e r .

F i l t e r  ( - )  was th e  RNA from th e  RNP th a t  d id  n o t b ind  to  a 
n i t r o c e l lu lo s e  f i l t e r .
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s p e c if ic  a f f in i ty  fo r  the anti-MY antiserum  ( r a t io  of ra d io a c tiv ity  

bound to  anti-MY antiserum  to  r a d io a c tiv ity  bound to  co n tro l =

1 .0- 1. 1).

A s ig n if ic a n t  f ra c t io n  of the inpu t ra d io a c tiv ity  was no t 

recovered in  the combined ra d io a c tiv i ty  o f the  unbound m a te ria l and 

the bound and e lu ted  r a d io a c t iv i ty .  This f ra c t io n  probably rep re sen ts  

n o n -sp e c if ic a lly  bound ra d io a c tiv i ty  and s p e c if ic a l ly  bound ra d io ­

a c t iv i ty  th a t  was no t e lu te d  (Avrameas and Temynck, 1969).



CHAPTER IV

DISCUSSION

The MÏ p ro te in  has the  p ro p e rtie s  necessary  to  t e s t  the 

hypothesis o f long-term  sto rag e  o f g en e tic  in form ation  in  the cy to­

plasm . I t  i s  undetectab le in  c e l ls  5 mm long o r younger. I t  occurs 

in  the h ig h e s t concen tra tion  and i s  syn thesized  a t  the  h ig h e s t ra te s  

in  o ld e r  c e l l s .  The l in e a r  response o f pre-exposed x -ray  film s in  

the fluo rog raph ic  d e tec tio n  o f ra d io a c tiv i ty  provides a means of 

a ccu ra te ly  measuring the  r a te  o f sy n th es is  (Laskey and M ills , 1975).

R ibonucleoprotein p a r t ic le s  capable of d ire c tin g  the  sy n th esis  

of the MÏ p ro te in  are found in  young c e l ls  which do no t syn thesize  the 

MÏ p ro te in . No s ig n if ic a n t  in co rp o ra tio n  o f % -u rid in e  in to  RNP was 

found in  enu c lea te  c e l l s .  N ucleated c e l l s ,  on the  o th e r hand, had 

h igh le v e ls  o f in co rp o ra tio n  o f % -u rid in e  in to  RNP w ith  a buoyant 

d en s ity  o f 1 .3  g /m l. The occurrence o f MY p ro te in - s p e c if ic  ribonucleo­

p ro te in  p a r t i c le s  i s  th e re fo re  nucleus dependent.

Isopycnic CS2SO4 d en sity  g rad ien t c e n tr ifu g a tio n  d is so c ia te s  

ribosomes in to  ribosomal core p a r t ic le s  ( e s s e n tia l ly  bare rRNA, buoyant 

d en s ity  = 1.57 g/ml) and fre e  ribosom al p ro te in s  (buoyant d en sity  = 1.1- 

1 .2  g /m l). O ther RNPs, presumably messenger RNPs, a re  more r e s is ta n t
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to  d is so c ia tio n  by high CszSO^ co n cen tra tio n s  and are  found in  the 

d en sity  range of 1 .3  -  1 .5  g/ml (G reenberg, 1977). In  g rad ien ts  

con tain ing  homogenates from keim linge and 5 mm long c e l l s ,  peaks o f 

ra d io a c tiv ity  corresponding to  ribosom al core p a r t i c le s  and ribosom al 

p ro te in s  were found. Both % and *̂*0 r a d io a c tiv ity  were d is tr ib u te d  

in  a s e r ie s  o f peaks in  the d en s ity  range o f 1.28 -  1.5 g/m l. Thus 

these  peaks con tain  both FNA and p ro te in .  They must re p re se n t a 

s ta b le  a sso c ia tio n  of FNA and p ro te in  (v iz , FNP) s in ce  the  buoyant 

d en s ity  of f re e  FNA and f re e  p ro te in  i s  s ig n if ic a n t ly  d if f e r e n t  from 

th e  observed d en sity  o f 1.28 -  1 .5  g/ml (Greenberg, 1977).

The d is tr ib u t io n  o f ra d io a c t iv i ty  in  th i s  reg ion  o f the 

g rad ien ts  was heterogeneous and q u ite  d i f f e r e n t  in  c e l l s  o f d i f f e r e n t  

ages. H eterogeneity  o f m essenger-contain ing  FNPs would be expected -  

corresponding to  the  d iv e rs i ty  o f p ro te in s  th a t  a re  syn thesized  by 

the c e l l .  I t  i s  a lso  reasonable to  expect a d iffe re n c e  in  the  oHKPs 

found in  c e l ls  of d i f f e r e n t  ages. The types and numbers o f p ro te in s  

requ ired  i s  presumably d if f e r e n t  during d if f e r e n t  s tag es  o f development.

The MY p ro te in  was sy n thesized  in  oocytes in je c te d  w ith  

f i l t e r  (+) ENA and f i l t e r  ( - )  FNA from the  5 mm long c e l l s .  There was 

a low le v e l o f sy n th es is  o f an endogenous Xenopus p ro te in  o f M57 =»

51,000. Thus the unequivocal id e n t i f ic a t io n  o f  the MY p ro te in  by SDS- 

PAGE was not p o ss ib le .

The occurrence o f MY p ro te in  messenger a c t iv i ty  in  both  the 

f i l t e r  (+) FNA and f i l t e r  ( - )  FNA was s u rp r is in g .  I t  was expected th a t
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a l l  the messenger a c t iv i ty  would be found in  RNP bound to  the n i t r o ­

c e llu lo s e  f i l t e r  (Greenberg, 1977). I t  seems u n lik e ly  th a t th e re  

e x is t  two fu n c tio n a lly  d if f e re n t  mRNPs fo r the same p ro te in .  A 

p la u s ib le  exp lanation  fo r  MY p ro te in  messenger a c t iv i ty  in  both  

f i l t e r  (+) RNA and f i l t e r  ( - )  RNA i s  th a t  the n i t ro c e l lu lo s e  f i l t e r  

became s a tu ra te d  w ith RNP and the a d d itio n a l RNP was unable to  bind 

and thus would be found in  the  f i l t r a t e  s o lu tio n . Or, perhaps the 

s p e c if ic  a f f in i ty  of n i t r o c e l lu lo s e  f i l t e r s  fo r  RNP i s  no t abso lu te  

(In fa n te  and Nemer, 1968).

P ro te in s  is o la te d  from homogenates of Xenopus oocytes 

in je c te d  w ith  f i l t e r  (+) RNA and f i l t e r  (-)  RNA from 5 mm long c e l ls  

bind s p e c if ic a l ly  to  immobilized ra b b it  anti-MY antibody. These r e s u l t s  

unequivocally  e s ta b l is h  the  presence o f the MY p ro te in  in  these  homo­

g en a te s . No MY p ro te in  was sy n thesized  in  oocytes in je c te d  w ith  keim­

lin g e  RNA.

A s ig n if ic a n t  f ra c t io n  of the  in p u t ra d io a c tiv ity  was i r r e ­

v e rs ib ly  bound to  both immunoadsorbants. Avrameas and Temynck (1969) 

have noted  th a t  immunoadsorbants made from u n frac tio n a ted  antiserum  

have a h igh  le v e l of n o n -sp e c if ic  b in d in g . These observations were 

made in  procedures which used p u r if ie d  an tigen  p re p a ra tio n s . The a n t i ­

gen p rep a ra tio n s  which contained the MY p ro te in  were derived  from whole 

c e l l  homogenates of Xenopus oocytes and were thus extrem ely complex 

m ixtures of many p ro te in s . The q u a n tity  of MY p ro te in  in  the homo­

genates i s  very sm all (a maximum estim ate  i s  17 ng/m l, assuming the
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MÏ p ro te in  con ta ins 5% phenylalan ine and a l l  the  phenylalan ine was 

% -la h e le d  a t  100% iso to p ic  enrichm en t). T here fo re , the ir r e v e r s ib ly  

bound ra d io a c t iv i ty  can be a t t r ib u te d  to  p ro te in  o th e r than the MY 

p ro te in .

The r e s u l ts  p resen ted  here dem onstrate th a t  g enetic  re g u la tio n  

in  A ce tab u la ria  may occur a t  the  le v e l  o f t r a n s la t io n .  Models of regu­

la t io n  of p ro te in  sy n th e s is  th a t  d ea l w ith  c o n tro l a t  the  t r a n s c r ip ­

t io n a l  le v e l ,  such as the Jacob and Mbnod (1961) "o p era to r model", can 

have no re levance to  enuclea te  c e l l s .  The unique c h a ra c te r is t ic s  o f 

A ce tab u la ria  make i t  an id e a l  model system  fo r  in v e s t ig a t in g  a l te rn a t iv e  

mechanisms o f re g u la tio n . Spencer and H arris  (1964) found th a t  the 

a c t iv i t y  o f an a lk a lin e  phosphatase enzyme (pH 12 enzyme) was inc reased  

j u s t  p r io r  to  cap form ation in  en u c lea te  as w e ll as in ta c t  c e l l s .

They concluded th a t  " th e  cytoplasm  of A ce ta b u la ria  con tains independent 

mechanisms. . .  fo r  the  continuous re g u la tio n  o f sy n th e s is  over a perio d  

o f  w eek s" . They suggested th a t  such mechanisms may re p re se n t a genera l 

phenomena. These r e s u l t s  g ive some in d ic a tio n  o f th e  p o ssib le  n a tu re  

o f th e se  independent cytoplasm ic mechanisms. Although re g u la tio n  a t  

th e  t r a n s c r ip t io n a l  le v e l  has been unequ ivocally  dem onstrated in  

eucaryo tes (Rowe and Wyngaarden, 1966 and M artin  and Owen, 1972), i t  i s  

c le a r ly  no t the  only means and p robably  n o t th e  p r in c ip le  mechanism o f 

re g u la tio n  in  these  c e l l s .



SUMMARY

P ro te in s  from A cetabu laria  m editerranea c e l l s  5 mm, 15 mm 

and 30 mm long were sep ara ted  by SDS-PAGE. A p ro te in ,  designated  MY, 

of MW = 51,000 was found to  occur only in  o ld e r c e l l s .  This p ro te in  

was is o la te d  and p u r if ie d  by p rep a ra tiv e  SDS-PAGE. An anti-MY a n t i ­

body was produced in  r a b b i t s .

RNPs were Is o la te d  from keim linge and 5 mm long c e l l s .  The 

RNPs were of density  =» 1.25 -  1.5 g/ml in  CsgSO^. RNA was is o la te d  

from these  RNPs and in je c te d  in to  Xenopus la e v is  oocy tes. MY p ro te in  

produced by tra n s la t io n  o f the  A cetabu laria  m editerranea mRNA in  

Xenopus oocytes was d e tec ted  by SDS-PAGE and re a c tio n  w ith  an anti-MY 

immunoadsorbant, Keimlinge mRNA did  no t d ir e c t  the  sy n th es is  o f MY 

p ro te in . mRNA from 5 mm long c e l ls  was e f fe c t iv e  in  d ire c tin g  the 

sy n th es is  o f MY p ro te in .

These r e s u l t s  dem onstrate the long-term  cytoplasm ic s to rag e  

of g en e tic  inform ation  in  A ce tabu laria  and suggest th a t  g en e tic  reg u la ­

tio n  in  A cetabu laria  may occur a t  the le v e l of t r a n s la t io n .
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