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GENERAL INTRODUCTION

The p rocess hy which a s in g le ,  u n ic e l lu la r  f e r t i l i z e d  egg  

i s  ab le  to  transform  i t s e l f  in to  the numerous s tr u c tu r a lly  and 

fu n c t io n a lly  d iv erse  c e l l  ty p es th a t comprise an ad u lt organism i s  

a problem th a t has commanded in v e s t ig a t io n  and demanded ex p lan ation  

fo r  c e n tu r ie s  in  both s c i e n t i f i c  and t h e i s t i c  term s (Morgan, 1934)*

Much tim e and e f f o r t  has been expended over recen t y ea rs  in  an 

attem pt to  e lu c id a te  the mechanism whereby id e n t ic a l  t o t a l  g e n e t ic  

in form ation  i s  d i f f e r e n t ia l ly  exp ressed  in  fu n c t io n a lly  d if fe r e n t  

c e l l s  and, whereas i t  i s  true to  say th a t our knowledge i s  now 

c o n s id e r a b le , the com plete understanding o f  the co n tro l o f  

developm ental p r o cesses  i s  s t i l l  many years away.

Because o f  the in t r in s i c  com plex ity  o f  the problem , i t  

has become n ecessa ry  fo r  i t  to  be d iv id ed  in to  p a rts  th a t can 

f e a s ib ly  be s tu d ied . In g e n e r a l, developm ent, although one 

con certed  p r o c e ss , can be con sid ered  to  com prise grow th, p o la r i t y ,  

d eterm in a tio n , p a ttern  form ation , r e g u la tio n  and d i f f e r e n t ia t io n ,  

and i t  im portant th a t th ese  term s be a c cu ra te ly  d efin ed  %

Growth i s  th a t stage  which in c lu d e s  in crea se  in  c e l l  m ass, DNA 

r e p lic a t io n  and c e l l  d iv i s io n .  P o la r ity  i s  the s tr u c tu r a l and 

fu n c tio n a l asymmetry w ith in  in d iv id u a l c e l l s .  D eterm ination i s  

th a t sta g e  when the developm ental id e n t i t y  o f  a c e l l  i s  e s ta b lis h e d  

( but not n e c e s s a r ily  exp ressed  ) .  p a ttern  form ation i s  th e p rocess  

which orders r e q u is ite  d eterm in ation s both tem p orally  and s p a t ia l ly .  

R eg u la tion  i s  the p ro cess  o f  ad ap tation  o f th e p a ttern  form ation  

mechanisms in  response to  in te r fe r e n c e  or l o s s  o f  p a r ts  so as to  re

co n stru c t the whole p a ttern  from th e a v a ila b le  m a te r ia l. D if f e r e n t ia t io n



i s  the stage  when a determ ined c e l l  co n str u c ts  the s p e c ia l iz e d  

o r g a n e lle s  and sy n th e s iz e s  s p e c i f ic  b iochem ical products th a t  

ch a ra cter ize  i t s  s tr u c tu r a l and fu n c tio n a l in t e g r i t y .  

D if fe r e n t ia t io n  d i f f e r s  from the o th er  a sp ec ts  o f  development 

in  th a t i t  i s  an in t r a c e l lu la r  p ro cess  whereas p o la r i t y ,  

d eterm in ation , p attern  form ation and r eg u la tio n  are p ro cesses  

m ediated by c e l l - c e l l  in t e r a c t io n s .

To study the co n tro l mechanisms o f  developm ental 

p ro cesses  we thus need an organism th a t d isp la y s  a l l  the above 

c h a r a c t e r is t ic s .  The C e llu la r  Slime Moulds -  so named by S h a ffer  

in  1953 a f t e r  th e ir  o r ig in a l  d isco v ery  by E re fe ld  in  I 869 -  are 

one o f  the s im p lest eu k aryotic  organism s to  s a t i s f y  the above 

c r i t e r io n .  They comprise a group o f  s o i l  p r o t i s t s  th a t con ta in  

many d if fe r e n t  sp e c ie s  o f  which the most commonly stu d ied  i s  

D icty o ste liu m  discoideum  ̂ which was d iscovered  by Raper in  1935. 

As a model system fo r  developm ent, D ic ty o ste liu m  discoideum  

has many advantages. F i r s t ly  the two phases o f  i t s  l i f e  c y c le  

(p la te  1 , Chapter 1 ) ,  namely v e g e ta t iv e  growth and developm ent, 

are m utually e x c lu s iv e  and can be examined sep a ra te ly  (Bonner 

& F r a s c e l la , 1952? Sussman & Sussman, I 96O ). Secondly the  

homogeneous v e g e ta t iv e  myxamoebae d i f f e r e n t ia t e  in to  one o f  on ly

^This sp e c ie s  has r e c e n tly  been r e c la s s i f i e d  (O liv e , 1970)

Phylum Myxamycophyta

C lass Mycetozoa

Order D ic ty o s te l i id a

Genus D ic ty o ste liu m

S p ec ies  discoideum

P rev io u s ly  the Order was d esign ated  ’A cra s ia ’ .



two main c e l l  ty p es  ;

Myzamoebae

spore c e l l s

s ta lk  c e l l s

T h ir d ly , hy u t i l i z i n g  r ig o ro u s ly  d efin ed  c o n d it io n s , th e developm ental 

phase can he h ig h ly  synchronized  and fo u r th ly , the r e la t iv e  ease w ith  

which mutants can he i s o la t e d  (Sussman, 1955 ) Loomis & Ashworth,

1968) and th e ir  c a p a b il ity  o f  g e n e t ic  recom bination (Sussman &

Sussman, I 963) hy a parasexual p ro cess  (S inha & Ashworth, I 969 ; 

Loom is, 1969) provid es a good b a s is  fo r  g e n e t ic  a n a ly s is .  Because 

o f  th ese  numerous advan tages, B ic ty o ste liu m  discoideum  has been  

e x te n s iv e ly  stu d ied  w ith the r e s u lt  th a t our understanding o f  some 

o f  the reg u la to ry  p r o c esses  o f  developm ent, although a lo n g  way 

from b e in g  com plete , i s  now becoming a l i t t l e  c le a r e r ,  and current 

knowledge has been w e ll review ed by many au th ors (Sussman & Sussman, 

1969 ; N ew e ll, 1971 f Ashworth, 1971 ? G ustafson  & W right, 1972 ; 

Garrod & Ashworth, 1973)#

We thus have a model system  and can now co n sid er  ways in  

which the d if f e r e n t ia t io n  p ro cess  may be s tu d ie d . Now, d i f f e r e n t ia t io n  

i s  th e p ro cess whereby the r ig h t amount o f  th e r ig h t m a ter ia l i s  

m anufactured at the r ig h t tim e and in  the r ig h t  p la c e . The problem  

th en , i s  to  determ ine how t h i s  h ig h ly  ordered p ro cess ta k es  p la c e .

What are the co n tro l mechanisms le a d in g  to  such q u a n t ita t iv e ,  

q u a l i t a t iv e ,  temporal and s p a t ia l  s p e c i f i c i t y  ?

At the base o f  the s ta lk  there i s  a reg ion  o f  c e l l s  known as the  

B asal D isc  c e l l s ,  which are d i f f e r e n t ,  s t r u c tu r a l ly  a t l e a s t ,  from 

the remainder o f  the s ta lk  c e l l s ,  but th ey  com prise o n ly  a very  

sm all p roportion  o f  the t o t a l  number o f  c e l l s  in  the f r u i t in g  body.



The co n tro l mechanisms must su r e ly  he at d i f f e r e n t  l e v e l s .

A f i r s t  d is t in c t io n  would be between co n tro l a t a c e l lu la r  le v e l  -  

how c e l l - c e l l  in te r a c t io n s  may a f f e c t  d i f f e r e n t ia t io n  — and co n tro l 

at a s u b -c e llu la r  l e v e l  — the in t r a c e l lu la r  mechanism o f  

d if f e r e n t ia t io n  i t s e l f .  Both ty p es  o f  co n tro l are e v id en t in  the  

development o f  the c e l lu la r  slim e mould B ic ty o ste liu m  discoideum .

The so r t in g  out o f  d evelop in g  c e l l s  to  become e ith e r  spore c e l l s  or  

s ta lk  c e l l s  in  a d e f in it e  r a t io  (Bonner, 1957 Î Garrod & Ashworth, 

1972) in d ic a te s  the presence o f  co n tro l at a c e l lu la r  l e v e l .  At the  

s u b -c e llu la r  l e v e l ,  we can make a fu r th e r  d iv i s io n ,  between n u clear  

and cytop lasm ic c o n tr o l. N u c lea r , or g e n e tic  co n tro l i s  c le a r ly  

dem onstrated by the aberrant development o f  many m utants (Loomis & 

Ashworth, I 968 ? Sussman, 1955) cy to p la sm ic^  or e p ig e n e t ic  

c o n tr o l ,  by the a c tio n  o f  in h ib it o r s  o f  cytop lasm ic  fu n c tio n s  -  

such as cyclohexim ide on p ro te in  sy n th e s is  -  which in h ib i t  normal 

development (Mizukami & Iw abuchi, 1970 ; H irschberg e t  a l , I 968) .

Such s tu d ie s  have c le a r ly  shown the involvem ent o f  g e n e t ic  

and e p ig e n e t ic  c o n tr o ls ,  but i t  i s  im portant to  know how th ese  

c o n tr o ls  o p era te , so th a t th e ir  fu n c tio n in g  can be s a t i s f a c t o r i l y  

e x p la in ed . But how can fu n ctio n  b e s t be in v e s t ig a te d  ? F.H .C. C r ick 's  

famous axiom , " I f  you d on 't understand fu n c t io n , look  a t s tru c tu re  ” » 

forms the b a s is  o f  t h i s  t h e s i s .  I f  th e  fu n c tio n  o f  the b a s ic  n u clear  

p r o te in s  ( or ribosom es ) changes during developm ent, i t  would be 

rea so n a b le , th e r e fo r e , to  expect to  f in d  changes in  th e s tru ctu re  

o f th ese  m a ter ia ls  from d if fe r e n t  s ta g e s .  The s tru ctu re  o f  the  

b a s ic  n u clear  p r o te in s  -  as a p o s s ib le  m ediator o f  g e n e t ic  co n tro l -  

and th e stru c tu re  o f ribosom es -  as a p o s s ib le  m ediator o f  e p ig e n e t ic  

co n tro l -  w i l l  be in v e s t ig a te d . J u s t i f i c a t io n  fo r  t h i s  r e s id e s  in  

p rev iou s s tu d ie s .  For co n tro l at a g e n e t ic  l e v e l ,  th ere  i s  some



evidence to  su ggest th a t the m o d ific a tio n  o f  h is to n e s  may be in v o lv ed  

in  the co n tro l o f  tem plate a c t iv i t y  o f  BNA (K lein sm ith  e t  a l , I 966 ; 

Ord & S tock en , I 968 ; S te v e ly  & S tock en , I 968) .  For c o n tr o l a t an 

e p ig e n e t ic  l e v e l ,  th ere i s  ev idence to  su ggest th a t ribosom es are 

capable o f  d is t in g u is h in g  between d if fe r e n t  mKNA m o lecu les ( I la n  

& I la n ,  1971) .

However, i t  i s  not c le a r  th a t the converse o f  th e above 

arguement i s  n e c e s s a r i ly  tr u e . I t  i s  im portant to  be ab le  to  show 

th at any changes observed in  the s tru ctu re  o f  th e b a s ic  n u clea r  

p r o te in s  ( or ribosom es ) are c a u s a l ly ,  and not c o n s e q u e n t ia lly ,  

r e la te d  to  the developm ental programme. A number o f  b ioch em ica l 

param eters change during developm ent, fo r  exam ple, the spore and 

s ta lk  c e l l s  become surrounded by a r ig id  c e l l  w a l l .  In t h i s  in s ta n ce  

the b iochem ical change ( c e l l  w a ll s y n th e s is  ) i s  c le a r ly  a 

consequence o f  the developm ental programme and i s  not c a u s a lly  

s ig n i f i c a n t .  In  the same way, changes in  th e  s tru c tu re  o f  the b a s ic  

n u clear  p r o te in s  ( or ribosom es ) may be consequences o f  the a lte r e d  

m etabolism  o f  the d i f f e r e n t ia t in g  c e l l s  ra th er  than th em selves  

causing  th ese  a l t e r a t io n s .  I t  i s  very  d i f f i c u l t  to  d is t in g u is h  

c a u sa lly  and c o n seq u e n tia lly  r e la te d  s tr u c tu r a l changes by mere 

a n a ly s is  o f  the changes th em se lv es . However, in  the case o f  a 

m icrob ia l developm ental system , such as th e  c e l lu la r  s lim e mould 

D .d iscoideum , i t  i s ,  in  p r in c ip le ,  p o s s ib le  to  d is t in g u is h  between  

changes o f  th ese  two ty p e s , s in c e  m icroorganism s may be grown under 

d if f e r in g  growth c o n d it io n s  and thus be ob ta in ed  w ith  d i f f e r in g  

c h a r a c te r is t ic  chem ical and b ioch em ica l p r o p e r t ie s .  I f ,  d e sp ite  

th ese  d if f e r e n c e s ,  the c e l l s  carry  out th e same developm ental 

programme, one can thus ask whether any d if fe r e n c e s  observed during  

the developm ental sequence are a fu n ctio n  o f  th e growth c o n d it io n s



o f the c e l l s  i n i t i a l l y .  I f  th ey  a r e , then hy t h i s  to k en , th ose  

d if fe r e n c e s  are u n lik e ly  to  he c a u s a lly  r e la te d  to  th e developm ental 

programme•

F orm ally , t h i s  i s  eq u iv a len t to  the study o f  changes

A-------------------- --------------

A*  -------------------------

A« :--------------------------- )B" e t c .

where A, A* and A” rep resen t th e  s tr u c tu r e s  o f  a c e r ta in  c e l l  

component in  m e ta h o lic a lly  d i s t in c t  c e l l s  during one sta g e  o f  

developm ent, and B , B* and B** rep resen t the a lte r e d  s tr u c tu r e s  o f  

th ese  components a t a d if fe r e n t  developm ental s ta g e . Only i f  the  

d if fe r e n c e s  ( B-A , B*-A' and B**-A" ) are the same, can th e  

a lte r a t io n  in  th a t c e l lu la r  component be regarded as develop m en ta lly  

s ig n i f i c a n t .

The grea t advantage o f  th e c e l lu la r  s lim e mould i s  th a t  

i t  i s  p o s s ib le  to  do ju s t  t h i s  kind o f  stu d y . I t  has been shown 

th a t myxamoebae o f  a mutant s t r a in ,  A x-2 , can be grown in  media 

which d i f f e r  in  carbohydrate con ten t (W atts & Ashworth, 1970) and 

th a t changes in  chem ical com position  (Weeks & Ashworth, 1 9 7 2 ), 

enzyme com position  (Ashworth & Quance, 1972) and p h y s io lo g ic a l  

behaviour (Ashworth & W atts, 1970) can be th ereb y  ind uced . T his fa c t  

has been u t i l i z e d  by Hames & Ashworth (1974) to  e s t a b l is h  the  

developm ental s ig n if ic a n c e  o f  changes in  the carbohydrate m etabolism  

during th e developm ental programme.

In t h i s  t h e s i s ,  I  in ten d  to  develop  t h i s  approach and 

apply i t  to  the stud y o f  th e b a s ic  n u clear  p r o te in s  and ribosom es 

o f T).discoideum during i t s  developm ental programme.
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CHAPTER 1 

THE GROWTH AND DEVELOPtTENT OF THE 

CELLULAR SLIME MOULD DICTYOSTELimî DISCOIDEUl'f

INTRODUCTION

U n til r e c e n t ly , D ic ty o ste liu m  discoideum  myxamoebae 

could on ly  be grown in  a s s o c ia t io n  w ith  b a c te r ia  -  u su a lly  

E sc h e r ich ia  c o l i  or A erobacter aerogenes -  on s o l id  agar medium 

as d e ta ile d  by Raper (1937) and la t e r  r e f in ed  by Sussman ( I 966) .  

The in h eren t d isadvantage o f  t h i s  method fo r  b ioch em ica l s tu d ie s ,  

namely th a t the myxamoebae were in  d if fe r e n t  p h y s io lo g ic a l s t a t e s ,  

was overcome by growth in  shaking su sp en sion s o f  e i th e r  l i v e  or  

dead b a c te r ia  (G er isch , 1959» I960; Hohl & Raper, I 963) .

Although t h i s  was an improvement, th e continued p resence o f  

b a c te r ia  and b a c te r ia l products s e v e r e ly  hampered b iochem ical 

s tu d ie s  and the advantages o f  the use o f  axen ic  media were 

r e a d ily  apparent. A number o f  s tr a in s  o f  D ic ty o ste liu m  discoideum  

have now been developed th a t are capable o f  growth in  media 

which although ch em ica lly  complex and n o n -d efin ed , i s  fr e e  o f  

b a c te r ia  (Sussman & Sussman, I 967; W atts & Ashworth, 1970;

Schwalb & R oth , 1970; Coccuci & Sussman, 1 9 7 0 ).

The method used fo r  stu d yin g  development has been  

co n sid era b ly  improved s in ce  f i r s t  d escr ib ed  by Raper (1 9 3 5 )» the  

most im portant m o d ifica tio n  b ein g  the com plete removal o f  any 

food source from the v e g e ta t iv e  myxamoebae and d e p o s it in g  the  

c e l l s  on a s o l id  substratum  which r e s u l t s  in  synchronous and 

h ig h ly  rep rod ucib le  development (Bonner, 1947; Sussman, I 966; 

N ew ell e t  a l , 1969) •
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One o f  the fundamental problems in  the study o f  

develop in g  system s i s  the d is t in c t io n  between b iochem ical 

changes th at are a fu n ctio n  o f  development -  d i f f e r e n t ia t io n  -  

and changes th a t are m erely a fu n ctio n  o f  growth. The use o f  

s tr a in  A x-2, developed by Watts and Ashworth, goes some way in  

making t h is  d is t in c t io n  p o s s ib le  as i t  i s  capable o f  growth in  

a v a r ie ty  o f  d if fe r e n t  m edia. The changes in  the c e l lu la r  components 

caused by the a lte r a t io n  o f  the growth c o n d it io n s  can th us be 

a scer ta in ed  so th a t changes occurring  during development may 

be id e n t i f ie d  unambiguously.

The f i r s t  chapter o f  t h i s  t h e s i s  d escr ib es  the  

procedures fo llow ed  fo r  the growth and development o f  D ic ty o ste liu m  

discoideum  and the methods used in  the e stim a tio n  o f  the main 

macromolecular c e l l  c o n s t itu e n ts  ; DNA, RNA and P r o te in .



MATERIALS

B a c te r io lo g ic a l peptone, y e a st e x tr a c t ,  n u tr ien t  

broth and agar were purchased from Oxoid L td, London, U.K.

A ll o th er chem icals were o f  the h ig h es t p u r ity  com m ercially  

a v a ila b le  and were the products o f  BDH Chemicals L td , P o o le , 

D o rse t, U .K ., P iso n s S c i e n t i f i c  Apparatus L td, Loughborough, 

L e ic e s te r , U .K ., or Sigma (London) L td , London, U.K.

METHODS

( i )  Growth o f  Myxamoebae A x en ica lly

Myxamoebae o f  s tr a in  Ax-2 

(ATCC 24397) were grown a x e n ic a lly  as d escrib ed  by Watts & 

Ashworth (1 9 7 0 ). The com position o f  the b a s ic  axen ic  medium -  

h e r e a fte r  referred  to  as NS (no sugar) medium -  w as,

Oxoid b a c te r io lo g ic a l  peptone (14*3g)

Oxoid y ea st e x tr a c t  ( 7 .15g)

HajHPO^.ia HgO ( 1 . 28g) PH 6 .7

KHgPOj (0 . 486g)

d i s t i l l e d  water to  1 l i t r e  

G lu cose, fr u c to se  or g ly c e r o l may be added to  t h i s  NS medium 

as d escrib ed  under RESULTS. In a d d it io n , the q u a n tity  o f  

b a c te r io lo g ic a l  peptone and y ea st e x tr a c t  may be a lte r e d  to  

produce NS media o f  vary in g  s tr e n g th s , e .g .  2 NS medium 

con ta in s  tw ice  as much peptone and y e a st e x tr a c t as NS medium, 

The myxamoebae were grown e ith e r  in  65-70 ml o f  

medium contained  in  a 250 ml Erlenmeyer f la s k  or in  700 ml o f
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medium contained  in  a 2 l i t r e  Erlenmeyer f la s k ,  shaken on a 

ro ta ry  shaker w ith  an e c c e n tr ic  r o ta t io n  o f 3 cm at 130 -  I 50 

rpm. at 22 -  23°C a ir  tem perature. S tock s were m aintained as  

unshaken 60 ml c u ltu r e s .

C e ll d e n s i t ie s  were measured e i th e r  hy coun tin g  w ith  

a haemocytometer o r , when more p r e c is e  d eterm in ation s were 

req u ired , w ith  the C oulter Counter,

C e lls  were h arvested  from growth medium hy c e n tr ifu g a t io n  a t  

lOOOg fo r  15 min a t 4°C , washed in  an equal volume o f  ic e - c o ld  

d i s t i l l e d  water and c en tr ifu g ed  as above. For developm ental 

experim ents c e l l s  were suspended in  ic e - c o ld  d i s t i l l e d  w ater  

at a d e n s ity  o f  approxim ately 5X 10  c e l l s /m l .  A lte r n a t iv e ly
Q

c e l l s  were suspended at approxim ately 10 c e l l s /m l ,  a c cu ra te ly  

counted and then stored  in  4 ml a l iq u o ts  a t - 70^0 fo r  subsequent 

a n a ly s is  o f  DNA, RNA and p r o te in .

( i i )  Growth o f  Myxamoebae on B a cter ia

Myxamoebae o f  s tr a in  Ax-2 

were grown in  suspension  w ith  E sch er ich ia  c o l i  B /r  as a food  

source as d escrib ed  by G erisch  ( I 96O ). B a cter ia  grown to  e a r ly  

s ta t io n a r y  phase on 2 . 5^ n u tr ien t broth  were h a rv ested , washed 

and resuspended in  s t e r i l e  O.OI67 M sodium phosphate b u f fe r ,  

pH 6 .0 ,  at a d e n s ity  o f  5 -  1 0 x 1 0 ^  c e l l s /m l .  V e g e ta t iv e ly  

growing axen ic  myxamoebae were then in n ocu la ted  in to  e i th e r  

60 ml o f  the b a c te r ia l  suspension  con ta in ed  in  a 25O ml Erlenmeyer 

f la s k  or 1 l i t r e  o f  the b a c te r ia l  suspension  con ta in ed  in  a 2 

l i t r e  Erlenmeyer f la s k  and shaken on a ro ta ry  shaker as 

d escr ib ed  above.

Myxamoebae were a lso  grown in  a s s o c ia t io n  w ith
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A erob acter aerogenes on s o l id  agar medium as d escr ib ed  by 

Sussman ( I 966) .

Myxamoebae growing in  a s s o c ia t io n  w ith  b a c te r ia  were 

h a rv ested  by rep eated  c e n tr ifu g a t io n  ( 400g , 5 -  10 min) and 

resuspended in  i c e - c o ld  d i s t i l l e d  w ater u n t i l  the myxamoebae 

appeared m ic r o sc o p ic a lly  fr e e  o f  b a c te r ia  and were then sto red  

at - 70°C fo r  subsequent a n a ly s is .

( i i i )  Development o f  Myxamoebae

Washed myxamoebae were resuspended
7

in  ic e - c o ld  d i s t i l l e d  w ater a t a d e n s ity  o f  approxim ately 5 x  1 0 '

c e l l s /m l .  0 .5  ml a l iq u o ts  were p laced  on M illip o r e  f i l t e r s

(C at. No. AABP 04700) r e s t in g  on M illip o r e  absorbant pads (C at. 

No. APlOO 4700) sa tu ra ted  w ith  1 .6  ml o f  pad d i lu t in g  f l u i d ,  PDF, 

as d escr ib ed  by Sussman ( I 966) . The com position  o f  th e PDF used  

throughout t h i s  t h e s i s  w as,

KCl 1 .5  g

MgClg 0 .5  g

Streptom ycin su lp h a te  O.5  g

In  1 l i t e  o f  50 mM phosphate b u f fe r ,  pH 6 .5

Development was then a llow ed  to  take p la ce  a t 22 -  23°C in  a 

dark and humid environm ent.

( iv )  D eterm ination  o f  DNA, HNA and P ro te in

Frozen 4 ml a l iq u o ts

o f  c e l l s  were thawed, made up to  5 ml w ith  w ater and so n ic a te d  

u sin g  a lOOW MSB U ltr a so n ic  D is in te g r a to r  (1 cm probe t i p ,  peak  

to  peak am plitude 11 yjum) fo r  fou r  I 5 second p e r io d s , w ith
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continuous c o o lin g  in  an ic e  bath  to  prevent e x c e s s iv e  h e a t in g .

A sample o f  t h i s  e x tr a c t  was assayed  fo r  t o t a l  c e l lu la r  p r o te in  

by the method o f  Lowry e t  a l  (1 9 5 1 )•

The DNA con ten t o f  such so n ica ted  c e l l  su sp en sion s was determ ined  

by a m o d ific a tio n  o f  th e procedure o f  G ile s  & Myers (19^5) as 

d escr ib ed  by Hames e t  a l  (1 9 7 2 ). 1 ml o f  co ld  5®  ̂ (w /v) 

t r ic h lo r o a c e t ic  a c id  was added to  4 ml o f  e x tr a c t  and th e  m ixture 

incubated  a t Ô C fo r  1 hour. The supernatant from a 20 m in. 

c e n tr ifu g a t io n  a t lOOOg was d iscard ed  and the p e l l e t  washed tw ice  

in  2 ml l o t s  o f  co ld  10$̂  (w /v) t r ic h lo r o a c e t ic  a c id . The f in a l  

p e l l e t  was resuspended in  2 .5  ml o f  5^ (w /v) t r ic h lo r o a c e t ic  

a c id  and heated  a t 90°C fo r  30 m in. to  hyd rolyse the DNA and RNA. 

The h y d ro lysa te  was c en tr ifu g e d  (lOOOg, 20 m in .) and th e  p e l l e t  

d isca rd ed . To 1 .6  ml o f  the supernatant were added 0 .4  ml o f  

50^ (w /v) HCIO^, 2 ml o f  4^ (w /v) r e c r y s t a l l iz e d  diphenylam ine 

in  g la c ia l  a c e t ic  a c id  and 0 .2  ml o f aqueous aoetaldehyde (1 .6  

m g/m l). The r ea c tio n  m ixture was incubated  a t 30°C fo r  22 hours 

and th e d if fe r e n c e  in  e x t in c t io n  at 595 nm and TOO nm was 

determ ined.

A fu r th er  sample o f  the supernatant was assayed  fo r  r ib o se  by

the o r c in o l r e a c tio n  (Mejbaum, 1939)*
0

For sam ples co n ta in in g  l e s s  than 10 c e l l s ,  a more s e n s i t iv e  

DNA a ssa y  was u sed . T h is was a m o d ifica tio n  o f  the flu o ro m etr ic  

procedure o f  K issane & Robins ( I 958) developed by Dr. U. Y a lo fsk y  

(p erson a l com m unication). 1 ml o f  co ld  10$ (w /v) t r ic h lo r o a c e t ic  

a c id  was added to  1 ml o f  a so n ica ted  c e l l  suspension  and the  

m ixture incubated  a t Ô C fo r  20 min. The supernatant from a 5 

min. c e n tr ifu g a t io n  a t lOOOg was d iscard ed  and the p e l l e t  d r ied  

in  a vacuum d e s ic c a to r  o v ern ig h t. The dry p e l l e t  was resuspended
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in  30 ^ 1  o f  30$ (w /v) 3*5* diam inobenzoic a c id  in  4 N HCl ( 

d eco lo u r ized  w ith  a c t iv a te d  charcoal ) and incubated  a t 60^C fo r  

1 hour. 7 5 ^ 1  o f  0 .6  N HClO  ̂ were added and th e m ixture cen tr ifu g e d  

at 1000g fo r  10 min. 5 0 yul o f  th e supernatant were added to  2 ml 

o f  0 .6  K HClO  ̂ and the f lu o re sce n c e  measured in  an Eppendorf 

F lu orim eter  w ith  an e x c it a t io n  w avelength o f  405 nm and an emmission 

w avelength o f  530 -  3000 nm.

The standards used fo r  comparison in  the d eterm in ation s  

o f  DNA, RNA and p r o te in  were c a l f  thymus DNA, r ib o se  and bovine  

serum album in.
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RESULTS AND DISCUSSION

( i )  Growth o f  D .discoideum

In the v e g e ta t iv e  phase o f  t h e ir  l i f e  

c y c le , myxamoebae o f D .discoideum  grow and d iv id e  by b in ary  

f i s s io n  (PLATE 1 ) .  In NS medium, myxamoebae o f  s tr a in  Ax-2 

grow w ith  a mean g en era tion  tim e o f  approxim ately 9 hours to  

a c e l l  y ie ld  o f  4 -  6 x 1 0 ^  c e l l s /m l  (FIGURE 1 ) .  In l i v e  

b a c te r ia l  su sp en s io n s , myxamoebae o f  s tr a in  Ax-2 grow w ith  a 

mean g en era tion  time o f  approxim ately 4 hours to  a c e l l  y ie ld  

o f  1 -  1 .5  X 10^ c e l l s /m l  (FIGURE 1 ) .  The mean g en era tion  time 

o f  myxamoebae o f  s tr a in  Ax-2 grown on s o l id  agar medium in  

a s so c ia t io n  w ith  b a c te r ia  i s  a lso  approxim ately 4 h ou rs.

( i i )  Development o f  D .discoideum  on S o lid  Substratum

When

myxamoebae o f  D .discoideum  are washed fr e e  o f  a l l  exogenous

n u tr ien t and p laced  on a s o l id  substratum , the c e l l s  embark

upon a developm ental program ch a ra cter ized  by d i s t in c t

m orphological s ta g e s  ( PLATE 1 , FIGURE 2) which have been

d escrib ed  by many authors (Raper, 1937$ Ashworth, 1 9 7 1 )» The

c e l l s ,  which during the v e g e ta t iv e  phase are a l l  but m utually

r e p u ls iv e , are now c h em o ta c tica lly  a ttr a c te d  to  c e n tr a l p o in ts

( plate 1 , A ggregation) to  form a t i s s u e - l i k e  assem bly o f  

4 S10 -  10^ c e l l s .  T his aggregate r i s e s  up to  produce a f in g e r - l ik e

column o f  c e l l s  known as the pseudoplasmodium grex  or s lu g . The 

s lu g  i s  m o t i le ,  capable o f  moving a lon g  tem perature, l ig h t  and 

hum idity g r a d ie n ts  -  a fu n ctio n  w hich, in  i t s  n a tu ra l environment 

o f the s o i l ,  presumably en ab les i t  to  reach an advantageous
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lo c a t io n  fo r  spore d isp e r sa l*  T his m igration  p eriod  i s  not 

however e s s e n t ia l  to  th e production  o f  spores and a f t e r  a 

p eriod  o f  tim e the s lu g  sto p s moving and rounds up to  form the  

c h a r a c t e r is t ic  "m eiican hat" stage  th a t precedes cu lm in a tio n .

The c e l l s  th a t occupied the p o s it io n s  in  the a n te r io r  th ir d  o f  

the s lu g  (th e  p r e -s ta lk  c e l l s )  then move down through th e c e l l  mass 

to  produce a column o f  c e l l s  th a t are vacu o la ted  and d y in g , 

which support the c e l l s  from the p o s te r io r  tw o -th ird s  o f  the  

s lu g  (th e  p re-sp ore  c e l l s )  which mature in to  the f u l l y  

d if f e r e n t ia te d  spore c e l l s .  Such spore c e l l s  are very  r e s is ta n t  

to  extrem es o f  tem perature and hum idity and germ inate in  a 

s u ita b le  environm ent. Myxamoebae o f  s tr a in  A x-2 , when p la ted  

on M illip o r e  f i l t e r s  as d e scr ib ed , com plete th e ir  developm ental 

program in  24 ± 2  hours a t 22°C.

( i i i )  The E ffe c t  o f  Varying the Growth C onditions on the  

L evels  o f  M A, RNA and P ro te in

The in c lu s io n  o f  g lu c o s e ,  

fr u c to se  or g ly c e r o l in  th e b a s ic  NS medium or v a r ia t io n  in  the  

co n cen tra tion  o f  peptone and y ea st e x tr a c t ,  produces c u ltu r e s  o f  

v e g e ta t iv e  myxamoebae d i f f e r in g  markedly in  mean gen era tio n  tim e 

and c e l l  y i e ld .  G en era lly  the a d d itio n  o f  an ex tra  carbon source  

produces a h igh er  c e l l  y ie ld  whereas a decrease in  the peptone 

and y ea st e x tr a c t  co n cen tra tion  r e s u l t s ,  not s u p r is in g ly , in  the  

o p p o site  e f f e c t  (se e  TABLE 1 ) .

However, d if fe r e n c e s  in  mean g en era tion  tim e and c e l l  y ie ld  are 

not r e f le c te d  in  any s ig n if ic a n t  changes in  the l e v e l s  o f  T)HA,

BNA and p r o te in , w ith  the excep tio n  th a t myxamoebae grown in  

a s so c ia t io n  w ith  b a c te r ia  have approxim ately tw ice  the T)HA content
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o f  a x e n ic a l ly  grown c e l l s .  The DNA content th u s remains constant

at approxim ately  18 ^ g  M A/10 c e l l s  fo r  a x en ic  myxamoebae w ith

mean g en era tio n  tim es o f  between 7*3 hours (g lu co se  medium) and 1 6 .3
0

hours ( 0 .1  NS medium), and a t approxim ately 4 2 j i g  NNA/IO c e l l s  

fo r  th e b a o t e r ia l ly  grown myxamoebae. T his e x tr a  DNA has been  

shown to  c o n s is t  la r g e ly  o f  D .discoideum  DNA and th a t endogenous 

b a c te r ia l  DNA c o n s t itu te s  o n ly  a sm all proportion  (Leach &

Ashworth, 1 9 7 2 ).

The RNA con ten t rem ains con stan t a t approxim ately 300yug r ib ose  
0

/lO  c e l l s  fo r  a l l  growth c o n d it io n s , and th e  p ro te in  con ten t a lso
0

remains con stan t a t approxim ately 8 .5  mg BSA e q u iv a len ts /lO  c e l l s .  

These r e s u l t s  are in  agreement w ith  th ose  o f  Ashworth & W atts, 1970).

I t  i s  apparent from TABLE 1 th a t th ere  i s  a con sid erab le  

v a r ia t io n  in  the mean gen era tio n  tim e fo r  myxamoebae grown in  any 

p a r t ic u la r  axen ic  medium and t h i s  m er its  comment. I t  appears 

th a t prolonged m aintenance o f  th e stan d in g  c u ltu r e s  ( more than 3 

months ) r e s u l t s  in  in crea sed  mean gen era tio n  t im e s , low er c e l l  

y ie ld s  and, e v e n tu a lly , aberrant developm ent. The reason fo r  th is  

i s  not c le a r  but i t  cou ld  be due to  the la c k  o f  a era tio n  in  such 

c u ltu r e s  a s  s to ck s  sub seq u en tly  m aintained as shaking c u ltu re s  

did  not d e te r io r a te  as r a p id ly  and hence t h i s  m o d ifica tio n  to  

sto ck  m aintenance was used throughout t h i s  t h e s i s .
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SUm̂ ARY

1 . The growth o f  myxamoebae o f  D .discoideum  s tr a in  Ax-2

in  axen ic  medium and in  a s so c ia t io n  w ith  b a c te r ia  i s  d e scr ib e d . 

A x en ica lly  growing myxamoebae d iv id e  at h a lf  the ra te  o f  c e l l s  

growing on b a c te r ia , but in  suspension  cu ltu re  both  reach  

approxim ately the same c e l l  d e n s ity .

2 . The sequence o f  m orphogenetic s ta g e s  th a t c h a r a c ter iz e

the development o f  D .discoideum  myxamoebae i s  d e scr ib ed . The 

a x e n ic a lly  grown c e l l s  take 24*  2 hours to  produce mature f r u i t in g  

b o d ie s .

3 . The DNA, RNA and p ro te in  con ten t o f  myxamoebae grown

in  a v a r ie ty  o f  growth co n d it io n s  i s  r e la t iv e ly  con stan t a t 

approxim ately l8yuug DNA, 300yug r ib o se  e q u iv a len ts  and 8 .5  mg
g

BSA e q u iv a len ts  per 10 c e l l s .  The on ly  excep tion  i s  in  the case  

o f  b a o t e r ia l ly  grown myxamoebae whose DNA content i s  approxim ately  

tw ice th a t o f  the a x e n ic a lly  grown c e l l s .
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CHAPTER 2 

THE BASIC NUCLEAR PROTEINS OF THE 

CELLULAR SLIME MOULD DICTYOSTELIUM DISCOIDEUM

INTRODUCTION

' The r eg u la tio n  o f  p r o te in  s y n th e s is  i s  a fundamental problem  

in  th e  understanding o f  the mechanism o f  c e l lu la r  developm ent.

P ro te in  sy n th e s is  may be reg u la ted  a t a v a r ie ty  o f  s te p s  w hich , in  

the in tro d u c tio n  to  t h is  t h e s i s ,  were co n v en ien tly  c l a s s i f i e d  in to  

tr a n s c r ip t io n a l r eg u la tio n  and tr a n s la t io n a l r e g u la t io n . However, the  

d iv id in g  l in e  i s  not c le a r  -  i f  indeed i t  e x i s t s  at a l l  -  fo r  a l l  the  

p a r t ic ip a t in g  m olecu les in vo lved  in  the tr a n s la t io n  o f  m essenger RNA 

m o le c u le s , such as p o lym erizin g  enzym es, tr a n s fe r  RNA, i n i t i a t i o n ,  

e lo n g a tio n  and term in ation  fa c to r s  e t c . , are th em selves d ir e c t ly  or  

in d ir e c t ly  the products o f  genes and are th ere fo re  su b jec t to  

r e g u la tio n  e i th e r  a t tr a n sc r ip t io n  or at la t e r  s ta g e s .  Whether 

tr a n s c r ip t io n a l and tr a n s la t io n a l r e g u la tio n  can be sep arated  w ith  

any degree o f  v a l id i t y  i s  ( la r g e ly  ) t h e o r e t ic a l .  However, fo r  

p r a c t ic a l  purposes i t  i s  n ecessa ry  to  subd ivide the o v e r a ll  p ro cess  

o f  r e g u la tio n  and the d iv is io n  between tr a n s c r ip t io n a l and tr a n s la t io n a l  

r e g u la tio n  i s  a co n v en ien t, i f  a r b itr a r y  d is t in c t io n  to  draw.

At the tr a n s c r ip t io n a l l e v e l  th ere  are many ways by which 

p r o te in  sy n th e s is  may be r eg u la te d . U n fo rtu n a te ly , a t th e presen t  

tim e the mechanism whereby s p e c i f ic  reg io n s o f  the DNA are made 

s u ita b ly  a v a ila b le  fo r  the sy n th e s is  o f  complementary RNA ( or DNA ) 

m o lecu les i s  la r g e ly  unknown. However one a sp ect o f  t h i s  complex 

p ro cess  th a t has been e x te n s iv e ly  stu d ied  i s  th a t o f  the r o le  o f  the  

p r o te in s  a s so c ia te d  w ith  the DNA, th e b a s ic  n u clear  p r o te in s  or
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h istories*

H istories have heen stu d ied  fo r  alm ost 100 y ears (K o sse l,

1884) and work on them has r e c e n t ly  heen review ed by many authors 

(G eo rg iev , I 969 ; DeLange & Sm ith , 1971)* B efore co n s id e r in g  the  

r o le s  th a t h is to n e s  may p la y  in  th e reg u la tio n  o f p r o te in  sy n th e s is  

and th e s p e c i f ic  ex p ressio n  o f  g e n e t ic  in fo rm a tio n , i t  i s  im portant 

to  e s t a b l is h  what i s  meant by the term • h is to n e  *•

H iston es are b a s ic  p r o te in s  which are major components o f  

chromosomes in  most eu k aryotic  organism s. M oreover, a l l  h ig h er  animal 

and p la n t c e l l s ,  r eg a rd le ss  o f  so u rce , con ta in  e s s e n t ia l l y  th e same 

ty p es  o f  h is to n e s  and approxim ately the same number o f  d is t in g u ish a b le  

components (DeLange e t  a l , 1969a ; Pambrough & Bonner, I 966) .

F u rther con firm ation  o f  t h i s  g e n e r a liz a t io n  has been p resen ted  by 

Kedes & B i m s t e i l  (1971) who rep orted  th a t 9S m essenger RNA, 

b e lie v e d  to  code fo r  h is to n e s  in  sea  urch in  embryos, can h y b rid ize  

to  th e  DNA o f  o th er  eu k a ry o tes , n o ta b ly  Xenopus la e v i s  and 

R hynchosciara a n g e la e*

H isto n es  have been grouped in to  th ree  main c la s s e s  -

( i )  ly s in e - r ic h  (som etim es c a l le d  very  ly s in e - r ic h )  h is to n e s ,  

( i i )  in term ed ia te  or s l i g h t l y  ly s in e - r ic h  h is to n e s  and

( i i i )  a r g in in e -r ic h  h is to n e s .

W ithin th ese  c la s s e s ,  h is to n e s  can g e n e r a lly  be sep arated  in to  5 

major fr a c t io n s  and w ith  more modern h igh  r e s o lu t io n  te c h n iq u e s , 

su b fra c tio n s  can be o b ta in ed . U n fo r tu n a te ly , th ere  i s  a c e r ta in  

d iv e r s i t y  o f  nom enclature fo r  th ese  fr a c t io n s  and su b fra c tio n s  due 

to  th e d if fe r e n t  c r i t e r ia  used in  form u latin g  them. Some authors have 

a ssig n ed  symbols based on e x tr a c t io n  procedures w h ils t  o th ers  base  

t h e ir  nom enclature on p h ysicochem ical p r o p e r tie s  such as 

e le c tr o p h o r e t ic  m o b ility . I t  i s  thus u s e fu l to  compare th e  more
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common system s, which have been developed in  r e la t io n  to  c a l f  

thymus h is to n e s  -

C lass

F ra ctio n  

(Rasmussen 
e t  a l ,  1962)

F ra ctio n  

(Johns & 

B u tle r , 1962)

F ra ctio n  

(panyira & 

C h alk ley , 1969)

ly s in e - r ic h I f l 1

s l i g h t l y IIb 2 f2b 3

ly s in e - r ic h I lb l f2a2 4

I I I f3 2
a r g in in e -r ic h

IV f2 a l 5

The number o f  su b fra c tio n s  com prising any one h is to n e  

f r a c t io n  v a r ie s  from sp e c ie s  to  s p e c ie s ,  but i s  u s u a lly  at l e a s t  2 ,  

and improved tech n iq u es w i l l  probably rev ea l a d d itio n a l su b fra c tio n s  

so th a t the most l i k e l y  number o f  h is to n e s  w i l l  be between 10 and 20 . 

D esp ite  t h i s  la rg e  number, th ere  i s  great s im ila r i ty  between the  

su b fra c tio n s  o f  any p a r t ic u la r  h is to n e , which appear to  be produced 

by s id e -c h a in  m o d ific a tio n s  o f  amino a c id  r es id u es  (DeLange e t  a l , 

1968 , 1969b , 1970 ) or by m icro h etero g en e ity  in  c e r ta in  reg io n s  o f  

the sequence (Kinkade & C o le , I 966 ; B u stin  & C ole , I 969) .

A lthough most t i s s u e s  co n ta in  o n ly  the 5 major h is to n e  f r a c t io n s ,  

avian  e ry th ro cy te s  (Johns & D ig g le , I 969) ,  f i s h  and fr o g  e ry th ro cy te s  

(Edwards & H n il ic a , I 968) and fro g  l i v e r  (N elson & T u n is , I 969) 

co n ta in  a s p e c i f i c ,  s l i g h t l y  ly s in e - r ic h  h is to n e , d esig n a ted  h is to n e  

V ( f2 c  ) ,  which i s  not found in  o th er  c e l l s .

Great d i f f i c u l t y  was exp erien ced  by e a r ly  workers in  the  

determ in ation  o f  th e m olecu lar w eigh ts o f  h is to n e s . In r e tr o s p e c t ,  

i t  seems t h i s  was caused by the use o f  experim ental procedures which 

allow ed  p r o te o ly t ic  degradation  o f  th e h is to n e s  during i s o la t io n ,  and 

a ls o  by a la ck  o f  understanding o f  the p r o p e r tie s  o f  th e h is to n e s
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th em se lv es . Some h is to n e s  aggregate  a t n e u tr a l and a lk a lin e  pH 

(Pambrough & Bonner, I 968 ; p h i l ip s ,  I 967) and a l l ,  by v ir tu e  o f  

t h e ir  h igh  p o s it iv e  ch arge, behave anom alously in  th e usu al system s  

o f  g e l f i l t r a t i o n  and g e l e le c tr o p h o r e s is  used  to  determ ine m olecu lar  

w eig h ts  (p h i l ip s  & C larke, 1970)* More recen t s t u d ie s ,  in c lu d in g  

the com plete sequencing o f  some o f  the h is to n e  fr a c t io n s  (iw a i e t  a l , 

1970 ; H n ilica  e t  a l , 1970 ; DeLange e t  a l , I 9 6 8 , 1969a ,  1969b |

Ogawa e t  a l , I 969) have p laced  the m olecu lar  w eigh ts between 11 ,000  

and 2 0 ,0 0 0 . In gen era l th en , h is to n e s  are r e la t iv e l y  sm all p r o te in s ,  

c o n ta in in g  approxim ately 25 mole^ ly s in e  p lu s  a r g in in e , and th ey  

la c k  th e amino a c id  r e s id u es  c y s te in e  ( excep t h is to n e  I I I  ) and 

tryptophan .

Taken a lto g e th e r , the r e s u lt s  o f  th e  d e ta ile d  s tu d ie s  on 

h is to n e s  from many d if fe r e n t  sou rces su g g est t h a t ,  s in c e  h is to n e s  

seem to  be remarkably homogeneous and to  have conserved th e ir  

amino a c id  sequences to  a la rg e  e x ten t during e v o lu t io n , th ey  probably  

f u l f i l  a very  b a s ic  fu n c t io n (s )  common to  a l l  c e l l s .  In co n s id er in g  

th e nature o f  t h i s  f u n c t io n ( s ) ,  much em phasis has been p laced  on th e  

v a r io u s  r e v e r s ib le  s id e -c h a in  m o d if ic a tio n s  known to  be in h eren t in  

the h is t o n e s ,  fo r  t h i s  may produce ev id en ce to  su ggest the  

involvem ent o f  h is to n e s  w ith  the c y c l i c a l  changes which occur during  

r e p lic a t io n  o f  DNA during th e  c e l l  c y c le .

In  g e n e r a l, l y s y l ,  h i s t i d y l ,  a r g in y l and s e r y l  r e s id u es  

have been found to  be m od ified  in  v a r io u s  ways ( e . g .  a c é t y la t io n ,  

m éth y la tio n , p h osp horylation  ) and we can co n sid er  each p r o c e s s , and 

i t s  im p lic a t io n s , in  tu rn .

A c é ty la tio n  o f  ly s y l  r e s id u es  was f i r s t  d iscovered  in  c a l f  

thymus h is to n e s  by DeLange ( I 968) and has s in c e  been rep orted  in  

se v e r a l o th er  t i s s u e s  in c lu d in g  tro u t t e s t i s  (Sung & D ixon, I 97O ),
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pea s e e d lin g s  (DeLange e t  a l , 1969a) and HeLa c e l l s  (W ilhelm &

McCarty, 1970)* The £ -N -a c e ty l d e r iv a t iv e  has so fa r  heen found o n ly  

in  the a r g in in e -r ic h  h is to n e s  ( fr a c t io n s  I I I  and IV ) and i t  appears 

to  turn over a t an ap p reciab le  ra te  (V id a li e t  a l , I 968) • The p r e c is e  

r o le  o f  a c é ty la t io n  i s  so fa r  unknown, but s tu d ie s  r e la t in g  th e tim e 

o f  h is to n e  a c é ty la t io n  to  o th er  c e l lu la r  ev en ts  (Pogo e t  a l , I 968) 

have le d  to  the su g g estio n  th a t th ere  may be a c o r r e la t io n  between 

h is to n e  a c é ty la t io n  and DNA-dependent ENA s y n th e s is  and th a t i t  may 

be an e a r ly  event in  the p ro cess  o f  d e -r e p r e ss io n .

The m éth y la tion  o f  ly s y l  r e s id u es  was f i r s t  d escr ib ed  by 

Murray ( I 964) .  S in ce th en , not on ly  th e monomethyl d e r iv a t iv e  but 

a lso  the dim ethyl and p o s s ib ly  tr im eth y l d e r iv a t iv e s  have been found 

(P aik  & Kim, I 967 ; Hempel e t  a l , I 968) .  Like a c é t y la t io n ,  m éth y la tion  

occu rs m ain ly in  a r g in in e -r ic h  h is to n e s ,  but i t  does not appear to  

have any temporal c o r r e la t io n  to  DNA, RNA or h is to n e  s y n th e s is  and 

i t  has been su ggested  (DeLange & Sm ith, 1971) th a t m éth y la tion  may 

p la y  some r o le  a t the tim e o f  chromosome con d en sa tion .

The m éth y la tion  o f  h i s t id y l  and a rg in y l r e s id u es  has been reported  

by Gershey e t  a l  ( I 969) and Paik  & Kim ( I 969) r e s p e c t iv e ly ,  but 

t h e ir  p r e c is e  r o le s  have yet to  be e lu c id a te d .

Probably the most e x te n s iv e ly  s tu d ied  h is to n e  m o d ific a tio n  

i s  the ph osp horylation  o f  s e r y l r e s id u e s . F ir s t  rep orted  by Ord &

Stocken ( 1966a) and K lein sm ith  e t  a l  ( I 966) ,  th ere  have s in ce  been 

many rep o rts  o f  the presence o f  phosphoserine in  most h is to n e  fr a c t io n s  

from many s p e c ie s ,  the phosp horylation  o f  h is to n e  I  undergoing by fa r  

the most e x te n s iv e  in v e s t ig a t io n  (Langan, I 969 ; Cross & Ord, 1970 ;

Ord & S tock en , 1967 , I 968 ; S te v e ly  & S tock en , 1968a ,  1968b ) .  The r o le  

th a t h is to n e  ph osp h orylation  may p la y  in  the co n tro l o f  g e n e t ic  a c t i v i t y  

appears com plex. I t  has been shown th a t cyclic-AM P s t im u la te s  h is to n e
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p h osp h ory la tion  (Langan, I 969) and t h i s  may provide a l in k  in  the  

s t im u la tio n  o f  h is to n e  p h osp h ory la tion , RNA sy n th e s is  and p ro te in  

s y n th e s is  by c e r ta in  hormones. I t  a lso  appears th a t whereas o th er  

h is to n e s  are phosphorylated  a t a tim e concom itant w ith  new MA 

s y n th e s is  (Buckingham & S tock en , 1 9 7 0 ), h is to n e  I  ph osp h orylation  

occu rs l a t e r ,  during new DNA s y n th e s is  (S tocken & Ord, I 969) .  Sung 

& Dixon ( 1970) showed th a t phosp horylation  o f  h is to n e s  in  tro u t  

t e s t i s  occured m ainly during th e disp lacem ent o f  h is to n e s  from the  

DNA by p rotam ine, a somewhat s p e c ia l iz e d  p ro cess  not found in  o th er  

t i s s u e s .  More r e c e n t ly ,  Bradbury e t  a l  (1973) have shown th a t la t e  

in  th e  G2 phase o f  the c e l l  c y c le ,  where chromosome condensation  i s  

seen  to  be o c cu r in g , the phosphate conten t o f  very  ly s in e - r ic h  

h is to n e  ( f l  ) o f  physarum polycephalum i s  d ra m a tica lly  in c r ea se d .

The same workers have s in ce  proposed a model fo r  th e m olecu lar b a s is  

o f th e  c o n tr o l o f  m ito t ic  c e l l  d iv is io n  which su g g ests  th a t an enzyme 

th a t p h osp h ory la tes  h is to n e  f l  in  physarum polycephalum  n u c le i  -  f l  

phosphokinase -  " tr ig g e r s  " an in crea se  in  f l  phosphate con ten t and 

t h i s  i s  the i n i t i a t i o n  s tep  in  m ito s is  (Bradbury e t  a l , 19748,1974%)*

A la s t  m o d ifica tio n  o f  h is to n e s  i s  th a t o f  th e o x id a t io n -  

red u ctio n  o f  c y s t e in y l - c y s t in y l  r e s id u e s . Only h is to n e  I I I  ( f3  ) 

c o n ta in s  t h i s  amino a c id  resid u e  and i t s  presence r e s u l t s  in  the  

appearance o f  m ultim ers. Ord & Stocken ( 1966b)showed th a t the r a t io  

o f  t h io l  to  t h io l  p lu s d isu lp h id e  i s  low in  metaphase chromatin where 

g e n e t ic  a c t i v i t y  i s  low , whereas in  in terp h a se  chrom atin , where 

g e n e t ic  a c t i v i t y  i s  in c r ea se d , i t  i s  h igh  (Sadgopal & Bonner, I 97O). 

T his has le d  to  th e su g g estio n  th a t h is to n e  I I I ,  in  i t s  o x id ized  

s t a t e ,  p r o te c ts  the DNA during m it o s is ,  and red u ction  o f  the  

d isu lp h id e  bonds r e s u lt s  in  in crea sed  tem plate a c t iv i t y  o f  the DNA.

There has been much sp e cu la tio n  about the r o le  o f  h is to n e s
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as s tr u c tu r a l components o f chrom atin . On the one hand, R ichards & 

pardon (1970) su ggest h is to n e s  I l h l  and I I I  ( f2a2 and f 3 ) are 

p r im a r ily  in v o lv ed  in  m ain ta in in g  the su p erco iled  s tru c tu re  o f  MA in  

n u c le o h is to n e , w h ile  on the o th e r . Smart & Bonner (1971) rep ort th a t  

s p e c i f i c  changes in  chem ical and p h y sica l c h a r a c t e r is t ic s  o f  

n u c leo p ro te in  com plexes are not dependent upon the presence o f  any 

one p a r t ic u la r  h is to n e  f r a c t io n . The s itu a t io n  i s  th u s c o n te n t io u s ,  

but i t  does seem l i k e l y  th a t h is to n e s  are s tr u c tu r a lly  important 

although  t h e ir  p r e c ise  r o le s  have y e t to  be firm ly  e s t a b l is h e d .

Prom th e above, i t  seems probable th a t h is to n e s  are in v o lv ed  

in  th e  r eg u la tio n  o f  tr a n sc r ip t io n  and r e p lic a t io n  and are a lso  

im portant s tr u c tu r a l e lem en ts , serv in g  to  p ro tec t and m aintain  th e  

s tr u c tu r e  o f  the chrom atin. More co n c lu s iv e  ev idence has been  

o b ta in ed  and i t  can be b r ie f ly  o u t lin e d .

(a ) H isto n es  are g e n e r a lly  sy n th es ized  during or ju s t  b efore  MA 

r e p lic a t io n  (Sadgopal & Bonner, 1969)-  T h is could im ply th a t th ey  

are req u ired  to  prevent r e p lic a t io n  ( as w e ll as tr a n s c r ip t io n  ) o f  

new ly sy n th es ized  MA. Wang ( I 969) has su ggested  th a t the su p p ression  

o f  t h i s  in h ib ito r y  a c tio n  when the MA i s  to  be r e p lic a te d  could  be 

by in te r a c t io n  w ith  n on -h iston e  p r o te in s .

(b) Any h is to n e  fr a c t io n  added to  MA in  v i t r o  reduces M A-dependent 

RNA s y n th e s is  (Sh ih  & Bonner, 1970) and removal o f  h is to n e s  from 

chrom atin r e s u lt s  in  m oderately in creased  tem plate a c t i v i t y  o f  the  

MA (S p elsb u rg  & H n il ic a , 1971)*

(c )  The r e la t iv e ly  sm all number o f  h is to n e s  ( l e s s  than 20 ) have 

le d  to  th e h y p o th es is  th a t th ey  are n o n -s p e c if ic  r e p r e s so r s ,  

in t e r a c t in g  w ith  any reg ion  o f  MA to  reduce tem plate a c t i v i t y .  

Marushige & Bonner ( I 966) dem onstrated th a t when h is to n e s  are removed 

from chromatin so as to  lea v e  most o f  th e  n on -h iston e  p r o te in  s t i l l
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a tta c h e d , the tem plate a c t iv i t y  becomes e s s e n t ia l l y  the same as 

th a t o f  the DNA i t s e l f ,  su g g estin g  th a t some s p e c i f i c i t y  may e x is t  

by the in te r a c t io n  o f  h is to n e s  w ith  o th er  chromosomal components.

(d) Apart from th e su p e r c o il in g  involvem ent o f  h is to n e s  I l b l  and I I I  

a lrea d y  d escr ib ed , i t  has been rep orted  (L itta u  e t  a l , I 965) th a t  

h is to n e  I i s  n ecessa ry  fo r  th e conversion  o f  d if fu s e  chrom atin in to  

condensed chrom atin.

I t  i s  im portant to  remember th a t most o f  the research  on 

h is to n e  stru ctu re  and fu n ctio n  has been ca rr ied  out on h is to n e s  

i s o la t e d  from h ig h er  p la n ts  and an im als, e s p e c ia l ly  c a l f  thymus and 

pea s e e d lin g s . I n v e s t ig a t io n  o f  the h is to n e  content o f  p r im itiv e  

eu k aryotes i s  e s s e n t ia l  when one co n s id ers  th a t the appearance o f  

h is to n e s  in  e v o lu tio n  i s  roughly c o in c id e n ta l w ith  th e appearance o f  

a w e ll  d efin ed  n u cleu s and w ith  d if f e r e n t ia t io n  (G eorg iev , 1969)* 

S ev era l rep orts  have been p u b lish ed  to  show th a t h is t o n e s ,  s im ila r  

to  th ose  o f  h igh er  organism s, are p resen t in  sim ple eukaryotes such 

as C h lo r e lla  e l l ip s o id e a  ( iw a i ,  I 964) , Polysphondelium  pallidum  

(Horgen & O'Day, 1 9 7 3 ), Physarum polycephalum (Mohberg & Rusch, 1969) 

and Tetrahymena p y r iform is (iw a i e t  a l , I 965) .  On the o th er  hand, 

se v e r a l organism s have been reported  as la c k in g  ty p ic a l  h is to n e s .  

These in c lu d e  the C hytrid iom ycetes (Stumm & Van Went, I 968) , the  

Zygom ycetes, Ascom ycetes and D euterom ycetes (L eighton  e t  a l , 1971) 

and th e d in o f la g e l la te  a lg a  Gyrodinium c o h n ii (R izzo & Nooden, I 972) .

The r e la t io n s h ip  between h is to n e  content and development 

has a ls o  been co n sid era b ly  in v e s t ig a te d . Stedman & Stedman (1950) 

observed some t i s s u e  s p e c i f i c i t y  in  r e la t io n  to  h is to n e  conten t and 

f i r s t  proposed the h y p o th es is  th a t b a s ic  n u clear  p r o te in s  in h ib ite d  

g e n e t ic  a c t iv i t y .  More r e c e n t ly ,  H n ilic a  & Johnson (1 9 7 0 );  showed 

th a t h is to n e s  were not sy n th es ized  b efore  the b la s tu la  sta g e  in  sea
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urchin  development and th a t th e ly s in e - r ic h  h is to n e s  o f  sea  u rch in  

sperm were d if fe r e n t  from th ose  o f  the embryo. Sung & Dixon (1970) 

showed i t  was the m o d ifica tio n  o f  h is to n e s  during sp erm iogen esis in  

tro u t t e s t i s  th a t f a c i l i t a t e s  sperm development and Bradbury e t  a l , 

( 1974) rep ort q u a n tita t iv e  d if fe r e n c e s  in  the h is to n e  con ten t o f  

Volvox during i t s  developm ent. On the o th er  hand, S p ik er & K rishna  

( 1972) have reported  the con stan cy  o f  wheat s e e d lin g  h is to n e s  during  

developm ent.

The m ajority  o f  th ese  s tu d ie s  however, have in v o lv ed  

in v e s t ig a t io n  o f  h is to n e  fr a c t io n s  from organism s th a t are not o n ly  

going through p r o c esses  o f  development in to  many d if fe r e n t  c e l l  ty p e s ,  

but which are a lso  growing. T h is makes accu rate ded u ction s about 

observed changes in  h is to n e  con ten t im p ossib le  as such changes may 

be a fu n ctio n  o f  e ith e r  growth or developm ent. The developm ental 

system  o f  the c e l lu la r  slim e mould D ic ty o ste liu m  discoideum  n o ta b ly  

la ck s  th ese  d isa d v a n ta g es, fo r  th e development o f  the v e g e ta t iv e  

myxamoebae proceeds in  the com plete absence o f  MA sy n th e s is  and 

c e l l  mass in c r e a s e , and the f u l l y  d if f e r e n t ia te d  f r u i t in g  b o d ies  

comprise o n ly  two c e l l  ty p e s . There has been on ly  one report 

concerning th e b a s ic  n u clear  p r o te in s  o f  D .discoideum  (C oukell & 

W alker, 1973) and i t  su g g ests  the presence o f  f r a c t io n s  th a t rough ly  

com igrate w ith  c a l f  thymus h is to n e  fr a c t io n s  on g e l e le c tr o p h o r e s is .

I t  i s  th e purpose o f  t h i s  chapter to  in v e s t ig a te  the b a s ic  n u c lea r  

p r o te in s  o f  D .discoideum  to  confirm , or o th er w ise , th e  prev iou s  

f in d in g  and to  determ ine whether any g ro ss  changes in  the b a s ic  

n u clear  p ro te in  con ten t occur during development th a t may su ggest  

p o ss ib le  co n tro l mechanisms fo r  t h i s  p ro cess  in  t h i s  organism .
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MATERIALS

Cemulsol NPT 12 was obtained  from Tar R esid u a ls  L td , London, 

U.K. and acrylam ide was ob ta ined  from Koch-Light L ab orator ies  L td , 

C olnbrook, Bucks, U.K. A ll o th er  chem icals were o f  th e h ig h es t p u r ity  

com m ercially a v a ila b le  and were the products o f  BDH Chem icals L td , 

P o o le , D o rset, U .K ., F iso n s S c ie n t i f i c  Apparatus L td , Loughborough, 

L e ic e s t e r ,  U.K. or  Sigma (London) L td , London, U.K.

METHODS

( i )  Growth and Development o f  Myxamoebae

V eg eta tiv e  myxamoebae o f  

D .d isco ideum , s tr a in  A x-2 , were obtained  by growth in  NS medium as 

d escr ib ed  in  Chapter 1 . C e lls  were h arv ested  when th ey  were 

approaching the end o f  th e ir  exp on en tia l growth phase ( t h i s  

corresponds to  a c e l l  d e n s ity  o f  approxim ately 4 x  10^ c e l l s  /  m l) .

C e lls  r e p r e se n ta tiv e  o f  the developm ental phase were 

ob ta in ed  by h a r v e stin g  v e g e ta t iv e  myxamoebae and a llo w in g  them to  

develop  on M illip o r e  f i l t e r  supports as p r e v io u s ly  d escr ib ed  u n t i l  

th ey  had reached the s lu g  sta g e  -  a t approxim ately 16 hours a f t e r  

d e p o s it io n  o f  the c e l l s  on th e  M ill ip o r e s  -  at which tim e th ey  were 

h a rv ested .

The s lu g  stage  was chosen to  be r e p r e se n ta tiv e  o f the developm ental 

phase fo r  two rea so n s . F i r s t l y ,  by t h i s  s ta g e , numerous o th er  

changes in  the c e l l s  have occured so th a t any changes in  the b a s ic  

n u clea r  p ro te in  con ten t should a lso  be e v id e n t , and seco n d ly , the  

te c h n ic a l d i f f i c u l t y  o f  i s o la t in g  n u c le i  from c e l l s  which have been  

d evelop in g  fo r  lon g er  than t h i s  p eriod  are overwhelm ing. I t  must thus
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be made c le a r  th a t d if fe r e n c e s  between the b a s ic  n u c lea r  p r o te in s  in  

v e g e ta t iv e  and s lu g  stage  c e l l s  may o n ly  be part o f  more su b s ta n tia l  

d if fe r e n c e s  th at would be ev id en t at a la t e r  stage  in  developm ent, 

but w hich , u n fo r tu n a te ly , cannot be in v e s t ig a te d  u s in g  p resen t  

tech n iq u es .

( i i )  I s o la t io n  o f  N u cle i

Myxamoebae were h arvested  from e it h e r  growth 

medium or M illip o re  f i l t e r  supports and washed tw ice in  ic e - c o ld  

w ater as d escrib ed  in  Chapter 1 . Two methods were then used to  

i s o la t e  the n u c le i .

Method A : T his procedure i s  a m o d ifica tio n  o f  the method o f  Sussraan 

& Rayner (1971) as describ ed  by Coukell & Walker (1 9 7 3 ) , and i s  

based on the fa c t  th a t the d e te r g e n t, T rito n  X -100, s o lu b i l i z e s  a l l  

c e l lu la r  membranous m a ter ia l w ith  the ex cep tio n  o f  th e in n er  n u clear  

membrane. A ll op era tio n s were performed at 0 -  2°C u n le s s  otherw ise  

in d ic a te d .

Washed myxamoebae were resuspended in  d i s t i l l e d  w ater a t a c e l l
0

d e n s ity  o f  approxim ately 3 x 10 c e l l s  / m l .  F ive volum es o f  TSS ( see  

page i v  ) were added and the suspension  shaken v ig o r o u s ly  in  a 28°C 

w ater bath fo r  8 min. The ly s a te  was c en tr ifu g e d  a t 4Q0g fo r  5 min. 

to  sedim ent unbroken c e l l s  and the supernatant then c en tr ifu g e d  (2000g , 

20 m in. ) to  p e l l e t  the n u c le i .  The crude n u clear  p e l l e t  was 

resuspended in  approxim ately 5^ volumes o f  SSK ( see  page iv  ) and 

d i f f e r e n t ia l ly  c en tr ifu g ed  as describ ed  above. The n u c lea r  p e l l e t  was 

then washed tw ice  by resu sp en sion  in  0 .0 1  M T r i s / c l  b u f fe r ,  pH 7* 5 , 

c o n ta in in g  O .I5 M NaCl, fo llo w ed  by c e n tr ifu g a t io n  ( 2000g, 10 min. ) .  

Method B : T his procedure i s  a com bination o f  the methods o f  Coccuci 

& Sussman ( I 97O) and Coukell & Walker (1 9 7 3 ). A ll  o p era tio n s  were
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performed at 0 -  2°C u n le s s  o th erw ise in d ic a te d .

Washed myxamoebae were resuspended in  ic e - c o ld  w ater a t a c e l l
g

d e n s ity  o f  approxim ately 2 x 10 c e l l s  /  m l, 40 ml a l iq u o ts  were 

d isp en sed  in to  50 ml polycarbonate c en tr ifu g e  tubes and th e c e l l s  

p e l l e t t e d  a t lOOOg fo r  5 min. The p e l le t  was then vortexed  fo r  1 min. 

w ith  20 ml o f  HÎ.ÎK (se e  page iv )  , co n ta in in g  4^ (v /v )  o f  the d etergen t  

Cemulsol NPT 12 and 5^ (w /v) sucrose and the suspension  incubated on 

ic e  fo r  9 min. 20 ml o f  HMK, co n ta in in g  4$ (v /v )  Cemulsol NPT 12 and 

22^ (w /v) sucrose were added. M icroscopic exam ination o f  the ly s a te  

at t h i s  sta g e  showed the in c id en ce  o f  whole c e l l s  to  be l e s s  than 

1 X 10"^. The n u c le i  were c o l le c t e d  by c e n tr ifu g a t io n  ( lOOOg, 10 min. ) 

and washed tw ice  by g e n tle  resu sp en sion  in  ( i )  40 ml SSK fo llo w ed  by 

c e n tr ifu g a t io n  at lOOOg fo r  10 m in. and ( i i )  40 ml 0 .0 1  M T r i s / c l  

b u f fe r ,  pH 7* 5 , co n ta in in g  O .I5 M NaCl, again  fo llo w ed  by 

c e n tr ifu g a t io n  a t lOOOg fo r  10 min.

( i i i )  Photography o f  N u c le i

N u c le i resuspended in  0 .0 1  M T r i s /c l  

b u f fe r ,  pH 7 * 5 , co n ta in in g  0 .1 5 M NaCl, were photographed w ith  a 

L eica  M2 camera coupled to  a L e itz  O rtholux m icroscope u s in g  an 

o i l  immersion x90 o b je c t iv e  fo r  a f in a l  m a g n ifica tio n  o f  x I 35O.

( iv )  E x tra ctio n  o f  B asic  N uclear P ro te in s

Because o f  the h igh  a c id  

p ro tease  a c t iv i t y  present in  n u clea r  and cytop lasm ic fr a c t io n s  o f  

D .discoideum  myxamoebae (Sussman & Sussman, I 969 ; Weiner & Ashworth, 

1970 ; Braun e t  a l , 1 9 7 2 ), the procedure fo r  the e x tr a c t io n  o f  the  

b a s ic  n u clea r  p r o te in s  i s  a m o d ifica tio n  o f  the method o f  Mohberg & 

Rusch ( 1969) as d escr ib ed  by Coukell & Walker (1973)*
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Washed n u c le i ,  co n ta in in g  1 -  2 .4  mg o f  DNA were resuspended in  6 ml 

o f  1 M CaClg and im m ediately p laced  in  a b o i l in g  w ater bath fo r  15 

min. A fte r  c o o lin g , the n u c le i were d ilu te d  w ith  3 ml o f  1 M CaClg 

and so n ic a te d  fo r  1 min. u s in g  a lOOW MSB U ltra so n ic  D is in te g r a to r  

( 1 cm t i p  probe, peak to  peak am plitude 12 yuwi). The m ixture was 

then s t ir r e d  at 4°C fo r  16 -  18 hours. The CaClg -  in s o lu b le  m a ter ia l  

was removed by c e n tr ifu g a t io n  ( 2 5 ,OOOg, 15 min. ) ,  washed in  3 ml 

o f  1 M CaClg and cen tr ifu g e d  as b e fo r e . The combined supernatan ts  

were tr a n sfe r r e d  to  an ic e  bath and 0 .3 3  volumes o f  c o ld , 100^ (w /v) 

t r ic h lo r o a c e t ic  a c id  ( TCA ) were added and th e m ixture incubated on 

ic e  fo r  2 h ou rs. The TCA -  p r e c ip ita b le  m a ter ia l was p e l le t t e d  by 

c e n t ifu g a t io n  ( 1 0 0 ,000g , 45 m in. ) ,  scraped from th e w a lls  o f  the  

c e n tr ifu g e  tu b e , g e n tly  resuspended in  0 .0 2  N H^SO  ̂ and d ia ly se d  

a g a in s t th ree  changes, each o f  5^0 volum es, o f  0 .0 2  N HgSO  ̂ fo r  24 

hours at 4°C* The m a ter ia l sed im enting in  the d ia ly s i s  tu b in g  during  

t h i s  p er io d  was resuspended se v e r a l tim es . The n o n -d if fu s ib le  

m a ter ia l was cen tr ifu g ed  ( 500g ,  5 min. ) to  remove the a c id  -  

in s o lu b le  p ro te in  and any rem aining DNA, the supernatant c o n s t itu t in g  

the c l a r i f i e d  b a s ic  n u clear  p r o te in  su sp ension  which was sto red  at 

-20°C u n t i l  a n a ly s is .

(v ) E stim ation  o f  Tryptophan

Tryptophan was estim ated  by a 

m o d ific a tio n  o f  th e methods o f  Shaw & McFarlane (1938) and F is c h l  

( i 960) as d escr ib ed  by O pienska-Blauth e t  a l , (1963)*

To 1 ml o f  sample were added 2 ml o f  g la c ia l  a c e t ic  a c id  co n ta in in g  

56 mg F e ^ /  l i t r e ,  and 2 ml o f  con cen trated  su lp h u ric  a c id . The 

s o lu t io n  was thoroughly mixed and incubated  at room tem perature fo r  

15 m in. The e x t in c t io n  at 545 *̂m was measured and th e  amount o f
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tryptophan p resen t determ ined by referen ce  to  a standard curve o f  

L -tryptophan.

( v i )  E stim ation  o f  DNA, RNA and P ro te in

At var iou s s ta g e s  during the  

i s o la t io n  procedure, samples were taken and analysed  fo r  DNA, RNA 

and p r o te in  by the methods d escrib ed  in  Chapter 1 .

( v i i )  I s o la t io n  o f  Ribosomal P ro te in s

Ribosomes were i s o la t e d  from 

v e g e ta t iv e  myxamoebae as d escr ib ed  in  Chapter 3 , and th e b a s ic  

p r o te in s  e x tra c ted  therefrom  w ith  1 M CaClg as d escr ib ed  fo r  the  

b a s ic  n u clea r  p r o te in s .

( v i i i )  Polyacrylam ide Gel E le c tr o p h o re s is

The polyacrylam ide g e l  

e le c tr o p h o r e s is  o f  the b a s ic  n u clear  p r o te in s  o f  D .discoideum  was 

based on the m o d ific a tio n s  o f  the methods o f  R e is fe ld  e t  a l  (1962) 

and Clarke ( I 964) as d escr ib ed  by Panyim & C halkley ( I 969)*

P reparation  o f  G els :

The fo llo w in g  s o lu t io n s  were employed —

S o lu tio n  A : 60^ (w /v) acry lam ide, 0 .4^  (w /v) m ethylene 

b isacry lam id e in  w ater.

S o lu tio n  B : 4^ (v /v )  N ,N ,N ',N '-te tra m eth y le th y len e-d ia m in e  

(TERÎED) in  4 3 .2 #  (v /v )  g la c ia l  a c e t ic  a c id .  

S o lu tio n  C : Aqueous urea ( fo r  co n cen tra tio n  see R e su lts  ) .  

S o lu tio n  D : F resh ly  prepared 10# (w /v) ammonium p ersu lp h ate  

in  w ater.

S o lu tio n s  A, B and C were s to red  a t 0°C and warmed to  room tem perature
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b efo re  b e in g  mixed in  the r a t io  o f  2 p a r ts  A : 1 part B t 5 p a rts  C 

and the m ixture was d e-aerated  u s in g  a vacuum l i n e .  0 .1  ml o f  

s o lu t io n  V were added per 8 ml o f  g e l so lu t io n  and the m ixture 

tr a n sfe rr e d  to  10 cm x 0 ,6  cm ( l .D . )  Pyrex tubes sea le d  at the  

bottom w ith  P arafilm  and h e ld  v e r t ic a l  by means o f  a clamp. The g e l  

s o lu t io n  was c a r e fu lly  o v e r la id  w ith  w ater and p o lym eriza tion  was 

allow ed  to  take p lace  fo r  approxim ately 2 h ou rs, depending on the  

urea co n cen tra tion  ( the presence o f  urea reduces the p o lym erization  

tim e by approxim ately 0̂% ) .  E le c tr o p h o r e s is  was performed a t room 

tem perature u s in g  a Shandon v e r t ic a l  g e l system s e t  to  d e liv e r  

con stan t cu rren t.

P r e -e le c tr o p h o r e s is  ;

G els were r o u t in e ly  p re -e lec tro p h o resed  to  

remove a l l  charged sp e c ie s  o th er  than protons and a c e ta te  a n io n s. 

P r e -e le c tr o p h o r e s is  was performed by e lec tr o p h o re s in g  the g e ls  a t a 

con stan t current o f  2 mA /  g e l fo r  approxim ately 6 hours u s in g  a 

tr a y  b u ffe r  o f  0 .9  N a c e t ic  a c id . P r e -e le c tr o p h o r e s is  was adjudged 

com plete when the v o lta g e  s t a b i l i z e d .

Sample P reparation  ;

0 .2  ml o f  the b a s ic  n u clear  p r o te in  so lu t io n  

were added to  145 mg o f  u rea . T his g iv e s  a f in a l  volume o f  0 .3  ml 

and a f in a l  urea con cen tra tio n  o f  8 M. The samples were incubated  in  

8 M urea w ith  O.5  M 2-m ercaptoethanol fo r  approxim ately 12 hours 

b efo re  0 .1  ml was ap p lied  to  the top o f  the g e ls  fo r  e le c tr o p h o r e s is .  

E le c tr o p h o re s is

E le c tr o p h o re s is  was performed fo r  4 hours in  a 

ca th o d ic  d ir e c t io n  at 2 mA /  g e l ( con stan t current ) u s in g  a tra y  

b u ffe r  o f  O.9  N a c e t ic  a c id . G els were removed from th e tubes by 

f i r s t  immersing them in  w ater at 4°C fo r  5 m in ., c a r e fu l ly  rimming
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the g e ls  w ith  a b lunted  26- gauge hypodermic n eed le  connected  to  a 

w a t e r - f i l le d  syrin ge  and, when lo o sen ed , by ap p ly ing  g e n t le  w ater  

p ressu re to  one end.

S ta in in g  :

G els were s ta in ed  fo r  a t l e a s t  8 hours in  0 .1 #  (w /v) 

Napthalene B lack 12 B d is so lv e d  in  7# (v /v )  a c e t ic  a c id .

Des ta in in g  ;

G els were d esta in ed  e l e c t r o l y t i c a l l y  in  7# a c e t ic  a c id  

fo r  2 hours at 4 v o l t s  and 2 amps. Any background s ta in  rem aining  

was then removed by d if fu s io n  a g a in st 7# a c e t ic  a c id .

Measurement :

D esta ined  g e ls  were photographed and scanned u s in g  a 

Unicam I 8O9 g e l scanning attachm ent fo r  a Unicam SPI8OO 

spectrophotom eter a t a w avelength o f  620 nm.

( ix )  H yb rid iza tion  o f  Sea Urchin 98 H istone mRNA to  D ,discoideum  DNA

DNA is o la t e d  from myxamoebae o f  D .discoideum  by th e method 

o f Leach & Ashworth (1972) was sheared by passage through a 21 -  

gauge hypodermic n eed le  and banded on a CsCl eq u ilib riu m  g r a d ie n t. 

F ra c tio n s  were c o l le c te d  and the DNA loaded onto S a r to r iu s  membrane 

f i l t e r s  as d escr ib ed  by B i m s t e i l  e t  a l  ( I 968) .  The h y b r id iz a tio n  

w ith  r a d io a c t iv e ly  la b e lle d  93 m essenger RNA from sea  u rch in s was 

k in d ly  performed by P ro fe sso r  M. B i m s t e i l  u s in g  tech n iq u es  

p r e v io u s ly  d escr ib ed  (Kedes & B i m s t e i l ,  1 9 7 1 ).
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RESULTS

( i )  I s o la t io n  o f  N u cle i

Method A % The procedure fo r  the i s o la t io n  o f  n u c le i  d escr ib ed  by 

Coukell & Walker (1973) was found to  be u n s a t is fa c to r y . Incubation  

o f  the c e l l  suspension  w ith  0 .0 6 #  (v /v )  T rito n  X-100 o n ly  r e su lte d  

in  approxim ately 70# c e l l  l y s i s .  M oreover, even a f t e r  th e two 

d i f f e r e n t ia l  c e n tr ifu g a t io n s , the p u r if ie d  n u c le i s t i l l  contain ed  

many unbroken c e l l s .

Method B t The com bination o f  the methods o f  Coccuci & Sussman (1970) 

and C oukell & Walker (1973) was co n sid era b ly  more su c c e s s fu l in  the  

preparation  o f  p u r if ie d  n u c le i than Method A. M icroscop ic exam ination  

o f  the C em u lso l-treated  c e l l s  r o u tin e ly  showed the in c id en ce  o f  whole 

c e l l s  to  be very  low ( l e s s  than 10“  ̂ ) .  Phase co n tra st m icroscopy  

o f the p u r if ie d  n u clea r  suspension  showed the n u c le i to  be in ta c t  

( although perhaps s l i g h t l y  sw ollen  ) and fr e e  o f  unruptured c e l l s ,  

m itochondria and membranous d eb r is  ( PLATE 2 ) .

( i i )  Component A n a ly s is  During N u c le i Preparation

TABLE 2 shows the

DNA, RNA and p ro te in  content o f  v a r io u s fr a c t io n s  obtained  during the  

i s o la t io n  o f  the p u r if ie d  n u c le i  from both v e g e ta t iv e  and develop in g  

c e l l s  o f  D .d iscoideum . I t  can be seen  th at although th ere  i s  

co n sid era b ly  l e s s  RNA and p r o te in  presen t in  d evelop in g  c e l l s ,  the  

m acromolecular com position o f  the n u c le i i s o la t e d  from the c e l l s  o f  

both phases are alm ost id e n t ic a l ,  both co n ta in in g  approxim ately 755̂  

o f the t o t a l  c e l lu la r  DNA. T his approximate f ig u re  o f  25# fo r  the  

m itochondria l DNA con ten t i s  in  agreement w ith  th a t o f  Leach & 

Ashworth (1 9 7 2 ). The p r e c is e  DNA : RNA ; p r o te in  r a t io s  fo r  th e
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PLATE 2, Phase Contrast Micrograph of a Preparation of 

Nuclei from D.discoideum

The nuclei were resuspended in 0.01 M T ris/c l buffer, 

pH 7 .5 , containing O.I5 M NaCl.

Magnification x 1350, the bar represents 2 ^m.

n



FRACTION

VEGETATIVE CELLS DEVELOPING CELLS

DNA
(hë)

RNA
(mg)

PROTEIN
(mg)

DNA
(/Lg)

RNA
(mg)

PROTEIN
(mg)

Whole Cell Lysate 2070 161 977 1344, 41 382

Supernatant 1 507 94 864 300 21 310

Supernatant 2 51 41 58 40 8 38

Supernatant 3 7 14 13 12 4 5

Nuclear Pellet 1480 12 44 992 8 28

TABLE 2. Localization of Major Cell Constituents During the 

Isolation of Nuclei from D.discoideum

(Numbers shown are typical of several(4) experiments 

performed and refer to approximately 1.1 x 10^  ̂ c e lls  

in the vegetative phase and to approximately 7.5 x 10 

c e lls  in the developmental phase).

9
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n u c le i  were determ ined as ;

N u c le i ( v e g e t a t iv e ) ,  1 s 8 .3  + 1 .2  ; 30 .0  ± 4 * 6  (6  d eterm in ation s)  

N u c le i (d e v e lo p in g ) , 1 s 8 . 3 - 2 . 1  t 2 8 . l t  3*7 (4  d eterm in ation s)

( i i i )  B a sic  N uclear P ro te in  E x tra ctio n

The r a t io s  o f  UNA : a c id -s o lu b le  

p r o te in  presen t in  the n u c le i  were determ ined as

N u c le i ( v e g e t a t iv e ) ,  1 t 0 .9 6 t 0 .0 4  (6  d eterm in ation s)

N u c le i (d e v e lo p in g ) , 1 : 0 .9 0 ± 0 .0 5  (4 d eterm in ation s)

( iv )  Tryptophan a n a ly s is

The h ig h ly  s e n s i t iv e  a ssa y  procedure fo r  the  

e st im a tio n  o f  tryptophan enabled very  sm all q u a n t it ie s  ( lyug ) to  be 

d e te c ted  ( FIGURT? 3 ) •  The a c id -s o lu b le  n u c lea r  p r o te in s  o f  

B .discoideum  con ta in ed  l e s s  than t h i s  minimum le v e l  o f  l^ g  tryptophan  

/mg o f  p rotein *  In  c o n tr a s t ,  whole n u c le i  con ta in ed  I5y“g tryptophan / 

mg o f  p r o te in  and whole c e l l s  28^g tryptophan/m g o f  p r o te in .

(v ) Polyacrylam ide Gel E le c tr o p h o re s is

The e le c tr o p h o r e se s  d escr ib ed  

below are rep resen ted  in  the f ig u r e s  by a photograph and a drawing.

Some o f  the minor bands, c le a r ly  v i s ib l e  to  th e  e y e , are not e a s i l y  

d is c e r n ib le  on the photographs. These are in c lu d ed  in  th e  draw ings.

Panyim & C halkley ( I 969) have rep orted  t h a t ,  in  the absence  

o f p r e -e le c tr o p h o r e s is ,  c a l f  thymus h is to n e  fr a c t io n s  were both slow  

moving and bad ly  r eso lv ed  on urea-polyacry lam id e g e l  e le c tr o p h o r e s is .  

T his was a lso  found to  be th e case when th e b a s ic  n u clea r  p r o te in s  o f  

B .discoideum  were s im ila r ly  fr a c t io n a te d . FIGURES 4 and 5 show the  

banding p a ttern s  obta in ed  in  the absence o f  p r e -e le c tr o p h o r e s is .  Only 

2 major and 5 r e la t iv e l y  minro bands are d is c e r n ib le  and a co n sid era b le  

amount o f  the p r o te in  appears not to  have en tered  th e g e l .  I t  has been  

su gg ested  (Panyim & C h alk ley , I 969) th a t b e fo re  e le c tr o p h o r e s is  the
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FIGURE 3* Standard Curve fo r  the E stim ation  o f Tryptophan
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(a) (b)

FIGURE 4• E lectro p h o res is  o f the B asic  N uclear P ro te in s  o f

T)»discoideum on G els which had not been p r e -e le c tr o -  

phoresed. E lectro p h o resis  was performed in  g e ls  

con ta in in g  155  ̂ acrylam ide, 2 .5  M urea and O.9  N 

a c e t ic  ac id  fo r  4 hours at 2 mA/gel constant cu rrent.

(a) 40 fJî  b a s ic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s ,

(b) 25 jLlg b a s ic  nuclear p ro te in s  from develop ing c e l l s .
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FIGURA 5, D ensitom etric Tracings o f  the e lec tr o p h o re s is  o f  the 

b a sic  nuclear p ro te in s  o f  D.discoideum

(a) 40 yAg b a s ic  nuclear p ro te in  from v e g e ta tiv e  c e l l s

(b) 25yu.g b a s ic  nu clear p ro te in  from developing c e l l s ,
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g e ls  co n ta in  io n s  req u ired  fo r  the p o lym arization  o f  the acrylam ide

( e . g .  TKMFD^^and ) as w e ll as 0 .9  N a c e t ic  a c id . P re -

e le c tr o p h o r e s is  thus cau ses a drop in  the pH due to  the removal o f  
2+

the b a s ic  TFBITSD io n s  and to  a replacem ent o f  a l l  io n s  by protons  

and a c e ta te  anions th a t a s s o c ia te  and d ecrease the io n ic  s tr e n g th .

T his i s  r e f le c te d  by a r i s e  in  th e v o lta g e  req u ired  to  m aintain the  

con stan t current o f  2 mA /  g e l .  In deed , in  the e le c tr o p h o r e s is  shown 

in  FTGURKS 4 and 5> the i n i t i a l  v o lta g e  o f  31 v o l t s  in crea sed  to  a 

f in a l  va lu e  o f 75 v o l t s  a f t e r  the 4 hour p er io d . To overcome t h is  

problem , g e ls  were r o u t in e ly  p r e -e lec tro p h o resed  to  remove a l l  charged  

s p e c ie s  except protons and a c e ta te  a n io n s. Pre—e le c tr o p h o r e s is  was 

m onitored by record in g  the change in  v o lta g e  a cro ss  th e  g e ls  and was 

adjudged com plete when the v o lta g e  s t a b i l i z e d  -  u s u a lly  a f t e r  

approxim ately 6 hours ( FIGURE 6 ) .

E le c tr o p h o re s is  o f  the b a s ic  n u clea r  p r o te in s  o f  D .discoideum  

produced d if fe r e n t  banding p a ttern s  depending on the urea con cen tra tio n  

o f the g e l s .  In  the absence o f  urea ( FIGURES 7 and 8 ) 7  bands were 

d is c e r n ib le .  Those o f  v e g e ta t iv e  c e l l s  com prised 3 major bands, 3 

minor bands and a fa s t-m o v in g , very  d if fu s e  band, w h ils t  th ose  o f  

d evelop in g  c e l l s  comprised 2 major bands ( both o f  which com igrated  

w ith  2 o f  the major bands o f  v e g e ta t iv e  c e l l s  ) ,  4 minor bands ( 3 

o f which corresponded to  th e  3 minor bands, and 1 to  th e  rem aining  

major band o f  v e g e ta t iv e  c e l l s  ) and a s im ila r  fa s t-m o v in g , very  

d if fu s e  band. In a d d it io n , the appearance o f  th e g e ls  su ggested  th a t  

o n ly  part o f  the sample loaded had a c tu a l ly  en tered  the g e l .

When urea i s  in clu d ed  as a s o lu b i l i z e r  in  th e g e l s ,  qu ite  

d if fe r e n t  banding p a tte rn s  are o b ta in ed . In g e ls  c o n ta in in g  6 M urea  

( FIGURES 9 aiid 10 ) ,  6 bands were produced from both  v e g e ta t iv e  and 

d evelop in g  b a s ic  n u clea r  p r o te in s .  The e le c tr o p h o r e t ic  m o b i l i t ie s  o f
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FIGURE 6. Voltage change dur in# p r e - e l e c t r o p h o r e s i s  a t

constant current 

P r e -5 le c tro p h o r es is  o f g e ls  co n ta in in g  15^ acrylam ide, 

2 .5  W urea and 0*9 N a c e t ic  a c id  was performed' at 2 mA 

per g e l at con stan t current
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FIGURE 7• E lec tro p h o res is  o f the B asic  N uclear P ro te in s o f  

D.discoideum  on g e ls  co n ta in in g  15 ^ acrylamide 

and 0 .9  N a c e t ic  a c id .

(a) 30 fxg b a s ic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20 jxE b a s ic  nuclear p r o te in s  from develop ing c e l l s
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FIGURA 8 . D ensitom etric Tracings o f  the E lectro p h o resis  o f  the 

B asic  Nuclear P ro te in s  o f  D .discoideum  on g e ls  

contain ing 15^ acrylam ide and 0 .9  N a c e t ic  a c id .

(a) 30 pig 'basic nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20 jjig b a s ic  nuclear p ro te in s  from develop in g c e l l s
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FIGURE 9* E lectro p h o resis  o f  the B asic  N uclear P ro te in s  o f  

D.discoideum  on g e ls  con ta in in g  13^ acrylam ide,

6 .25  M urea and 0 .9  N a c e t ic  a c id .

(a ) 30yitg b a sic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 2 0 ^ g  b a s ic  nuclear p ro te in s  from develop in g  c e l l s
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FIGURE 10. 'Densitometric Tracings o f  the E lectro p h o resis  o f the

B asic  Nuclear P ro te in s o f  'D.discoideum on g e ls  con ta in in g  

13^ acrylam ide, 6.23 M urea and O.9 N a c e t ic  a c id .

(a ) 30 ^ g  b a sic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20 yUjg b a sic  nuclear p ro te in s  from developing c e l l s
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the hands were approxim ately id e n t ic a l  and the o n ly  d if fe r e n c e  was a 

q u a n tita t iv e  one -  one o f  th e major bands o f  the v e g e ta t iv e  b a s ic  

n u clea r  p r o te in s  was rep resen ted  by on ly  a minor band in  the b a s ic  

n u clea r  p r o te in s  o f  d evelop in g  c e l l s .

Lowering the urea co n cen tra tio n  to  4 M ( FIGURES 11 and 12 ) r e s u lt s  

in  the production  o f  10 bands from both v e g e ta t iv e  and d evelop in g  

b a s ic  n u clea r  p r o te in s . S im ila r ly , in  2*5 M urea ( c o n d it io n s  which 

Panyim & C halk ley ( I 969) rep ort as r e so lv in g  most bands from c a l f  

thymus h is to n e s  ) , both v e g e ta t iv e  and d evelop in g  b a s ic  n u clea r  

p r o te in s  produce 10 bands ( FIGURES 13 and I 4 ) .  These appear to  

correspond w ith  th e 10 bands ob ta in ed  in  4 M urea but are s l i g h t l y  

b e t t e r  r eso lv ed  and can now be d isc u sse d .

I t  w i l l  be co n v en ien t, a t t h i s  s ta g e , to  in trod u ce a nom enclature 

fo r  th ese  bands, and in  th e  hope o f  a s s ig n in g  the accep ted  h is to n e  

nom enclature to  the b a s ic  n u clea r  p r o te in s  o f  D .d iscoideum , a sample 

o f  c a l f  thymus h is to n e  was s im ila r ly  e lec tro p h o resed  in  g e ls  

c o n ta in in g  2 .5  M urea ( FIGURE I 5 )•

U n fo r tu n a te ly , a comparison between the e le c tr o p h o r e t ic  p a ttern  o f  

c a l f  thymus h is to n e  f r a c t io n s ,  named accord in g to  the system  o f  

Johns & B u tle r  ( I 962) , and th e p a ttern  o f  the b a s ic  n u c lea r  p r o te in s  

o f  D .discoideum  shows very  l i t t l e  s im ila r i t y  w hatsoever ( FIGURE 16 ) .  

C onsequently the accepted  h is to n e  nom enclatures cannot be 

m ean in gfu lly  a p p lied  to  the b a s ic  n u clea r  p r o te in s  o f  D .d iscoideum . 

I n s te a d , the bands have been grouped, somewhat a r b i t r a r i ly ,  in to  5 

main fr a c t io n s .

F ra ctio n  1 c o n s is t s  o f  4 bands ( a , b ,  c and d ) o f  which o n ly  I c  has 

an e le c tr o p h o r e t ic  m o b ility  s im ila r  to  th e ly s in e - r ic h  h is to n e  ( f l  ) 

o f c a l f  thymus. Bands Ic  and Id ( o f  v e g e ta t iv e  c e l l s  ) are major 

bands, band lb  a medium band and la  a minor band. In  d evelop in g
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FIGURE 11. E lectro p h o resis  o f the B asic  N uclear P ro te in s o f  

D.discoideum  on g e ls  con ta in in g  15^ acrylam ide,

4 M urea and 0 .9  N a c e t ic  a c id .

(a) 30 fig  b a s ic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20 jjjg b a s ic  nu clear p ro te in s  from develop in g c e l l s
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FIGURE 12. D ensitom etric Tracings o f the e le c tr o p h o r e s is  o f  the

B asic  Nuclear P rote in s o f  D .discoideum  on g e ls  con ta in in g  

15^ acrylam ide. 4 M urea and 0 .9  N a c e t ic  a c id .

(a) 30y<g b a s ic  nu clear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20y îg b a s ic  nuclear p ro te in s  from developing c e l l s
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(a) ( t )

PIGURF 13 . e le c tr o p h o r e s is  o f  the B asic  Nuclear P ro te in s  o f  

D.discoideum on g e ls  con ta in in g  13^ acrylam ide,

2 .3  M urea and O.9 N a c e t ic  a c id .

(a) 30 yAg b a sic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20 jxg b a s ic  n uclear p ro te in s  from developin g c e l l s
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FIGURK 14 • D ensitom etric Tracings o f the K lectrop h oresis o f the

B asic  Nuclear P ro te in s o f  D.discoideum on g e ls  con ta in in g
I

15^ acrylam ide>2.5M urea and 0 .9  N a c e t ic  a c id .

(a) 30 ^ g  b a s ic  nuclear p ro te in s  from v eg eta tiv e  c e l l s

(b) 2 0 yKg b a sic  n u clear p ro te in s  from developing c e l l s
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FIGURA 15* E lectro p h o resis  and D ensitom etric Tracing o f  C alf Thymus 

H istones ( 3Q Mg) in  g e ls  con ta in in g  13^ acrylam ide,

2 .3  M urea and 0 .9  N a c e t ic  a c id .
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FIGURE 16. Comparison o f  the B asic  N uclear P ro te in s  o f  D .discoideum  

w ith  C alf Thymus H istones fr a c tio n a ted  on g e ls  co n ta in in g  

13^ acrylam ide, 2 .3  M urea and O.9 N a c e t ic  a c id .

(a ) 50 /JLg c a l f  thymus h is to n e s

(b) 2>0 jxg  b a s ic  nu clear p r o te in s  from v e g e ta t iv e  c e l l s

(c )  20 b a s ic  nu clear p r o te in s  from develop in g  c e l l s
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b a s ic  n u c lea r  p r o te in s ,  band Id i s  co n sid era b ly  reduced in  i t s  

in t e n s i t y ,  but bands l a ,  lb  and Ic  are presen t in  the same p roportion  

as th ey  were in  v e g e ta t iv e  c e l l s #

F ra ctio n  2 ,  a s in g le  medium in t e n s i t y  band p resen t in  th e same 

q u a n tity  in  both v e g e ta t iv e  and d evelop in g  b a s ic  n u clear  p r o te in s ,  

appears to  m igrate s l i g h t l y  slow er than the a r g in in e -r ic h  h is to n e  

( f3  ) o f  c a l f  thymus.

F ra ctio n  3> another s in g le ,  medium in t e n s i t y  band which i s  found to  

the same degree in  v e g e ta t iv e  and d evelop in g  sam ples, does however 

appear to  resem ble th e a r g in in e -r ic h  h is to n e  ( f3  ) o f  c a l f  thymus 

in  i t s  e le c tr o p h o r e t ic  m o b ility .

F ra c tio n  4> which com prises 2 r e la t iv e ly  major bands ( 4a and 4b ) ,  

m igrates f a s t e r  than e i th e r  o f  the two s l i g h t l y  ly s in e - r ic h  h is to n e s  

( f2b and f2a2 ) o f  c a l f  thymus. The doublet i s  p resen t in  s im ila r  

q u a n t it ie s  in  both v e g e ta t iv e  and d evelop in g  sam ples.

F ra c tio n  5 » which i s  a lso  a doublet but t h i s  time composed o f  two 

r e la t iv e l y  minor bands ( 3& and 5b ) appears to  m igrate s l i g h t l y  

f a s t e r  than the a r g in in e -r ic h  h is to n e  ( f2 a l  ) o f  c a l f  thymus. A gain , 

t h i s  doublet i s  p resen t in  th e  b a s ic  n u c lea r  p r o te in s  o f  both  

v e g e ta t iv e  and d eve lop in g  c e l l s .

The on ly  d if fe r e n c e , then ,betw een  th e b a s ic  n u c lea r  p r o te in s  

o f  v e g e ta t iv e  and d eve lop in g  c e l l s  appears to  be a q u a n tita t iv e  on e , 

fr a c t io n  Id b e in g  a major band in  v e g e ta t iv e  c e l l s  and o n ly  a minor 

component o f  d evelop in g  c e l l s .

In  any study o f  b a s ic  n u clear  p r o te in s  is o la t e d  by the  

e x tr a c t io n  o f  whole n u c le i ,  one has to  guard a g a in st the p o s s ib i l i t y  

o f  contam ination  w ith  ribosom al p r o te in s  as th ese  are t r a n s ie n t ly  

a s so c ia te d  w ith  th e n u cleu s ( see  Chapter 3 ) •  FIGURE 17 shows the  

e le c tr o p h o r e s is  o f  1 0 0 ^ g  o f  the b a s ic  ribosom al p r o te in s  o f
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FIGURT? 17 . E lectro p h o resis  and D ensitom etric Tracing o f the B asic  

Ribosomal P roteins(lO O jig) from D.discoideum  in  g e ls  

con ta in in g  13^ acrylam ide, 2 .3  M urea and O.9  N a c e t ic  

a c id .
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D .discoideum  on g e l s  co n ta in in g  155̂  acry lam id e , 2*5 M urea and 0 .9  N 

a c e t ic  a c id . I t  i s  ev id en t th a t much o f  th e p ro te in  does not e n ter  

the g e l  fo r  on ly  a few very  f a in t  hands are observed . M oreover, a 

comparison w ith  the bands ob ta in ed  from th e e le c tr o p h o r e s is  o f  th e  

b a s ic  n u c lea r  p r o te in s  (FIGURE 18 ) shows th ere  to  be no 

e le c tr o p h o r e t ic a l ly  id e n t ic a l  bands.

( v i )  H yb rid iza tio n  o f  Sea Urchin 95 h is to n e  mRNA to  D .discoideum  DNA

The r e s u l t s  o f  th e h y b id iz a tio n  o f  sea  urchin  98 h is to n e  mRNA 

to  f r a c t io n s  o f  sheared D .discoideum  DNA banded on a GsCl eq u ilib r iu m  

gra d ien t are shown in  FIGURE 19* In  a s s e s s in g  the r e s u l t s ,  the  

fo llo w in g  two p o in ts  must be con sid ered  -

( i )  The counts were ob ta in ed  w ithout the f i l t e r  b ein g  

tr e a te d  w ith  RNAase and 

( i i )  A s im ila r  experim ent u s in g  sea  urchin  DNA gave 5OOO cpm 

in  the peak fr a c t io n  a f t e r  b e in g  tr e a te d  w ith  RNAase.

I t  i s  th u s q u ite  c le a r  th a t sea  urch in  h is to n e  m essenger RNA does 

not h y b r id ize  to  any s ig n if ic a n t  degree to  D .discoideum  DNA.
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(a) (b) (c)

FIGURE 18. Comparison o f the B asic  N uclear P ro te in s  o f  D.discoideum  

w ith  the B asic  Ribosomal P ro te in s  o f  D.discoideum  

fra c tio n a ted  on g e ls  co n ta in in g  1^$ acrylam ide, 2 .3  M 

urea and O.9  N a c e t ic  a c id .

(a ) 3 0 b a s ic  nuclear p ro te in s  from v e g e ta tiv e  c e l l s

(b) 20 ^ g  b a s ic  nu clear p ro te in s  from developing c e l l s

(c)lOOyLlg b a s ic  ribosomal p ro te in s  from v e g e ta tiv e  c e ll i
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FIGURE 1 9 . H ybrid ization  o f sea urchin 93 H istone mRNA to fr a c t io n s  

o f  D.discoideum  DNA banded on CsGl equ ilibrium  g ra d ien t.

o : Absorbance o f  fr a c t io n s  at 260 nm b efore h y b r id iza tio n  

0 ; Counts per minute o f sea urchin 93 mRNA adhering to  

f i l t e r s  a f t e r  h y b r id iz a tio n .
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DISCUSSION

B efore th e r e s u lt s  o f  the e le c tr o p h o r e s is  o f  th e b a s ic  n u clea r  

p r o te in s  o f  D .discoideum  can be m ean in gfu lly  d is c u s se d , i t  i s  n ecessa ry  

to  a s s e s s  c r i t i c a l l y  the procedures used  in  t h e ir  i s o la t io n .  Although  

the method used i s  s im ila r  to  th a t d escr ib ed  fo r  Physarum polycephalum  

(Mohberg & Rusch, I 969) ,  the i n i t i a l  s te p  -  th e b o i l in g  o f  the n u clea r  

su sp en sion  -  i s  worth co n sid er in g  in  more d e t a i l .  C oukell & Walker 

( 1973) have shown th a t t h i s  heat treatm ent i s  n ecessa ry  to  in a c t iv a te  

v a r io u s  a c id  p r o te a se s  p resen t in  th e n u c lea r  suspension  which ra p id ly  

degrade the b a s ic  n u clea r  p r o te in s  during t h e ir  i s o la t io n .  Indeed , t h is  

s a t i s f a c t o r i l y  e x p la in s  the d isa p p o in tin g  r e s u l t s  o f  experim ents  

performed a t the beg inn in g  o f  t h is  work, when chrom atin , prepared by 

su crose d e n s ity  c e n tr ifu g a t io n  as d escr ib ed  by Bonner e t  a l  ( I 968) ,  

and e x tr a c te d  w ith  O.4  N su lp h u ric  a c id , f a i l e d  to  produce bands on 

polyacrylam ide g e l e le c tr o p h o r e s is ,  u s u a lly  o n ly  a b lu e smear was 

ob served . However, one could q u estio n  the v a l id i t y  o f  a comparison 

between th e e le c tr o p h o r e t ic  m o b il i t ie s  o f  th e  b a s ic  n u c lea r  p r o te in s  

o f  D .d isco id eu m , which have been is o la t e d  from b o ile d  n u c le i ,  and the  

h is to n e s  o f  c a l f  thymus, which have been i s o la t e d  by l e s s  extreme 

te c h n iq u e s . T his c r i t ic i s m  has been r e so lv e d  by C oukell & Walker (1973) 

who dem onstrated th a t the e le c tr o p h o r e t ic  m o b i l i t ie s  o f  c a l f  thymus 

h is to n e s  were u n a ffec ted  by the heat treatm ent used in  th e  preparation  

o f  th e  b a s ic  n u clea r  p r o te in s  o f  D .d isco ideum . T his fa c t  i s  com fortin g , 

as a ttem p ts to  in h ib it  th e p r o te o ly t ic  degradation  by o th er  means -  

namely by the presence o f  O.O5 M sodium b is u lp h i t e ,  which has been  

rep orted  (Panyim & C h alk ley , I 969) to  in h ib i t  p r o te o ly s is  o f  c a l f  

thymus h is to n e s  during i s o la t io n  -  were u n su c c e s s fu l , w ith  a g a in , on ly  

a b lu e  smear b ein g  observed on the g e l s .  T h is  dem onstrates the
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extrem ely  h igh  conten t and a c t iv i t y  o f  p r o te a se s  in  D .discoideum  which 

can o n ly  be e f f e c t i v e l y  in h ib ite d  by such d r a s t ic  treatm ent as 

b o i l in g .  T h is i s ,  p erh ap s, not too  su p r is in g  when one co n sid ers  t h a t ,  

in  t h e ir  n a tu ra l environment o f  the s o i l , the myxamoebae grow by the  

d ig e s t io n  o f  many d if fe r e n t  b a c te r ia  -  a p ro cess  th a t c le a r ly  

req u ires  the presence o f  a comprehensive array o f  h ig h ly  a c t iv e  

d egrad ative  enzymes.

S in ce the s ta r t in g  p o in t fo r  the i s o la t io n  o f  th e  b a s ic  

n u clea r  p r o te in s  has been the n u c le i ,  we can con sid er  th e major 

components o f  the n u c le i  w ith  resp ec t to  th ose  o f  o th er  organism s.

The DNA t RNA : p r o te in  r a t io  o f  D .discoideum  n u c le i has been  

determ ined as approxim ately 1 x 8 :  30. In t h i s  r e s p e c t ,  th e  n u c le i  

o f  D .discoideum  resem ble more c lo s e ly  th e n u c le i  o f  the y e a s t ,  

Saccharomyces c e r e v is ia e , which have a DNA % RNA : p r o te in  r a t io  o f  

1 : 3 .7  : 35 (R ozijn  & T onino, I 964) than th ey  do the n u c le i  o f  the  

true s lim e  mould Physarum polycephalum w ith  a r a t io  o f  1 : 1 : 5 

(Mohberg & Rusch, I 97I)"  The high r a t io s  o f  D .discoideum  and y ea st  

are probably a r e f le c t io n  o f  the extrem ely  low DNA con ten t o f  th ese  

sim ple eu k a ryotic  organism s (Ogur e t  a l , 1952 ? Sussman & Rayner, 1 9 7 1 ). 

However, t h i s  resem blance o f  D .discoideum  n u c le i  to  th o se  o f  y ea st  

and se v e r a l o th er  fu n g i i s  not continued in  the con ten t o f  th e ir  

b a s ic  n u c lea r  p r o te in s . In marked co n tra st to  sev e r a l fu n g i,  the  

n u c le i  o f  D .discoideum  co n ta in  many b a s ic  p r o te in s , in  a q u a n tity  

s im ila r  to  th a t found in  h igh er  eukaryotes ( the r a t io  o f  DNA : a c id

so lu b le  p r o te in  i s  approxim ately 1 ; 1 ) ,  a fa c t  which i s  c e r ta in ly

rea ssu r in g  when one co n sid ers  the e x te n s iv e  use o f  t h i s  organism as 

a model system  fo r  developm ent.

So fa r  we have d iscu ssed  th e  major components o f  D .discoideum

n u c le i  and one p o in t i s  c le a r ,  namely th a t s in c e  the a c id  so lu b le
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p r o te in s  are p resen t in  an approximate 1 : 1 r a t io  w ith  the DNA, th ey  

comprise on ly  a sm all p roportion  ( 3# ) o f  th e to t a l  n u clea r  p r o te in ,  

which i s  p resen t in  an approximate 30 : 1 r a t io  w ith  th e  DNA. T his  

fa c t  can he u t i l i z e d  fo r  the e s t im a tio n  o f  the p u r ity  o f  the  

i s o la t e d  b a s ic  n u clea r  p r o te in s . One f i r s t  has to  make the assum ption  

t h a t ,  l ik e  the h is to n e s  o f  a l l  o th er  organism s, the b a s ic  n u clear  

p r o te in s  o f  D .discoideum  la ck  the amino a c id  resid u e  tryptophan.

S in ce the r e s u lt s  o f  the tryptophan a n a ly se s  showed th a t the t o t a l  

n u clea r  p r o te in s  contain ed  1 5 ^ 5  o f  tryptophan /  mg o f  p r o te in , and 

the b a s ic  n u clear  p r o te in s  con ta in ed  l e s s  than ly^lg o f  tryptophan  

/  mg o f  p r o te in , then the contam ination o f  th e preparation  w ith  

* non-h istone* p r o te in  i s  l e s s  than 7/̂ * E x a ctly  what c o n s t itu te s  

n o n -h isto n e  p r o te in  i s  hard to  a s c e r ta in . Many papers concerned w ith  

h is to n e s  th a t have been i s o la t e d  from whole n u c le i have d iscu ssed  

the p o s s i b i l i t y  o f  contam ination  w ith  b a s ic  ribosom al p r o te ih s , and 

indeed such contam ination i s  d i f f i c u l t  to  a s s e s s  on th e b a s is  o f  

tryptophan content a lo n e , s in ce  i t  appears th a t th ese  too  have low  

l e v e l s  o f  t h i s  amino a c id  resid u e  ( 2 -  3yU& /  o f  p r o te in  ) .  

However, contam ination w ith  ribosom al p r o te in s  i s  not con sid ered  

s ig n i f ic a n t  fo r  two rea so n s . F i r s t l y ,  CaClg i s  very  in e f f i c i e n t  in  

e x tr a c t in g  p r o te in s  from ribosom es, e s p e c ia l ly  in  the absence o f  a 

denaturing agent such as urea or  a c e t ic  a c id  ( see  Chapter 3 ) and 

seco n d ly , e le c tr o p h o r e s is  o f  th e  ribosom al p r o te in s  th a t are 

e x tr a c te d  produces no bands e le c tr o p h o r e t ic a l ly  s im ila r  to  the  

b a s ic  n u clea r  p r o te in s .

There does remain the p o s s i b i l i t y  th a t th o se  p r o te in s , t r a n s ie n t ly  

a s so c ia te d  w ith  the m aturing ribosom e, which remain in  the n u c le o lu s  

when th e  mature ribosom al su b -u n its  m igrate to  the cytoplasm  ( see  

Chapter 3 ) are a p o te n t ia l  source o f  contam ination . I t  i s  d i f f i c u l t
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to  re so lv e  t h i s  fu r th e r , as fr a c t io n a t io n  o f  the n u c le i  ( fo r  

example to  produce chromatin ) a llo w s p r o te o ly t ic  degradation  o f  

the b a s ic  n u clear  p r o te in s  to  occu r.

Having e s ta b lis h e d  th a t the methods used fo r  th e i s o la t io n  

o f the b a s ic  n u clea r  p r o te in s  are a p p ro p r ia te , we can now co n sid er  

th e r e s u lt s  o f  th e polyacrylam ide g e l e le c tr o p h o r e s is .  The ten  bands 

reso lv ed  upon th e e le c tr o p h o r e s is  o f  the b a s ic  n u clear  p r o te in s  o f  

D .discoideum  showed very  l i t t l e  s im ila r i t y  to  the p a ttern  obtained  

from c a l f  thymus h is to n e s .  Only th e e le c tr o p h o r e t ic  m o b i l i t ie s  o f  

D .discoideum  fr a c t io n  3 and th e  a r g in in e -r ic h  h is to n e  ( f3  ) o f c a l f  

thymus appeared to  be id e n t ic a l .  Although s l i g h t l y  f a s t e r  moving 

than the f2 a l  fr a c t io n  o f  c a l f  thymus h is t o n e s ,  D .discoideum  fr a c t io n

5 could be t e n t a t iv e ly  c o r r e la te d  w ith  t h i s  c a l f  thymus fr a c t io n  s in c e  

i t  too  i s  p resen t as a doublet and in  c o n s id era tio n  o f  the fa c t

th a t o f  a l l  the h is t o n e s ,  the s tru c tu re  o f  f2 a l i s  th e most h ig h ly  

conserved amongst w id e ly  d if fe r e n t  s p e c ie s  (DeLange, 1969a ) .

However, the im p lied  assum ption th a t a s im i la r i t y  in  

e le c tr o p h o r e t ic  m o b ility  i s  synonymous w ith  id e n t ic a l  amino a c id  

sequences i s  fa r  from v a l id .  Chemical s tu d ie s  on the h is to n e s  o f  

Physarum polycephalum (Mohberg & Rusch, 1971) and Tetrahymena (Hamana

6 Iw a i, 1971 ) have shown th a t e le c tr o p h o r e t ic a l ly  s im ila r  h is to n e s  

can vary s ig n i f i c a n t ly  in  amino a c id  com p osition . I t  th us appears 

th a t id e n t ic a l  e le c tr o p h o r e t ic  m o b i l i t ie s  o n ly  su ggest homology 

between p r o te in s , and th a t d if fe r e n c e s  in  m o b i l i t ie s  must be regarded  

as s ig n i f i c a n t ,  even i f  th ey  are on ly  s l i g h t .  Prom t h i s  v iew p o in t, 

the r e s u l t s  su ggest q u ite  co n sid era b le  d if fe r e n c e s  between  

D .discoideum  b a s ic  n u clear  p r o te in s  and c a l f  thymus h is to n e s .  T his

i s  supported by the r e s u lt s  o f  the h y b r id iz a tio n  s tu d ie s .  The 93 

raRHA o f  sea  u rch in s th a t i s  b e lie v e d  to  code fo r  h is t o n e s ,  can
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h y b rid ize  w ith  the DNA o f  sev e r a l o th er  eukaryotes (Kedes & 

B i m s t e i l ,  I 97I ) .  However, i t  does not appear to  h y b rid ize  at a l l  

to  D .discoideum  DHA, which im p lie s  th a t th e  genes cod ing fo r  the  

b a s ic  n u c lea r  p r o te in s  in  D .discoideum  are r e a l ly  v ery  d if fe r e n t  

from th o se  coding fo r  h is to n e s  in  o th er  eu k aryotes.

The comparison between the b a s ic  n u clea r  p r o te in s  o f  

v e g e ta t iv e  c e l l s  and th ose  i s o la t e d  from d evelop in g  c e l l s  rev ea led  

o n ly  one s l ig h t  d if fe r e n c e . A ll  o f  the fr a c t io n s  p resen t in  the  

v e g e ta t iv e  b a s ic  n u clea r  p r o te in s  were a ls o  found in  th e b a s ic  

n u clear  p r o te in s  o f  d eve lop in g  c e l l s .  The one d if fe r e n c e  was th a t  

fr a c t io n  I d , a r e la t iv e l y  major component o f  th e  b a s ic  n u clear  

p r o te in s  o f  v e g e ta t iv e  c e l l s ,  was ap p aren tly  on ly  a minor component 

o f  the b a s ic  n u clear  p r o te in s  o f  d eve lop in g  c e l l s .  The im p lic a tio n s  

o f  t h i s  f in d in g  are not c le a r .  W hilst i t  i s  apparent th a t most o f  

the b a s ic  p r o te in s  o f  D .discoideum  undergo no change ( e i th e r  

q u a l i t a t iv e ly  or q u a n t it a t iv e ly ,  as d e te c te d  by polyacrylam ide g e l  

e le c tr o p h o r e s is  ) during the passage from v e g e ta t iv e  growth to  

developm ent, fr a c t io n  Id  i s  p resen t to  a g r e a te r  e x te n t in  v e g e ta t iv e  

c e l l s .  Although th e b a s ic  n u c lea r  p r o te in s  o f  D .discoideum  are 

e le c tr o p h o r e t ic a l ly  d is s im ila r  to  the h is to n e s  o f  c a l f  thymus, t h i s  

does not n e c e s s a r i ly  mean th a t the fu n c tio n s  o f  the v a r io u s  fr a c t io n s  

in  the two organism s are d i f f e r e n t .  The observed e le c tr o p h o r e t ic  

d if fe r e n c e s  may sim ply r e f l e c t  the d if f e r e n t  degree o f  com plex ity  

o f  the genomes. T h is fu n c tio n a l s im i la r i t y  may be e s p e c ia l ly  true  

o f  D .discoideum  fr a c t io n  1 p r o te in s  whose m u lt ip l ic i t y  corresponds 

to  the observed m u lt ip l ic i t y  o f  fr a c t io n  f l  p r o te in s  in  the  

h is to n e s  o f  h ig h er  eukaryotes (B u stin  & C o le , I 969) .  I f  t h i s  

s im i la r i t y  i s  t r u e ,  then we can sp ecu la te  fu r th e r .

S in ce c e l l  d iv is io n  during v e g e ta t iv e  growth o f  D .discoideum  

i s  asynchronous, n u c le i  i s o la t e d  from such c e l l s  w i l l  co n ta in
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chromatin in  d if f e r e n t  s t a t e s ,  depending on whether the c e l l  has 

ju s t  d iv id e d , i s  ju s t  about to  d iv id e  or i s  in  the in terp h a se  period , 

Thus a n a ly s is  o f  th e  b a s ic  n u clea r  p r o te in s  w i l l  g iv e  an average 

d is tr ib u t io n  o f  h is to n e s  p resen t throughout a l l  the s ta g e s  o f  the  

c e l l  c y c le .  However, development o f  D .discoideum  myxamoebae proceeds  

in  the absence o f  DNA sy n th e s is  and c e l l  mass in c r ea se  and i t  i s  

ev id en t th a t s in c e  development ta k es  approxim ately 24 hours ( or  

th ree  tim es as lo n g  as th e c e l l  c y c le  fo r  ajcenic c e l l s  and s ix  

tim es as lo n g  as th e  c e l l  c y c le  fo r  b a o t e r ia l ly  grown c e l l s  ) th e  

normal c y c l i c a l  changes are in terru p ted  and suspended. The im portant 

q u estion  i s  whether th ese  c y c l i c a l  changes are suspended a t a 

d e f in it e  p o in t in  th e c e l l  c y c le  or whether the c e l l s  m erely  

d e c e le r a te  ( d r a s t ic a l ly  ) t h e ir  growth r a t e .  S ince h is to n e  f l  i s  

known to  be in v o lv ed  in  th e co n tro l o f  c e l l  d iv is io n  in  Physarum 

polyCephalum (Bradbury e t  a l , 1974a, 1974%); i t  i s  in t e r e s t in g  

th a t the ( presumed ) corresponding h is to n e  fr a c t io n  in  D .discoideum  

i s  the o n ly  b a s ic  n u clea r  p r o te in  to  e x h ib it  changes on passage o f  

the c e l l s  from th e v e g e ta t iv e  phase to  th e developm ental phase. 

F urther a n a ly s is  o f  th e  way in  which h is to n e  f l  i s  in v o lv ed  in  th e  

co n tro l o f  c e l l  d iv is io n  has shown th at i t s  ph osp horylation  i s  the  

tr ig g e r  fo r  m ito s is  to  b eg in  (Bradbury e t  a l , 1974&; 1974b). Thus, 

in  the absence o f  m it o s is ,  h is to n e  f l /P .d isco id eu m  fr a c t io n  1 may 

not be ph osp horylated . The h y p o th es is  would then be th a t fr a c t io n  Id  

o f  the b a s ic  n u clea r  p r o te in s  o f  D .discoideum  c o n s t i tu te s  the  

phosphorylated  form o f  the fr a c t io n  and i s  th us p resen t to  on ly  a 

sm all ( r e s id u a l ? ) l e v e l  during developm ent. However, no evidence  

could be ob ta in ed  to  support t h i s  h y p o th es is  -  in cu b ation  o f  the  

b a s ic  n u clea r  p r o te in s  w ith  a lk a lin e  phosphatase had no e f f e c t  on 

t h e ir  subsequent e le c tr o p h o r e t ic  m o b ility  or  c o n cen tra tio n .
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B efore con clud in g  t h i s  ch a p ter , one p o in t must he

re-em p h asized . Although not id e n t ic a l  to  c a l f  thymus h is to n e s  from

a s tr u c tu r a l v iew p oin t ( as determ ined hy e le c tr o p h o r e t ic  m o b ility  ) ,

th e  s im ila r  low number o f  d if fe r e n t  f r a c t io n s  may im ply a degree o f
SnrtcUX

fu n c tio n a l s im i la r i t y .  The Jtew number o f  b a s ic  n u clear  p r o te in s  

a lso  im p lie s  th a t th ey  are u n lik e ly  can d id ates fo r  th e d ir e c t  

c o n tro l o f  s p e c i f ic  g e n e t ic  e x p r ess io n . I t  i s  more l i k e l y  th a t most 

o f  the h is to n e  fr a c t io n s  a c t as n o n -s p e c if ic  rep resso rs  o f  

tr a n s c r ip t io n a l a c t i v i t y ,  s p e c i f ic  genes perhaps b e in g  d erep ressed  

by the removal o f  th e h is to n e  f r a c t io n ,  p o s s ib ly  by in te r a c t io n  

w ith  non—h is to n e  p r o te in s  ( p resen t in  30 tim es the con cen tra tio n  

th a t h is to n e s  are ) or  n u clea r  RNA, but by v ir tu e  o f  t h e ir  c lo se  

a s s o c ia t io n  w ith  DNA, i t  i s  h ig h ly  improbable th a t th ey  are not 

in v o lv ed  a t a l l  w ith  g e n e t ic  a c t i v i t y  and i t s  s p e c i f ic  r e g u la t io n .
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SUMMARY

1 . N u c le i i s o la t e d  from D .discoideum  co n ta in  DNA, RNA and p r o te in  

in  a r a t io  o f  1 ; 8 .3  ; 30 .

2 . B a sic  n u clea r  p r o te in s ,  approxim ately equal in  w eight to  the  

n u clea r  DNA, can be ex tra c ted  from th e n u c le i  w ith  1 M CaClg.

3 . On urea-polyaorylam ide g e l e le c tr o p h o r e s is ,  th ese  b a s ic  n u clea r  

p r o te in s  are r e so lv e d  in to  10 bands which have been grouped in to

5 f r a o t io n s .  A comparison w ith  the h is to n e s  o f  c a l f  thymus r e v e a ls  

very  l i t t l e  s im i la r i t y  w ith  resp ec t to  e le c tr o p h o r e t ic  m o b i l i t i e s .

4 . 93 h is to n e  mRNA from sea  u rch in s does n ot h y b rid ize  to  

D .discoideum  DNA.

5 . A comparison between the b a s ic  n u clea r  p r o te in s  o f  v e g e ta t iv e  

and d evelop in g  c e l l s  r e v e a ls  o n ly  a sm all q u a n tita tiv e  d if fe r e n c e

. in  one o f  th e f r a c t io n s .  T h is d if fe r e n c e  i s  d iscu ssed  w ith  

resp ec t to  th e p o s s ib le  r o le  o f  h is to n e s  in  the n u c lea r  co n tro l 

o f  development and t h e ir  involvem ent in  the c y c l i c a l  changes 

th a t occur during r e p l ic a t io n  o f  th e DNA during th e  c e l l  c y c le .
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CHAPTER 3

THE RIBOSOMAL PROTEINS OF THE CELLULAR 

SLB^E MOULD DICTYOSTELIUM DISCOIDEUM

INTRODUCTION

In the in tro d u c tio n  to  Chapter 2 a co n v en ien t, i f  somewhat 

a r b itr a r y  d is t in c t io n  was made between tr a n s c r ip t io n a l and 

t r a n s la t io n a l c o n tro l o f  the r e g u la tio n  o f  p r o te in  sy n th e s is  -  a 

fundamental problem in  th e study o f  d i f f e r e n t ia l  gene e x p r ess io n .

One o f  the many fa c to r s  th a t may be in v o lv ed  in  the tr a n s c r ip t io n a l  

co n tro l o f  p ro te in  s y n th e s is ,  th a t o f  the involvem ent o f  h is to n e s ,  

has a lread y  been d isc u sse d  and w hile  i t  i s  c le a r  th a t b a s ic  n u clear  

p r o te in s  are probably in v o lv ed  in  the ex p ress io n  o f  g e n e t ic  a c t i v i t y ,  

the p r e c is e  mechanism o f  t h e ir  reg u la to ry  a c tio n  i s  s t i l l  fa r  from 

b ein g  com p lete ly  understood .

We can now turn to  stud y the concept o f  t r a n s la t io n a l  

c o n tr o l ,  b earin g  in  mind however, th a t i t  cannot be d ivorced  from 

tr a n s c r ip t io n a l co n tr o l b eca u se , as s ta te d  in  Chapter 2 , a l l  o f  the  

components in vo lved  in  the complex p ro cess o f  p ro te in  sy n th e s is  

are th em selves the products o f  genes and may hence be su b jec t to  

t r a n s c r ip t io n a l { and o th er  ) r eg u la to ry  p r o c e s se s .

An appropriate s ta r t in g  p o in t in  th e d isc u ss io n  i s  a 

d e f in it io n  o f  the term " tr a n s la t io n a l c o n tr o l" . In i t s  broadest 

se n se , t r a n s la t io n a l co n tro l in c lu d e s  any s itu a t io n  where th e ra te  

at which p r o te in s  are sy n th es ized  from cy top lasm ic  mRNA i s  d if fe r e n t  

fo r  ( i )  d is s im ila r  m essages in  the same c e l l ,  ( i i )  id e n t ic a l  

m essages in  d if fe r e n t  c e l l s  and ( i i i )  id e n t ic a l  m essages a t d if fe r e n t  

tim es during the l i f e  o f  the c e l l .  I t  i s  im portant to  make a
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d is t in c t io n  between co n tro l by fa c to r s  which are s p e c i f ic  to  

m essages and co n tro l by u n sp e c if ic  components. In the former c a se ,  

th e  absence o f  such m e ssa g e -sp e c if ic  components would a f f e c t  the  

k in d s o f p r o te in s  sy n th es ized  and would th us profoundly a f f e c t  the  

d if f e r e n t ia t io n  o f  the c e l l  whereas in  the l a t t e r  c a s e , the absence  

o f  an u n sp e c if ic  component such as ATP would not a l t e r  th e k in ds o f  

p r o te in s  sy n th es ized  but would have th e same q u a n tita t iv e  e f f e c t  on 

a l l  p r o te in s  sy n th es ized  and would thus not b e , d ev e lo p m en ta lly , so 

in t e r e s t in g .  An understanding o f  the mechanism, as opposed to  th e  

c o n tr o l , o f  p r o te in  s y n th e s is  i s  perhaps a p r e r e q u is ite  o f  the l a t t e r  

and we can co n sid er  the mechanism o f  tr a n s la t io n  by lo o k in g  f i r s t  at 

th e  stru c tu re  and form ation o f  the s i t e  o f  p ro te in  s y n th s is ,  the  

ribosom e.

Although ribosom es have been stu d ied  in  d e t a i l  fo r  on ly  

th e r e la t iv e ly  short p eriod  o f  about 20 y e a r s , so much in form ation  

has been accum ulated th a t a comprehensive review  o f  ribosome 

s tr u c tu r e , form ation and fu n c tio n  i s  q u ite  beyond the scope o f  t h i s  

t h e s i s .  I t  i s  n ecessa ry  th ere fo re  to  l im it  our d is c u s s io n  in  many 

ways. The f i r s t  l im ita t io n  i s  an e v o lu tio n a r y  one. G eorgiev ( I 969) 

s t a t e s  t h a t ,  in  e v o lu t io n , the appearance o f  a w e ll-d e f in e d  nu cleu s  

i s  roughly c o in c id e n ta l w ith  the appearance o f  the phenomenon o f  

d if f e r e n t ia t io n  or developm ent. As the main aim o f  t h i s  t h e s i s  i s  

th e  understanding o f  some o f  the mechanisms in v o lv ed  in  developm ent, 

th e d isc u ss io n  w i l l  th ere fo re  be l im ite d  to  ribosom es o f  eu k aryotic  

organism s. 'Lim ited* i s  perhaps th e wrong word as. i t  im p lie s  some 

so r t o f  s im p li f ic a t io n  whereas q u ite  th e  contrary appears to  be the  

c a se . In comparison to  p rok aryotic  sy stem s, the p ro cess  o f  

t r a n s la t io n  in  eukaryotes i s  fa r  more com plex. From a fu n c tio n a l  

v iew p o in t , the most obvious d if fe r e n c e  i s  th a t a l l  th e  components
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fo r  p ro te in  sy n th e s is  in  eukaryotes are formed in  th e n u cleu s and 

as such are s p a t ia l ly  and tem p orally  sep arated  from th e a c tu a l  

p ro cess  o f  p r o te in  sy n th e s is  in  the cytoplasm  by th e presence o f  the  

n u clea r  membrane. Prom a s tr u c tu r a l v iew p oin t a l s o ,  eu k aryotic  

ribosom es are more complex than th e ir  p rok aryotic  co u n terp a rts . As 

w e ll as co n ta in in g  an ex tra  sp e c ie s  o f  RNA, the major RNA s p e c ie s  

are la r g e r  and h ig h ly  m eth y la ted . The ribosoraal p r o te in s  o f  eukaryotes  

a lso  appear more numerous, la r g e r  and comprise a h ig h er  proportion  

o f  the ribosome than do th e p r o te in s  o f  prokaryotic  ribosom es. We 

can look  a t the stru c tu re  o f  eu k aryotic  ribosom es in  more d e t a i l .

Ribosomes o f  eu k aryotic  organism s are ch a ra c ter ized  by a 

sed im entation  c o e f f ic ie n t  o f  approxim ately 80S. The two su b -u n its  

th a t comprise th e in t a c t  ribosome are a ls o  ch a ra cter ized  by 

sed im entation  c o e f f i c i e n t s  o f  approxim ately 60S and 4OS. The ribosome 

c o n s is t s  on ly  o f  RNA and p ro te in  (Peterm ann,1964) in  an approximate 

r a t io  o f  1 ; 1 (M artini e t  a l , 1 9 7 3 ). The la rg e  (60S) su b -u n it  

co n ta in s  two s p e c ie s  o f  RNA having sed im entation  c o e f f i c i e n t s  o f  

approxim ately 28s and 53 and approxim ately 50 p r o te in s . In a d d it io n ,  

a low m olecu lar w eight s p e c ie s  o f  RNA has been found to  a s so c ia te d  

w ith  the 28s RNA. T his has an approximate sed im entation  c o e f f ic ie n t  

o f  5 - 7  3 [udem and W arner(1972), showed th e presence o f  a 5*83 RNA 

s p e c ie s  a s so c ia te d  w ith  th e 26s RNA in  the la rg e  su b -u n it o f  y e a st  

rib osom esj and i s  b e lie v e d  to  be formed during the m aturation o f  

th e la rg e  RNA s p e c ie s  ( s e e  l a t e r ) .  The sm all (403) su b -u n it co n ta in s  

an 18s RNA s p e c ie s  and approxim ately 30 p r o te in s .

The p ro cess  o f  ribosome form ation in  eu k aryotic  c e l l s  has 

been review ed by many authors ( e .g .  Maden, 1971) and on ly  a b r ie f  

o u t lin e  i s  g iven  h ere .

Ribosomes are formed in  the n u c leo lu s  o f  eu k aryotic  c e l l s  ( S i l l e v i s -
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Sm itt e t  a l , 1972; P erry , I 967) and th e  p ro cess  can he i l l u s t r a t e d  

s c h e m a tic a lly  (taken  from Warner e t  a l , 1973)

N u clear
T ra n scr ip tio n
Products

V

m éth y la tion

('^ '̂^A) rihosom al 
p r o te in s

Rihosomal 
p recu rsor  RNA

Rihosomal
p r o te in s

tra n sp o r t and 
assem bly

Rihosomal
p r o te in s

A
s y n th e s is

p r o te in s

Rihosomal
S u h -u n its

Ribosomes 
and p o ly 
ribosom es

The f i r s t  s tep  i s  th e  tr a n s c r ip t io n  o f  rihosom al RNA 

m o lecu les  a s  a s in g le  la r g e  tr a n s c r ip t io n  product c o n ta in in g  a 

co n s id era b le  amount o f  non-rihosom al p o ly n u c le o tid e  m a te r ia l. T h is  

rihosom al p recu rso r  RNA undergoes co n s id era b le  m éth y la tion  w h ile  

s t i l l  b e in g  tr a n sc r ib e d , the rihosom al RNA m o ie t ie s  in c u r r in g  m ost, 

i f  not a l l ,  m o d if ic a tio n  (s e e  Maden, 197J-)* Meanwhile m essenger RNA 

cod in g  fo r  th e rihosom al p r o te in s  i s  tr a n sc r ib e d , m o d ifie d , c lea v ed  

and tra n sp o rted  a cro ss  th e  n u c lea r  membrane to  the cytoplasm  to  

in t e r a c t  w ith  ribosom es in  th e same way as o th er  m essenger RNA 

s p e c ie s  (D a rn e ll e t  a l , 1971)* The rihosom al p r o te in s  appear to  be 

sy n th e s iz e d  on co n v en tio n a l polysom es (Heady and McConkey, 1970; 

C raig and P a rry , 1971) and on com pletion  th ey  r a p id ly  m igrate to  the  

n u c le o lu s  (Wu and Warner, I 97I ) .  lu  th e  n u c le o lu s  th e rihosom al 

p r o te in s  and th e  rihosom al p recu rsor  RNA undergo a s e r ie s  o f  e v en ts
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in v o lv in g  cleavage o f the rihosom al p recu rsor RNA to  i t s  RNA 

s p e c ie s ,  degradation  o f  the non-ribosom al p o ly n u c leo tid e  m a ter ia l 

and concom itant assem bly o f  the ribosoraal p r o te in s  to  produce 

rihosom al su b -u n its  th a t are s u b s ta n t ia l ly  com plete. The su b -u n its  

then pass a cro ss  the n u clear  membrane to  the cytoplasm  where, 

p o s s ib ly  a f t e r  f in a l  m aturation p r o c e s s e s , th ey  fu n c tio n  as 

ribosom es. The m aturation p ro cess  in  th e  n u c leo lu s  appears to  be 

s im ila r  in  a wide v a r ie ty  o f  eukaryotes ranging from HeLa c e l l s  

(Weinberg and Penman, 1970) where th e rihosom al RNA sp e c ie s  are derived  

from a s in g le  453 rihosom al precursor RNA m olecule to  y ea st c e l l s  

(Udem and Warner, 1972) where the RNA s p e c ie s  are d er ived  from a 

s in g le  353 p recu rsor .

One in t e r e s t in g  asp ect o f  t h i s  p ro cess  i s  th a t the rihosom al 

p r o te in s  are a ttach ed  to  the rihosom al precu rsor RNA b e fo r e , during  

and a f t e r  i t s  m aturation so th a t the p ro cess  i s  more r ig o u ro u sly  

d efin ed  as a m aturation o f  r ib o n u cleo p ro te in  ra th er  than rihosom al 

p recu rsor RNA (Kumar and Warner, 1 9 7 2 ). In a d d itio n  a s ig n i f i c a n t ly  

g r ea ter  p roportion  o f p r o te in  i s  a s so c ia te d  in  the r ib o n u cleo p ro te in  

p a r t ic le s  than i s  found in  mature r ibosom es, im plying the  

a s s o c ia t io n  o f  rihosom al p r o te in s  w ith  non-ribosom al p o ly n u c leo tid e  

m a te r ia l. Kumar and Warner(1972) have p resen ted  ev id en ce th a t the  

p r o te in s  th a t are a s so c ia te d  w ith  non-ribosom al RNA are r e le a sed  

during degradation  o f  the l a t t e r  and r e - u t i l i z e d .

I t  i s  ev id en t from the fo reg o in g  th a t the s tru c tu re  and 

form ation o f  ribosom es in  eukaryotes are complex p r o c esse s  th a t are 

o n ly  ju st  b eg in n in g  to  be understood . The same i s  tru e  fo r  the  

a c tu a l p rocess o f  p ro te in  sy n th e s is  performed by th e se  ribosom es.

In b a c te r ia , the p ro cess o f  tr a n s la t io n  has been e x te n s iv e ly  

stu d ied  and the fu n c tio n in g  o f  the ribosome d escrib ed  in  co n sid erab le
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d e t a i l  ( e .g .  Wittmann e t  a l , 1973) w ith  s p e c i f ic  fu n c tio n s  b e in g  

ascr ib ed  to the v a r iou s i n i t i a t i o n ,  e lo n g a tio n  and term in ation  

fa c to r s  e t c .  In  eukaryotes however no such w ealth  o f  in form ation  

e x i s t s ,  but i t  does appear l i k e l y  th a t th e p rocess i s  s im ila r  to  

th a t  in  p rok aryotes. The p ro cess  o f  i n i t i a t i o n ,  fo r  exam ple, has 

been shown to  depend on th e presence o f  m ethionine AUG near th e  

b eg in n in g  o f  th e  m essenger RNA s p e c ie s  ( l l a n ,  I 969; I la n  and I la n ,  

I 97O; Smith and Marcker, 1970) and a ls o  upon the presence o f  th ree  

i n i t i a t i o n  fa c to r s  ( P r ich ard  e t  a l # 1 9 7 0 ), the same number as in  

p rok aryotes. I t  can th er e fo re  be seen th a t ribosome s tr u c tu r e ,  

form ation and fu n c tio n  are a l l  extrem ely  complex p r o c esses  and th ere  

i s  very  l i t t l e  reason to  suppose th a t the mechanisms which r eg u la te  

th ese  p r o cesses  are any l e s s  la b ry n th in e .

We can now turn to  study the co n tro l o f  th e tr a n s la t io n  

p ro cess  and i t  i s  here th a t a major problem a r is e s  -  how does one 

in v e s t ig a te  tr a n s la t io n  ? Many approaches to  t h i s  problem have been  

t r ie d  and indeed much v a lu a b le  in form ation  has been o b ta in ed , 

although i t  i s  perhaps tru e to  say th a t most experim ents have shown 

o n ly  th a t t r a n s la t io n a l co n tro l may be in v o lv ed  and very  few have 

proved the f a c t .  G rein inger and Z etsche (1972) determ ined th a t the  

r a te s  o f  sy n th e s is  o f  UDPG-pyrophosphorylase and p h osp hoglu cose- 

isom erase during d if f e r e n t ia t io n  o f  th e u n ic e l lu la r  a lg a  A cetab u laria  

are d if fe r e n t  and s in ce  th e experim ental c o n d it io n s  precluded  the  

p o s s i b i l i t i e s  o f  d i f f e r e n t ia l  tr a n sc r ip t io n  and d i f f e r e n t ia l  

enzyme s t a b i l i t y ,  th ey  concluded th a t the co n tro l was a t the l e v e l  

o f  t r a n s la t io n .

Gross e t  a l ( I 964) showed th a t the m aternal RNA in  d evelop in g  sea  

u rch in s i s  tr a n s la te d  on m aternal ribosom es whereas the tr a n s la t io n  

o f n ew ly -sy n th es ized  m essenger RNA c o in c id e s  w ith  a b u rst o f  new
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ribosome s y n th e s is .

The use o f  c e l l - f r e e  p ro te in  sy n th e s iz in g  system s in  s tu d ie s  o f  

t h i s  kind have been w idespread. Heywood ( I 969) found th a t ch ick  

myosin mRNA was o n ly  poorly  tr a n s la te d  in  a ch ick  ery th r o b la s t  

c e l l - f r e e  system  u n le s s  accompanied by i n i t i a t io n  fa c to r s  from 

m uscle c e l l  r ibosom es, so in d ic a t in g  the presence o f  message -  

s p e c i f ic  i n i t i a t i o n  fa c to r s .  I la n  and I la n  (1971) showed the  

presence o f  s t a g e - s p e c i f i c  in i t i a t i o n  fa c to r s  a s so c ia te d  w ith  the  

ribosome during in s e c t  developm ent.

However s tu d ie s  o f  t h i s  ty p e , although producing much 

in form ation  on th e mechanism o f  tr a n s la t io n  may f a i l  to  provide a 

tru e  t e s t  o f  th e norm al, in  v iv o  co n tro l o f  t r a n s la t io n . Gurdon 

( 1974) s t a t e s ,

" F ir s t ,  i t  i s  p o s s ib le  th a t the s p e c i f i c i t y  o f  c e l l

components may be a lte r e d  when th ey  are ex tra c ted  and p u r if ie d .

Second, components ex tra c ted  from a c e l l  and mixed to g e th er  in  a

c e l l - f r e e  system  may not have been fr e e  to  in te r a c t  in  th e l i v in g

C e l l ,  s in ce  th e d is tr ib u t io n  o f some c e l l  components i s  c e r ta in ly

com partm entalized . L a s t ly , i t  i s  im p o ssib le  to  know at e x a c t ly

what co n cen tra tio n s  each component should be su p p lied  in  a c e l l -

fr e e  system  to  sim ulate in  v iv o  c o n d it io n s . T his i s  a problem which

a f f e c t s  not o n ly  ribosom es, i n i t i a t i o n  fa c to r s  e t c ,  but a lso  the

in o rg a n ic  in g r e d ie n ts  o f  the medium. For exam ple, a doubling o f  the  

2+Mg co n cen tra tio n  in  a r e t ic u lo c y te  c e l l - f r e e  system can a l t e r  by 

a fa c to r  o f  two the r a t io  o f o(:p g lo b in  sy n th es ized  from added mRNA, 

Even i f  the o v e r a ll  io n ic  com position  o f  a c e l l  i s  known, i t  i s  

p o s s ib le  th a t lo c a l  d if fe r e n c e s  e x i s t  w ith in  the c e l l  and in  t h i s  

case i t  would be im p ossib le  to  be sure o f  reproducing in  v i t r o  the 

normal io n ic  c o n d it io n s ."
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While th ese  problems have not been overcome in  s tu d ie s  

on most d evelop in g  system s, Gurdon (1971) has d escr ib ed  a techniq ue  

th a t can be used in  m aturing amphibian o o cy tes  w ith  m eaningful 

r e s u l t s .  By in j e c t in g  haemoglobin mRNA from d if fe r e n t  sp e c ie s  in to  

o o cy te s  o f  Xenopus la e v is  i t  was shown th a t tr a n s la t io n  was not 

r e s t r ic t e d  by a b so lu te  c e l l  type s p e c i f i c i t y .  However such a 

techniq ue i s  n ot d ir e c t ly  a p p lica b le  to  th e study o f  the model 

system  o f  development used in  t h i s  t h e s i s  -  th a t o f  th e development 

o f  th e  c e l lu la r  slim e mould D .discoideum  and so i t  appears th a t  

o th er  methods must be u sed , even though such methods may on ly  

in d ic a te  the involvem ent o f  t r a n s la t io n a l co n tro l and not a c tu a l ly  

prove the c a se . In  t h i s  con tex t the s tru c tu re  o f  th e s i t e  o f  

p r o te in  s y n th e s is  has been e x te n s iv e ly  in v e s t ig a te d , the h y p o th es is  

b e in g  th a t s tr u c tu r a l changes in  the ribosome may w e ll g iv e  r i s e  

to  the fu n c tio n a l d is t in c t io n s  c h a r a c t e r is t ic  o f  t r a n s la t io n a l  

c o n tr o l .  I t  must however be emphasized th a t t h i s  i s  a * second best*  

approach as w id e ly  a p p lic a b le  tech n iq u es fo r  the d ir e c t  study o f  

t r a n s la t io n a l co n tro l a r e , as y e t , u n a v a ila b le .

There i s  good ev idence to  su ggest th a t a fu n c tio n a l  

d is t in c t io n  between ribosom es in  d if fe r e n t  developm ental s ta g e s  

in  D .discoideum  does e x i s t .  In 1970, Coccuci and Sussman showed 

th a t during v e g e ta t iv e  growth th ere  was no ap p reciab le  turnover o f  

ribosom al RNA. T his p e r s is te n c e  however was not m aintained when the  

myxamoebae en tered  s ta t io n a r y  phase and were a llow ed to  proceed  

through t h e ir  developm ental programme. Ribosomal RNA turnover  

during t h is  p er iod  was such th a t a t l e a s t  755̂  o f  the ribosom es 

fa b r ic a te d  during ex p o n en tia l growth were degraded and rep laced  

by ribosom es sy n th es ized  during the developm ental ph ase . Moreover 

i t  was th e n ew ly -sy n th es ized  ribosom es th a t appeared e x c lu s iv e ly



77

in  th e  polysom al fr a c t io n s  o f  whole c e l l  ly s a t e s  and d id  not appear

in  th e  monosomal con tin gen t fo r  at l e a s t  6 hours. S in ce development

o f  the myxamoebae proceeds in  the com plete absence o f  exogenous 

n u tr ie n t ,  i t  i s  c le a r  th a t c e l l s  would have a s e le c t iv e  advantage 

i f  th ey  were ab le  to  u t i l i z e  pre-form ed ribosom es during the 

developm ental phase and a v o id , as much as p o s s ib le ,  the co n sid era b ly  

e n e r g e t ic  p ro cess  o f  m anufacturing new ribosom es.

I t  has a lso  r e c e n t ly  been shown ( is h id a  e t  a l , 1973) th a t c e l l s  o f

a mutant o f  D .d isco id eu m , whose n u c le o l i  seem to  d isapp ear sometime

a f t e r  aggregation , are unable to  com plete th e ir  developm ental 

programme, but w hich , i f  su p p lied  w ith  exogenous n u tr ie n t ,  r ev er t  

to  t h e ir  o r ig in a l  v e g e ta t iv e  s t a t e .

These two rep o rts  c le a r ly  dem onstrate th a t an a b i l i t y  to  

sy n th es iz e  new ribosom es during development i s  an a b so lu te  

requirem ent fo r  s u c c e s s fu l development and suggest v ery  s tr o n g ly  

th a t th ere  i s  some form o f  fu n c tio n a l d is t in c t io n  between ribosom es 

formed during the v e g e ta t iv e  phase and th ose  formed during the  

developm ental p h ase . The q u estion  one can ask i s  whether th ese  

(presumed) fu n c t io n a lly  d i s t in c t  ribosom es are s tr u c tu r a lly  

d if f e r e n t .  I f  th ey  are s tr u c tu r a lly  id e n t ic a l ,  then t h is  s t i l l  does 

not preclude the involvem ent o f  t r a n s la t io n a l co n tro l during  

developm ent, but m erely in d ic a te s  th a t one part o f  the tr a n s la t io n  

m achinery rem ains the same. On the o th er  hand, i f  th ey  are 

s tr u c tu r a l ly  d i f f e r e n t ,  then t h is  does not prove the involvem ent o f  

tr a n s la t io n a l  co n tro l but i t  may su ggest ways in  which i t  may be 

fu n c tio n in g .

Because one can sep arate  th e two ty p es  o f  m olecu les -  

RNA and p r o te in s  -  from ribosom es f a i r l y  r e a d ily , i t  i s  conven ient 

to  examine them in d ep en d en tly . An in v e s t ig a t io n  in to  the q u estion
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o f whether the rihosom al RNA sy n th es ized  during the developm ental 

phase i s  the same as th a t sy n th es ized  in  the v e g e ta t iv e  phase i s  

d escr ib ed  in  Chapter 4 o f  t h i s  t h e s i s .  For the p resen t ch a p ter , we 

are concerned w ith  the p o s s i b i l i t y  th a t the ribosom al p r o te in s  

sy n th es ized  during development are d if fe r e n t  from th o se  sy n th es ized  

during v e g e ta t iv e  growth.

S tu d ie s  o f  t h i s  k ind are not w ithout t h e ir  p reced en ts . 

However, most o f  the e a r l i e r  work su ffe r e d  from the use o f  tech n iq u es  

th a t were -  in  r e tro sp e c t -  unable to  r e so lv e  the many p r o te in s  

a s so c ia te d  w ith  the ribosom e. Thus Low and Wool ( I 966) found no 

d if fe r e n c e s  in  the ribosom al p ro te in  con ten t o f  ribosom es i s o la t e d  

from 5 d if fe r e n t  mammalian t i s s u e s  but th ey  could r e so lv e  o n ly  24 

bands on polyacrylam ide g e l  e le c tr o p h o r e s is  o f  the ribosom al 

p r o te in s  -  approxim ately one th ir d  o f  th e number th a t are now 

known to  be p r e se n t . S im ila r ly  R o th sch ild  e t  a l  ( I 967) d e te c ted  no 

d if fe r e n c e s  in  ribosom al p r o te in s  i s o la t e d  from v a r io u s s ta g e s  o f

development in  Neurospora c r a s sa . With the in tro d u c tio n  o f  more

s o p h is t ic a te d  te c h n iq u e s , e s p e c ia l ly  th e tw o-d im ensional 

polyacrylam ide g e l e le c tr o p h o r e s is  apparatus d escr ib ed  by K altschraidt 

and Wittmann (1970) and th e use o f  su b -u n its  ra th er  than in t a c t  

rib osom es, more m eaningful r e s u lt s  have been o b ta in ed . On th e one 

hand, th ere  appear to  be d if fe r e n c e s  in  the ribosom al p r o te in s  

i s o la t e d  from v a r io u s s ta g e s  o f  development in  D rosophila  

m elanogaster (Lam bertsson, 1972) w h ile  on the o th e r , Delaunay and 

Schapira ( I 972) have shown no major d if fe r e n c e s  in  th e ribosom al 

p r o te in s  i s o la t e d  from normal and hepatoma ra t l i v e r .  I t  i s  th e  

purpose o f  t h i s  chapter to  ch a r a c ter iz e  the ribosom al p r o te in s  o f  

D .discoideum  by tw o-d im ensional polyacrylam ide g e l e le c tr o p h o r e s is  

and to  compare the ribosom al p ro te in  complement o f  c e l l s  during the

v e g e ta t iv e  and developm ental phases o f  the l i f e  c y c le .
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MATERIALS

Acrylamide was ob ta in ed  from K och-Light L ab oratories L td , 

Colnbrook, Bucks, U.K. A ll  o th er  chem icals were o f  th e  h ig h es t  p u r ity  

com m ercially a v a ila b le  and were the products o f  BDH Chem icals L td , 

P o o le , D o rse t, U .K ., E ison s S c i e n t i f i c  Apparatus L td, Loughborough, 

L e ic e s t e r ,  U.K. or  Sigma (London) L td , London, U.K.

METHODS

( i )  Growth and Development o f  Myxamoebae

A x e n ic a lly  grown v e g e ta t iv e  

myxamoebae o f  D .discoideum  were obta in ed  by growth on NS medium as  

d escr ib ed  in  Chapter 1 . C e lls  r e p r e se n ta tiv e  o f  the developm ental 

phase were obta in ed  by h a rv est in g  th e a x e n ic a lly  grown v e g e ta t iv e  

myxamoebae and a llo w in g  them to  develop  on M illip o re  f i l t e r  su p p o rts , 

as p r e v io u s ly  d e scr ib e d , u n t i l  the Mexican hat stage had been  

reached -  a t approxim ately 18 hours a f t e r  d ep o s it io n  o f  th e c e l l s  on 

the M illip o r e s  -  a t which p o in t th ey  were h arvested  as b e fo r e .

B a o te r ia l ly  grown myxamoebae, r ep re sen ta tiv e  o f  the  

v e g e ta t iv e  phase were obtained  by growth in  a s so c ia t io n  w ith  

A erobacter aerogenes on s o l id  agar medium as d escrib ed  in  Chapter 1 .  

By a llo w in g  the myxamoebae to  com p lete ly  d ig e s t  a l l  the b a c te r ia  on 

the agar medium and a llo w in g  them to  form f r u it in g  b o d ie s , c e l l s  

r e p r e se n ta tiv e  o f  the developm ental phase ( spores ) o f  b a o t e r ia l ly  

grown myxamoebae were ob ta ined  by then h a r v e st in g  the p la t e s .

( i i )  I s o la t io n  o f  Ribosomes

Ribosomes were is o la te d  from v e g e ta t iv e
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and d evelop in g  c e l l s  by the same procedure. A ll o p era tio n s were 

performed at 0 -  2°C excep t where o th erw ise  in d ic a te d .

C e lls  were h arvested  e i th e r  from growth medium or from M illip o r e  

f i l t e r  supports and washed tw ice  in  d i s t i l l e d  water as d escr ib ed  in  

Chapter 1 . The c e l l s  were resuspended in  TKMM b u ffe r  ( see  page iv  )
g

at a c e l l  d e n s ity  o f  approxim ately 5 10 c e l l s  /  ml and d isru p ted

by two p assages through a French p ressu re c e l l  a t 14 ,000  I b /in ^ . The 

d isru p ted  c e l l  suspension  was then c en tr ifu g e d  a t 30 ,000 g fo r  30 min. 

In the case  o f  spore c e l l s ,  i t  was n ecessa ry  to  f i r s t  so n ic a te  the  

c e l l  suspension  u s in g  a lOOW MSB U ltr a so n ic  D is in te g r a to r  ( 1 cm t ip  

probe, peak to  peak am plitude 12 jija ) fo r  12 x 30 second period s, w ith  

continuous c o o lin g  in  an ic e  bath to  prevent o v erh ea tin g , b efore  i t  

was passed  through th e French pressure c e l l .  The supernatant from the  

30 m in. c e n tr ifu g a t io n  was c a r e fu l ly  removed and c en tifu g ed  at

140.000 g fo r  2 h ou rs. The r e s u lt in g  crude ribosom al p e l l e t s  were 

resuspended , w ith  the a id  o f  a g la s s  rod , in  approxim ately 10 ml o f  

TKMM b u ffe r  and c la r i f i e d  by c e n tr ifu g a t io n  at 30,000 g fo r  I 5 m in. to  

remove aggreg a tes  and p o ly sacch arid e  contam ination . The c le a r  

supernatant c o n s t itu te d  th e c la r i f i e d  ribosome su sp en sio n .

Ribosomes th a t had been washed in  h igh  s a l t  were prepared  

by resu sp en sion  o f  the crude ribosom al p e l l e t  in  TKMM b u ffe r ,  

co n ta in in g  O.5  M ammonium c h lo r id e , fo llo w ed  by c e n tr ifu g a t io n  at

140.000 g fo r  2 hours. Such ammonium ch lo r id e  -  washed ribosom es were 

s im ila r ly  resuspended and c la r i f i e d  as d escr ib ed  above.

There i s  the p o s s i b i l i t y  th a t ribosom es, during  

c e n tr ifu g a t io n , w i l l  adsorb in  a n o n -s p e c if ic  fa sh io n , cytop lasm ic  

p r o te in s  and so cause a m b ig u ities  in  the in te r p r e ta t io n  o f  the  

r e s u lt s  o f  p r o te in  a n a ly se s . In order to  t e s t  t h i s  h y p o th e s is , the  

ribosom es prepared from c e l l s  o f  th e v e g e ta t iv e  stage  were
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re suspended, in  the 140 ,000  g supernatant rem aining a f t e r  the  

ribosom es had been prepared from c e l l s  o f  th e developm ental s ta g e ,  

r e - p e l l e t t e d ,  resuspended and c la r i f i e d  as d escrib ed  above,

( i i i )  P u r ity  o f  Ribosomes

The RNA and p ro te in  content o f  the c la r i f i e d  

ribosome suspension  was determ ined u s in g  the methods d escr ib ed  in  

Chapter 1 ,  u s in g  y e a st  RNA and bovine serum albumin as stan d ard s.

The l e v e l  o f  p o lysacch arid e  contam ination was a lso  determ ined u s in g  

the anthrone assay  o f  H assid  & Abraham (1957)»

A sample o f  the c la r i f i e d  ribosome suspension  was a lso  

analysed  by sucrose d e n s ity  c e n tr ifu g a t io n . O.O5 ml o f  a l/lOO  

d ilu t io n  o f  the c la r i f i e d  ribosome suspension  was c a r e fu l ly  la y ered  

on to  th e top  o f  a l in e a r  5 -  20^ (w /v) su crose g r a d ie n t, prepared in  

TKMM b u f fe r , contain ed  in  a I 5 ml polypropylene c e n tr ifu g e  tu b e . 

C en tr ifu g a tio n  was performed in  th e 6 x I 5 SW ro to r  o f  th e  MSE 

Superspeed 65 c e n tr ifu g e , at 25 ,000 rpm fo r  2 hours a t 15°C. The 

grad ien t was analysed  u s in g  an Isco  Model I 8O d e n s ity  grad ien t  

fr a c t io n a to r  coupled to  an I sc o  Model UA-2 u l t r a v io le t  a n a ly ser  and 

V ita tro n  UR 4OO l in e a r  reco rd er . The peaks obtained  were compared to  

th ose  ob ta in ed  from a pe-ot m itoohondrim l- supernatant o f  a crude 

e x tr a c t  o f  E sch er ich ia  c o l i  B /r  which had been c en tr ifu g ed  fo r  the  

same p er io d  on an id e n t ic a l  g r a d ie n t.

( iv )  E x tra ctio n  o f  Ribosomal P r o te in s

Two methods were used  to  

e x tr a c t the p r o te in s  from the ribosome su sp en sion s and t h e ir  

e f f i c i e n c i e s  are compared. In both m ethods, the s ta r t in g  m ater ia l was 

the ribosome suspension  d i lu t e d ,t o  g iv e  a co n cen tra tio n  o f  I 5 rag o f
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ribosom es /  ml^.

Method 1 ; T his procedure i s  d escr ib ed  by O chiai & Iwabuchi (1 9 7 1 ). 

To one volume o f  th e ribosome suspension  are added 2 volum es o f  3 M 

CaClg co n ta in in g  4 M urea . The m ixture i s  then s t ir r e d  a t 4°C fo r  

8 hours and the p r e c ip ita te d  RNA removed by c e n tr ifu g a t io n  ( 20 ,000  g ,  

15 m in. ) .  The supernatant com prising the ribosom al p r o te in s  was 

d ia ly zed  e x h a u s tiv e ly  a g a in st d i s t i l l e d  w ater at 4^0 and ly o p h il iz e d .  

Method 2 : T his procedure i s  d escrib ed  by Hardy ^  a l  ( 1969) .  To one 

volume o f  the ribosome suspension  s t ir r e d  v ig o r o u s ly  at Ô C were 

added, in  rapid su c c e s s io n , 0 .1  volumes o f 1 M MgCl^ and 2 volumes 

o f  g la c ia l  a c e t ic  a c id . The m ixture was s t ir r e d  fo r  45 min. and the  

p r e c ip ita te d  RNA removed by c e n tr ifu g a t io n  ( 20,000 g ,  I 5 min ) ,  

washed in  a sm all volume o f  67^ a c e t ic  a c id  and r e -c e n tr ifu g e d . The 

combined supernatan ts were d ia ly zed  e x h a u s tiv e ly  a g a in st d i s t i l l e d  

water a t 4°C and ly o p h il iz e d .

The e f f i c i e n c i e s  o f  the two methods were compared by determ ining the  

RNA and p r o te in  con ten t o f  both the RNA p r e c ip ita te  and the p ro te in  

su p ern atan t.

(v) Two-Dimensional Gel E le c tr o p h o re s is  o f  Ribosomal P r o te in s

The techniq ue o f  tw o-dim ensional e le c tr o p h o r e s is  fo r  the  

sep a ra tio n  and c h a r a c te r iz a tio n  o f  ribosom al p r o te in s  was 

com prehensively d escr ib ed  by K altschm idt & Wittmann (1970)* D esp ite  

numerous rep o rts  o f  r e s u lt s  u s in g  t h is  gen era l tech n iq u e , th ere  i s  no

Â ribosome suspension  o f  66^ g  /  ml has an e x t in c t io n  o f  1 .0  at 

260 nm in  a 1 cm path len g th  s i l i c a  c e l l .
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s u ita b le  apparatus c u rren tly  b e in g  marketed and thus r e lia n c e  must be 

placed  in  one* s own in g en u ity  o f  d e s ig n . Because o f  t h i s ,  the  

technique and the apparatus used w i l l  be d escrib ed  in  some d e t a i l .

The p r in c ip le  o f  tw o-dim ensional g e l e le c tr o p h o r e s is  i s  

th a t the p r o te in s  are f i r s t  sep arated  on th e b a s is  o f  charge d if fe r e n c e  

by e le c tr o p h o r e s is  in  the u su al Pyrex tu b es co n ta in in g  a low ( 4^ ) 

acrylam ide co n cen tra tion  and a h igh  pH ( 8 .6  ) .  The g e l  i s  then  

p laced  on the top  o f  a v e r t ic a l  g e l s la b  o f  18$̂  acrylam ide and low  

pH ( 4*6 ) which m axim ises sep a ra tio n s  based on m olecu lar s i z e .  The 

technique now d escr ib ed  i s  a m o d ifica tio n  o f  th a t d escr ib ed  by 

K altschm idt & Wittmann (1 9 7 0 ).

F ir s t  Dimension

The fo llo w in g  g e l s o lu t io n  was employed as th e  sep ara tion  

g e l in  the f i r s t  dim ension -

b o r ic  a c id 3 .2  g

EDTA Yi8L .̂2}l^0 0 .8  g

T r is 4 .8 7  g

urea 36 .0  g

acrylam ide 4 .0  g

m ethylenebisacrylam ide 0 .1 3 3  g

TMED 0 .3  ml

d i s t i l l e d  w ater to  99 ml

pH 8 .6

d e-a era ted  and 

s to red  at 0°C

Pyrex tu b e s , 10 cm x 0 .6  cm ( l .D . )  were sea le d  at one end w ith  

Parafilm  and a mark made on the tube 9 cm from t h is  end. 0 .0 1  volum es 

o f  f r e s h ly  prepared 7^ (w /v) ammonium p ersu lp h ate  s o lu t io n  were added 

to  the sep ara tion  g e l and the m ixture tr a n sfe rr e d  to  the 9 cm mark 

on the g e l tu b e s . The g e l was c a r e fu l ly  o v e r la id  w ith  w ater and 

allow ed to  polym erize fo r  3 h ou rs. The g e ls  were then p laced  in  a 

Shandon v e r t ic a l  g e l system  and p re -e lec tro p h o resed  at 3 mA /  g e l
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(co n sta n t curren t) a t 4 C u n t i l  the v o lta g e  s t a b i l i z e d  ( a f t e r  

approxim ately 6 hours ) u s in g  a tra y  b u ffe r  co n ta in in g  1 4 .5 5  S T r is  ; 

2 .4  g EDTA Na^.SHgO ; 9*6 g b o r ic  a c id  /  l i t r e .

L y o p h ilized  sam ples o f  ribosom al p r o te in s  ( 100 -  5OO / ig  /  0 .1  ml ) 

were a llow ed to  d is s o lv e  in  8 M urea co n ta in in g  O.5  M 2-m ercapto- 

eth an ol a t room tem perature.

A fte r  p r e -e le c tr o p h o r e s is ,  the tra y  b u ffe r  was renewed and 0 .1  ml 

o f  the ribosom al p r o te in  s o lu t io n  la y ered  on the top  o f  th e  g e l .  

E le c tr o p h o r e s is  was ca rr ied  out in  a ca th od ic  d ir e c t io n  fo r  12 .5  

hours a t 3 mA /  g e l ( constant current ) a t 4°C, the v o lta g e  

rem aining con stan t a t 90 v o l t s  throughout t h i s  p er io d .

Second Dimension

The f i r s t  dim ension g e ls  were removed from t h e ir  tu b es by 

c a r e fu l rimming w ith  a b lu nted  26 gauge hypodermic n eed le  connected

to  a w a t e r - f i l le d  sy r in g e , and were adapted to  the b u ffe r  o f  the

second dim ension by d ia ly s i s  a g a in st ^00 ml o f  e q u il ib r a t io n  b u ffe r  

c o n ta in in g  480 g  u rea , 0 .7 4  ml g la c ia l  a c e t ic  ac id  and 2 .4  ml 5 ^ KOH

/  l i t r e ,  fo r  1 hour at 4°C.

The com position  o f  the sep a ra tio n  g e l employed in  the second  

dim ension was -

urea I 8O g

acrylam ide 90 S

m ethyleneb isacrylam ide 2 .5  g

g la c ia l  a c e t ic  a c id  26 . I 5 ml

5 N KOH 4 .8  ml

TETvlED 2 .9  ml

d i s t i l l e d  w ater to  483 .5  ml 

An apparatus was co n stru cted  fo r  th e second dim ension p erm ittin g  two 

e le c tr o p h o r e se s  to  be performed s im u ltan eou sly  and hence under

pH 4 .6

d e-a era ted  and

sto red  a t 0 C.
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id e n t ic a l  con d ition s*  The apparatus ( see  PLATE 3 and FIGURE 20 ) 

was con stru cted  o f  th ic k  Perspex sh e e ts  and c o n s is t s  o f  two 

id e n t ic a l  g e l p la te  a s se m b lie s , each c o n s is t in g  o f  two 12 cm x 12 cm 

Perspex sh ee ts  sep arated  by a gap o f  5 mm by means o f  two Perspex  

sp acers firm ly  a ttach ed  to  one s h e e t .  The two sh e e ts  are h e ld  

to g e th er  by means o f  two s t a in le s s  s t e e l  screws p o s it io n e d  8 cm 

from the to p . The top  o f  each g e l p la te  assem bly was grooved to  

accommodate the f i r s t  dim ension g e l .

The g e l  p la te  a ssem b lies  are p o s it io n e d  in  s l o t s  in  th e base o f  the  

anode r e sev o ir  such th a t th ey  p r o jec t about 6 cm below the b a se .

They are h eld  f ir m ly  in  p la ce  by t ig h te n in g  the screw s secu r in g  the  

p ressu re  p la te  t o  th e bottom o f  th e upper e le c tr o d e  compartment and 

fo r c in g  the rubber *0 * -r in g , running round th e s l o t s ,  to  p ress  

t i g h t ly  a g a in st the s id e s  o f  the g e l p la te  a ssem b lies  so as to  e f f e c t  

a w a te r - t ig h t  s e a l .  The bottom s o f  the g e l  p la te  a ssem b lies  were 

sea le d  w ith  s t r ip s  o f  P la s t ic in e  and the apparatus was ready fo r  

u se .

4 ml o f  f r e s h ly  prepared 10^ (w /v) ammonium p ersu lph ate  

were added to  116 ml o f  the second dim ension sep ara tion  g e l and the  

m ixture tr a n sferred  to  th e g e l  p la te  a s se m b lie s ,to  a l e v e l  ju st  

above th e bottom o f  the V-shaped groove. Each g e l s la b  required  

approxim ately 55 ml o f  g e l s o lu t io n  and th e e x ce ss  was kept on i c e .

The f i r s t  dim ension g e ls  were c a r e fu l ly  drained o f  e x c e ss  

e q u il ib r a t io n  b u ffe r  and tr a n sfe rr e d  to  the V-shaped grooves in  the  

g e l p la te  a s se m b lie s , ta k in g  care th a t no a ir  bubbles were trapped  

underneath. The l e v e l  o f  sep a ra tio n  g e l was then ad ju sted  so th a t  

the f i r s t  dim ension g e ls  were tw o -th ir d s  covered . At room tem perature, 

the p o lym eriza tion  p rocess ta k es  about 1 hour. Towards the end o f  

t h i s  p e r io d , the heat generated  during th e p o lym eriza tion  cau ses the
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PLATE 3. Apparatus used fo r  E lectrop h oresis  

in  the Second Dimension
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p ersp ex  g e l p la te  a ssem b lies  to  expand s l i g h t l y ,  cau sin g  the l e v e l  

o f  the sep a ra tio n  g e l to  f a l l  and, som etim es, cau sin g  leakage from  

th e P l a s t i c in e  s e a l s .  The le v e l  can be m aintained w ith  the e x c e s s  

g e l s o lu t io n  th a t has been kept on i c e .  Leakage problems are u s u a l ly  

e lim in a ted  by c o o lin g  the apparatus to  4°C im m ediately p r io r  to  u se  

and by l i g h t l y  g rea sin g  the g e l  p la te  a ssem b lies  w ith  a grease o f  

s u ita b ly  h igh  m e ltin g  tem perature ( Edwards hard grade vacuum g rea se  

was found to  be e s p e c ia l ly  s u ita b le  fo r  t h i s  purpose ) .

A fte r  p o lym eriza tion  was com p lete , the P la s t ic in e  s t r ip s  

were removed and th e apparatus p o s it io n e d  over the cathode r e c e v o ir .  

500 ml o f  tra y  b u ffe r  co n ta in in g  I 4 g g ly c in e ,  I .5  ml g la c ia l  a c e t ic  

a c id  and 36O g urea /  l i t r e ,  were p laced  in  each e le c tr o d e  r e c e v o ir  

and the a ir  bubbles trapped beneath the g e l  s la b s  removed w ith th e  

aid  o f  a p asteu r  p ip e t te  w ith  a hooked end. The two 14 cm lon g  

platinum  e le c tr o d e s  were then p o s it io n e d  and e le c tr o p h o r e s is  was 

performed a t 60 v o l t s  ( con stan t v o lta g e  ) fo r  30 hours at 4°C.

At the end o f  the e le c tr o p h o r e s is ,  the g e l p la te  a ssem b lies  

were removed by s la ck en in g  the screws in  the pressure p la t e .  The two 

Perspex sh e e ts  com prising each g e l p la te  assem bly, were c a r e fu l ly  

p r ised  apart and th e g e l s la b s  removed.

S ta in in g  and D es ta in in g

The s la b s  were s ta in e d  fo r  1 hour in  1 l i t r e  o f  0.2^^ (w /v) 

napthalene b lack  12 B in  5^ (v /v )  a c e t ic  a c id . The g e ls  were exposed  

to  running w ater fo r  30 min. and then d esta in ed  by d if fu s io n  a g a in st  

5/̂  a c e t ic  a c id  fo r  approxim ately 60 hours in  an apparatus which 

c ir c u la te d  the des ta in in g  so lu t io n  over the g e ls  and through a 

compartment co n ta in in g  absorbent wool pads ( Gradipore Ltd ) which 

absorbed the e x c e ss  dye. The d esta in ed  g e ls  were photographed and 

stored  in  5^ a c e t ic  a c id .
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RESULTS

( i )  P u r ity  o f  Ribosome P reparation

Ribosomes c o l le c te d  by 

c e n tr ifu g a t io n  ( 1 4 0 ,000g ,  2 hours ) o f  th e  p o st-m itoch on d ria l 

supernatant con ta in ed  a co n sid era b le  q u a n tity  o f  a n th r o n e -p o s it iv e  

m a ter ia l ( TABLE 3 ) •  Attem pts to  e x tr a c t  th e ribosom al p r o te in s  

from such crude p rep ara tion s were u n su cc e ss fu l -  not o n ly  was the  

y ie ld  o f  e x tr a c ta b le  p ro te in  v ery  low , but i t  a lso  con ta in ed  a v ery  

s ig n i f ic a n t  amount ( approxim ately 40^ by w eight ) o f  RRA ( TABLE 4 ) 

T his d i f f i c u l t y  was reso lv ed  how ever, by 'c la r i f ic a t io n *  o f  the  

crude ribosome suspension  by c e n tr ifu g a t io n  a t 30 ,000g fo r  15 min. 

Although t h i s  procedure r e su lte d  in  th e  l o s s  o f  approxim ately 40^ 

o f  the r ibosom es, th e r e s u lt in g  supernatant was e s s e n t ia l l y  fr e e  o f  

contam inating p o lysacch arid e  ( TABLE 3 ) •  M oreover, e x tr a c t io n  o f  

th e ribosom al p r o te in s  from such c la r i f i e d  ribosom es r e s u lte d  in  

both an improved y ie ld  o f  t o t a l  p r o te in  e x tr a c ta b le  and in  n e g l ig ib le  

contam ination  w ith  RRA ( TABLE 4 ) •

The r e la t iv e  amounts o f  RRA and p r o te in  p resen t in  the  

c la r i f i e d  ribosom es from both v e g e ta t iv e  and d eve lop in g  c e l l s  ( 

shown in  TABLE 3 ) g iv e  a com position  o f  th e  ribosome o f  

approxim ately 5 /̂̂  RRA and 44^ p r o te in .

When an alysed  by sed im en tation  v e lo c i t y  c e n tr ifu g a t io n  on 

a l in e a r  5 -  2O56 su crose g r a d ie n t , th e c la r i f i e d  ribosome susp en sion  

e x h ib ite d  1 major peak, w hich , by comparison w ith  th e E sch er ich ia  

c o l l  crude c e l l  e x tr a c t  s im ila r ly  a n a ly sed , had a sed im entation  

c o e f f ic ie n t  o f  approxim ately 80S ( FIGURE 21 ) .  There was a ls o  a 

sm a ll, f a i r l y  broad peak sed im enting s l i g h t l y  slow er than the  

E sch er ich ia  c o l l  70S ribosom e, which probably rep resen ts  a s l ig h t
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RIBOSOME SUSPENSION 

IN TKMM BUFT̂ ER

RNA(mg/ml) PROTEIN

(mg/ml)

TOTAL HEXOSE 

(mg/ml)

Crude (v e g e ta t iv e )  

C la r i f i e d  (v eg e ta t iv e )  

Crude (developing) 

C la r i f i e d  (developing)

26 .4  + 1 .1 (8) 

1 4 . 2 ± 0 . 4 (8 )

24.5 + 1 .3(8) 

13.4 + 0 .3 (8 )

2 2 .5 + 0 .9 (8 )  

1 1 .1 + 0 .3 (8 )  

20.9 + 1 .0 (8) 

1 0 .5 + 0 .2 (8 )

1 3 .4 ^ 1 .7 ( 8 )  

0 .0 5 ±  0 .01(8) 

12.4+ 1 .6  (8) 

0 .0 4 ± 0 .0 1 (8 )

TABLE 3 * The R e la t iv e  RNA, P ro te in  and T o ta l Hexose Content o f  Crude 

and C la r i f i e d  Ribosomes I s o la te d  from V egetative and 

'Developing C ells  of R.discoideum

R e su lts  are  given as Means ± the s tandard  e r r o r  of the mean 

F igures  in  paren theses  r e f e r  to  the number of de term ina tions
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ROTOR CENTRE
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FIGURE 2 1 . Sedimentation Velocity C entrifuga tion  on Linear

5 -  20^ Sucrose Gradients

(a) Escherich ia  co li  crude c e l l  ex trac t  

(h) C la r if ie d  ribosomes from D.discoideum
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degree o f  d is s o c ia t io n  o f  the monomeric 80S ribosome in to  i t s  

component su b -u n its  which are rep orted  to  have sed im entation  

c o e f f i c i e n t s  o f  approxim ately 60S and 4OS (iw abuchi e t  a l , 1970)

( i i )  E x tra ctio n  o f  the Ribosomal P r o te in s

TABLE 4 shows the e f f i c i e n c y  

o f  the two methods used  fo r  the e x tr a c t io n  o f  the ribosom al p r o te in s  

from crude and c la r i f i e d  ribosome su sp en s io n s . I t  has a lrea d y  been  

made c le a r  th a t the e x tr a c t io n  o f  p r o te in s  from crude ribosome 

su sp en sion s was u n s a t is fa c to r y  w ith  regard to  both the y ie ld  and 

p u r ity  fo r  both methods u sed . With the c la r i f i e d  r ibosom es, the  

method o f  Hardy e t  a l  (1969) i s  e v id e n t ly  the most e f f i c i e n t  in  

the e x tr a c t io n  o f  ribosom al p r o te in s ,  both in  h igh  y ie ld  and in  

apparent freedom from ENA con tam in ation . T h is method was th er e fo re  

used throughout.

( i i i )  The Two-dim ensional Polyacrylam ide Gel E le c tr o p h o re s is

B efore

co n sid er in g  th e r e s u l t s  o f  th e  tw o-d im ensional e le c tr p h o r e s is  o f

the ribosom al p r o te in s ,  i t  i s  im portant to  v e r i f y  th a t the

m o d ific a tio n s  made to  the • standard* procedure o f  K altschm idt &

Wittmann ( 1970) are j u s t i f i e d .

The on ly  major m o d if ic a t io n , apart from s i z e ,  in  th e

technique i s  th a t in  th e f i r s t  d im en sion , th e p ro te in  sample i s

p laced  a t th e  top  o f  the acrylam ide g e l  ( in s te a d  o f  b e in g

polym erized in  a sample g e l  in  th e m iddle o f  the f i r s t  dim ension

g e l ) and i s  run in  on ly  one ( ca th o d ic  ) d ir e c t io n  ( in s te a d  o f

b ein g  run in  both anodic and ca th o d ic  d ir e c t io n s  ) .  S in ce  p re lim in ary
p\S iU A £ltA

experim ents th a t u t i l z e d ,  verb a tim , th e procedure o f  K altschm idt & 

Wittmann (1970) showed th a t no p r o te in s  appeared to  m igrate in  an 

anodic d ir e c t io n ,  i t  i s  f e l t  th a t t h i s  m o d ifica tio n  i s  j u s t i f i e d .
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T h is m o d ific a tio n  a lso  meant th a t the f i r s t  dim ension g e ls  cou ld  be 

p r e -e lec tr o p h o te se d  b efore  the p r o te in  sample was a p p lie d . T his  

r e s u lte d  in  most o f  the p r o te in  e n te r in g  th e g e l  -  a s i tu a t io n  in  

co n tra st to  th a t in  the * standard* system  where p r o te in  

p r e c ip ita t io n  in  th e  sample g e l  i s  o fte n  con sid era b le  ( Dr. S . Hardy, 

p erson a l communication ) .  The advantages o f  p r e -e le c tr o p h o r e s is  are 

d isc u sse d  in  Chapter 2 and w i l l  not be rep eated  h ere .

The on ly  o th er  m o d ific a tio n  i s  th e in c lu s io n  o f  urea ( 6 M ) 

in  the second dim ension e le c tr o d e  b u ffe r . When urea i s  om itted  from 

the e le c tr o d e  b u f fe r ,  the urea p resen t in  th e f i r s t  dim ension g e l 

d if fu s e s  out during the 30-hour e le c tr o p h o r e s is ,  cau sin g  i t  to  sw e ll  

and b u ck le , which r e s u l t s  in  co n sid era b le  d is to r t io n  o f  th e f in a l  

p r o te in  sp o ts  on th e g e l .  When th e urea co n cen tra tio n  in  th e e le c tr o d e  

b u ffe r  i s  th e same as th a t in  the f i r s t  dim ension g e l ,  t h i s  problem  

does not a r i s e .  D iffu s io n  o f  urea was n ot s ig n if ic a n t  in  the f i r s t  

dim ension e le c tr o p h o r e s is  d e sp ite  the fa c t  th a t the e le c tr o d e  b u ffe r  

did  not co n ta in  u rea . T his i s  presumably because o f  th e  v ery  sm all 

su rface  area o f  the g e ls  th a t are in  co n ta c t w ith  th e  e le c tr o d e  

b u f fe r , and a lso  the sh o r ter  p er iod  ( 1 2 .5  hours ) o f  e le c tr o p h o r e s is .

We can now co n sid er  th e tw o-d im ensional e lectroph oretogram s  

o f  th e ribosom al p r o te in s . The p r o te in  sp o ts  in  the fo llo w in g  

electrophoretogram s are numbered se p a r a te ly  a lon g  h o r iz o n ta l l in e s  

b eg in n in g  a t th e  upper l e f t .  Some o f  th e sp o ts  on th e  g e ls  are  

c le a r ly  v i s i b l e  to  th e e y e , but are b a r e ly  d is c e r n ib le  or  cannot be 

seen a t a l l  in  th e photographs. Such sp o ts  are in c lu d ed  in  th e  

schem atic drawings o f  th e g e l s  which th e r e fo r e  do not rep resen t  

w ith  f i d e l i t y  the in t e n s i t y  o f  s ta in in g  o f  in d iv id u a l s p o ts . In  

a d d it io n , the drawings are com posites from at le a s t  two g e ls  and 

as such th ey  may d i f f e r  in  d e t a i l  from in d iv id u a l g e ls  photographed.
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The tw o-d im ensional e le c tr o p h o r e s is  o f  the ribosom al 

p r o te in s  is o la te d  from v e g e ta t iv e  and d evelop in g  c e l l s  o f  D .discoideum  

are shown in  PLATE 4* A pproxim ately 69 sp o ts  were reso lv ed  from both  

v e g e ta t iv e  and d eve lop in g  ribosom al p r o te in s  and the two p a ttern s  

are sch em a tic a lly  compared in  FIGURE 2 2 , from which i t  can be seen  

th a t th ere  i s  g rea t s im ila r i t y  between them. However, th ere  are 

sev era l d i f f e r e n c e s .  P r o te in s  6 0 ,6 l and 67 appear to  be p resen t

on ly  in  ribosom es i s o la t e d  from v e g e ta t iv e  c e l l s ,  whereas p r o te in s  

3 , 2 4 , 31 and 38 appear to  be presen t on ly  in  ribosom es i s o la t e d  

from d evelop in g  c e l l s .  These app aren tly  s t a g e - s p e c i f ic  p r o te in s  are 

m ostly  on ly  l i g h t l y  s ta in e d  and are presumably f a i r l y  minor 

components o f  the ribosom e. W hilst t h i s  i s  tru e  fo r  p r o te in s  61 

67 , 3 and 2 4 , p r o te in s  31 , 38 and 60 do appear to  be s ta in e d  more 

h e a v ily . Such s to ic h io m e tr ic  co n s id e ra tio n s  a r e , how ever, d i f f i c u l t  

to  determ ine p r e c is e ly .  A lthough an equal amount o f  ribosom al 

p ro te in  ( as determ ined by P o l in -p o s i t iv e  m a ter ia l ) was a p p lied  

to  each g e l ,  i t  i s  ev id en t from PLATE 4 th a t th ere  i s  a co n sid era b le  

d if fe r e n c e  in  the amount o f  p r o te in  th a t a c tu a lly  en tered  th e g e l ,  

even w ith  p r e -e le c tr o p h o r e s is . T h is p a r t ia l  in s o lu b i l i t y  o f  the  

ly o p h il iz e d  ribosom al p r o te in s  i s  thought to  be a fu n c tio n  o f  the  

high pH ( 8 .6  ) a t which th ey  are d is s o lv e d  and/or th e  presence o f  

contam inating RNA and p o lysacch arid e  m a te r ia l. Some ev id en ce fo r  the  

l a t t e r  h y p o th es is  comes attem pts to  i s o la t e  ribosom al p r o te in s  from 

c e l l s  th a t had been grown in  NS + G lucose medium ( see  Chapter 1 ) .  

Such p rep aration s contain ed  co n sid era b le  q u a n t it ie s  ( approxim ately  

5^ by w eight ) o f  a n th r o n e -p o s it iv e  m a ter ia l and were la r g e ly  

in s o lu b le ,  producing v ery  few sp o ts  on tw o-d im ensional 

e le c tr o p h o r e s is .

The tw o-dim ensional e le c tr o p h o r e s is  o f  the ribosom al
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FIGURE22 .Schematic Comparison of the Ribosomal Proteins of Vegetative- 

and Developim! Cells of D.discoideim

4^ ! Proteins common to both developing and vegetative cells

4#  : Proteins present only in vegetative cells

44 Î Proteins present only in developing cells
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proteins, iso lated  from vegetative c e l l s ,  that had been washed in

0.5 M ammonium chloride i s  shown in PLATE 5 (&)» A schematic 

comparison between the protein spots observed in these ammonium 

chloride washed ribosomes and those in un-washed ribosomes ( PLATE 4a ) 

i s  shown in FIGURE 23. Very few proteins ( proteins 61, 63, 66 and 

67 ) appear to be removed completely by treatment of the ribosomes 

with a high sa lt concentration. An unexpected result was that 

protein 12 appeared to be present in greater quantity when ribosomes 

were prepared in high sa lt  concentrations.

The two-dimensional electrophoresis of the ribosomal 

proteins of vegetative c e l l s ,  prepared by f ir s t  ’washing’ the 

vegetative ribosomes in the supernatant remaining a fter  ribosomes 

had been prepared from developing c e l ls  i s  shown in PLATE 5 (%)*

I t  i s  id en tica l to that of the proteins iso la ted  from vegetative  

ribosomes that had been prepared in the usual manner. I t  contains 

no additional proteins spots and a ll  of the 69 spots were 

discernib le.

PLATE 6 shows the two-dimensional electrophoresis of the 

ribosomal proteins iso la ted  from vegetative c e lls  and mature spore 

c e lls  of D.discoideum that had been grown in association with 

Aerobacter aerogenes on so lid  agar medium. The proteins from the 

two stages are schematically compared with each other and with 

the electrophoretograms of a ien ica lly  grown c e lls  in FIGURE 24« 

Although the electrophoretic patterns obtained from b acteria lly  

grown c e lls  are not exactly superimposible with those from 

axenically grown c e l l s ,  the general sim ilarity  i s  remarkable and 

the spots have been appropriately numbered to fa c i l i ta te  comparisons. 

Proteins 1 and 2 -  which are observed in vegetative and developing 

c e lls  of axenically grown myxamoebae -  appear to be absent from
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*lJnv/ashed* and * Ammonium Chloride washed’ Ribosomes of 

D.discoideum

^  : Proteins present in both washed and unwashed ribosomes 
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■ b acteria lly  growi v e g e ta t iv e  c e l l s  and spores* However, th ose  

p r o te in s  th a t are s p e c i f i c  to  v e g e ta t iv e  c e l l s  o f  a x e n ic a lly  grown 

myxamoebae ( p r o te in s  5^, 60 , 61 and 67 ) are a lso  s p e c i f ic  to  

v e g e ta t iv e  c e l l s  o f  b a c t e r ia l ly  grown myxamoebae.

In  a d d it io n , p r o te in s  3> 31 and 38 -  which are s p e c i f ic  to  deve lop in g  

c e l l s  o f  a x e n ic a l ly  grown myxamoebae -  are a ls o  s p e c i f ic  to  spore 

c e l l s  o f  b a c t e r ia l ly  grown myxamoebae* P r o te in  24 , th e rem aining  

•developm ental* ribosom al p r o te in  o f  a x e n ic a lly  grown myxamoebae, 

appears to  be absent from d evelop in g  c e l l s  ( spore c e l l s  ) o f  

b a c t e r ia l ly  grown myxamoebae *
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DISCUSSION

B efore a m eaningful d is c u s s io n  o f  the r e s u lt s  o f  the  

tw o-d im ensional e le c tr o p h o r e s is  o f  the ribosom al p r o te in s  o f  

D .discoideum  can be a ttem p ted , th e  methods employed fo r  th e ir  

p rep aration  and a n a ly s is  must be c r i t i c a l l y  a s s e s s e d . The s ta r t in g  

m a ter ia l fo r  the i s o la t io n  o f  the ribosom al p r o te in s  has been the  

monomeric ribosom e. Although reason ab le r e s o lu t io n  was a ch iev ed , 

th e d e te c t io n  o f  a l l  the d if fe r e n t  p ro te in  sp o ts  on a s in g le  g e l was 

o fte n  d i f f i c u l t ,  e s p e c ia l ly  when th e amount o f  p ro te in  analysed  

was la r g e , when the major sp o ts  were so h e a v ily  s ta in e d  th a t th ey  

overlapped w ith  sev e r a l o f  t h e ir  l e s s - h e a v i ly  s ta in e d  n eigh b ou rs. 

C onsequently , a t l e a s t  two co n cen tra tio n s  o f  p r o te in  were an a lysed .

An a lte r n a t iv e  method to  improve r e s o lu t io n  would be to  reduce the  

t o t a l  number o f  sp o ts  p resen t on the g e ls  by i s o la t in g  the ribosom al 

p r o te in s  from su b -u n its  ra th er  than from the in ta c t  ribosom e. Indeed , 

many s im ila r  s tu d ie s  on o th er  organism s have s u c c e s s fu l ly  used t h i s  

approach and so i t  i s  n ecessa ry  to  tr y  and j u s t i f y  th e use o f  the  

monomeric s p e c ie s .

One t r i v i a l  reason fo r  the use o f  the in ta c t  ribosome was

the n o to r io u s ly  aberrant and i l l - d e f in e d  d is s o c ia t io n  p r o p e r tie s

o f  D .discoideum  ribosom es. From sev e r a l r ep o rts  over th e  l a s t  ten

years or s o ,  i t  appears th a t the c h a r a c te r iz a tio n  o f  D .discoideum

ribosom es i s  both d i f f i c u l t  and c o n tr o v e r s ia l .  Thus, Ashworth ( I 966)

rep orted  the ribosom es to  have a p r o k a r y o te -lik e  sed im en tation  c o e f f ic ie n t

o f  68s, but u n lik e  p rok aryotic  r ibosom es, th ey  were not d is s o c ia te d  
2+in  1 .5  mM Mg . Somewhat l a t e r ,  C eccarin i & Maggio (1968) and 

Iwabuchi & O chiai ( 1969) reported  the sed im entation  c o e f f ic ie n t  to  

be approxim ately 80S , however, both groups observed a 70S p a r t ic le
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which th ey  su ggested  was an in term ed iate  in  the d is s o c ia t io n  o f  the

80S monomer. One i s  very  tempted to  c o r r e la te  t h i s  s p e c ie s  w ith  the

68s p a r t ic a l  found in  such apparent abundance in  the e a r l i e r  study

o f Ashworth ( I 966) .  D is so c ia t io n  s tu d ie s  have revea led  q u ite  a

co n sid era b le  com plexity  o f  the ribosom e. W hilst a l l  groups agree th a t
2+monomers e x i s t  in  the presence o f  I .5  mM Mg , C eccarin i & Maggio

2+
( 1968) rep ort th a t the low ering  o f  the Mg co n cen tra tio n  to  0 .2 5  mM

—6 24"produced " in term ed iate  p a r t ic le s"  (68S and 5&S) and in  10” M Mg , 

the f in a l  d is s o c ia te d  s p e c ie s  had sed im entation  c o e f f i c i e n t s  o f  

approxim ately  5OS and 30S. On the o th er  hand, Iwabuchi & O chiai

( 1969) and Iwabuchi e t  a l (1970) reported  th a t the d is s o c ia te d  s p e c ie s
2 +in  0 .1  mM Mg had sed im entation  c o e f f i c i e n t s  o f  6IS and 42S . However,

the same group (Kanda e t  a l , 1974 ; O chiai e t  a l , 1973) have r e c e n t ly
2-h

employed a con cen tra tio n  o f  50 mM Mg fo r  the i s o la t io n  o f  ribosom al 

su b -u n its  -  c o n d itio n s  w hich, in  th e ir  p rev iou s paper, were reported  

to  cause p r e c ip ita t io n  o f  the ribosom es. P relim in ary  experim ents  

were made to  i s o la t e  ribosom al su b -u n its  a t the b eg in n in g  o f  t h i s  

work, but th ese  were u n su cc e ss fu l and served  on ly  to  emphasize the  

current la c k  o f  d e ta ile d  in form ation  on the p r o p e r tie s  o f  D .discoideum  

rib osom es.

However, i t  was not on ly  more convenient to  use the monomeric 

ribosome as the s ta r t in g  m a ter ia l fo r  the i s o la t io n  o f  ribosom al 

p r o te in s  but a l s o ,  perhaps, more a p p ro p ria te . M artini e t  a l (1973) 

s t a t e ,

" .. .w e  a lso  f in d  th a t the in ta c t  80S ribosome (from rab b it  

r e t ic u lo c y t e s )  co n ta in s  sev era l a d d it io n a l p r o te in s  o f  

r e la t iv e ly  h igh  m olecular w eight th a t are l o s t  when th e  

p a r t ic le  i s  d is s o c ia te d  in to  su b -u n its ."

T his r e a l l y  b r in gs us to  a very  im portant q u estion  j what i s  a
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ribosom al p r o te in  ? U n fo rtu n a te ly , r igorou s c r i t e r ia  fo r  c la s s i f y in g  

the p r o te in s  in to  tr u ly  r ib osom al, a d d it io n a l fu n c tio n a l (such as  

tr a n s la t io n  and in i t i a t i o n  fa c to r s )  and contam inant do not y e t e x i s t ,  

p r im a r ily  because th e ribosome i s  a n on -cova len t assem bly o f  RNA and 

p r o te in . Warner e t  a l  (1973) have su ggested  th a t o n ly  th ose  p r o te in s  

th a t are a s so c ia te d  perm anently w ith  the ribosome deserve the name 

ribosom al p r o te in s . From a s tr u c tu r a l and form ational p o in t o f  view  

t h i s  may be an adequate d e f in i t io n ,  but from a fu n c tio n a l p o in t o f  

v iew , i t  i s  in s u f f i c i e n t .  I t  has r e c e n t ly  been rep orted  th a t sev e r a l  

o f  the p r o te in s  a s so c ia te d  w ith  the 80S ribosome are not e s s e n t ia l  

fo r  the in  v i t r o  tr a n s la t io n  o f  p o ly (u ) m essages (McConkey, 1974)*  

However, fo r  th e reasons d escr ib ed  in  the in tr o d u c tio n , t h i s  may bear  

l i t t l e  r e la t io n s h ip  to  the in  v iv o  s i t u a t io n .  What does seem to  be 

c le a r  i s  th a t most o f  the ribosom al p r o te in s  are perm anently  

a sso c ia te d  w ith  the ribosome and t h i s  u n it  can , in  v i t r o , e f f e c t  the  

form ation o f  p ep tid e  bonds. But sev era l p r o te in s  are not perm anently  

a sso c ia te d  w ith  the ribosome and th ese  may w e ll be in v o lv ed  in  the  

in  v iv o  tr a n s la t io n  o f  n a tu ra l m essenger RNA. S ince th e p resen t  

s tu d ie s  are concerned w ith  ribosome s tru c tu re  and how i t  may a f f e c t  

ribosome fu n c tio n  i t  was f e l t  th a t ribosom es co n ta in in g  as many 

p r o te in s  as p o s s ib le  should be used in  th e exp erim en ts, i . e .  the  

monomeric s p e c ie s ,  prepared in  a medium which did not con ta in  a h igh  

s a l t  co n cen tra tion  as t h i s  may remove c e r ta in  lo o sely -b ou n d  ribosom al 

p r o te in s . One prep aration  o f  ribosom es however was washed in  O .5M 

ammonium ch lo r id e  to  determ ine w hich, i f  any, p r o te in s  are removed.

W hilst the use o f  th e monomeric ribosome has been a t le a s t  

p a r t ia l ly  j u s t i f i e d ,  the a c tu a l procedure used fo r  i t s  i s o la t io n  

contain ed  one p o s s ib le  source o f e r r o r . The fa c t  t h a t ,  during the  

i s o la t io n  o f  the ribosom es, the removal o f  contam inating p o lysacch arid e
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m a ter ia l was ach ieved  on ly  at the expense o f  approxim ately 40 ^ o f  

the ribosom es r a is e s  the p o s s ib i l t y  th a t th e f in a l  c la r i f i e d  ribosome 

su sp en sion  may not be r e p r e se n ta tiv e  o f  th e t o t a l  ribosome co n te n t.

Two fa c to r s  are worth co n sid er in g  h e r e . The f i r s t  i s  whether th ere  i s  

any in te r a c t io n  between the p o lysacch arid e  m ater ia l and th e  ribosome 

which cau ses  the lo s s  o f  ribosom es during c la r i f i c a t io n  and th e  

second i s  whether the ribosom es th a t are l o s t  c o n s t itu te  a d i s t in c t  

c la s s  o f  ribosom es and th a t t h e ir  lo s s  during c la r i f i c a t io n  m erely  

accom panies the removal o f  p o lysacch arid e  m a ter ia l. A lthough not 

stu d ied  in  d e t a i l ,  some ev idence has been obtained concerning the  

in te r a c t io n  between the p o lysacch arid e  m a ter ia l and th e  ribosom es 

from th e r e s u lt s  o f  attem pts to  prepare ribosom es from myxamoebae 

grown in  d if fe r e n t  m edia. C e lls  grown in  NS medium and in  NS-f-glucose  

medium have the same RNA con ten t and f a i r l y  s im ila r  growth r a te s  and 

hence probably con ta in  s im ila r  ribosome complements. I f  th e 40 ^ o f  

the ribosom es th a t are l o s t  in  the c la r i f i c a t io n  o f  crude ribosome 

su sp en sio n s from NS grown c e l l s  c o n s t itu te d  a d i s t in c t  c la s s  o f  

rib osom es, then i t  would be expected  th a t the same p rop ortion  should  

be l o s t  in  the c la r i f i c a t io n  o f  ribosom es from NS 4-g lu cose grown c e l l s .  

However, in  the l a t t e r  c a se , c la r i f i c a t io n  r e s u lt s  in  the lo s s  o f  

approxim ately  70 ^ o f  the ribosom es (a s  w e ll as producing a 

c l a r i f i e d  suspension  th a t s t i l l  contain ed  s ig n if ic a n t  q u a n t it ie s  o f  

p o ly sa cch a rid e  m a te r ia l) . S in ce the p o lysacch arid e  conten t o f  NS4- 

g lu co se  c e l l s  i s  much g r ea ter  than th a t o f  NS c e l l s  (Weeks and 

Ashworth, 1972) i t  appears the more p o lysacch arid e  p r e se n t , then the  

g r e a te r  the lo s s  o f  ribosom es. T h is su g g e sts  th a t th ere  i s  some 

ca u sa l in te r a c t io n  between ribosom es and p o ly sa cch a rid e  which r e s u lt s  

in  the lo s s  o f  the ribosom es and th u s i t  seems u n lik e ly  th a t the  

l o s t  ribosom es c o n s t itu te  a s p e c ia l c la s s .
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What th en , are the c h a r a c t e r is t ic s  o f  the c la r i f i e d  ribosome 

suspension  th a t has been used fo r  the i s o la t io n  o f  the ribosom al 

p r o te in s  ? Sucrose d e n s ity  c e n tr ifu g a t io n  has shown th a t th e ribosom es 

have a sed im entation  c o e f f ic ie n t  o f  approxim ately 80S , a va lu e in  

agreement w ith  the more recen t s tu d ie s  by o th er  workers p r e v io u s ly  

d escr ib ed . The p ro te in  con ten t o f th ese  ribosom es has been determ ined  

as approxim ately 44^* T his f ig u re  i s  l e s s  than th a t rep orted  by 

C eccarin i & Maggio ( I 968) who su ggested  a 50^ p r o te in  con ten t but 

more than th a t o f  O chiai ^ Iwabuchi ( I 97I )  who rep orted  a 41^ p ro te in  

c o n ten t. In t h i s  c o n te x t , the ribosom es o f  D .discoideum  appear to  

resem ble more c lo s e ly  the ribosom es o f y e a s t ,  which co n ta in  40—44^ 

p r o te in  (Warner, 1971) , than th ey  do th o se  o f  h igh er  eukaryotes in  

which a 50^ p r o te in  content i s  u su a lly  found (M artin i e t  a l , 1973)*

The r e s u l t s  o f  the tw o-d im ensional e le c tr o p h o r e s is  o f  the  

ribosom al p r o te in s  o f  D .discoideum  are summarized in  TABLE 5 which 

shows the ex ten t to  which the v a r io u s p r o te in s  are p resen t in  the  

ribosom es o f  axen ic  c e l l s  (b oth  v e g e ta t iv e  and d e v e lo p in g ) , 

b a c ter ia lly -g ro w n  c e l l s  (both  v e g e ta t iv e  and d evelop in g) and a ls o  from 

ribosom es th a t had been washed in  O.5  M ammonium c h lo r id e  or in  the  

supernatant rem aining a f t e r  ribosom es had been prepared from 

d evelop in g  c e l l s  ( r e ferred  to  as 'd ev .-w ash ed  r ib o so m e s') .

Two l im ita t io n s  o f the techn iq ue must be made e x p l i c i t .  The 

f i r s t  i s  th a t two p r o te in s  having d if f e r e n t  amino a c id  sequences may 

m igrate to g e th er  on tw o-dim ensional g e l e le c tr o p h o r e s is  provided th a t  

th ey  have the same net charge and the same m olecu lar s i z e .  The second  

l im ita t io n  i s  th a t the s to ic h io m e tr ic  e s t im a tio n s  are on ly  very  

approxim ate, having been made by a sim ple v is u a l  in s p e c t io n  o f  the  

g e l s .  The problem o f  d e v is in g  a s u ita b le  d en sito m etr ic  a n a ly s is  

technique fo r  tw o-dim ensional g e ls  i s ,  I  th in k , n ic e ly  i l lu s t r a t e d
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ĉ
vo

trv

m
CM

g
i
g

io
COo
8«

W  W  tX! 

I S I
s  s  s

t-q

hO

K  %  K  

S  a  S  

a a a 
a w a
i -q  ^ q  i-q

i-q i-q i-q 
►q ^ q  ^ q

a a a 
^ q  ^ q  a 
a a a 
a a a 
a a a 
^  ^q  ^q  

a a a
^q  f t l  t-q

►q t-q
I-q I-q ^q

I a I
I-q I-q t-q 
I-q  ^ q  I-q

K  M  K  

I I I

a a a
I-q 1-1 1̂ 3 

^q I-q I-q

W W ffi

a a a 
a a a 
a a a
1 1̂ I-q ^q  

I-q I-q nq  

I-q I-q I-q

a a a
I-q I-q I-q

a a a 
a a a 
a ^ q  I-q

I-q  I-q I-q

a q̂ I-q
I-q I-q I-q 

I-q I-q I-q 

I-q I-q I-q 

I I nq 

I-q I I

n q  I I

Ü  Ü 
•H 'H
c  c

rt rt

•H *H-P ft rt o
-P  rH 
®  0) 
CIÛ > <D <D >  f t

'rt
'rt w0 rt
■S *rt

1

I—I rH 
r t  r t  

•H *H 
A  Fh 
0  0  
-P  +3 
O  Ü  
r t  r t  

f t  f t

g , g g,

m
rH

%->
s a

- p  f t  
rt o

-P  rH 
0 000 >
:> ft

o v

00

t—"4-
vo

LTVT)-
Ti
roTj-
CM

%
ovro
00rO
rO

VOrO
IftrO
Tj-rO
rOrO
CMrO
rn

CT\
CM

00
CM

r -
CM

vo
CM

I
I
Io
8
«

I-q I-q f t  

f t  f t  f t

a a a 
ft a ft
ft ft ft

a a a 
a a a 
a a a 
a a ft
ft ft ft

a a ft
ft ft ft

I a I
w  w  w  

f t  f t  f t  

f t  f t  f t  

f t  f t  f t  

f t  f t  f t

a a a 
I a I

ft ft ft

a w a 
a a a 
a ft a 
a a a

Ü Ü -rt JH•H -H 0 0
C  C  f t  -P
0 0 >rt ra oM M 0 rt rtrt rt ft  ̂ ft
g  g , g  I g

•H t H r t  "H
P  A  I \ P  
rt o ra rt

P  r-i
S )  ^

•> ft II 00

ft

f t

a m f t f t ft f t ft f t
f—

f t CM f t f t f t f t f t f t
r—

ft a a a a a a
r -

a o f t f t f t f t f t f t
r -

a crv f t f t f t f t f t f t
vO

a X) f t f t f t f t f t f t
v o

f t c ^ f t 1 1 f t f t 1
v o

f t vO f t f t 1 f t f t f t
nO

f t i rv f t f t f t f t f t f t
v o

f t Tj- f t f t f t f t f t f t
VO

f t r n f t f t 1 f t f t f t
v o

r t CM f t f t f t f t f t f t
VO

f t f t 1 1 f t f t 1
v o

f t o a 1 a a a 1
v o

f t OV a a a a a a
irv

f t 0 0 a a a a a a
i r v

a c— f t f t f t f t f t f t
i r v

a v o f t 1 f t f t f t 1
m

f t irv a a a a a a
IT \

f t T f f t a f t f t f t a
LTV

a rO a a a a a a
m

a CM f t f t f t f t f t f t
LT\

a a a f t a a a
m

1—1 1—1 rH
r t r t r t

•H CO •H •H
fH r t o o ' d fH fH
0 H •H •H 0 0 0

p r t r t r r t  P P
Ü 0 0 T j 0 Ü Ü
r t o H 0 r t r t r t

f t r t r t r t  f t > f t f t
r t 0

S ’ 5  S ’
r t
>

1
> S

•H •H •H r t •rl •H
A P r t 1 P r t
O o r t O 0 r t o

1—I CO p f t rH p I—1
0 o 0 0 o 0 0

) > r t 00 > 00 >
0 H 0 0 r t 0 0 0

f t r t >  A  r t  r t  r t

;
0

•ft
•H
O
Ü
m

•H

«H
o
m
rt

•H
0

p
o
A

g
O0
ft
•H
rt

ft
p

Ch
O

a
fH

P

B
o

•Hft
Ü

•eH
O

oq

rtrt
0

rt
0
w
0

fi

p

4H
O

rt
0

•H1
•H
Pm
W

0

I
o
K
5

LTV

9
Eh

0rt
•H
0

P
O

K

rt
•iHrt
■ s

5
00

•H

0
rt

•H
0

P
0

K
ft
rt

•Hrt
• ë

1ft

II

â

0

•S
0

P
O

ft
ft
rt

•Hrt
■ s

>3
rH

5

It

rt

rt
§

■s

rt
•H
0

P
O

K
II

1



106

by the words o f  M artin i e t  a l , (1973) ;

" We are now attem p tin g  to  adapt a d en sito m etr ic  system , 

used by the X -ray cry sta llo g ra p h y  group a t K ings C ollege  

fo r  autom atic scanning and com puterized in te g r a t io n  o f  

d e n s it ie s  on X-ray diagram s, fo r  our purpose. "

The r e s u lt s  o f  the tw o-d im ensional e le c tr o p h o r e s is  have 

shown th a t th ere  are 69 p r o te in s  a s so c ia te d  w ith  the ribosom es o f  

a x e n ic a lly  grown v e g e ta t iv e  myxamoebae. T h is number compares 

favou rab ly  w ith  a recen t paper by O chiai e t  a l  (1973) who is o la t e d  

ribosom al p r o te in s  from su b -u n its  and sep arated  them u s in g  the h igh  

r e s o lu t io n , one-d im ensional polyacrylam ide g e l e le c tr o p h o r e s is  

techniq ue d escr ib ed  by Panyim & C halkley ( I 969) . T h is su g g e s ts  th a t  

whether p r o te in s  are i s o la t e d  from in t a c t  ribosom es or from su b -u n its  

the same number are d is t in g u is h a b le , although i t  i s  im p o ss ib le  to  

say whether th ey  are q u a l i t a t iv e ly  id e n t ic a l .

Of th ese  69 p r o te in s , fou r ( p r o te in s  61 , 6 3 , 66 and 67 ) 

appear to  be •loosely-bound* s in ce  th ey  can be removed by washing  

the ribosom es in  O.5  M ammonium ch lo r id e  -  a p rocess which a lso  

appears to  p a r t ia l ly  remove sev era l o th er  p r o te in s  ( p r o te in s  4 0 ,

42 and 51 ) •  But in  the absence o f  a working d e f in it io n  o f  a 

*ribosom al protein* th ese  lo o s e ly  bound p r o te in s  w i l l  be con sid ered  

as rib osom al. The case o f  p ro te in  1 2 , which appears in  g r e a te r  

q u a n t it ie s  in  ammonium ch lo r id e  washed r ib o s o m e s ,.is  d i f f i c u l t  to  

ex p la in  s a t i s f a c t o r i l y .  I t  may be th a t t h i s  i s  a membrane p ro te in  

which i s  m ostly  removed during the normal c la r i f i c a t io n  p r o c e s s , but 

which i s  rendered more so lu b le  by treatm ent o f  the crude ribosom al 

p e l le t  w ith  h igh  s a l t  c o n c en tr a tio n s .

The tw o-dim ensional e le c tr o p h o r e s is  o f  the ribosom al 

p r o te in s  from d evelop in g  c e l l s  ( i n i t i a l l y  grown a x e n ic a l ly  ) a lso  

r e v e a ls  69 p r o te in s , the v a s t  m ajority  o f  which correspond w e ll
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w ith  th o se  is o la te d  from v e g e ta t iv e  c e l l s .  However, th ere  are 

sm all d if fe r e n c e s  between the two and th ese  are thought to  be 

s ig n i f i c a n t .  P r o te in s  5 6 , 60 , 61 and 67 are found to  be p resen t  

on ly  in  th e ribosom es o f  v e g e ta t iv e  c e l l s ,  whereas p r o te in s  3 , 2 4 ,

31 and 38 are p resen t o n ly  in  th e ribosom es o f  deve lop in g  c e l l s .

In  a d d itio n  to  th ese  q u a lita t iv e  d if f e r e n c e s ,  th ere  may a ls o  be 

sm all q u a n tita t iv e  d if f e r e n c e s .  Those ribosom al p r o te in s  which 

appear to  be more h e a v ily  s ta in e d  when is o la t e d  from d evelop in g  

c e l l s  in c lu d e  p r o te in s  1 7 , 2 9 , 47 and 54* On th e  o th er  hand, p r o te in  

27 appears to  be more h e a v ily  s ta in e d  when i t  i s  is o la te d .fr o m  

v e g e ta t iv e  c e l l s .  But in  the absence o f  p r e c is e  s to ic h io m e tr ic  

a n a ly s is ,  th ese  q u a n tita t iv e  d if fe r e n c e s  must be con sid ered  t r i v i a l  

and w i l l  not be d isc u sse d  fu r th e r .

I t  must now be e s ta b lis h e d  th a t th ese  q u a lita t iv e  

d if fe r e n c e s  between the ribosom al p r o te in s  o f  a x e n ic a lly  grown 

v e g e ta t iv e  and d evelop in g  c e l l s  are r e a l and not a r te fa c t u a l .

I t  could be argued th a t s in ce  many novel p r o te in s  are 

p resen t in  th e cytoplasm  o f  d eve lop in g  c e l l s ,  p r o te in s  3 , 2 4 , 31 and 

38 rep resen t the n o n -s p e c if ic  ad sorp tion  by the ribosom es o f  

cytop lasm ic  p r o te in s  during the i s o la t io n  procedure. That t h i s  i s  

not the case has been dem onstrated by w ashing the ribosom es is o la t e d  

from v e g e ta t iv e  c e l l s  in  the supernatant rem aining a f t e r  ribosom es 

had been prepared from d evelop in g  c e l l s .  The tw o-d im ensional 

e le c tr o p h o r e s is  o f  th e ribosom al p r o te in s  prepared in  such a way 

r e v e a ls  e x a c t ly  the same number o f  p r o te in s  and in  th e  same p o s it io n s  

as th ose  from v e g e ta t iv e  ribosom al p r o te in s  prepared in  the normal 

way.

We have e s ta b lis h e d  th a t the d if fe r e n c e s  between the  

ribosom al p r o te in s  o f  v e g e ta t iv e  and d eve lop in g  c e l l s  o f  a x e n ic a lly
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grown myxamoebae are r e a l ,  but the c r i t i c a l  q u estion  i s  whether 

th ey  are d evelop m en ta lly  im p ortant. The developm ental s ig n if ic a n c e  

o f  th ese  changes has been unequivocably  dem onstrated by the  

a n a ly s is  o f  the ribosom al p r o te in s  from v e g e ta t iv e  and deve lop in g  

c e l l s  o f  b a c t e r ia l ly  grown myxamoebae. Such c e l l s  are m e ta b o lic a lly  

q u ite  d i s t in c t  from a x e n ic a lly  grown c e l l s  -  th ey  have tw ice  the  

MA con ten t and a mean gen era tio n  tim e approxim ately h a lf  th a t  

o f  a x e n ic a lly  grown c e l l s  ( see  Chapter 1 ) .  T his i s  r e f l e c t e d ,  to  

a sm all d eg ree , in  t h e ir  complement o f  ribosom al p r o te in s . P r o te in s  

1 and 2 , p resen t in  a x e n ic a lly  grown c e l l s ,  are absent from 

b a c t e r ia l ly  grown c e l l s .  In a d d it io n , the tw o-d im ensional 

electroph oretogram s are not p r e c is e ly  superim posib le a lthough the  

gen era l p a ttern s  are much the same. But th e changes between  

v e g e ta t iv e  and d evelop in g  ribosom al p r o te in s  are th e  same. P r o te in s  

3 , 31 and 38 are s p e c i f ic  to  d eve lop in g  c e l l s  th a t have been grown 

e ith e r  a x e n ic a lly  or in  a s s o c ia t io n  w ith  b a c te r ia ,  and p r o te in s  

5 6 , 6 0 , 61 and 67 are s p e c i f ic  to  v e g e ta t iv e  c e l l s  th a t have been  

grown e i th e r  a x e n ic a lly  or in  a s s o c ia t io n  w ith  b a c te r ia .  P ro te in  

2 4 , which i s  s p e c i f ic  to  a x e n ic a lly  grown d evelop in g  c e l l s ,  i s  not 

p resen t in  b a c t e r ia l ly  grown c e l l s ,  e i th e r  v e g e ta t iv e  or d ev e lo p in g . 

T his fa c t  must c a s t  s e r io u s  doubt on th e developm ental s ig n if ic a n c e  

o f  p r o te in  24 .

W ithin th e  l im it a t io n s  o f  t h i s  tech n iq u e , i t  has th er e fo re  

been shown th a t th e ribosom es formed during development are 

s tr u c tu r a l ly  d i s t in c t  from th o se  formed during the v e g e ta t iv e  

ph ase. The im p lic a tio n  o f  t h i s  i s  th a t th ese  s tr u c tu r a l d if fe r e n c e s  

may r e f l e c t  some kind o f  fu n c tio n a l d is t in c t io n  between the ribosom es 

formed during the two phases o f  th e l i f e  c y c le  th a t may m ediate  

the cytop lasm ic  co n tro l o f  developm ent.
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1 . A procedure and apparatus fo r  th e  a n a ly s is  o f  the rihosom al 

p r o te in s  o f  D .discoideum  hy tw o-d im ensional polyacrylam ide g e l  

e le c tr o p h o r e s is  has been d escr ib ed .

2 . A n a ly s is  o f  th e ribosom al p r o te in s  o f  a x e n ic a lly  grown v e g e ta t iv e  

and d evelop in g  c e l l s  has rev ea led  th e presence o f  4 p r o te in s  

th a t are s p e c i f ic  to  v e g e ta t iv e  c e l l s  and 4 p r o te in s  th a t are  

s p e c i f i c  to  d evelop in g  c e l l s .  The developm ental s ig n if ic a n c e

o f  th ese  d if fe r e n c e s  has been e s ta b lis h e d  by s im ila r  a n a ly se s  

o f  the ribosom al p r o te in s  o f  m e ta b o lic a lly  d i s t in c t  c e l l s ,  and 

i s  d isc u sse d  in  r e la t io n  to  the r o le  o f  th e ribosom es in  th e  

cytop lasm ic  co n tro l o f  developm ent.
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CHAPTER 4 

RIBOSOMAL RHA erqm THE CELLULAR 

SLIME MOULD DICTYOSTELIUM DISCOIDEUM

INTRODIICTTOM

Eor the reasons o u t l in e d  in  the in tro d u c t io n  to  Chapter 

3, the involvement of co n tro l  a t  a rihosomal lev e l  in  developmental 

processes  may be in d ic a te d  by s t r u c tu r a l  a n a ly s is  of the ribosomal 

RNA a t d i f f e r e n t  times during the growth and development of the 

c e l l u l a r  slime mould D.discoideum. Such s tu d ie s  are not without 

t h e i r  p receden ts .  Sussman (I967) showed th a t  during the develooment 

of another c e l l u l a r  slime mould Polysphondelium p a ll id u m , p re 

formed ribosomal RNA was degraded and rep laced  by new ly-synthesized 

ribosomal RNA. However the  ribosomal RNA species  appeared id e n t ic a l  

with  regard  to  base composition and h y b r id iz a t io n  a b i l i t y .  E a r l i e r  

s tu d ie s  examining the base composition and sedim entation 

c o e f f ic ie n t s  of ribosomal RNA is o la te d  from conid ia  and mature 

hyphae of Neurospora c ra ssa  (Henney and S to rck , 1963) a lso  f a i l e d  

to  reveal s ig n i f ic a n t  changes in ribosomal RNA asso c ia te d  with a 

p a r t i c u l a r  stage of development.

Since a common technique used to determine whether two spec ies  of 

RNA are id e n t ic a l  involves the h y b r id iz a t io n  of the species  to  

DNA, i t  i s  worthwhile to  consider  b r i e f l y  what i s  known about the 

genes which code fo r  the ribosomal RNA.

In eukaryotes th e re  are four ribosomal RNA species* the 

two la rg e  RNA sp e c ie s ,  the 28S (which has one of the small RNA 

sp e c ie s ,  the 9 -  75 RNA a sso c ia te d  with i t )  and the  18S are derived  

from a s in g le  ribosomal p recu rso r  RNA (see previous chapter) and 

the remaining small RNA sp e c ie s ,  the 93 RNA i s  b e l iev ed  to be
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g e n e t ic a l ly  sep arate  from the genes cod ing fo r  the la r g e  RNA 

s p e c ie s  (se e  Ford, 1 9 7 3 ) • The most notew orthy fa c t  concernin g the  

genes th a t code fo r  rihosom al RNA i s  th a t th ey  alm ost u n iv e r s a l ly  

e x i s t  as m u ltip le  copy g en es, com prising approxim ately 0.03/^ o f  the  

genome in  anim als and approxim ately 0 . 5^ o f  the genome in  p la n ts  

( B i m s t e i l  e t  a l , 1971)* D esp ite  the la rg e  number o f  genes fo r  the  

la rg e  RNA s p e c ie s ,  i t  appears th a t th ey  are s itu a te d  on very  few  

chromosomal lo c i  (Pardue e t a l , 1970) and th ese  are c o r r e la te d  

w ith  the n u c le o la r  o rg a n izers  ( B i m s t e i l  e t  a l , I 966 ; R ito s sa  and 

Spiegelm an, I 969) .  The ribosom al RNA genes in  Xenopus -  about which 

probably more i s  known than any o th er  p lan t or animal gene -  

c o n s is t s  o f  two p a r ts ,  th e tr a n s c r ip t io n  u n it  and the sp acer  T®IA 

( B i m s t e i l  e t  a l , I 968 ; Dawid e t  a l , 1970 ; Brown e t  a l , 1972) .  The 

tr a n sc r ip t io n  u n it  co n ta in s the cod ing sequence fo r  the l 8s  and 

28s  ribosom al RNA s p e c ie s  and a p o rtio n  o f  the spacer DNA which i s  

tr a n sr ib e d . The 53 ribosom al RNA genes are a lso  b e lie v e d  to  in c lu d e  

reg io n s o f  spacer DNA, although in  c o n tra st to  th a t o f  th e la rg e  

ribosom al RNA g en es , th e spacer DNA o f  the 53 gene appears to  have 

a low (G+ C) conten t (Brown e t  a l , 1971)*

In view  o f  the la rg e  number o f  ribosom al RNA genes  

presen t in  a l l  organism s, i t  seems im portant to  know whether the  

genes are id e n t ic a l  w ith in  any one s p e c ie s .  U n fo r tu n a te ly , d e sp ite  

numerous exp erim en ts, there i s  no unequivocal report o f  sequence 

h e te r o g e n e ity  in  an RNA sp e c ie s  from a eu k aryote , a lthough such  

h e te r o g e n e ity  has been dem onstrated in  E sch er ich ia  c o l i  53 RNA 

(Brownlee e t  a l , I 968) .

We can now con sid er  some examples o f  development where 

the genes fo r  ribosom al RNA appear to  be a p o te n t ia l  source o f  

c o n tr o l. During the e a r ly  s ta g e s  o f  o o g en esis  in  Xenopus l a e v i s ,
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i t  has been shown (F ord , 1971) th a t the 53 ribosom al RNA i s  

sy n th es ized  in  g rea t e x c e ss  o f  th e la rg e  RNA s p e c ie s .  I t  i s  a lso  

known (Ford & Southern , 1973) th a t the 53 ribosom al RNA sp e c ie s  

in  k id ney c e l l s  and o v a r ie s  o f  Xenopus la e v i s  d isp la y  some sequence 

h e te r o g e n e ity .

In d evelop in g  o o cy tes  o f  Xenopus l a e v i s , th e ribosom al RNA genes  

are s e l e c t iv e ly  r e p lic a te d  ( about 1 0 0 0 -fo ld  ) in  order to  fu rn ish  

the o o cy te s  w ith  a s u f f i c ie n t  number o f  ribosom al RNA genes to  

support the in ten se  sy n th e s is  o f  ribosom al RNA th a t occu rs a t a 

p a r t ic u la r  sta g e  in  t h e ir  m aturation (G a l l ,  I 969) .  However, t h i s  i s  

not an example o f  co n tro l a t a ribosom al l e v e l ,  but i s  perhaps the  

o p p o s ite , as i t  seems l i k e l y  th a t th e a m p lif ic a tio n  o f  th e ribosom al 

RNA genes makes th e number o f  ribosom es a v a ila b le  fo r  p r o te in  

sy n th e s is  s t r i c t l y  n o n - lim it in g . In d eed , by in j e c t in g  m essenger  

RNA in to  such d evelop in g  o o c y te s , Gurdon (1974) shows th a t i t  i s  

p o s s ib le  to  in c r ea se  the n et ra te  o f  p r o te in  s y n th e s is  by  

approxim ately 50$ ; in d ic a t in g  th a t in  such c e l l s ,  sa tu r a tio n  o f  

the ribosom es i s  never reached.

A u s e fu l techniq ue in  th e  comparison o f  RNA s p e c ie s  i s  

th a t o f  com p etition  h y b r id iz a tio n  to  DNA. By ob serv in g  how the  

presence o f  one s p e c ie s  o f  RNA a f f e c t s  the h y b r id iz in g  a b i l i t y  o f  

a second RNA s p e c ie s ,  i t  can be determ ined whether th e  two sp e c ie s  

have a common o r ig in  on the DNA and thus id e n t ic a l  base seq u en ces.

I t  i s  th e purpose o f  t h i s  chapter to  use t h i s  technique to  determ ine 

whether the ribosom al RNA sy n th es ized  during th e developm ental 

phase o f  th e l i f e  c y c le  o f  D .discoideum  i s  the same as th a t sy n th es ized  

during th e  v e g e ta t iv e  phase
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MATERIALS

Enzymes were obtained  from Sigma (London) L td , London, U .K ., 

in organ ic  -phosphate was ob ta in ed  from the R adiochem ical C entre,

Amersham, Bucks, U .K ., hydroxyl a p a t ite  BioG el HT was ob ta in ed  from 

B iorad L a b o ra to r ies , Richmond, C a lifo r n ia , U .S.A . and caesium  

c h lo r id e , *suprapur* grade, was ob ta in ed  from Merck, Dam stadt, West 

Germany. A ll o th er  m a ter ia ls  were o f  the h ig h e s t  p u r ity  com m ercially  

a v a ila b le  and were th e products o f  e i th e r  BDH Chemicals L td , P o o le , 

D o rse t, U.K. or F iso n s  S c i e n t i f i c  Apparatus L td , Loughborough, 

L e ic e s t e r ,  U.K.

METHODS

( i )  Growth and Development o f  Myxamoebae

Myxamoebae r e p r e se n ta tiv e  o f  

the v e g e ta t iv e  phase were obtained  by growth in  NS medium to  a c e l l  

d e n s ity  o f  approxim ately 4 i  10^ c e l l s  /  ml as d escr ib ed  in  Chapter 1 .

C e lls  r e p r e se n ta tiv e  o f  th e developm ental phase were 

obtained  by h a r v e st in g  c e l l s  grown in  NS medium and a llo w in g  them 

to  develop  on M illip o r e  f i l t e r  supports as p r e v io u s ly  d escr ib e d , 

u n t i l  th ey  reached th e Mexican hat s ta g e ,  ( a f t e r  approxim ately  

18 hours ) a t which p o in t th ey  were h a rv ested .

( i i )  P reparation  o f  DNA

The h igh  l e v e l  o f  RNA and low DNA con ten t o f  

myxamoebae o f  D .discoideum  makes th e e x tr a c t io n  o f  DNA from t h is  

organism d i f f i c u l t .  The method used i s  a m o d ifica tio n  o f  the  

procedure o f  Sussman & Rayner (1971) as d escr ib ed  by Leach &

Ashworth (1972) .  A ll  o p era tio n s were performed at 0 -  2^C u n le s s  

oth erw ise s ta te d , except fo r  th e c e n tr ifu g a t io n s  which were performed
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a t 4^C.

Myxamoebae grown in  NS medium were h a rv ested , washed and

resuspended in  co ld  SSC (se e  page iv )  co n ta in in g  0 .1  M EDTA. pH 8 .0 ,
0

at a c e l l  d e n s ity  o f  approxim ately 3 x 10 c e l l s  /  m l. An equal 

volume o f  sa tu ra ted  phenol s o lu t io n  (s e e  page iv )  was added and the  

m ixture g e n t ly  s t ir r e d  fo r  5 min. The r e s u lt in g  em ulsion was 

c la r i f i e d  by c e n tr ifu g a t io n  ( 5000g , 10 m in. ) and th e  in terp h ase  

m a ter ia l was resuspended in  h a lf  the o r ig in a l  volume o f  SSC 

co n ta in in g  0 .0 2  M EDTA, pH 8 .0 ,  T h is p ro cess  i s  b e lie v e d  to  remove 

much o f  the c e l lu la r  RNA and makes the subsequent e x tr a c t io n  o f  

the DNA e a s ie r .

The in terp h ase  m a ter ia l was d isp ersed  by the a d d itio n  o f  20^ sodium 

dod ecy lsu lp h ate  to  a f in a l  con cen tra tio n  o f  0 .5 ^  and th e so lu t io n  

warmed to  37°C u n t i l  d isp e r sa l was com plete ( u s u a lly  a f t e r  

approxim ately 20 min. ) .  The c le a r  v isc o u s  s o lu t io n  was coo led  and 

an equal volume o f  sa tu ra ted  phenol so lu t io n  was added and the  

m ixture was s t ir r e d  a t room tem perature fo r  30 min. C en tr ifu g a tio n  

( 1 0 ,0 0 0 g , 15 m in. ) separated  the two p h a ses . The upper aqueous 

phase was removed w ith  a w id e-tip p ed  p ip e t te  ta k in g  grea t care to  

ensure v ery  l i t t l e  contam ination w ith  the low er phenol p h ase , and 

the DNA p r e c ip ita te d  w ith  an equal volume o f  2 -e th o x y eth a n o l. The 

DNA was c o l le c te d  by 'sp oo lin g*  and d is so lv e d  in  2 -  3 ml o f  

0 .1  X SSC ( see  page iv  ) and d ia ly se d  a g a in st 5OO volum es o f  

0 .1  X SSC overn igh t at 4°C.

The d ia ly se d  DNA so lu t io n  was incubated  at 37°C fo r  90 min. 

w ith  r ib on u clease  ( lO ^ g /m l, p r e v io u s ly  heated  to  100°C fo r  10 min. 

to  d estro y  any contam inating d eoxyribonu clease a c t iv i t y  ) and oc-  

amylase ( 5OO /ig /m l ) .  An equal volume o f  sa tu ra ted  phenol s o lu t io n  

was added and the m ixture was s t ir r e d  a t room tem perature fo r  30 

m in. A fter  c e n tr ifu g a t io n  ( 1 0 ,0 0 0 g , I 5 m in. ) ,  the upper aqueous
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phase was c a r e fu l ly  removed and th e MA p r e c ip ita te d  w ith  0 .5 4  

volum es o f  iso p ro p a n o l. The DNA was c o l le c t e d  by sp o o lin g , d is so lv e d  

in  1 -  2 ml o f  0 .1  X SSC and d ia ly se d  a g a in st ^00 volum es o f  

0 .1  X SSC overn igh t a t 4°C. The DNA was r e p r e c ip ita te d  w ith  an 

equal volume o f  2 -e th o x y eth a n o l, c o l le c te d  by sp o o lin g  and d is so lv e d  

in  1 -  2 ml o f  SSC and d ia ly se d  e x h a u s tiv e ly  a g a in st 0 .0 1  x SSC 

a t 4°C . The f in a l  prep aration  was observed to  be fr e e  o f  p r o te in ,

RNA and p o lysacch arid e  m a ter ia l as determ ined by the methods 

p r e v io u s ly  d escr ib ed .

( i i i )  P reparation  o f  U n lab elled  Ribosomal RNA

Ribosomes were prepared  

as d escr ib ed  in  Chapter 3> except th a t p o ly v in y l su lp h ate  ( 10yx.g/ml ) 

was in c lu d ed  in  th e TKMM b u ffe r  to  in h ib it  r ib on u clease  a c t i v i t y .

The ribosom al RNA was ex tra c ted  u s in g  the procedure d escr ib ed  by 

Leach & A shw orth,(1 9 7 2 ) . 20^ sodium d od ecylsu lp h ate  was added to  the  

c la r i f i e d  ribosome suspension  to  a f in a l  co n cen tra tio n  o f  0 .5 #  and 

an equal volume o f  sa tu ra ted  phenol so lu t io n  was added. The m ixture 

was s t ir r e d  at room tem perature fo r  30 m in. and then c la r i f i e d  by 

c e n tr ifu g a t io n  ( 1 0 ,00 0 g , 15 m in. ) .  The upper aqueous phase was 

c a r e fu l ly  removed and ex tra cted  once more w ith  an equal volume o f  

sa tu ra ted  phenol s o lu t io n . The f in a l  aqueous phase was c a r e fu l ly  

removed and the RNA p r e c ip ita te d  w ith  2 volumes o f  e th an o l at -17°C  

fo r  16 h ou rs.

The crude RNA p r e c ip ita te  was c o l le c t e d  by c e n tr ifu g a t io n  

( 2 0 ,0 0 0 g , 10 min. ) and resuspended in  O.O5 M sodium a c e ta te  

b u f fe r ,  pH 4 * 6 , and incubated a t 37°C fo r  2 hours w ith  

d eoxyrib onu clease ( 5 yw.g/̂ nl ) and ot-am yl a se ( ^00 jug/m l  ) and then  

fo r  a fu r th e r  1 hour w ith  pronase ( 50yu&/nil ) .  The m ixture was
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then d e -p r o te in iz e d  hy two e x tr a c t io n s  w ith  sa tu ra ted  phenol 

and the RNA p r e c ip ita te d  from th e  f in a l  aqueous phase w ith  2 volumes 

o f  eth an o l as b e fo r e . The r e s u lt in g  RNA p r e c ip ita te  was c o l le c te d  

by c e n tr ifu g a t io n  ( 2 0 ,0 0 0 g , I 5 m in .) ,  d is s o lv e d  in  0 .1  x SSC 

and d ia ly se d  e x h a u s tiv e ly  a g a in s t 0 .0 1  x SSC a t 4°C. The f in a l  

p rep aration  was fr e e  o f  DNA, p r o te in  and p o lysacch arid e  m ater ia l 

as d e te c ted  by the methods p r e v io u s ly  d escr ib ed .

( iv )  P reparation  o f  [p ] -  la b e l le d  ribosom al RNA

^ ^ [p ]- la b e l le d

ribosom al RNA was prepared in  th e  same manner as u n la b e lle d  ribosom al

RNA, from c e l l s  th a t had been grown fo r  7 gen era tio n s in  a m odified

NS medium*in which the phosphate b u ffe r  had been rep laced  w ith

la b e l le d  in o rg a n ic  phosphate ( s p e c i f ic  r a d io a c t iv it y

1 mC /  mmole ) .
32( [ l^ - la b e l le d  in organ ic  phosphate i s  su p p lied  in  d i lu te  HCl,

pH 2 -  3 , but th e sm all volume ( 1 ml ) added to  the medium ( 660 ml )

did  not change the pH o f  the medium,which remained a t 6.7^

(v) A n a ly t ic a l U ltr a c e n tr ifu g a tio n  o f  DNA

Iso p y cn ic  c e n tr ifu g a t io n  

o f  whole c e l l  DNA was performed on a CsCl ( suprapur grade ) d e n s ity  

grad ien t ( average d e n s ity  I . 7OO g cm”  ̂ ) as d escr ib ed  by Leach & 

Ashworth ( 1972) ,  u s in g  P roteus m ir a b il is  DNA ( bouyant d e n s ity  

1 .698  g cm~^ ) as a standard . C en tr ifu g a tio n  was performed u s in g  

an MSB a n a ly t ic a l  u l tr a c e n tifu g e  equipped w ith  an u l t r a - v io l e t  

scanning system  fo r  20 hours at 4 7 ,9 0 0  rpm at 25^C.

The bouyant d e n s it ie s  were c a lc u la te d  u s in g  the equ ation  

where,

P -  P^ -  4*2 60  ̂ ( r^ -  r^^ ) x 10""^  ̂ g cm” ^

P i s  the bouyant d e n s ity  o f  D .discoideum  DNA in  g  cm“ ^
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i s  the bouyant d e n s ity  o f  the standard MA in  g 

CÛ i s  the angular v e lo c i t y  in  rad ians /  sec  

r  i s  the d is ta n ce  o f  D .discoideum  MA peak from ro to r  cen tre  

i s  the d is ta n ce  o f  standard MA peak from r o to r  cen tre  

(p r o fe s so r  J .  G a ll ,  p erson a l communication)

( v i )  C om petition H yb rid iza tion  

P r in c ip le  :

By ob serv in g  how the presence o f  one s p e c ie s  o f  RNA a f f e c t s  

the an n ea ling  a b i l i t y  o f  a second RNA s p e c ie s ,  i t  can be decided i f  

the two RNA s p e c ie s  have a common o r ig in  on the MA. I f  the two RNA 

sp e c ie s  do have a common o r ig in  on the DNA, then th e com peting RNA 

( n o n -ra d io a c tiv e  ) w i l l  take up s i t e s  on the MA th a t would 

o r d in a r ily  be taken up by the t e s t o r  RNA ( ra d io a c tiv e  ) .  One 

in f e r s  th a t RNA s p e c ie s  having a common o r ig in  on the DNA have an 

id e n t ic a l  base seq uence. In  t h i s  p resen t s tu d y , two such experim ents 

are perform ed. The f i r s t  experim ent u se s  u n la b e lle d  ribosom al RNA 

is o la te d  from develop in g  c e l l s  as th e com peting RNA and [ ]^ la b e l le d  

ribosom al RNA is o la t e d  from v e g e ta t iv e  c e l l s  as the t e s t e r  RNA. The 

second experim ent, to  which the f i r s t  can be compared, u se s  

u n la b e lle d  ribosom al RNA is o la t e d  from v e g e ta t iv e  c e l l s  as th e  

competing RNA and la b e l le d  ribosom al RNA is o la t e d  from

v e g e ta t iv e  c e l l s  a s  the t e s t o r  RNA. In t h i s  l a t t e r  exp erim en t, th ere  

should be 100# com p etition  fo r  th e  s i t e s  on th e  DNA between la b e l le d  

and u n la b e lle d  ribosom al RNA s p e c ie s  s in c e  th ey  were i s o la t e d  from 

s im ila r  ( v e g e ta t iv e  ) c e l l s .

H yb id ization  :

The c o n d it io n s  used  are th o se  d escrib ed  by P ir t e l  

& Bonner (1 9 7 2 ). The co n cen tra tio n s  o f  a l l  RNA and MA s o lu t io n s
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were determ ined sp eotrop h ot© m etrica lly  and the MA sheared hy passage  

through a 21 -  gauge hypodermic n eed le  and denatured hy p la c in g  i t  

in  a b o i l in g  w ater bath fo r  10 m in. and then im m ediately c o o lin g  i t  

to  O^C. D énaturation  was m onitored by m easuring th e in c r ea se  in  

absorbance a t 260 nm, the accep ted  va lue fo r  the hyperchrom icity  

b ein g  1 .4  (Leach & Ashworth, 1972 ; P i r t e l  & Bonner, 1 9 7 2 ).

R eaction  v i a l s  were s e t  up a t 0°C . Bach h y b r id iz a tio n  m ixture  

con ta in ed  2>3»3julS DNA and 5 0 ^ g  t o t a l  ribosom al RNA in  2 ml o f  

0 .2 4  M phosphate b u ffe r  ( equim olar w ith  resp ec t to  Na^HPO  ̂ and 

NaHgPO  ̂ ) .  The r a t io  o f  com peting RNA t t e s t o r  RNA was v a r ied  as  

shown in  R e su lts . Control v i a l s  were a lso  s e t  up which in c lu d ed  a l l  

o f  the components o f  the h y b r id iz a tio n  v i a l s  except th e DNA. 

H yb rid iza tion  was ca rr ied  out a t 66°C fo r  20 hours and the v ia l s  

then ra p id ly  coo led  to  0°C.

Hybrid P u r if ic a t io n

The raw hybrid  was p u r if ie d  by in cu b a tin g  each  

h y b r id iz a tio n  m ixture w ith  r ib o n u clea se  A ( 20yug/ml ) and 

r ib o n u clea se  T  ̂ ( 50 u n its /m l ) fo r  1 hour at 25°C. Both enzymes had 

p r e v io u s ly  been h eat tr e a te d  to  remove contam inating deoxyribonu clease  

a c t i v i t y .

Hybrid D e tec tio n  :

The method used fo r  the sep a ra tio n  o f  the rea l  

hybrid from the o th er  components o f  the h y b r id iz a tio n  m ixture i s  

based on the a b i l i t y  o f  dou b le-stran d ed  n u c le ic  a c id s  to  bind  

hydroxy a p a t i t e ,  and th e procedure has been d escr ib ed  by P ir t e l  & 

Bonner (1 9 7 2 ) . Hydroxy a p a t ite  columns were prepared on s in te r e d  g la s s  

f i l t e r s  contain ed  in  1 cm ( I .D . ) g la s s  tu b es immersed in  a 60°C 

w ater bath and the m a ter ia l incubated  w ith  0 .1 2  M phosphate b u ffe r  

( equim olar w ith  resp ec t to  Na^HPO  ̂ and NaHgPO  ̂ ) c o n ta in in g  0 .2 #
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sodium dod ecyl su lp h ate  ( SDS ) •  The co n ten ts  o f  each h y b r id iz a tio n  

v ia l  were a p p lied  to  th e hydroxyl a p a t ite  and the column washed w ith

0 .1 2  M phosphate b u ffe r  co n ta in in g  0 .2 #  SDS, u n t i l  a l l  the  

u n hybrid ized  RNA was e lu te d . The r e a l hybrid  was then  e lu te d  w ith

0 .4 8  M phosphate b u ffe r  ( equim olar w ith  resp e c t to  Na^HPO  ̂ and 

NaHgPO  ̂ ) ,  co n ta in in g  0 .2 #  SDS, 2 ml a liq u o ts  o f  th e  e lu e n t were 

assayed  fo r  r a d io a c t iv it y  u s in g  th e  s c i n t i l l a t i o n  system  o f  H a ll & 

Cocking ( 1965)•
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RESULTS

( i )  A n a ly t ic a l U ltr a c e n tlfu g a tlo n  o f  DNA

DNA prepared from v e g e ta t iv e  

myxamoebae o f  D .discoideum  formed a complex band a f t e r  iso p y cn ic  

c e n tr ifu g a t io n  in  a CsCl d e n s ity  g r a d ie n t, ( FIGURE 25 ) ,  w ith  

peaks corresponding to  bouyant d e n s i t ie s  o f  1 .682  g  cm”  ̂ and 

1.688  g cm*" .̂ These v a lu e s  are in  good agreement w ith  th o se  obtained  

by o th er  workers (Leach & Ashworth, 1972) and are b e lie v e d  to  

rep resen t n u clea r  and m itoch ondria l DNA r e s p e c t iv e ly .

( i i )  C om petition H yb rid iza tion

S in ce o n ly  com paritive r e s u l t s  were 

r eq u ired , the r a d io a c t iv it y  was determ ined as counts /  min ra th er  

than d is in te g r a t io n s  /  m in. The s p e c i f ic  r a d io a c t iv it y  o f  the

la b e l le d  ribosom al RNA is o la t e d  from v e g e ta t iv e  c e l l s  was 

determ ined as 10 ,004  cpm /yw.g RNA. The amount o f  - la b e l le d

ribosom al RNA p resen t in  the hyb rid  was c a lc u la te d  from the cpm 

con ta in ed  in  each hybrid  formed ( a f t e r  su b tra c tio n  o f  the cpm due 

to  RNA * noise* which was provided by the co n tro l v i a l s  th a t lacked  

the DNA ) .  The maximum amount o f  ribosom al RNA h y b rid ized  to  

35*5 o f  DNA under the c o n d it io n s  employed was O.IO5 5 y/,g. T his  

corresponds to  0 .3 #  o f  the genome coding fo r  ribosom al M A, a va lu e  

in  good agreement w ith  th a t o f  Leach & Ashworth (1972) and hence 

v a lid a te s  the assum ption th a t th e co n cen tra tio n s  o f  RNA and DNA 

employed in  the h y b r id iz a tio n  were s u f f i c i e n t  to  sa tu r a te  a l l  the  

a v a ila b le  s i t e s  on th e DNA, th e  r a t io  o f  rRNA s rDNA b e in g  

approxim ately 5OO j 1 .

When u n la b e lle d  ribosom al RNA is o la t e d  from e it h e r
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FIGURK 25. Density Gradient C e n tr ifu g a tio n  A nalysis  of DNA Prepared 

from A xenically  Grown Myxamoebae of D.discoideum

Proteus m ir a b i l i s  DNA (bouyant d e n s i ty  I .698 g  om” ^) was 

added as an in te rn a l  d e n s ity  s tandard
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v e g e ta t iv e  c e l l s  or d evelop in g  c e l l s  i s  used as the com peting HNA in  

a com p etition  h y b r id iz a tio n  exp erim en t, th e  e f f e c t  on th e an n ea lin g  

a b i l i t y  o f  [p ] -  la b e l le d  ribosom al RNA is o la t e d  from v e g e ta t iv e  

c e l l s  i s  e x a c t ly  th e samè, and th e e x ten t o f  com p etition  i s  very  

c lo se  to  th e th e o r e t ic a l  curve fo r  100^ homology between th e  RNA 

s p e c ie s  ( FIGURE 26 ) .
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RATIO OF COMPETING RIIA : ^%-TESTOR RNA

FIGURE 2 6 . The Competition Hybridization of ^^pf-Ribosomal P-NA iso la ted  

from Vegetative c e l l s  of D.discoideum with unlahelled  

Rihosomal RNA iso la ted  from vegetative and developing c e l l s .

The competing RNA species are

O : Unlahelled vegetative ribosomal RNA 

0  : Unlabelled developmental ribosomal RNA 

The dotted l in e  ( ............) i s  the th e o re t ic a l  100^ competition curve
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DISCUSSION

The purpose o f  t h i s  chapter has been to  determ ine whether 

the rihosom al RNA sy n th es ized  during th e  developm ental phase o f  th e  

l i f e  c y c le  o f  D .discoideum  i s  the same as th a t sy n th es ized  during  

the v e g e ta t iv e  ph ase . W ithin th e l im it s  o f  the tech n iq u e , i t  has 

been shown th a t ribosom al RNA from v e g e ta t iv e  and d evelop in g  c e l l s  

appears to  have the same o r ig in  on the DNA and th u s , by in fe r e n c e ,  

the same base sequence. There i s ,  however, one d isadvantage in h eren t 

in  th e technique o f  com petition  h y b r id iz a tio n  when performed in  

s o lu t io n  as d e scr ib ed . T his i s  th e fa c t  th a t s e n s i t iv e  com plexes 

( hybrids th a t are o n ly  p a r t ia l ly  complementary, or  complementary 

in  a non W atson-Crick sense and which are removed by subsequent 

p u r if ic a t io n  o f  the raw hybrid w ith  r ib o n u clea se  ) formed by th e  

com peting RNA may exclu de the form ation o f  th e rea l hybrid  th a t  

would o r d in a r ily  be formed by the t e s t o r  RNA and would th ere fo re  

r e s u lt  in  an a r te fa c t u a l ly  h igh  degree o f  co m p etit io n .

T his p o s s ib le  source o f  erro r  i s  not con sid ered  s ig n i f i c a n t  in  the  

p resen t study because th e im portant r e s u lt  i s  arriv ed  at by a : 

comparison between the com peting a b i l i t i e s  o f  ribosom al RNA is o la t e d  

from two d if fe r e n t  phases o f  the l i f e  c y c le .  When the com peting  

ribosom al RNA and the t e s t o r  RNA are i s o la t e d  from s im ila r  (v e g e ta t iv e )  

c e l l s ,  th e com petition  curve i s  th e  same as th a t ob ta in ed  when th e  

com peting ribosom al RNA i s  i s o la t e d  from d evelop in g  c e l l s ,  and both  

are c lo s e  to  the th e o r e t ic a l  100^ com p etition  cu rve.

The d ev ia tio n  observed from th e th e o r e t ic a l  IOO5É 

com p etition  curve at h igh  r a t io s  o f  com peting RNA : t e s t o r  RNA i s  

not con sid ered  s ig n if ic a n t  s in c e  i t  i s  p resen t in  both experim ents 

and at th ese  h igh  r a t io s ,  one i s  tr y in g  to  measure sm all amounts o f  

r a d io a c t iv it y  and thus the numbers are s t a t i s t i c a l l y  l e s s  m eanin gfu l.
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One must be c a re fu l however, not to  assume too  much from 

th e se  r e s u l t s ,  w h ils t  i t  appears th a t v e g e ta t iv e  ribosom al RNA and 

d ev e lo p in g  ribosom al RNA are formed on the same reg ion  o f  DNA, t h i s  

does not n e c e s s a r i ly  mean th a t th ey  are s tr u c tu r a lly  id e n t i c a l .  In  

th e  in tr o d u c tio n  to  Chapter 3» i t  has been sa id  th a t ribosom al RNA 

i s  h ig h ly  m eth y la ted , presumably to  f a c i l i t a t e  the a ssem b ly , w ith  

ribosom al p r o te in s ,  o f  th e ribosom al su b -u n its . D iffe r e n c e s  in  the  

e x te n t o f  m éth y la tion  in  v e g e ta t iv e  and d evelop in g  ribosom al RNA 

may not be d e tec ted  by the techniq ue o f  com p etition  h y b r id iz a t io n .  

T herefore we can on ly  say  th a t t h e ir  s tr u c tu r e s  are s im i la r .

Another p o in t r e la t in g  to  th e  form ation o f  ribosom al 

s u b -u n it s ,  concerns the p ro cess in g  o f  the ribosom al p recu rsor  RNA, 

c o n s id e r a t io n  o f which ( see  in tro d u c tio n  to  Chapter 3 ) show th a t  

th e  RNA s p e c ie s  observed in  the mature ribosom es c o n s t itu te  o n ly  a 

part o f  th e  t o t a l  ribosom al precu rsor RNA. Thus the observed  

s im i la r i t y  between th e ribosom al RNA o f  v e g e ta t iv e  and d eve lop in g  

c e l l s  r e f l e c t s  on ly  a p a r t ia l  homology in  the genes which code fo r  

the ribosom al precu rsor RNA. T his may be s ig n i f ic a n t  s in c e  th a t  

p o r tio n  o f  the ribosom al precursor RNA th a t i s  not d e s tin e d  to  appear 

in  th e mature ribosome i s ,  none the l e s s ,  e s s e n t ia l  fo r  th e in  v iv o  

assem bly o f  the s u b -u n it s , and thus h e te r o g e n e ity  in  t h i s  reg io n  may 

r e s u lt  in  th e assem bly o f  a d if fe r e n t  c la s s  o f  ribosom es -  perhaps 

w ith  r e sp e c t to  th e  ribosom al p r o te in  complement as t h i s  has been  

shown to  be d if fe r e n t  between v e g e ta t iv e  and d eve lop in g  ribosom es.

T h is chapter can th us be concluded by say in g  th a t although  

i t  has been shown th a t th e ribosom al RNA o f  v e g e ta t iv e  c e l l s  and 

d ev e lo p in g  c e l l s  are s tr u c tu r a l ly  s im ila r  th ey  may n o t ,  by v ir tu e  

o f  t h e ir  h ig h ly  m ethylated  s t a t e ,  have e x a c t ly  the same base  

seq uen ce. M oreover, th ere  rem ains the p o s s i b i l i t y  th a t d evelop m en ta lly
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im portant h e te r o g e n e it ie s  in  rihosom al p recu rsor RNA may r e s id e  in  

th a t p o r tio n  o f  i t  which does not appear in  th e  mature ribosom e.



1 2 7

SUMWTARY

1 . The techn iq ue o f  com petition  h y b r id iz a tio n  i s  d e scr ib ed .

2 . W ithin th e l im it s  o f  t h i s  tech n iq u e , i t  has been shown th a t  

the ribosom al RNA sy n th es ized  during th e  developm ental phase 

o f th e  l i f e  c y c le  o f  D .discoideum  has a s im ila r  base sequence 

to  th e ribosom al RNA formed during the v e g e ta t iv e  phase #

3# The shortcom ings o f  th e  techn iq ue o f  com p etition  h y b r id iz a tio n  

as a p r e c is e  a n a ly t ic a l  to o l  in  t h i s  s tu d y , are d isc u sse d  w ith  

resp ec t to  the m o d ific a tio n s  o f  ribosom al p recu rsor RNA during  

m aturation and assem bly o f  th e  ribosom es in  the n u cleo lu s*
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CONCLUDING REMARKS

In t h i s  t h e s i s ,  I  have e le c te d  to  study the changes in  the  

stru c tu re  o f  the b a s ic  n u clea r  p r o te in s  and ribosom es between  

v e g e ta t iv e  and d evelop in g  c e l l s  o f  D .discoideum  in  the hope th a t i t  

could be e s ta b lis h e d  how c o n tr o ls  a t n u c lea r  and cy top lasm ic  l e v e l s  

may e f f e c t  d i f f e r e n t ia t io n .  The degree o f  su ccess  can now be d is c u s se d .

To take f i r s t  the n u c lea r  c o n tr o l .  The d if fe r e n c e s  between  

the b a s ic  n u clea r  p r o te in s  o f  v e g e ta t iv e  ( A ) and d eve lop in g  ( B ) 

c e l l s  can be rep resen ted  in  the form d escr ib ed  in  th e in tro d u c tio n  to  

t h i s  t h e s i s ,

A----------------------------- >B

However, the d if f e r e n c e s ,  B -  A , are v ery  s l i g h t .  No q u a lita t iv e  

d if fe r e n c e s  were observed between the b a s ic  n u clea r  p r o te in s  o f  

v e g e ta t iv e  and d evelop in g  c e l l s ,  th e o n ly  d if fe r e n c e  w as, in  f a c t ,  a 

r e la t iv e ly  minor q u a n tita t iv e  on e , d eve lop in g  c e l l s  c o n ta in in g  l e s s  

o f  fr a c t io n  Id than v e g e ta t iv e  c e l l s .  But i s  t h i s  sm all change 

developm enta lly  s ig n if ic a n t  ? At the moment, t h i s  q u estio n  cannot 

be reso lv ed  w ith  c e r ta in ty .  The c r i t e r ia  th a t has been used in  

e s ta b lis h in g  the developm ental s ig n if ic a n c e  o f  changes in  the  

ribosom al p r o te in s  -  by the use o f  m e ta b o lic a lly  d i s t in c t  c e l l s  -  

can n ot, p r a c t ic a b ly , be u t i l i z e d  in  th e stud y o f  the b a s ic  n u clear  

p r o te in s . The reasons are tw o -fo ld . F i r s t l y ,  the i s o la t io n  o f  la rg e  

numbers ( more than 10^^ ) o f  c lea n  n u c le i  i s  t e c h n ic a l ly  very  

d i f f i c u l t  from b a c t e r ia l ly  grown c e l l s  s in c e  the ex h a u stiv e  washing  

procedure used to  remove exogenous b a c te r ia  r e s u lt s  in  th e  l o s s  o f  

a s ig n if ic a n t  p roportion  o f  the c e l l s ,  and seco n d ly , th e presence  

o f  endogenous b a c te r ia  and b a c te r ia l  products are l i k e l y  to  cause  

a m b ig u ities  in  the r e s u l t s .
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From a gen era l v ie w p o in t, the b a s ic  n u clea r  p r o te in s  o f  D .discoideum  

-  i f  th ey  may be fu n c t io n a lly  c o rr e la te d  w ith  the h is to n e s  o f  h ig h er  

organism s -  are u n lik e ly  can d id ates fo r  th e s p e c i f ic  ex p ressio n  o f  

g e n e t ic  a c t i v i t y .  R ather, th ey  may be in v o lv ed  in  changes in  the DNA 

during th e  c e l l  c y c le .  In t h i s  c o n te x t , th e sm all q u a n tita t iv e  

d if fe r e n c e  between the b a s ic  n u clea r  p r o te in s  o f  v e g e ta t iv e  and 

develop in g  c e l l s  may w e ll  be a r e f le c t io n  o f  the d e c e le r a t io n  /  

suspension  o f  the c e l l  c y c le  s in c e  development proceeds in  the  

absence o f  DNA s y n th e s is ,  and t h i s  id ea  has a lread y  been d isc u sse d .

Thus the q u estio n  as to  whether th e changes in  the b a s ic  

n u clea r  p r o te in s  are developm enta lly  s ig n i f ic a n t  rem ains open. I t  

i s  hoped th a t fu tu re  s tu d ie s ,  in c lu d in g  th e  preparation  o f  b a s ic  

n u clear  p r o te in s  from m e ta b o lic a lly  d i s t in c t  c e l l s  and a lso  the  

production  o f  synchronized  c e l l  c u ltu r e s  w i l l  h e lp  r e so lv e  t h is  

qu estion  fu r th e r .

Cytoplasm ic co n tro l has been in v e s t ig a te d  by s tr u c tu r a l  

a n a ly s is  o f  the ribosom es formed during growth and developm ent.

The r e s u l t s  o f  the ribosom al RNA a n a ly s is  showed t h a t ,  w ith in  the  

l im it s  o f  the tech n iq u e , th ere were no d if fe r e n c e s  in  th e  ribosom al 

RNA o f  v e g e ta t iv e  and d evelop in g  c e l l s ,

i . e .  A------------------------------------>B

but B — A m 0

I t  can th us be sa id  th a t the cytop lasm ic c o n tr o l o f  development i s  

not m ediated by the form ation o f  a novel c la s s  o f  ribosom al RNA.

However, i t  does appear to  be m ediated by th e form ation  

o f  d if fe r e n t  ribosom al p r o te in s . The r e s u l t s  o f  the tw o-d im ensional 

e le c tr o p h o r e s is  o f  the ribosom al p r o te in s  o f  v e g e ta t iv e  and 

d evelop in g  c e l l s ,  grown e ith e r  a x e n ic a lly  or in  a s s o c ia t io n  w ith  

b a c te r ia  can be i l lu s t r a t e d  as fo l lo w s .
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-yB (a x e n ic a lly  grown)

A*-------------------------------->B* (b a c t e r ia l ly  grown)

Both a x e n ic a lly  grown and b a c t e r ia l ly  grown v e g e ta t iv e  

myxamoebae con ta in  p r o te in s  ^6, 60 , 6 l and 6 7 > and th ese  are s p e c i f ic  

to  c e l l s  in  the v e g e ta t iv e  ph ase . A x e n ic a lly  grown, d evelop in g  c e l l s  

con ta in  4 n ovel ribosom al p r o te in s  ( p r o te in s  3> 2 4 , 31 and 38 ) 

and b a c t e r ia l ly  grown, d evelop in g  c e l l s  co n ta in  3 n ovel ribosom al 

p r o te in s  ( p r o te in s  3 , 31 and 38 ) .  S in ce p r o te in s  3 , 31 and 38 

are s p e c i f ic  to  development in  th ese  m e ta b o lic a lly  d i s t in c t  c e l l  

p o p u la tio n s , then t h i s  c o n c lu s iv e ly  dem onstrates t h e ir  developm ental 

s ig n if ic a n c e .  I t  im p lie s  a fu n c tio n a l d is t in c t io n  between ribosom es  

formed a t d if fe r e n t  s ta g e s  during developm ent, but p r e c is e ly  how 

th ese  changes m ediate cy top lasm ic  co n tro l i s ,  as y e t ,  unknown.

But what o f  p r o te in  24 ? T his p r o te in  i s  on ly  found in  

develop in g  c e l l s  th a t had been grown, i n i t i a l l y ,  in  axen ic  medium, 

and i s  d e f in i t e ly  not presen t in  d evelop in g  c e l l s  o f  b a c t e r ia l ly  

grown c u ltu r e s .  The presence o f  t h i s  p r o te in  in  ju s t  one o f  the  

m e ta b o lic a lly  d i s t in c t  c e l l  p op u la tio n s used in  the stu d y  j u s t i f i e s  

the c r i t e r io n  we have used to  e s t a b l is h  th e developm ental 

s ig n if ic a n c e  o f  observed changes in  c e l l  components during  

developm ent. I f  we had e le c te d  to  study s o le l y  a x e n ic a lly  grown 

c e l l s ,  then  we would have found ^  p r o te in s  th a t were ap p aren tly  

s p e c i f ic  to  d evelop in g  c e l l s ,  and a l l  th ese  p r o te in s  would have 

assumed eq u iv a len t developm ental s ig n if ic a n c e .  But in  b a c t e r ia l ly  

grown c e l l s ,  p ro te in  24 i s  not p resen t during development whereas 

the o th er  3 p r o te in s  ( 3 , 31 and 38 ) are found. S ince the  

development o f  a x e n ic a lly  grown c e l l s  and b a c t e r ia l ly  grown c e l l s  

i s  id e n t ic a l ,  t h i s  means th a t p r o te in  24 cannot be develop m enta lly
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s ig n i f i c a n t ,  but th a t i t  i s  a co n seq u en tia l change o f  growing the  

c e l l s  in  axen ic  medium which i s  m erely exp ressed  during  

developm ent.

In t h i s  t h e s i s ,  I  have attem pted to  u t i l i z e  th e  

advantages o f  a m icro b ia l system  o f  development to  determ ine  

developm enta lly  s ig n if ic a n t  changes in  the s tru c tu re  o f  th e b a s ic  

n u clea r  p r o te in s  and ribosom es in  an attem pt to  d isc o v er  p o s s ib le  

mechanisms by which n u clea r  and cytop lasm ic  co n tro l may r eg u la te  

d i f f e r e n t ia t io n .  W hilst the developm ental s ig n if ic a n c e  o f  changes 

in  the b a s ic  n u clea r  p r o te in s  rem ains, as y e t ,  u n reso lv ed , i t  has 

been shown th a t develop m en ta lly  s ig n if ic a n t  changes do occur in  the  

s tru c tu re  o f  the ribosom es and t h i s  s tr o n g ly  su g g ests  the  

involvem ent o f  cytop lasm ic  co n tro l during the development o f  

M cty o ste liu m  d iscoideum .



132

BIBLIOGRAPHY

Ashworth> J . M. ( I 966) Biochim# B ioph ys. Acta 129 211 

Ashworth, J . M. (1971) Symp. S oc. Exp. B io l .  XXV 27 

Ashworth, J . M ., W atts, D. J . (1970) Biochem. J . 119 175 

Ashworth, J . M ., Quance, J . (1972) Biochem* J* 126 6O9 

B ir n s t e i l ,  M. L . , W allace , H ., S i r l i n ,  J . , F isch h erg , M* ( I 966)

H at. Cancer I n s t .  Monogr. £3 431 

B ir n s t e i l ,  M. L . , S p e ir s , J . ,  Purdom, L*, J o n es, K ., L oening, U. B.

( 1968) Nature ( London ) 219 454 

B ir n s t e i l ,  M. L . , C hipchase, M ., S p e ir s , J .  (1971) P rogr. N u cl.

A cid . R es. Mol. B io l .  1_1 351 

Bonner, J . C h a l k l e y ,  G. R . , Bahmus, M ., Famhrough, B . , Fujim ura, F . , 

Huang, R. C ., Huberman, J . ,  Jen sen , R . , M arushige, K . , 

O hlenbusch, H ., C liv e r a , B . , Widholm, J . ( I 968) Methods 

Bnzymol. XII B 3 

Bonner, J . T. (1947) J* B ip . Z oo l. 106 1

Bonner, J . T . (1957) ^ uart. Rev. B io l .  32 232

Bonner, J . T. ( I 967) The C e llu la r  Slim e M oulds. P r in ceton  ;

P rin ceton  U n iv e r s ity  P ress  

Bonner, J . T . ,  F r a s c e l la ,  B. (1952) J . B ip . Z oo l. 121 61 

Bradbury, D. M ., G old in , H. H ., C laybrook, J . R. (1974) PBBS 

L e t t .  41 219

Bradbury, B.M. , I n g l i s ,  R. J . , Mathews, H. R. , S a m er , N. (1973)

Bur. J .  Biochem. 33 131 

Bradbury, B. M. , I n g l i s ,  R. J . , Mathews, H. R. (1974&) Nature 

( London ) 2£7 257 

Bradbury, B. M. , I n g l i s ,  R. J , , Mathews, H. R. , Langan, T. A. ( 1974b) 

Nature ( London ) 249 553 

Braun, V .,  Hantke, K ., W o lff, H ., G er isch , G. (1972) Bur. J .

Biochem. 27 116



133

B r e fe ld , 0 .  (1869) Abhandl. Senckenberg. Natur forsoh  Gee.

( Frankfort ) J  85 

Brown, T). B . , Wen s in k , P. C . , Jordan, B. (1971) P roc. N a t. Acad.

S c i .  U .S. ^  3175 

Brown, B. B. , W ensink, P. C ., Jordan, B. (1972) J . M ol. B io l .  ^  57 

B row nlee, G. G ., Sanger, P . ,  B a r r e l l ,  B. G ., ( I 968) J . M ol. B io l .

Ü  379

Buckingham, R. H ., S tock en , L. A. ( I 97O) Biochem. J .  117 157 & 5^9

B u s t in ,  M ., C o le , R. B. (19&9) J . B i o l .  Chem. 244 5286

C e o c a r in l ,  C . , Maggio, R. ( I 968) Biochim. B iophys. A c ta ,  I 66 134

C lark e , J . T. (1964) Ann. N.Y. Acad. S c i .  121 428 

Cooouci, S, M., Sussman, M. (1970) J .  C e ll  B i o l .  45, 399 

C o u k ell ,  M. B . , Walker, I .  0 . (1973) C e l l  B i f f e r e n t ia t io n  2 87 

C raig , N . , P erry , R, P. (1971) Nature ( London ) New B i o l .  229 75 

C ross , M. E . , Ord, M. B. (1970) Biochem. J .  I I 8 I 9I  

B a m e l l ,  J , B . , P h i l ip s o n ,  L . , W all ,  R . , Adensnik, M. (1971)

S cien ce  174 507

Bawid, I ,  B . , Brown, B. B . , R eeder, R. H. (1970) J . M ol. B io l .  ^  341 

BeLange, R. J . , Sm ith, E. L. ( I 97I )  Annu. Rev. Biochem. ^  279 

BeLange, R. J . , Sm ith, B. L . , Fambrough, B. M ., Bonner, J . ( I 968) 

P roc. N a t. Acad. S o i .  U .S . ^  1145 

BeLange, R. J . , Fambrough, B. M. , Sm ith, B. L. , Bonner, J .  ( 1969a)

J .  B io l .  Chem. 2 ^  5669 

BeLange, R. J . , Fambrough, B. M. , Sm ith, B. L . , Bonner, J . ( 1969b)

J . B io l .  Chem. 2 ^  319 

BeLange, R. J . , Sm ith, B. L . , Bonner, J . (1970) Biochem. B iophys.

R es. Commun. ^  989 

BeLaunay, J . ,  S ch ap ira , G. (1972) B iochim . B ioph ys. A cta 259 243 

Edwards, L. J . , H n i l ic a , L. 8 . ( I 968) B ip e r ie n t ia  2j. 228



134

Fambrough, D. M ., Bonner, J . (1966) B ioch em istry  ^  2563 

Fambrough, B. M ., Bonner, J . ( I 968) J .  B io l»  Chem. 243 4434 

F i r t e l ,  R. A . ,  Bonner, J . (1972) J .  Mol. B io l .  66 339 

F is c h l ,  J . ( i 960) J . B io l .  Chem. 2 ^  999 

Ford, P. J . ( 1971) N ature ( London ) 233 561

Ford, P. J* ( 1973) Biochem. S o c . Symp. 37 69

Ford, P. J . , Southern , E. M. (1973) Nature ( London ) New B io l 24I  7 

G a ll ,  J , G. ( 1969) G en etics  ^  Suppl. 121

Garrod, B. R . , Ashworth, J . M. (1972) J . Embryol. Exp. Morphol. 28 463 

Garrod, B. R . , Ashworth, J . M. (1973) Symp. S oc. Gen. M icro b io l.

XAIIl M icrob ia l B i f f e r e n t ia t io n .

G eorgiev , G. P. ( I 969) Annu. Rev. G en etics  3 155 

G erisch , G. (1959) N atu rw issen sch aften  46 654

G erisoh , G. ( I 96O) Wilhelm Roux Arch. Entwicklungsm ech. Organ. 152 632

G ershey, E. L . , H a s le t t ,  G. W. , V id a l i ,  G. A l l f r e y ,  V. G, (1969)

J .  B io l .  Chem. 2 ^  487I  

G ile s ,  K, N . , M yers, A. ( I 965) N ature ( London ) 206 93 

G rien in g er , G. E . , Z e tsc h e , K. (1972) P lan ta  ( B e r l. ) IO4 329 

G ross, P. R . , M alkin , L. I . ,  Moyer, W. A. (1964) Proc. N a t. Acad.

S c i .  U .S. 2 k  407 

Gurdon, J . B ..(1 9 7 4 )  The Control o f  Gene E xpression  in  Animal 

Bevelopm ent. Clarendon P r e s s , Oxford, p .52 

Gurdon, J , B . , Lane, C. B . , Woodland, H. R . , M arbaix, G. (1971)

Nature ( London ) 233 177 

G u stafson , G. L . , W right, B. E. (1972) CRC C r it ic a l  Reviews in  

M icrob io logy , V o l. 1 ,  p . 453 

H a ll ,  T. C . , Cocking, E. C. ( I 965) Biochem. J .  96 626 

Hamana, K. Iw a i, K. (1971) J .  Biochem ( Tokyo ) 6^ 1097 

Hames, B. B . , Weeks, G ., Ashworth, J . M. (1972) Biochem. J . 126 627 

Names, B . B . , Ashworth, J . M. (1974) Biochem. J .  I 42 301



135

Hardy, S, J , S . ,  K urland, C. G ., Voynow, P . ,  Mora, G. ( I 969) 

B ioch em istry  Q 2897 

H a ssid , W, Z . , Abraham, S . (1957) In Methods in  Enzymology V o l, 3 

p . 34 ( S , P. Colowick & N. 0 , K aplan, e d s . ) N ,T,

Academic press#

Heady, P . , McConkey, E. H, (1970) Biochem. B ioph ys. R es. Commun. 40 30 

Herapel, K. Lange, H. W., B ir k o fe r , L. ( I 968) Z. P h y s io l . Chem 349 603 

Henney, H ., S to rck , R. (1963) J* B a c t e r io l .  ^  822 

Heywood, S . ( I 967) Cold Spring Harbor Symp. Quant. B io l .  34 799 

H irsch b erg , E . , C eo ca r in i, C .,  O snos, M ., Carchman, R. ( I 968)

Biochem. J . ^  316 

H n ilic a , L. S . ,  Johnson, A. W. (1970) B ip . C e ll R es. 63̂  261 

H n ilic a , L. S . ,  K appler, H. A. , Jordan, J . J . (1970) E ip e r ie n t ia  26 353 

H ohl, H. R . , R âper, K. B. (1963) J .  B a c t e r io l .  8^ I 9I  

Horgan, P. A ., 0*T)ay, D. H. (1973) C y tob ios. Q I I 9 

I la n ,  J . ( 1969) J . C e ll B io l .  £3  57a

I la n ,  J . ,  I la n ,  J .  (1970) B iochim . B ioph ys. Aeta 224 614 

I la n ,  J . ,  I la n ,  J .  (1971) D evelop . B io l .  2^ 280

I sh id a , B . ,  Maeda, M ., T akeuchi, I .  (1974) J* Gen. M icro b io l. 81 491 

Iw abuchi, M ., O ch ia i, H. (1969) B iochim . B ioph ys. Acta I 90 211

Iw abuchi, M ., I t o ,  K ., O ch ia i, H. (1970) J . Biochem. ( Tokyo ) 6Q 549

Iw a i, K. ( 1964) The N u c leo h isto n es  ( J .  Bonner A P . Ts'O e d s . ) 

Holden-Day In c . San F r a n c isco , p . 59 

Iw a i, K ., Shiom i, H ., Ando, T . ,  M ita , T. (1963) J« Biochem ( Tokyo )

58 312

Iw a i, K ., Ish ikaw a, K ., H ayashi, H. (1970) Nature ( London ) 226 1056 

Johns, E, W. , B u t le r , J . A. V. ( I 962) Biochem. J . B2 I 5

Johns, E, W., D ig g le , J . H. ( I 969) Eur. J .  Biochem. 11 495

Kanda, F . ,  O ch ia i, H ., Iw abuchi, M. (1974) Eur. J . Biochem. ^  469



136

K altsch m id t, E . , Wittmann, H. G. ( I 97O) Anal# Biochem. 3^ 401 

K edes, L. H ., B i r n s t e i l ,  M. L. (1971) Nature ( London ) New B io l .

230 165

Kinkade, J . M ., C o le , R. D. ( I 966) J . B io l .  Chem. 24I 5790 

K issa n e , J . M ., R oh in s, B. (1958) J . B io l .  Chem. 233 I 84 

K le in sm ith , L. J . A l l f r e y ,  V. G ., M irsky, A. E. (1966) p ro c . N at.

Acad. S c i .  U .S. 21 H 82  

E o s s e l ,  A. 2 . ( I 884) P h y s io l . Chem. 8  ̂ 5I I  -  quoted hy Luck, J . M. in  

The N u c le o h is to n e s , J . Bonner, P . Ts*0 e d s , Holden-Day Inc  

San F r a n c isco , 1964#

Kumar, A. Warner, J . R. (1972) J .  Mol. B io l .  63 233 

Larahertsson, A. G. (1972) Mol. Gen. G enet. 118 215 

Langan, T. A. (1969) J* B io l .  Chem. 244 5763

Langan, T. A. (1970) In The Role o f  c-AMP in  C e ll F u n ction . Adv. in

Biochem. Psychopharm acol. Greengard, p . & C osta , E. ed s . 

V o l. 3 Raven P r e s s , N.Y. p . 307 

Leach, C. K. , Ashworth, J . M. (1972) J . M ol. B io l .  6B 35 

L eigh ton , J . J . , D i l l ,  B. C ., S to ck , J . J . , P h i l ip s ,  C. (1971)

P roc. N a t. Acad. S c i .  U .S. ^  677 

L it ta u , U. C ., B urdick , C. J . , A l l f r e y ,  V. G ., M irsky, A. E. ( I 965) 

P roc. N at. Acad. S c i .  U .S . 2k 1204 

Loomis, W. F. jn r . (1969) J* B a c t e r io l .  21 65

Loomis, W. F. jn r , Ashworth, J . H. ( I 968) J . Gen. M icro b io l. 21 I 8 l

Low, R. B. , Wool, I .  G. ( 1966) S c ien ce  1 ^  330

Lowry, O.H. , Rosebrough, N. J . , F a rr , A. L . , R a n d a ll, R. J . ( I 95I )

J . B io l .  Chem. l^S 265 

Maden, B. E. H. (1971) P rogr. B ioph ys. M ol. B io l .  22 127 

M a rtin i, 0 . H. W. , G ould, H. J . , K ing, H. W.S. (1973) Biochem. Soc 

Symp. 37 51



137

M arushige, K*, Bonner, J .  (1966) J . Mol* B io l .  1^ 160

McConkey, E. H. (1974) P roc. N at. Acad. S c i .  U .S. 71 1379

Mejhaum, W. (1939) 2 .  P h y s io l . Chem. 238 117 

Mizukami, Y . ,  Iw abuchi, M. (1970) Exp. C e ll R es. 63 317 

Mohberg, J . ,  R usch, H. P. (1969) Arch. Biochem. B iop h ys. 134 577

Mohberg, J . ,  Rusch, H. P. (1971) Exp. C e ll R es. 66 305

Morgan, T. H. (1934) Embryology and G en etics  (1934) p . 6 , Columbia 

U n iv e r s ity  P r e ss . N. Y.

Murray, K. (1964) B ioch em istry  3 10

N e lso n , R. D ., Y u n is, J . J . (1969) Exp. C e ll R es. 2 1  311

N e w e ll, P. C. (1971) E ssays Biochem. % 87

N e w e ll, P. C ., Sussman, M. ( I 969) J . B io l .  Chem. 244 2990

N e w e ll, P. C. , T e ls e r ,  A . ,  Sussman, M. (1969) J . B a c t e r io l .  100 763

O ch ia i, H .,  Iw abuchi, M. (1971) B o t. Mag. Tokyo 84 267

O c h ia i, H .,  Kanda, p . ,  Iw abuchi, M. (1973) J . Biochem ( Tokyo ) %3 163

Ogawa, Y .,  Q u g lia r o t t i ,  G ., Jordan, J . ,  T a y lo r , C. W ., S tarbuck, W. C.

Burch, H. ( 1969) J . B io l .  Chem. 244 4387 

Ogur, M ., M inck ler, S . ,  L indegren, G ., L indegren, C. C. (1952) Arch.

Biochem. B ioph ys. 40 175 

O liv e , L. S . ( 1970) The B o ta n ica l Review 36 59

O pienska-B lauth , C h a rezin sk i, M ., B erbec, H. (1963) A n al. Biochem. ^  69 

Ord, M. G ., S tock en , L. A. ( 1966a) Biochem. J .  £8 5P

Ord, M. G .,  S tock en , L. A. ( 1966b) Biochem. J .  £8 888

Ord, M. G .,  S tock en , L. A. ( I 967) Biochem. J .  103 5^

Ord, M. G ,,  S tocken , L. A. ( I 968) Biochem. J . 107 403

P aik , W. K ., Kim, S . ( I 967) Biochem. B iop h ys. R es. Commun. 2% 479 

P a ik , W. K ., Kim, S . ( I 969) Aroh. Biochem. B iophys. 134 632 

Panyim, S . ,  C halk ley , R. (1969) Arch. Biochem. B iophys. 130 337 

Pardue, M. L . , G erbi, S. A . ,  E ckhardt, R. A .,  G a ll ,  J . G. (1970) 

Chromosome 29 268



138

P erry , R. P. (196?) P rogr. N u cl. A cid . R es. Mol. B io l .  6 219

Peterm an, M. L. ( I 964) The p h y s ic a l and Chemical P r o p e r tie s  o f

Ribosom es. E ls e v ie r  P u b l. Co. Amsterdam.

P h i l ip s ,  D. M. P . ( 1967) Biochem. J .  3 ^  46P

P h i l i p s ,  D, M. P . ,  C larke, M. (1970) J* Chromâtogr . 46 320

Pogo, B. G. T . ,  Pogo, A. 0 . ,  A l l f r e y ,  V. G ., Mirsky, A. B. (1968)

P roc. N at. Acad. S c i .  U .S. 22. 1337 

P rich a rd , P. M ., G ilb e r t ,  J . M. , S h a fr i t z ,  B. A .,  Anderson, W. F. (1970) 

Nature ( London ) 226 ^11 

R aper, K. B. (1935) J* A g r ic . R es. ( Wash. ) 22. 135

R aper, K. B. (1937) J- A g r ic . R es. ( Wash. ) 2 l  289

Rasm ussen, P. S . ,  Murray, K . , Luck, J . M. (1962) B ioch em istry  1_ 79 

R e is f e ld ,  R. A .,  L ew is, U. J . , W illia m s, D. E. (1962) Nature ( London ) 

195 281

R ich ard s , B. M., Pardon, J . F . (1970) 62 I 84

R i t o s s a ,  F. M ., Spiegelm an, S .  ( I 965) Proc. N a t.  Acad. S c i .  U .S. ^  737

R iz z o ,  P. J , , Nooden, L. D. (1972) Sc ien ce  176 796 

R oth, R . , Sussman, M. ( I 968) J .  B i o l .  Chem. 243 5O8I 

R o th sc h i ld ,  H . , Hikawa, H . , Susk ind , S. R. ( I 967) J .  B a c t e r io l .

94 1800

R o z ijn , T. H . , T onino, G. J . M. ( I 964) B iochim . B ioph ys. Acta 105

Sad gopal, A . ,  Bonner, J .  (1969) B iochim . B ioph ys. A cta I 86 349

S ad gopal, A . ,  Bonner, J .  (1970) B iochim . B iop h ys. A cta 207 206

Schwalb, M ., R oth, R. (1970) J .  Gen M icro b io l. 60̂  283

S h a ffe r , B. M. (1953) Nature ( London ) 171 975 

Shaw, J .  L. D . , M cFarlane, W. D. (1938) Can. J .  R es. 361

S h ih , T. Y . , Bonner, J .  (1970) J .  M ol. B io l .  48 469 

S i l l e v i s - S m i t t , W. W., Vermuelen, C. A . ,  V lak , J .  M ., R o z ijn , T. H . ,

M olenaar, I .  (1972) Exp. C e ll R es. %0 I 40



139

S in h a , ü . , Ashworth, J .  M. (1969) P roc. Roy. S oc . S er . B 173 531

Smart, J . B . , Bonner, J . (1971) J« Mol. B io l .  2 2  661

Sm ith, A. E . , M arcker, K. A. (1970) Nature ( London ) 226 607

S p elsh u rg , T. C ., H n i l ic a , L. S. (1971) B iochim . B ioph ys. A cta 228 212

S p ik er . S . ,  K rishna, L. (1973) P la n ta  ( B e r l .  ) 110 71

Stedman, E . , Stedman, E. (1950) Nature ( London ) 166 780

S te v e ly , W. S . , S tock en , L. A. ( 1968a) Biochem. J .  110 I 87

S te v e ly , W, S . , S tock en , L. A. ( 1968b) Biochem. J .  IO9 24P

S tock en , L .A ., Ord, M. G. ( I 969) Biochem. J .  I I 4 51P

Stumm, C. VanWent, J . (1968) E ip e r ie n t ia  24 1112

Sung, M. T . ,  D iio n , G. H. (1970) P roc. N at. Acad. S c i .  U .S. ̂  I 6I 6

Sussman, M .(1955) J* Oen. M icro b io l. 1_3 295

Sussman, M .(1966) Methods in  C e ll P h y sio lo g y . V o l. 2 ( B. M. P r e sc o tt

Ed. ) New York ; Academic P r e ss .

Sussman, M ., O sbom , M. J . ( I 964) Proc. N a t. Acad. S c i .  U .S. 2 2  81 

Sussman, M ., Sussman, R. R. ( I 967) Biochem. B iophys. R es. Commun.

2 1  53

Sussman, M ., Sussman, R. ( I 969) Symp. S oc. Gen. M icro b io l. XIX 403

Sussman, R. R. (1967) Biochim . B ioph ys. A cta 149 409

Sussman, R . , Rayner, E. P. (1971) Arch. Biochem. B iop h ys. 144 127

Sussman, R. R . , Sussman, M. (I9 6 0 ) J .  Gen. M icro b io l. 23 287

Sussman, R. R . , Sussman, M. (1963) J* Gen. M icro b io l. ^  349

Udem, S. A . ,  Warner, J . R. (1972) J . Mol. B io l .  § 2  227

V id a l i ,  G ., G ershey, E. L . , A l l f r e y ,  V. G. (1968) J .  B io l .  Chem.

243 6361

Wang, T. Y. (1969) E ip . C e ll R es. 2L  467 

Warner, J . R. (1971) J* B io l .  Chem. 246 447

Warner, J . R . , Kumar, A . ,  Udem, S . A .,  Wu, R. S . (1973) Biochem.

S oc. Symp. 37 3



140

W atts, D. J . , Ashworth, J . M. (1970) Biochem. J . 119 171 

Weeks, G . , Ashworth, J . M. (1972) Biochem. J . 126 617 

Weinberg, R. A . ,  Penman, S. (1970) J .  Mol. B i o l .  ^  I 69 

Weiner, E . , Ashworth, J .  M. (1970) Biochem J .  118 5O5 

Wilhelm, J . A . , McCarty, K. S. (1970) Cancer R es. ^  409 

Wittmann, H. G ., C richton , R. R . , S t o f f l e p ,  G. (1973) Biochem. Soc.  

Symp. ^  44

Wu, R. S . ,  Warner, J .  R. (1971) J« C e ll  B i o l ,  jjl 643



OWN PUBLICATION

Part o f  the work p resen ted  in  t h i s  t h e s i s  has been  

p r e v io u s ly  p u b lish ed , the referen ce  b e in g ,

O sbom , P, J . , Ashworth, J* M. (1973) Symp. Soc . Gen. M icro b io l .  

23 (11)



PJ. OSBORN Ph.D. 1974.

STIT)IES ON THE NUCLEIC ACID ASSOCIATED PROTEINS OF THE CBLLULAR ’

SLIME MOULD DICTÏ03TKLIUM DISCOIDEUM

SUÎ,{LURY

The \vo?:k presented in th is  thesis  has u tilis e d  the 

advantages of a microhial system of development in order to determine 

possible ways in which nuclear and cytoplasmic controls may regulate 

ce llu lar d ifferen tia tion . The studies that have been carried out have 

been concerned with the structure of the basic nuclear proteins and 

ribosomes of Dictyostel.ium disooldeura. I f  the process of development 

is j  in  part, regulated by functional changes in these components, 

then i t  i« reasonable to expect to find structu ra l changes in these 

components when isolated from cells  in d ifferen t developmental 

^  stages.

The differences between the basic nuclear protein content of 

vegetative and developing ce lls  ( as determined by urea-polyacrylamide 

gel electrophoresis ) were very s ligh t. No stage-specific basic 

nuclear’ proteins were observed, and the only reproducible difference 

in the electrophoretic patterns was a quantitative one with respect 

to one subfraction that was present in less quantity in developing 

ce lls  than i t  was in vegetative ce lls . This small difference may 

thus be due to the differing requirements of ce lls  actively growing 

and ce lls  not committed to a growth orientated ce ll cycle, fu rther, 

from th is  evidence, i t  cannot be said with certain ty  that the basic 

nuclear proteins are involved in the nuclear control of deveopraent.

Analysis of the ribosomes of D.discoideum did however 

reveal stage-specific differences. Within the lim its of the 

technique of competition hybridization, the rRNA moieties of ribosomes



/  A

iso la ted  from vegetative and developing c e lls  were observed to be 

id en tica l. The ribosomal proteins however did display a small, but 

reproducible degree of stage sp ec ific ity . During development, 

ribosomes that were formed contained three ribosomal proteins tha t 

were not found to be associated with the ribosomes of vegetative 

c e lls . The developmental significance of these changes was 

established by the use of m etabolically d is tin c t c e ll populations 

tha t proceeded through the same developmental programme and were 

observed to exhibit the same changes in  the ribosomal protein  

content botv/een vegetative and developing c e lls . Further, the use 

of th is  approach has suggested that the presence of one other 

apparently stage-specific  ribosomal protein  is  a function of the 

i n i t i a l  growth conditions of the c e lls  and not of th e ir  subsequent 

d iffe ren tia tio n .

In conclusion, the advantages of a microbial system of 

development, such as the ce llu la r slime mould D.discoideum, have 

enabled developmentally s ign ifican t changes in the ribosomes to be 

observed which may be involved in the cytoplasmic control of the 

developmental programme. At the moment, the involvement of the 

basic nuclear proteins in the nuclear control of development is  not 

firm ly estab lished , but i t  is  hoped tha t in  the fu ture, th is  approach 

and th is  developmental system w ill provide answers to th is  and many 

other questions.


