
INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.

1 .T he sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to  insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite m ethod in 
"sectioning" the material. It is customary to  begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate tha t the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106



781**16

KAlAR# HCNftXETTA H A R 0 0 L X 8DNA M C T A I O L X I M  JN D E V E L 0 P I N 6  V OlVOX,
CITY U N I V E M I T Y  OF NEW YORK, PH.D.,

University
Microfilms

International 3 00  N ZEEB ROAD, ANN A R B O R . Ml 4 8 106

©  COPYRIGHT BY 

HENRIETTA MARGOLIS KAZAN 

1978

i i

1*78



DNA METABOLISM IN DEVELOPING VOLVOX 

by

HENRIETTA MARQOLIS-KAZAN

A d i s s e r t a t i o n  su b m itted  to  th e  G raduate 
F a c u lty  in  B io logy in  p a r t i a l  f u l f i l lm e n t  o f  th e  
req u irem en ts  fo r  th e  d eg ree  o f  D octor o f
P h ilo so p h y , The C ity  U n iv e rs ity  o f  New York

1978



Henrietta Margolis-Kazan

This manuscript has been read and accepted for the Executive 
Committee In Biology In satisfaction of the dissertation 
requirement for the degree of Doctor of Philosophy.

1977
Date

roll. R.' McGowan

Prof. S. Cottrell

Prof. R. Rudner

Prof. C. Michels

Prof. R. ^uskey

rof. J S j. Koche rtkkkst

CbciiYman of Examining Committee 
^rof ,\ J . B 1 am i re

Executive Officer 
Prof. L. G. Moriber

Brooklyn College
Inst itution

Brooklyn College
Institution

Hunter Col lege
Institution

Queens College_________
Inst I tut ion

University of Virginia 
Institution

University of Georgia 
Institution

Institution

The City University of New York

ii1



A b s tra c t

V arious b io p h y s ic a l and b io s y n th e tic  c h a r a c t e r i s t i c s  o f  DNA from 

Volvox c a r t e r i  a re  p re s e n te d . The DNA from th re e  s t r a i n s  (HK-10, NB-7 

and KA-1) i s  com pared, and a l l  s t r a i n s  a r e  shown to  c o n ta in  a t  l e a s t  

two d i s t i n c t  DNA s p e c ie s  which band a t  d e n s i t i e s  o f  1 .7 1 4 -1 .7 1 5  and 

1 .7 0 4 -1 .7 0 5  q/cn?  in  n e u t ra l  CsCl and co rrespond  to  n u c le a r  and 

"cy top lasm ic"  DNA, r e s p e c t iv e ly .  Base co m positions  c a lc u la te d  from 

th e se  d e n s i t i e s ,  55-56% G+C fo r  n u c le a r  DNA and 45-46% G+C fo r  

cy to p lasm ic  DNA, a re  in  c lo s e  agreem ent w ith  % G+C v a lu e s  e s tim a te d  

from therm al d e n a tu ra tio n  d a ta .  T o ta l DNA from s t r a i n  KA-1 h as  a  

th i r d  component w ith  a  buoyant d e n s i ty  o f  1.693 q/cn?  (34% G+C).

ENA s y n th e s is  was analyzed  using  r a d io a c t iv e ly  la b e le d  

h e te ro g en eo u sly  grown s t r a i n s  o f  Volvox c a r t e r i  and p r o f i l e s  o b ta in ed  

fo llow ing  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  a re  

p re s e n te d . In  a d d i t io n ,  p r o f i l e s  o b ta in e d  using  synchronous c u l tu r e s  

o f  s t r a i n  HK-10 dem onstra te  t h a t  p a t te r n s  o f  n u c le a r  and cy to p lasm ic  

DNA s y n th e s is  a re  d i f f e r e n t  d u rin g  th e  v a r io u s  s ta g e s  o f  th e  a sex u a l 

l i f e  c y c le .  These d i f f e r e n c e s  in  tem poral p a t te r n s  o f  DNA 

s y n th e s is  in d ic a te  t h a t  w h ile  n u c le a r  ENA i s  made to  some deg ree  

th roughou t th e  l i f e  c y c le ,  cy to p lasm ic  ENA s y n th e s is  ap p ea rs  to  occur 

o n ly  a t  d i s c r e t e  in t e r v a l s  and m ain ly  d u rin g  th e  p o s t in v e r s io n ,  

p r e r e le a s e  expansion  p h ase .

A lte ra t io n s  o f  th e se  n a tu ra l  p a t te r n s  w ere a ls o  s tu d ie d .  

T reatm ent o f  HK-10 sp h e ro id s  w ith  d e l ta -9 - te tra h y d ro c a n n a b in o l  (THC)
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or e th id ium  bromide (EB) produced e f f e c t s  on p a t te r n s  o f  developm ent 

and ENA m etabolism  c h a r a c t e r i s t i c  to  each  d ru g . I t  was dem onstra ted  

t h a t ,  d u rin g  THC (300-400 ug/ml) tre a tm e n t th e  re p ro d u c tiv e  c e l l s  o f  

th e  sp h e ro id s  become a r r e s te d  a t  th e  l i f e  c y c le  s ta g e  p r io r  to  

c le a v a g e , and th o se  o f  EB (25 ug/m l) t r e a te d  organism s b eg in  c leav ag e  

b u t a r r e s t  in  th e  p ro c e ss  a f t e r  s e v e ra l d iv i s io n s .  EB tre a tm e n t 

(2 .5 -2 5  ug/ml) d r a s t i c a l l y  d e p re s s e s  th e  s y n th e s is  o f  b o th  n u c lea r  

and cy top lasm ic  ENA and r e s id u a l  s y n th e s is  i s  m ain ly  

cy to p lasm ic ; THC tre a tm e n t (300-400 u g /m l) , how ever, s p e c i f i c a l ly  

i n h i b i t s  cy to p lasm ic  ENA s y n th e s is  w h ile  t h a t  o f  n u c le a r  ENA 

c o n tin u e s . Both d ru g s  were dem onstra ted  to  m ed ia te  in  th e  

s e le c t iv e  d e g ra d a tio n  o f  e x i s t in g  cy to p lasm ic  ENA.

S tu d ie s  were a ls o  perform ed using  a  developm ental m utant o f  

s t r a i n  HK-10, "som atic  c e l l  re g e n e ra to r"  s t r a i n  HMK-01. I t  was 

dem onstra ted  th a t  th e  c e l l s  o f  HMK-01 c o n ta in  h ig h e r  p ro p o r tio n s  o f  

cy to p lasm ic  ENA to  t o t a l  ENA th a n  th o se  o f  HK-10 and th a t  th e  e f f e c t s  

o f  IHC tre a tm e n t on th e  ENA m etabolism  and g o n id ia l  morphology o f  t h i s  

m utant a re  s im i la r  to  th o se  d e sc r ib e d  fo r  w ild - ty p e  sp h e ro id s .
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INTRODUCTION 

Opening S ta tem en t

The developm ent o f  a m u l t i c e l lu la r  organism  from a s in g le  c e l l  i s  

a  complex p ro c e ss  in v o lv in g  th e  co o rd in a ted  phenomena o f  c e l l  d iv is io n  

and d i f f e r e n t i a t i o n .  These e v e n ts  le a d  to  th e  fo rm atio n  o f  a h ig h ly  

o rg an ized  p a t te r n  o f  two m ajor c la s s e s  o f  c e l l s  -  r e p ro d u c t iv e , which 

w i l l  c o n tr ib u te  to  th e  fo rm atio n  o f  fu tu re  g e n e ra t io n s ,  and so m atic , 

which a r e  s p e c ia l iz e d  and g e n e ra l ly  p re s e n t  in  many d i f f e r e n t i a t e d  

form s.

Hie f a t e  o f  a c e l l  i s  u s u a lly  determ ined  long  b e fo re  th e  pheno­

ty p ic  s p e c ia l i z a t io n s  o f  i t s  d i f f e r e n t i a t e d  s t a t e  a re  e x p re sse d . 

Under normal c o n d i t io n s ,  m ost form s o f  d i f f e r e n t i a t i o n ,  once 

d e te rm in e d , a r e  te rm in a l and th e re  a re  numerous exam ples where 

p a t te r n s  o f  l a t e r  d i f f e r e n t i a t i o n  may be tra c e d  to  th e  

lo c a l i z a t i o n  o f  p o s s ib le  "d e te rm in a tiv e  f a c to r s "  in  th e  cy toplasm  

o f  th e  o r ig in a l  c e l l  i t s e l f .  One o f  th e  fundam ental o b je c t iv e s  o f  

developm ental b io lo g y  i s ,  th e r e f o r e ,  to  e lu c id a te  th e  mechanism 

o f  how th e se  e v e n ts  a re  programmed in to  t h i s  c e l l ,  a 

developm ental program which d e te rm in es  n o t o n ly  which c e l l s  w i l l  

d i f f e r e n t i a t e  in to  p a r t i c u la r  s p e c ia l iz e d  form s b u t a l s o  th e  

tem poral sequence in  which such d i f f e r e n t i a t i o n  w i l l  o c c u r .

I t  was my i n t e r e s t  to  s tu d y  a s p e c ts  o f  th e  r e g u la t io n  o f  d ev e lo p ­

ment a t  th e  m o lecu la r l e v e l .  Most c u r r e n t  re s e a rc h  o f  t h i s  type  

employs f a i r l y  complex m u l t ic e l lu la r  o rganism s (e .g .  se a  u rc h in ,

1



2

am phibian and mammalian em bryos), in  which th e  d i f f e r e n t i a t e d  

s t a t e  i s  m an ifes ted  by many v a r ie d  c e l l  ty p e s .  In  a d d i t io n  to  

t h e i r  in h e re n t co m p lex ity , numerous e x te rn a l  ex p erim en ta l 

c o m p lica tio n s  may a r i s e  d u rin g  th e  s tu d y  o f  such o rg an ism s, and I  

th e re fo re  th o u g h t t h a t  th e  c o n tro l  mechanisms o f  developm ent 

m ight be more r e a d i ly  e lu c id a te d  by s tu d ie s  em ploying a much 

s im p le r system .

The organism  Volvox was chosen fo r  t h i s  r e s e a rc h  because o f  th e  

s im p l ic i ty  w ith  which i t  e x p re s se s  t r u e  d i f f e r e n t i a t i o n .  I t  has a 

sim ple  o rg a n iz a tio n  and c o n ta in s  o n ly  two c e l l  ty p e s .  At th e  tim e 

t h i s  s tu d y  was undertaken  much in fo rm a tio n  was a v a i la b le  abou t th e  

m orpho log ical developm ent o f  Volvox and ev idence  o f  i t s  

a p p l i c a b i l i t y  to  b iochem ical s tu d ie s  was beg inn ing  to  ap p ea r. Volvox 

w as, how ever, a  new organism  to  th e  f i e l d  o f  m o lecu la r b io lo g y  so  th e  

f e a s i b i l i t y  o f  i t s  use in  t h i s  type  o f  re s e a rc h  had to  f i r s t  be 

e s ta b l is h e d  by p re lim in a ry  s tu d ie s  o f  a b a s ic  n a tu re .

S ince  l i t t l e  was known abou t th e  n u c le ic  a c id  m etabolism  o f  

V olvox, I  chose to  s tu d y  th e  b io s y n th e s is  o f  ENA in  Volvox 

c a r t e r i  f .  n a g a r ie n s is  and i t s  r e g u la to ry  r e la t io n s h ip  to  th e  a sex u a l 

developm ent o f  th e  o rgan ism . I  began t h i s  work by c h a ra c te r iz in g  th e  

ENA s p e c ie s  p re s e n t  in  t h i s  a s  y e t  u n c h a ra c te r iz e d  o rgan ism .

The t o t a l  genome o f  an organism  encom passes o rg a n e l le  ENA a s  

w ell a s  n u c le a r  ENA and th e re  i s  in c re a s in g  ev idence  fo r  th e  

involvem ent o f  o rg a n e l le  genomes in  a s p e c ts  o f  c e l l u l a r  

developm ent. In  m ost o rgan ism s, th e  co o rd in a ted  in te r a c t io n  o f  

th e se  ENA c la s s e s  i s  n e c e ssa ry  fo r  th e  c o n t in u a tio n  o f  norm al l i f e  

c y c le  a n d /o r c e l l  c y c le  s y n th e t ic  e v e n ts .  I  th e re fo re  d ec ided  to
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in v e s t ig a te  th e  tem poral p a t te r n s  o f  n u c le a r  and o rg a n e l le  DNA 

s y n th e s is  which occur d u rin g  th e  a sex u a l l i f e  c y c le  o f  Volvox and to  

examine th e  developm ental consequences caused by th e  d is r u p t io n  o f  

th e se  p a t t e r n s .

D if f e r e n t ia t io n  and Development 

Background

The m y s te r ie s  concern ing  th e  mechanism o f  d e te rm in a tio n  and 

d i f f e r e n t i a t i o n  have in t r ig u e d  s c i e n t i s t s  fo r  c e n tu r ie s .  In  th e  

1 8 0 0 's  most th e o r ie s  e x p la in in g  d i f f e r e n t i a t i o n  invo lved  th e  

q u a l i t a t iv e  d i s t r i b u t io n  o f  d iv e rs e  g e n e t ic  d e te rm in a n ts  in to  th e  

d i f f e r e n t  c e l l s  o f  an o rgan ism . Thus, a  d i f f e r e n t i a l  lo s s  o f  

g e n e t ic  m a te r ia l  would le ad  to  a  narrow ing o f  c a p a b i l i t i e s  and 

su b seq u en tly  be ex p ressed  a s  th e  d i f f e r in g  fu n c tio n a l  a c t i v i t i e s  

o f  som atic  c e l l s .  Such lo s s e s  o f  g e n e t ic  m a te r ia l  a re  r a r e  

however, and even in  th e  few nem atodes and in s e c t s  where a c tu a l  lo s s  

o f  chromosomes o r  p a r t s  o f  chromosomes does occur d u rin g  som atic  

c e l l  fo rm ation  (B overi, 1889; G eyer-D uszynska, 1966), a  q u a l i t a t i v e

d i s t r i b u t io n  o f  g e n e t ic  m a te r ia l  to  som atic  c e l l s  has  n o t been 

d em o n stra ted .

Most ev id en ce  su p p o rts  an eq u iv a len c e  in  th e  g e n e t ic  make-up o f  

each c e l l  and th e re fo re  in d ic a te s  t h a t  d i f f e r e n t i a t i o n  between som atic  

and germ c e l l s  and between f u n c t io n a l ly  d i f f e r in g  som atic  c e l l s ,  does 

n o t in v o lv e  th e  s e le c t iv e  lo s s  o f  g e n e t ic  m a te r ia l .  A q u a n t i t a t iv e  

co n stan cy  o f  ENA c o n te n t among d i f f e r e n t i a t e d  c e l l  n u c le i  has  been 

observed  fo r  most organism s (M irsky and R is , 1949) and more r e c e n t ly ,  

th e  concep t o f  genomic eq u iv a len c e  has  been dem onstra ted  a t  th e  

m olecu la r l e v e l .  ENA-DNA re a s s o c ia t io n  s tu d ie s  have in d ic a te d  th a t
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th e  same complements o f  ENA sequences a re  u s u a lly  p re s e n t  in  

em bryonic, t i s s u e  c u l tu r e  and a d u l t  organ  c e l l s  from th e  same organism  

( f i r s t  dem onstra ted  by McCarthy and H oyer, 1964).

A nother form o f  q u a l i t a t i v e  d i s t r i b u t i o n  o f  th e  g e n e t ic  m a te r ia l  

could  co n ce iv ab ly  be ach ieved  by a  s e l e c t i v e ,  perm anent 

in a c t iv a t io n  o f  p o r t io n s  o f  th e  ENA d u rin g  developm ent. T h is  does 

n o t seem to  o c c u r , how ever, and ev idence fo r  th e  absence o f  such 

i r r e v e r s i b l e  changes d u rin g  d i f f e r e n t i a t i o n  comes from o b se rv a tio n s  

t h a t  th e  f u l l  g e n e t ic  p o te n t ia l  i s  r e ta in e d  by s p e c ia l iz e d  c e l l s .  

Gurdon (1963) ach ieved  a  d ram a tic  d em o n stra tio n  o f  t h i s  phenomenon 

when he showed th a t  n u c le ic  from d i f f e r e n t i a t e d  som atic  c e l l s  o f  

Xenopus a re  a b le  to  d i r e c t  th e  fo rm atio n  o f  a com plete new organism  

upon t r a n s p la n ta t io n  in to  e n u c le a te d  o o c y te s .

Yet an o th e r form o f  q u a l i t a t i v e  d i s t r i b u t i o n  o f  ENA cou ld  invo lve  

th e  s e le c t iv e  a m p lif ic a t io n  o f  v a r io u s  p o r t io n s  o f  th e  genome in  

d i f f e r e n t  c e l l  ty p e s . In s ta n c e s  o f  t h i s  phenomenon a re  r a r e ,  

how ever, and r e s t r i c t e d  to  unusual s i t u a t io n s  (as  in  th e  

a m p lif ic a t io n  o f  ribosom al ENA in  d evelop ing  o o cy te s  d is c u s s e d  b e lo w ). 

H y b rid iz a tio n  experim en ts  show th a t  most t r a n s c r ib e d  ENA i s  p re s e n t  

in  low copy number and th a t  w hether c e l l s  a r e  a c t iv e  o r  in a c t iv e  in  

th e  p ro d u c tio n  o f  a  p a r t i c u la r  gene p ro d u c t, th e y  do n o t d i f f e r  in  th e  

number o f  ENA sequence c o p ie s  p re s e n t  which s p e c ify  th a t  p ro d u c t 

(H arrison  e t  a l . , 1974).

M olecular p a t te r n s  accompanying d i f f e r e n t i a t i o n  have been e l u c i ­

da ted  and m ost ev id en ce  p o in ts  t o  th e  f a c t  t h a t  d i f f e r e n t i a l  gene 

a c t i v i t y ,  r e g u la te d  on th e  le v e l  o f  c o n t ro l le d  t r a n s c r ip t io n  from 

th e  same ENA com plement, i s  th e  way fu n c t io n a l  s p e c ia l i z a t io n  i s
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ex p ressed  in  m ost c e l l  ty p e s . C y to lo g ic a l m a n ife s ta t io n s  o f  

v a r ia b le  gene a c t i v i t y  in  FNA p ro d u c tio n  have been dem onstra ted  

( e .g .  L i t ta u  e t  a l ,  1964; G rossbach , 1974) and sequence 

homology com parisons o f  FNAs is o la te d  from v a r io u s  d i f f e r e n t i a t e d  

t i s s u e s  dem on stra te  t h a t  d i f f e r e n t  mFNA p o p u la tio n s  a re  p re s e n t  

d u rin g  v a r io u s  developm ental s ta g e s  o r  in  d i f f e r e n t  t i s s u e s  

from th e  same organism  (review ed by Davidson and B r i t t e n ,  1973).

The b a s is  o f  t h i s  t r a n s c r ip t io n a l  le v e l  r e g u la t io n  in  h ig h e r 

eu k a ry o te s  i s  n o t y e t  understood  b u t m odels have been p re se n te d  (e .g .  

G eorg iev , 1972; B r i t t e n  and D avidson, 1969; C r ic k , 1971) which a re  

d ep en d en t, to  v a r io u s  e x te n ts ,  upon th e  o rg a n iz a tio n  o f  DNA sequences 

in  th e  genome. One o f  th e  m ost p o p u la r c u r r e n t  m odels, t h a t  o f  

B r i t te n  and D avidson (1969, m od ified  and su p p o rte d , D avidson and 

B r i t t e n ,  1973), i s  based on th e  o rd e red  p a t te r n s  o f  

in te r s p e r s io n  o f  r e p e t i t i v e  and n o n - r e p e t i t iv e  sequences t h a t  have 

been d em onstra ted  in  th e  genomes o f  m etazoa, and th e o r iz e s  t h a t  th e  

in te r s p e r s e d  r e p e t i t i v e  sequences p la y  a r o le  in  s t r u c t u r a l  

gene fu n c tio n  le a d in g  to  d i f f e r e n t i a l  t r a n s c r i p t io n .  They su g g es t 

t h a t  p a r t i c u l a r  " b a t t e r ie s "  o f  genes a re  a c t iv a te d  to g e th e r ,  d u rin g  

s p e c i f i c  p e r io d s  o f  developm ent o r  v a r io u s  s t a t e s  o f  d i f f e r e n t i a t i o n  

because th e y  sh a re  homologous r e p e t i t i v e  sequences o r 

" re c e p to rs "  which se rv e  a s  b in d in g  s i t e s  fo r  d i f f u s ib l e  

s e q u e n c e -s p e c if ic  " a c t iv a to r s . "  The fu n c t io n a l ly  a s s o c ia te d  genes o f  

a  b a t t e r y  a re  th u s  d e f in e d  by th e  p a r t i c u la r  sequence r e p e t i t i o n s  

p re s e n t  in  th e  r e c e p to r s  which w i l l  reco g n ize  th e  same a c t iv a to r  

m o lecu le s . Davidson e t  a l . (1976) have r e c e n t ly  dem onstra ted  t h a t  th e  

s e t  o f  genes com plem entary to  sea  u rch in  g a s t r u l a  mFNA te n d s  to  sh a re
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a p a r t i c u la r  group o f  r e p e t i t i v e  seq u en ces, th u s  su p p o rtin g  th e  idea  

th a t  s p e c ia l  s u b s e ts  o f  r e p e t i t i v e  sequences a re  co n tig u o u s to  

th o se  s t r u c t u r a l  genes ex p ressed  in  a g iv en  s t a t e  o f  

d i f f e r e n t i a t i o n .

C u rren t knowledge th e re fo re  in d ic a te s  t h a t  la r g e - s c a le  re g u la t io n  

o f  s t r u c t u r a l  gene t r a n s c r ip t io n  u n d e r l ie s  th e  p ro c e sse s  o f  

d i f f e r e n t i a t i o n  and developm ent. The d e ta i l e d  m o lecu la r ev e n ts  

invo lved  in  t h i s  phenomenon a re  n o t y e t  known how ever, and even i f  

th e y  w ere, th e  fundam ental q u e s tio n  a s  to  how t h i s  in fo rm atio n  i s  

programmed in to  th e  o r ig in a l  c e l l  from which an organism  i s  d e riv e d  

would rem ain unansw ered. Knowledge o f  th e  c o n te n ts  and o rg a n iz a tio n  

o f  t h i s  c e l l  i s  th e re fo re  c r i t i c a l  fo r  th e  u n d ers tan d in g  o f  

subsequen t developm ental e v e n ts .

C ytoplasm ic L o c a liz a tio n

The lo c a l iz a t i o n  o f  " f a c to r s "  in  th e  egg cy toplasm  which in f lu e n c e  

l a t e r  developm ent and d i f f e r e n t i a t i o n  has  long  been p o s tu la te d .  Most 

e a r ly  co n ce p ts  reg a rd in g  th e  d i s t i n c t i o n  between som atic  and germ 

c e l l s  were in flu en ced  by th e  w r i t in g s  o f  August Weismann (1885) who 

th e o r iz e d  th e  lo c a l i z a t i o n  o f  a  "germ plasm " p ro v id in g  c o n t in u i ty  

between su c c e ss iv e  g e n e ra t io n s .  A lthough W eism ann's co ncep t t h a t  th e  

germ plasm  a lo n e  c o n ta in s  th e  in fo rm a tio n  n e c e ssa ry  fo r  th e  fo rm ation  

o f  an e n t i r e  organism  has  s in c e  been n e g a te d , a  m od ified  form o f  h i s  

th e o ry  s t i l l  s u rv iv e s .

Germ c e l l  d e te rm in a n ts  a re  now known to  e x i s t  in  th e  egg cytoplasm  

o f  many organ ism s and th e  reg io n  c o n ta in in g  them i s  o f te n  marked by 

e a s i l y  v is u a l iz e d  in c lu s io n s .  These " p o la r  g ra n u le s ,"  which a re  

d i s t r i b u te d  o n ly  to  p r im o rd ia l germ c e l l s ,  have been id e n t i f i e d  in
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many an im als in c lu d in g  th e  human (see  Eddy, 1975).

Germ plasm  lo c a l iz a t i o n  has been s tu d ie d  m ost e x te n s iv e ly  in  

am phibian and in s e c t  eggs and th e  p resen ce  o f  germ c e l l  d e te rm in a n t 

cy toplasm  in  th e  v e g e ta l  p o le  o f  uncleaved o o cy te s  o f  Rana p ip ie n s  

has been co n v in c in g ly  dem onstra ted  (Sm ith , 1966). U l t r a v io le t  

i r r a d i a t i o n  o f  t h i s  a re a  alw ays le a d s  to  com plete s t e r i l i t y ,  

b u t ,  i f  cy toplasm  from th e  v e g e ta l p o le  o f  an u n ir r a d ia te d  egg i s  

in j e c te d ,  th e  r e c ip ie n t  eggs g iv e  r i s e  to  embryos which c o n ta in  

fu n c tio n a l  germ c e l l s .  S im ila r  r e s u l t s  have s in c e  been o b ta in ed  fo r  

D rosoph ila  as  w e ll (Okada e t  a l . , 1974).

Such r e s u l t s  in d ic a te  t h a t  th e  germ plasm  cau ses  n u c le i  w ith  which 

i t  comes in  c o n ta c t ,  to  i n i t i a t e  a  developm ental p a t te r n  t h a t  le a d s  

to  d i f f e r e n t i a t i o n  in v o lv in g  gam ete fo rm atio n ; however th e  

mechanism causing  t h i s  phenomenon i s  unknown.

Many o th e r  form s o f  lo c a l iz a t i o n  a re  e v id e n t in  v a r io u s  o o cy tes  

and e a r ly  em bryos. C la s s ic a l  b io lo g i s t s  conducted c e l l  l in e a g e  

s tu d ie s  in  numerous o rgan ism s which d em onstra ted  th a t  p a r t i c u l a r  

b la s to m eres  g iv e  r i s e  o n ly  to  s p e c i f i c  d i f f e r e n t i a t e d  c e l l  ty p e s ,  and 

o th e r  s tu d ie s  in v o lv in g  lo c a l i z a t i o n  w ith in  th e  p o la r  lo b e s  o f  c e r t a in  

m olluscan  eggs showed th a t  d e te rm in a n ts  n e c e ssa ry  fo r  normal 

d i f f e r e n t i a t i o n  a re  p re s e n t  in  th e se  n o n -n u c le a ted  lo b e s ,  (see  W ilson , 

1925). R ecent m o lecu la r s tu d ie s  im ply t h a t ,  because  some o f  th e  

e f f e c t s  o f  lo b e  removal on p ro te in  s y n th e s is  a re  in s e n s i t iv e  to  

ac tin o m y c in , i t  i s  p o s s ib le  t h a t  th e  lo b e  cy top lasm  houses a 

q u a l i t a t i v e l y  d i f f e r e n t  s e t  o f  m essenger FNAs which was donated  by th e  

uncleaved o o cy te  (see  b e low ).

These phenomena o f  l o c a l i z a t i o n  su g g es t t h a t  s p e c i f i c  developmen­
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t a l  program s a re  somehow se q u e s te re d  in  th e  egg cy to p lasm , so th a t  a s  

th e  egg d iv id e s ,  c e l l s  appear to  in h e r i t  in s t r u c t io n s  which p rep a re  

them fo r  t h e i r  v a r io u s  fu tu re  d i f f e r e n t i a t e d  fu n c t io n s .  A lthough 

th e  n a tu re  o f  th e se  m orphogenetic d e te rm in a n ts  i s  unknown, 

m ost ev idence  im p lie s  t h a t  th e y  a re  sy n th e s iz e d  d u rin g  o o g e n e s is .

M aternal Messenger ENA

Hie f i r s t  d em o n stra tio n s  t h a t  in fo rm atio n  lo c a l iz e d  in  th e  u n fe r­

t i l i z e d  egg i s  indeed u t i l i z e d  d u rin g  e a r ly  developm ent were made in  

th e  l a t e  n in e te e n th  c e n tu ry . Echinoderm sp e c ie s -h y b r id  

experim en ts  in  which sp e c ie s  e x h ib i t in g  d i s t i n c t  e a r ly  

developm ental m orphogenetic p ro c e s se s  were c ro s s e d , showed th a t  

e a r ly  developm ental p a t te r n s  e x h ib ite d  o n ly  m a te rn a l c h a r a c t e r i s t i c s .  

L a te r s tu d ie s  on numerous organism s have f u r th e r  dem onstra ted  

th a t  no p a te rn a l  t r a i t s  a r e  e v id e n t a t  l e a s t  u n t i l  

g a s t r u l a t io n ,  and b iochem ical s tu d ie s ,  co n firm ing  th e se  

o b s e rv a tio n s ,  in d ic a te  th e  absence o f  m ost p a te rn a l  type  p ro te in s  

b e fo re  g a s t r u l a t io n .  (Reviewed by Chen, 1967.)

P h y s ic a l ly  e n u c le a te d  eggs have been shown to  undergo c le a v a g e , 

and in  some c a se s  even b l a s t u l a  fo rm a tio n , f u r th e r  s u b s ta n t ia t in g  th e  

id ea  t h a t  such p ro c e s se s  re q u ir e  o n ly  m a te rn a l c o n s t i tu e n ts  and th a t  

th e se  a r e  lo c a te d  in  th e  egg cy top lasm . More r e c e n t ly ,  

"chem ical e n u c le a tio n "  has  been ach ieved  by p re v e n tin g  t r a n s c r ip t io n  

from ENA th ro u g h  th e  use  o f  actinom ycin  D. G ross and Cousineau 

(1963, 1964) f i r s t  used t h i s  te ch n iq u e  on sea  u rc h in  eggs and

showed th a t  c leav ag e  can  co n tin u e  in  th e  v i r t u a l  absence o f  ENA 

s y n th e s is  w hereas g a s t r u l a t io n  never o c c u rs  in  th e  d r u g 's  

p re se n c e . L a te r  experim en ts  on numerous o th e r  o rganism s have
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y ie ld e d  s im ila r  r e s u l t s .  (See below .)

A ctinom ycin s tu d ie s  on e a r ly  embryos have a ls o  dem onstrated  th e  

t r a n s c r ip t io n  o f  m a te r ia l  n e c e ssa ry  fo r  d i f f e r e n t i a t i o n  p r io r  to  th e  

o n se t o f  i t s  e x p re s s io n . In  I l ly a n a s s a  em bryos, fo r  exam ple, th e re  

a re  many c a s e s  o f  actinom ycin  s e n s i t i v e  a c t i v i t y  re q u ire d  fo r  

p a r t i c u la r  e a r ly  e v e n ts  o f  em bryonic d i f f e r e n t i a t i o n  which occur long 

b e fo re  th e se  d i f f e r e n t i a t i o n s  a re  ex p ressed  ( C o l l ie r ,  1966). I t  i s  

th e re fo r e  l i k e l y  t h a t  new t r a n s c r i p t s  concern ing  e v e n ts  o f  l a t e r  

d i f f e r e n t i a t i o n  a re  p re c o c io u s ly  sy n th e s iz e d  d u rin g  th e  p e rio d  when 

th e  e a r ly  m orphogenetic e v e n ts  programmed in  th e  egg cy toplasm  a re  

occur in g , and th a t  t h i s  may be th e  m o lecu la r mechanism o f  

d e te rm in a tio n .

The oocy te  actinom ycin  D experim en ts  o f  G ross and Cousineau (1964) 

a ls o  dem onstra ted  t h a t  d u rin g  th e  p e rio d  o f  co n tin u ed  c le a v a g e , th e  

t o t a l  r a t e  o f  p r o te in  s y n th e s is  was u n a ffe c te d  a s  w e ll .  S ince

actinom ycin  b lo c k s  mFNA t r a n s c r i p t io n ,  such r e s u l t s  im ply th a t

p ro te in  s y n th e s is  in  e a r ly  embryos o c c u rs  v ia  preform ed te m p la te s  o f  

FNA d e riv e d  from th e  o o cy te  (term ed "m aternal m essenger HNA").

O ther actinom ycin  ex p e rim en ts , conducted on v a r io u s  o rgan ism s, 

have y ie ld e d  e s s e n t i a l l y  s im i la r  r e s u l t s .  A ctinom ycin does 

b lo ck  c leav ag e  in  mammalian o o c y te s , however t h i s  phenomenon i s  now

b e lie v e d  to  be due to  o th e r  to x ic  s id e  e f f e c t s  o f  th e  drug

s in c e  s im ila r  ev idence  o f  con tin u ed  c leav ag e  and m a terna l

programming has  been dem onstra ted  in  mouse embryos t r e a te d  w ith

an o th e r in h ib i to r  o f  INA s y n th e s is ,  a lp h a -a m a n itin  (Golbus e t  a l . , 

1973).
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The e x is te n c e  o f  m a te rn a l m essenger FNA in  th e  m ature o o cy te  and 

th e  su g g es tio n  th a t  i t  c a r r i e s  program s fo r  most 

p r e g a s t ru la r  m orphogenesis i s  th u s  in p l ie d .  S ince p ro te in

s y n th e s is  i s  re q u ire d  fo r  e a r ly  c y to d i f f e r e n t i a t i o n  and c e l l

d iv i s io n ,  th e  p re sen ce  o f  m a te rn a l m essenger FNA b e s t  e x p la in s

th e  r e s u l t s  o f  s p e c ie s  h y b rid  experim en ts  a s  w e ll a s  th e  complex 

p a t te r n s  o f  p r o te in  s y n th e s is  which c o n tin u e  in  actinom ycin  t r e a te d  

and en u c le a te d  eggs.

The f a c t  t h a t  o rg a n e l le  genomes p re s e n t  in  th e  cy toplasm  a re  n o t 

th e  so u rce  o f  m ost o f  th e se  p ro te in s  i s  a ls o  known. Hie

n o n -m ito ch o n d ria l n a tu re  o f  m ost p r o te in  sy n th e s iz e d  in  en u c lea ted

sea  u rc h in s  was dem onstra ted  by C ra ig  and P ia t ig o rs k y  (1971)

who used e th id iu m  brom ide to  b lo ck  o rg a n e l le  b io s y n th e s is  and found

no change in  th e  p r o te in s  p roduced .

D ire c t m o lecu la r ev id en ce  fo r  th e  e x is te n c e  o f  m a te rn a l m essenger 

FNA, i t s  q u a n t i t a t iv e  c o n t r ib u t io n  to  th e  s y n th e s is  o f  em bryonic 

p r o te in s ,  i t s  p o s s ib le  s to ra g e  form , and th e o r ie s  on th e

means o f  i t s  m o b iliz a tio n  a re  review ed e x te n s iv e ly  by Davidson

(1976).

The f a c t  t h a t  m essages t r a n s c r ib e d  in  th e  o o c y te s  a r e  s to re d  to  

be used l a t e r  in  developm ent shows th a t  l e v e l s  o f  c o n tro l  o th e r

th a n  t r a n s c r i p t i o n a l ,  a r e  o p e r a t iv e ,  a t  l e a s t  in  e a r ly  developm ent. 

A lthough th e  mechanism o f  t h e i r  p o s t - t r a n s c r ip t io n a l  re g u la t io n  i s  

n o t known, th e  co m plex ity  and p e r s is te n c e  th ro u g h o u t e a r ly  developm ent 

o f  th e se  t r a n s c r i p t s  h as  been s tu d ie d  in  numerous

re n a tu r a t io n  and h y b r id iz a t io n  ex p e rim en ts . The s in g le  copy 

sequence com plex ity  o f  o o cy te  FNA from a l l  organism s s tu d ie d  i s



11

S im i la r ,  which su g g e s ts  t h a t  a  g e n e ra l s e t  o f  t r a n s c r i p t s ,  in  th e

form o f  m a te rn a l mFNA, i s  re q u ire d  fo r  e a r ly  developm ent. The

h igh  com plex ity  v a lu e s  o b ta in ed  fo r  o o cy te  s t r u c t u r a l  gene

7 7t r a n s c r i p t s ,  2 x 10 to  4 x 10 n u c le o tid e s  (D avidson, 1976), i s  

in d ic a t iv e  o f  t h e i r  trem endous d i v e r s i t y ,  and complex s e t s  o f  

r e p e t i t i v e  sequence t r a n s c r i p t s  a re  p re s e n t  in  th e  m ature o o cy te  as  

w e ll .

Much o f  t h i s  FNA i s  known to  p e r s i s t  th rough  em bryogenesis and 

i t s  ex trem e s t a b i l i t y  has  been dem onstra ted  by Gurdon e t  a l .  (1974). 

There i s  how ever, s t i l l  much m ystery  concern ing  th e  fu n c tio n a l  v a lu e  

o f  many o f  th e se  t r a n s c r i p t s  to  th e  e a r ly  em bryo, such  a s  t h a t  o f  

th e  200,000 c o p ie s  o f  a d u l t  g lo b in  FNA sequences r e c e n t ly  

dem onstra ted  to  be p re s e n t  in  m ature o o cy te s  o f  Xenopus la e v is  

(Perlman e t  a l ,  1977).

O ocyte Genome

The p re sen ce  o f  s t r u c t u r a l  gene t r a n s c r i p t s  o f  such h ig h  q u a n t i ty  

and d i v e r s i t y ,  p a r t  o f  which m ust se rv e  a s  m a te rn a l m essenger, 

in d ic a te s  t h a t  th e  genome o f  th e  o ocy te  i s  th e  s i t e  o f  u n u su a lly  

a c t iv e  FNA s y n th e s is .  Thus, th e  in te n s e  a c t i v i t y  invo lved  in  o o cy te  

m a tu ra tio n  i s  g e n e ra l ly  accompanied by t r a n s c r ip t io n  from g re a te r  

th an  th e  d ip lo id  (2C) complement o f  ENA.

The amount o f  n u c le a r  ENA in  m e io tic  p rophase  o o cy te  n u c le i  has  

been measured s p e c tro p h o to m e tr ic a l ly  in  many o rg an ism s, and 

r e s u l t s  in d ic a te  th e  p re sen ce  o f  a t  l e a s t  th e  4C n u c le a r  DNA 

c o n te n t ,  ( e .g .  mouse, r a b b i t ,  in s e c t s ;  se e  D avidson, 1976, fo r  

r e f e r e n c e s ) .
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Lanrpbrush chromosomes a re  a cannon s t r u c t u r a l  form o f  th e  4C

n u c le a r  genome observed  in  o o cy tes  d u rin g  th e i r  u su a l a r r e s t  in

m e io tic  p ro p h ase . These chromosome form s c o n ta in  l a t e r a l  loops o f  DNA 

in s e r te d  in to  condensed chromameric re g io n s . A u to rad io g rap h ic  s tu d ie s  

have dem onstra ted  th a t  th e  lo o p s  a re  invo lved  in  t r a n s c r ip t io n  and 

th a t  t h e i r  FNA s y n th e s is  i s  s e n s i t i v e  to  actinom ycin  D (Izawa e t  a l . ,

1963; Snow and C a lla n , 1969). The FNA sy n th e s iz e d  on th e se  lo o p s  in

am phibian o o cy tes  i s  la r g e ,  h e terogeneous in  s iz e  and r e f l e c t s  th e  

b ase  com position  o f  t o t a l  chromosomal DNA (Som m erville, 1973; 

Som m erville and Molcolm, 1976). H y b rid iz a tio n  w ith  com plem entary DNA 

d e riv e d  from oocy te  poly-A  c o n ta in in g  mFNA, has  dem onstra ted  th e  

p re sen ce  o f  mFNA l i k e  m o lecu les  in  th e  lo o p  t r a n s c r i p t  (Som m erville 

and Malcolm, 1976). A u to rad io g rap h ic  ev idence  and l i g h t  and e le c tro n  

m icro sco p ic  o b se rv a tio n s  a l l  in d ic a te  t h a t  i n i t i a t i o n  and te rm in a tio n  

s i t e s  fo r  FNA t r a n s c r ip t io n  a re  lo c a te d  c lo s e  to  in s e r t io n  s i t e s  a t  

th e  chromomere and th a t  th e  t r a n s c r ip t io n a l  u n i t  ex te n d s  over th e  

e n t i r e  lo o p  le n g th .  The r e s u l t in g  p rim ary  t r a n s c r i p t  i s  th e re fo re  

b e lie v e d  to  c o n s is t  o f  a  s in g le  copy o f  " in fo rm a tiv e "  mFNA a tta c h e d  to  

a  "n o n -in fo rm ativ e"  o r  r e g u la to ry  p w rtio n  c o n ta in in g  m od era te ly  

r e p e t i t i v e  sequences (review ed by Som m erville and Malcolm, 1976).

Lampbrush chromosome fo rm s, which a re  a ls o  p re s e n t  d u rin g  

sp e rm ato g en es is , a r e  a lm ost u b iq u ito u s  in  o o c y te s . They a r e ,  how ever, 

a b se n t in  c e r t a in  in s e c t  group>s (m e ro is tic )  where ex cess  ENA fo r  

t r a n s c r ip t io n  i s  supjplied by n u rse  c e l l s  which p la y  a dom inant r o le  

in  o o g e n e s is . N urse c e l l  n u c le i  a re  u s u a lly  h ig h ly  p o ly te n e  and 

c o n ta in  s e v e ra l  hundred tim es  th e  DNA q u a n t i ty  o f  th e  o o cy te  n u c leu s  

(where th e  4C complement i s  p r e s e n t ,  b u t in  h ig h ly  condensed fo rm ).
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A u to rad io g rap h ic  ev idence  in d ic a te s  t h a t  o o cy te  RNA i s  sy n th e s iz e d  in  

n u rse  c e l l s  and th e n  tr a n s p o r te d  to  th e  egg th rough  cy to p lasm ic  

connec ting  b r id g e s  and th a t  much o f  t h i s  FNA i s  ribosom al (Hughes and 

B erry , 1970).

In  a d d i t io n  to  th e  g e n e ra l ly  in c re a se d  ENA q u a n t i ty  which

accom panies th e  h ig h  t r a n s c r ip t io n a l  a c t i v i t y  observed  d u rin g  o o cy te  

m a tu ra tio n , d i f f e r e n t i a l  a m p lif ic a tio n  o f  s p e c i f i c  genome p o r t io n s ,  

commonly o c c u rs  a s  w e ll .

I t  i s  now w e ll known th a t  in  many organism s th e  genes coding  fo r

th e  p re c u rs o rs  o f  ribosom al HNAs a re  s e le c t iv e ly  a m p lif ie d  d u rin g

e a r ly  o o g en es is  (see  T o b le r , 1975 fo r  re v ie w ). In  Xenopus, t h i s  

ribosom al ENA (rENA) a m p lif ic a tio n  r e s u l t s  in  th e  p ro d u c tio n  o f  

abou t 1,500 extrachrom osom al n u c le o l i ,  each  c o n ta in in g  s e v e ra l s e t s  

o f  rENA g e n e s . Brown and Dawid (1968) dem onstra ted  th a t  w h ile  th e

som atic  c e l l s  o f  Xenopus l a e v is  c o n ta in  ab o u t 450 rep ea ted  genes fo r  

rFNA, th e  m ature o o cy te  p o s se sse s  abou t 4,000 tim es  t h i s  amount.

W hile s e le c t iv e  ENA a m p lif ic a t io n  has  been dem onstra ted  fo r  rENA 

in  m ost anim al sy stem s, and fo r  th e  genes coding  fo r  h is to n e s  in  

d evelop ing  se a  u rc h in s  (Kedes and B i r n s t i e l ,  1971), th e re  i s  no 

d e f i n i t i v e  ev id en ce  fo r  d i f f e r e n t i a l  ENA a m p lif ic a t io n  d u rin g  th e  

develop iien t o f  h ig h e r p la n ts  ( In g le  and S in c l a i r ,  1972).

The ENA o f  m ito ch o n d ria  i s  a l s o  found to  be a m p lif ie d  in  m ature 

o o cy te s  o f  numerous o rg an ism s. In  Xenopus and Rana p ip ie n s , fo r  

exam ple, o o cy te s  c o n ta in  amounts o f  m ito c h o n d ria l ENA s u f f i c i e n t  to
O

p ro v id e  1 .8  x 10 m ito ch o n d ria l genom es, and new m ito ch o n d ria l ENA 

s y n th e s is  has  n o t been d e te c te d  b e fo re  th e  ta d p o le  s ta g e  in  th e se  

o rganism s (C hase, 1970; Chase and Dawid, 1972). The f a c t  t h a t
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m ito ch o n d ria l DNA i s  p ro b ab ly  n o t p re s e n t  in  a m p lif ie d  form to  p ro v id e  

e x cess  gene p ro d u c ts  (C raig  and P ia t ig o r s k y ,  1971, see  ab o v e),

su g g e s ts  t h a t  i t s  fu n c tio n  may be one o f  supp ly ing  m ito ch o n d ria l 

genomes to  th e  c e l l s  o f  th e  embryo under c o n d itio n s  where ra p id  

c leav ag es  do n o t a llo w  s u f f i c i e n t  tim e fo r  t h e i r  s y n th e s is .  The 

a p p a re n t n e c e s s i ty  o f  s u f f i c i e n t  and c o n s ta n t q u a n t i t i e s  o f  o rg a n e l le  

ENA p er c e l l ,  a s  in d ic a te d  by th e  o th e rw ise  u su a l t i g h t  co u p lin g  o f  

i t s  s y n th e s is  to  th e  c e l l  c y c le ,  i s  d e sc r ib e d  in  d e t a i l  below .

C ytoplasm ic ENA 

Background

C ytoplasm ic o rg a n e l le s  c o n t r ib u te  to  th e  developm ent o f  an 

organism  th rough  g e n e t ic  c o n t ro l  o u ts id e  t h a t  o f  th e  n u c le a r

chromosomes. The e x is te n c e  o f  cy to p lasm ic  genes was f i r s t  re p o rte d  in  

th e  e a r ly  1 9 0 0 's  by Erwin Baur and C arl C orrens in  t h e i r  d e s c r ip t io n  

o f  th e  non-m endelian  in h e r i ta n c e  o f  a  f a c to r  which in f lu e n c e s

c h lo ro p la s t  developm ent and cau ses  l e a f  v a r ie g a t io n ,  and t h i s  ty p e  o f

cy to p lasm ic  o r  m a te rn a l in h e r i ta n c e  has s in c e  become an accep ted  

phenomenon (see  S ag e r, 1972).

C h lo ro p la s t ENA (ctENA) was f i r s t  d e te c te d  by Chiba in  1951 and 

t h i s  d is c o v e ry  was l a t e r  confirm ed by u l t r a s t r u c t u r a l  (R is and P la u t ,  

1962) and b iochem ical (Chun e t  a l . ,  1963) e v id en ce . C ytochem ical and 

e le c t r o n  m icro sco p ic  s tu d ie s  by Nass and Nass (1963) in d ic a te d  th e  

p re sen ce  o f  ENA in  m ito c h o n d ria , b u t th e  unequ ivocal id e n t i f i c a t i o n  o f  

m ito c h o n d ria l ENA (mtENA) was su b se q u en tly  made by means o f  CsCl 

d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  (Luck and R eich , 1964, see  be low ). 

The d i s t i n c t  b ase  com p o sitio n s  and buoyant d e n s i t i e s  o f  many o rg a n e l le  

ENAs h as  f a c i l i t a t e d  t h e i r  i s o la t io n  and c h a r a c te r iz a t io n  by t h i s
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m ethod, a lth o u g h  p o s i t iv e  id e n t i f i c a t i o n  may o n ly  cane by agreem ent 

o f  such v a lu e s  w ith  th o se  o b ta in ed  from ENA e x tra c te d  fro n  is o la te d  

o rg a n e l le s .

Reich and Luck (1966) e x tra c te d  ENA f ro n  i s o la te d  m itochondria  o f
3

N eurospora c ra s s a  and found i t s  buoyant d e n s i ty  v a lu e , 1.702 g/cm ,
3

com parable to  th e  "presumed" mtENA seen  a s  a sh o u ld er (p=1.701 g/cm )
3

on n u c le a r  ENA which bands a t  1.712 g/cm m  n e u t ra l  CsCl.
3

Most mammalian mtENAs band a t  d e n s i t i e s  o f  1 .701-1 .704  g/cm and
3

th o se  o f  b i r d s  a t  1 .707 -1 .711  g/cm . H igher p la n ts  c o n ta in  mtENAs
3

w ith  buoyant d e n s i t i e s  o f  1.706 g/cm w h ile  th o se  from A c e ta b u la r ia
3

and C h lo re l la  band a t  1.714 and 1.712 g/cm r e s p e c t iv e ly .  The average 

o f  th e  buoyant d e n s i t i e s  re p o r te d  fo r  y e a s t  (S. c e r e v is ia e ) mtENA i s  

1.684 g/cm^ (see S ag er, 1972).

In  many a lg a e ,  th e  ENA o f  th e  c h lo ro p la s t  has  a buoyant d e n s i ty  

v a lu e  in  n e u t ra l  CsCl th a t  i s  c l e a r ly  d is t in g u is h a b le  from th a t  o f  th e
3

n u c le u s . Buoyant d e n s i t i e s  o f  ctENAs a re  1.696 g/cm fro n
3

A c e ta b u la r ia  m e d ite rra n e a  (G ibor, 1967), 1.685 g/cm from Euglena
3

g r a c i l i s  (Ray and H anaw alt, 1964), 1.687 g/cm from C h lo re lla
3

py ren o id o sa  (Bayen and Rode, 1973), and 1.695 g/cm fro n  Chlamydomonas 

re in h a rd i  (Sager and I s h id a ,  1963), w h ile  co rresp o n d in g  n u c lea r  ENAs
3

have buoyant d e n s i t i e s  rang ing  from 1.702 g/cm fo r  A c e ta b u la r ia  to
3

1.724 g/cm fo r  Chlamydomonas. The buoyant d e n s i t i e s  o f  ctENAs found
3

in  h ig h e r p la n t s  (1 .694 -1 .698  g/cm ) ,  how ever, a r e  c lo se  to  and 

th e re fo re  u s u a lly  in d is t in g u is h a b le  f ro n  th o se  o f  co rrespond ing  

n u c le a r  ENAs (Rung, 1977).
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The d i s t i n c t i o n  between th e  o rg a n e l le  ENAs o f  c h lo ro p la s ts  and

m itochondria  has been e s ta b l is h e d  fo r  E uqlena. S tu d ie s  em ploying

en rich ed  c h lo ro p la s t  f r a c t io n s  (Brawerman and E is e n s ta d t ,  1964),
3

showed th a t  th e  ENA s p e c ie s  banding a t  1.686 g/cm in  CsCl i s  indeed 

o f  c h lo ro p la s t  o r ig in .  The i s o la t io n  o f  ENA from Euglena m utan ts 

which la c k  ctENA f a c i l i t a t e d  th e  id e n t i f i c a t i o n  o f  mtENA, a sm all ENA
3

f r a c t io n  banding a t  1.691 g/cm. , which was l a t e r  e x tra c te d  from

is o la te d  m ito ch o n d ria  o f  th e se  m utan ts  as  w e ll (Ray and H anaw alt,

1965; Edelman e t  a l . ,  1966).

ENA S y n th e s is  in  M itochondria and C h lo ro p la s ts  

Evidence fo r  th e  sem ico n se rv a tiv e  r e p l i c a t io n  o f  ctENA comes from 

th e  work o f  Chiang and Sueoka (1967) who examined synchronous 

Chlamydomonas c u l tu r e s  by th e  d e n s i ty  t r a n s f e r  method o f

M eselson and S ta h l (1958). The r e p l i c a t io n  o f  mtENA from 

Saccharomyces l a c t i s  (Smith e t  a l . , 1968) and Tetrahymena p y r ifo rm is  

(Parsons and R ustad , 1968) ap p ea rs  to  be sem ico n se rv a tiv e  a s  w e ll .

ENA s y n th e s is  in  is o la te d  c h lo ro p la s ts  was f i r s t  re p o r te d  fo r

Euglena (S c o tt e t  a l . , 1968) and r e p l i c a t io n  o f  mtENA was shown to

occur in  m ito ch o n d ria  i s o la te d  from r a t  l i v e r  c e l l s  (K arol and 

Simpson, 1968).

P a t te r n s  o f  N uclear and O rg an e lle  ENA S y n th e s is  

During th e  C e ll Cycle 

N uclear ENA s y n th e s is  in  eu k a ry o te s  i s  g e n e ra l ly  p e r io d ic  and 

does n o t occupy a l l  o f  th e  c e l l  c y c le .  I t  o c c u rs  d u rin g  a r e s t r i c t e d  

p e rio d  o f  in te rp h a s e  (S) which i s  g e n e ra l ly  p receeded  (Gl) and 

follow ed (G2) by p e r io d s  o f  no ENA r e p l i c a t io n .
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Temporal p a t te r n s  o f  th e  c e l l  c y c le  and ENA s y n th e s is  d i f f e r  

among c e l l s  f ro n  d i f f e r e n t  o rgan ism s, d i f f e r e n t  c e l l  ty p e s  from th e  

same organ ism , and may even v a ry  in  th e  same c e l l  type d u rin g  

d i f f e r e n t  s ta g e s  o f  developm ent. E a r ly  em bryos, which d iv id e  w ith o u t 

g row th , u s u a lly  show th e  g r e a t e s t  d e v ia t io n s  from th e  "norm al" DNA 

c y c le  p a t t e r n s .  C e ll  c y c le  tim es  a re  much s h o r te r ,  and am phibian

embryos even la c k  a  G1 phase in  th e se  e a r ly  c y c le s  (see

M itch iso n , 1971 fo r  rev iew  o f  e u k a ry o tic  and em bryonic ENA c y c l e s ) .

The p a t te r n s  o f  s y n th e s is  o f  th e  ENA in  c h lo ro p la s ts  and

m itochondria  a re  d i f f e r e n t  from th o se  o f  n u c le a r  ENA, and th e  number

o f  p e r io d s  o f  t h i s  cy to p lasm ic  ENA s y n th e s is ,  and th e  tim ing  o f  i t s

r e p l i c a t io n  w ith  r e s p e c t  to  th e  c e l l  c y c le ,  v a r ie s  among o rgan ism s.

Chlamydomonas r e in h a r d i  has  been shown to  have two p e r io d s  o f  ctENA 

r e p l i c a t io n ,  which a re  o u t o f  sequence w ith  each  o th e r  and 

w ith  th e  p e r io d  o f  n u c le a r  ENA s y n th e s is  (Chiang and Sueoka, 1967). 

The ctENA o f  Euglena g r a c i l i s  i s  r e p l ic a te d  1 .5  tim es  d u rin g  a 

p e r io d  p a r t i a l l y  o u t  o f  phase w ith  n u c le a r  ENA s y n th e s is  (Manning and 

R ic h a rd s , 1972). S a t e l l i t e  ENA o f  C h lo re l la  py ren o id o sa  (presumed 

to  be o f  c h lo ro p la s t  and m ito c h o n d ria l o r ig in )  i s  sy n th e s iz e d  a t

a  low r a te  th ro u g h o u t th e  c e l l  c y c le ,  w h ile  n u c le a r  ENA s y n th e s is  

o c c u rs  o n ly  in  th e  p e r io d  j u s t  p r io r  to  and d u rin g  c e l l  

d iv i s io n  (Wanka e t  a l . ,  1970).

P a t te r n s  o f  mtENA s y n th e s is  have a l s o  been found to  d i f f e r

g r e a t ly  f ro n  th o se  o f  n u c le a r  ENA. MtENA i s  sy n th e s iz e d  a t  a

r e l a t i v e l y  c o n s ta n t  r a t e  d u rin g  th e  e n t i r e  c e l l  c y c le  in  Physarun 

(Braun and Evans, 1969) and Tetrahymena (Cameron, 1966). By 

m on ito ring  ENA r e p l i c a t io n  in  Saccharomyces c e r e v is ia e  by
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in c o rp o ra tio n  in to  15n la b e le d  ENA, Sena e t  a l .  (1975) showed th a t  

mtENA i s  r e p l ic a te d  c o n tin u o u s ly  d u rin g  th e  c e l l  c y c le  w h ile  n u c lea r  

ENA s y n th e s is  i s  d is c o n tin u o u s . T h is  ty p e  o f  co n tinuous 

mtENA s y n th e s is  was dem onstra ted  in  ch ick  f ib r o b la s t s  using  

a u to rad io g rap h y  (Meyer and R is ,  1966), and re c e n t b iochem ical s tu d ie s  

have shown th a t  th e  s y n th e s is  o f  mtENA a ls o  c o n tin u e s  th roughou t 

th e  c e l l  c y c le  in  mouse L c e l l s  (Bogenhagen and C lay to n , 1977).

N uclear and O rg an e lle  I n te r a c t io n  in  DNA R e p lic a t io n

The v e ry  e x is te n c e  o f  tem poral d i f f e r e n c e s  in  th e  s y n th e s is  o f  

n u c le a r  and o rg a n e l le  ENA d u rin g  th e  c e l l  c y c le ,  im p lie s  a t  l e a s t  some 

s e p a ra t io n  in  th e  c o n tro l  o f  t h e i r  r e p l i c a t io n .  The main su p p o rtin g  

ev idence  fo r  t h i s  view  comes from in s ta n c e s  o f  o rganism s su rv iv in g  

i r r e v e r s i b l e  lo s s e s  o f  o rg a n e l le  ENA. S t r a in s  o f  Euglena la ck in g  

ctENA can grow w e ll h e te r o t r o p h ic a l ly  (Edelman e t  a l . ,  1965) and y e a s t 

m utan ts  which have i r r e v e r s i b ly  l o s t  mtENA can grow a n e ro b ic a lly  

(G oldring e t  a l . , 1970). In  th e se  c a s e s ,  n u c le a r  ENA s y n th e s is

c o n tin u e s  in d e f in i t e ly  in  th e  absence o f  o rg a n e l le  ENA r e p l i c a t io n .

Most ev id e n c e , how ever, su g g e s ts  t h a t  genomic in t e r a c t io n  i s  

invo lved  in  th e  re g u la t io n  o f  ENA s y n th e s is .  I r r e v e r s ib l e  lo s s e s  o f  

ENA a re  r a r e  and th e  m ain tenance o f  c o n s ta n t p ro p o r tio n s  o f  n u c le a r  

and o rg a n e l le  ENA in  c e l l s  grown under d i f f e r e n t  p h y s io lo g ic a l regim es 

a ls o  im p lie s  t h a t  th e se  ENA r e p l i c a t io n  c y c le s  a re  t i g h t l y  coupled 

(see  S ag er, 1972). In  c a se s  where th e  r e p l i c a t io n  o f  one c l a s s  o f  ENA 

i s  in h ib i te d  w h ile  s y n th e s is  o f  th e  o th e r  c o n t in u e s ,  th e  u n in h ib ite d  

ENA sp e c ie s  u s u a lly  does n o t exceed one round o f  r e p l i c a t io n  and th e  

organism  su b se q u en tly  d ie s  ( e .g .  F le c h tn e r  and S ag e r, 1973; Grossman 

e t  a l . ,  1969, see  b e low ).
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The n a tu r a l ly  o c c u rr in g  p a t te r n s  o f  ENA s y n th e is  have been 

d is ru p te d  by d i r e c t  o r  in d i r e c t  in te r f e r e n c e  w ith  th e  r e p l i c a t io n  o f  

e i th e r  n u c le a r  o r  o rg a n e l le  ENA. A gents which s e le c t iv e ly  a l t e r  th e  

m etabolism  o f  one c l a s s  o f  ENA, o r  m utan ts (u s u a lly  tem p era tu re  

s e n s i t iv e )  which a re  d e f e c t iv e  in  some a s p e c t o f  ENA r e p l i c a t i o n ,  have 

been employed fo r  s tu d ie s  o f  d i r e c t  s y n th e s is  i n h ib i t i o n .  Hie use o f  

ag e n ts  which s p e c i f i c a l l y  in h i b i t  n u c le a r  o r  o rg a n e l le  t r a n s c r ip t io n  

o r t r a n s l a t i o n  h a s ,  in  many in s ta n c e s ,  p rev en ted  th e  s y n th e s is  o f  a 

p a r t i c u la r  c l a s s  o f  ENA, and th e re b y  p rov ided  in fo rm a tio n  on th e  

genomic o r ig in  o f  f a c to r s  invo lved  in  th e  r e g u la t io n  o f  i t s  

r e p l i c a t io n .

P r e f e r e n t ia l  s y n th e s is  o f  mtENA in  th e  absence o f  p ro te in  

s y n th e s is  on cy to p lasm ic  ribosom es has been dem onstra ted  in  th e  y e a s t  

Saccharomyces c e r e v is ia e ,  where th e  a n t i b i o t i c  cyclohex im ide p re v e n ts  

n u c le a r  ENA r e p l i c a t io n  w h ile  a llo w in g  mtENA s y n th e s is  to  co n tin u e  

te m p o ra r ily  (Grossman e t  a l . , 1969). Y east mtENA r e p l i c a t io n  a ls o  

p e r s i s t s  in  c a se s  where c e l l  d iv i s io n  c y c le  m u ta tio n s  p re v e n t th e  

i n i t i a t i o n  o f  n u c le a r  ENA r e p l i c a t io n  (H artw ell e t  a l . ,  1973), however 

m u ta tio n s  which b lo ck  th e  e lo n g a tio n  o f  n u c le a r  ENA being  s y n th e s iz e d , 

b lock  mtENA s y n th e s is  a s  w ell (Newlon and Fangman, 1975). T h is  

su g g e s ts  t h a t  th e re  e x i s t  c e r t a in  gene p ro d u c ts  a t  l e a s t ,  which a re  

n e c e ssa ry  fo r  b o th  n u c le a r  and mtENA r e p l i c a t io n  in  y e a s t .

The uncoupling  o f  m ito ch o n d ria l and n u c le a r  ENA s y n th e s is  has 

been dem onstra ted  in  mouse L c e l l s  a s  w e ll .  T reatm ent w ith  5 - f lu o ro -  

d eo x y u rid in e  o r  m e th o tre x a te  a llo w s mtENA s y n th e s is  to  c o n tin u e  in  

th e  absence o f  r e p l i c a t io n  o f  n u c le a r  ENA (Bogenhagen and C lay to n , 

1976), w hereas n u c le a r  ENA r e p l i c a t io n  p e r s i s t s  in  th e  absence o f
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m ito c h o n d r ia l,  when mouse L c e l l s  a r e  t r e a te d  w ith  e th id iu m  bromide 

(Smith e t  a l . , 1971). (See s e c t io n  on e th id in n  brom ide below .)

S tu d ie s  in v o lv in g  th e  uncoupling o f  n u c le a r  and c h lo ro p la s t  DNA 

r e p l i c a t io n  have a ls o  been conducted . T reatm ent o f  C h lo re lla  w ith  

cyclohex im ide le a d s  to  consequences s im i la r  to  th o se  e x h ib ite d  by 

y e a s t .  O rg an e lle  ENA i s  sy n th e s iz e d  in  th e  absence o f  n u c le a r  DNA 

r e p l i c a t io n  upon exposure to  t h i s  p ro te in  s y n th e s is  in h ib i to r  (Wanka 

and Moors, 1970), im plying th a t  th e  o rg a n e l le  DNA po lym erases in  

C h lo re lla  a re  n o t made on cy to p lasm ic  ribosom es. A lthough th e  

a c t i v i t y  o f  th e  n u c le a r  ENA polym erase i s  u n a ffe c te d  by cyclohex im ide 

tre a tm e n t (Wanka and Moors, 1970), Wanka e t  a l . ,  (1972) found th a t  

th e re  i s  a n o th e r  s p e c i f i c  p r o te in ,  sy n th e s iz e d  d u rin g  th e  S p h ase , 

t h a t  i s  re q u ire d  fo r  n u c le a r  ENA r e p l i c a t io n  in  t h i s  o rgan ism .

In  E ug lena , r e s u l t s  o f  s tu d ie s  w ith  cyclohex im ide a re  n o t a s  

s h a rp ly  d e f in e d .  N uclear ENA s y n th e s is  i s  s t r o n g ly  in h ib i te d  by th e  

d ru g , b u t th a t  o f  o rg a n e l le  (mt and c t )  DNA i s  somewhat in h ib i te d  as  

w e ll (R ichards e t  a l . , 1971). However, s in c e  ch lo ram p h en ico l, which 

i s  s p e c i f i c  fo r  o rg a n e l le  p r o te in  s y n th e s is ,  does n o t have a 

p r e f e r e n t i a l  in h ib i to r y  e f f e c t  on e i th e r  ty p e  o f  ENA r e p l i c a t io n  in  

t h i s  organism  (S m illie  e t  a l . ,  1967), th e  p r o te in s  n e c e ssa ry  fo r

o rg a n e l le  ENA s y n th e s is  in  Euglena a re  p ro b ab ly  made on cy to p lasm ic  

ribosom es (R ichards e t  a l . ,  1971).

R e s u lts  o f  s tu d ie s  on Chlamydomonas r e in h a r d i  su g g es t th a t  th e  

g e n e t ic  in fo rm a tio n  fo r  i t s  ctENA polym erase i s  lo c a te d  in  th e  

n u c leu s  and th a t  th e  enzyme i s  sy n th e s iz e d  on cy to p lasm ic  ribosom es. 

T reatm ent w ith  r ifa m p ic in  le a d s  to  th e  s p e c i f i c  in h ib i t io n  o f  c t  RNA 

polym erase (S u rzy ck i, 1969) and to  th e  lo s s  o f  c h lo ro p la s t  ribosom es
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(Goodenough, 1971); how ever, ctENA s y n th e s is  c o n tin u e s  even when 

c e l l s  a re  k ep t on th e  d rug  fo r  s e v e ra l  g e n e ra t io n s .  S y n th e s is  o f  c t  

ENA p e r s i s t s  in  th e  p resen ce  o f  sp ec tin o m y cin , a s  w e l l ,  which 

s p e c i f i c a l l y  in h i b i t s  p r o te in  s y n th e s is  on c h lo ro p la s t  ribosom es 

(S urzyck i e t  a l . , 1970), and uncoupling  a llo w in g  th e  tem porary

c o n tin u a tio n  o f  o n ly  ctENA r e p l i c a t i o n ,  h as  been 

dem onstra ted  using  o th e r  a n t i b i o t i c s  (B lam ire e t  a l . , 1974, see  

b e lo w ). Such ev id en ce  su g g e s ts  t h a t  in  Chlamydomonas, o rg a n e l le  ENA 

r e p l i c a t io n  may co n tin u e  in  th e  absence o f  th e  t r a n s c r ip t io n  

and t r a n s l a t io n  o f  in fo rm a tio n  from th e  c h lo ro p la s t  genome.

Most ev idence  o f  gene p ro d u c ts  from one genome in f lu e n c in g  th e  

r e p l i c a t io n  o f  ENA in  th e  o th e r  has im p lic a ted  n u c le a r  c o n tro l  in  th e  

r e g u la t io n  o f  o rg a n e l le  ENA s y n th e s is .  A lthough th e re  have been 

r e p o r ts  t h a t  p r o te in s  o f  o rg a n e l le  o r ig in  a c t  a s  r e g u la to r s  in  th e  

p ro d u c tio n  o f  gene p ro d u c ts  made in  th e  cy top lasm , th e s e  have o n ly  

dem onstra ted  th e  n e c e s s i ty  o f  o rg a n e l le  re g u la t io n  o r  in te rgenom ic  

c o o p e ra tio n  in  f u r th e r  o rg a n e l le  b io g e n e s is  ( e .g .  B ara th  and K u n tze l,

1972, m ito c h o n d ria l b io g e n e s is  in  N eurospora; Hoober and Stegman,

1973, c h lo ro p la s t  b io g e n e s is  in  Chlamydomonas) .

There i s  e v id e n c e , how ever, t h a t  in  Chlamydomonas r e in h a r d i  th e  

c h lo ro p la s t  genome e x e r t s  c o n tro l  in  th e  r e g u la t io n  o f  n u c le a r  ENA 

r e p l i c a t io n  (B lam ire e t  a l . , 1974). A lthough F le c h tn e r  and Sager

(1973) have shown th a t  n u c le a r  ENA s y n th e s is  in  Chlamydomonas may 

co n tin u e  in  th e  absence o f  t h a t  o f  ctENA (see  e th id iu m  bromide 

s e c t io n  be lo w ), B lam ire e t  a l .  (1974) have d em o n stra ted , t h a t  in  t h i s  

same o rgan ism , n u c le a r  ENA s y n th e s is  i s  in h ib i te d  w h ile  th a t  o f  th e  

c h lo ro p la s t  c o n tin u e s  in  th e  p re sen ce  o f  a s e r i e s  o f  a n t i b i o t i c s  which
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a re  known to  s p e c i f i c a l l y  b lock  o n ly  c h lo ro p la s t  m acrom olecular 

s y n th e s is .  Such ev id en ce  im p lic a te s  c h lo ro p la s t  p r o te in  s y n th e s is  in  

th e  re g u la t io n  o f  n u c le a r  ENA r e p l i c a t io n  and adds f u r th e r  su p p o rt to  

th e  id ea  o f  in te rd e p e n d e n t genomic re g u la t io n  in  th e  t i g h t  co u p lin g  o f  

o rg a n e l le  and n u c le a r  ENA s y n th e s is .

E thidium  Bromide S tu d ie s

E thidium  brom ide (EB) has become a s ta n d a rd  probe fo r  an a ly z in g  

n u c le ic  a c id  s t r u c t u r e .  The in t e r c a l a t iv e  b in d in g  o f  EB to  ENA was 

developed in to  a  t e s t  fo r  super h e l i c a l  w inding by V inograd and 

c o l la b o ra to r s  (Bauer and V inograd , 1968), and th e  d rug  has been used 

e x te n s iv e ly  fo r  ENA s t r u c t u r a l  s tu d ie s .

The h i v iv o  b io lo g ic a l  and m o lecu la r e f f e c t s  o f  EB on ENA have 

been s tu d ie d  in  numerous organism s and m ost e x te n s iv e ly  in  y e a s t .  In  

S. c e r e v i s i a e , th e  in d u c tio n  o f  r e s p i r a to r y  d e f i c i e n t  m u tan ts  th a t  

o c c u rs  upon tre a tm e n t o f  growing c e l l s  w ith  m icrom olar c o n c e n tra tio n s  

o f  EB (S lonim ski e t  a l . , 1968) i s  accompanied by th e  combined

in h ib i t io n  o f  mtENA s y n th e s is  and th e  breakdown o f  mt DNA (G oldring 

e t  a l . ,  1970; Perlm an and M ahler, 1971; N agley and L in an e , 1972). Mt 

ENA i s  co m p le te ly  l o s t  from growing c e l l s  when EB tre a tm e n t i s  

ex tended ; however tre a tm e n t o f  c e l l s  under non-grow ing c o n d itio n s  

cau ses  o n ly  a l im ite d  b reakage y ie ld in g  la rg e  mt ENA fragm ents 

(Mahler and B a s to s , 1974a; M ahler, 1973). I f  EB i s  p re s e n t  when 

grow th i s  resum ed, th e  ensu ing  in h ib i t io n  o f  mt ENA s y n th e s is  and 

th e  fu r th e r  d e g ra d a tio n  o f  t h i s  ENA le a d  to  i t s  e l im in a t io n ;  how ever, 

i f  grow th i s  resumed in  th e  absence o f  EB, mt ENA s y n th e s is  o c c u rs  b u t 

r e s u l t s  in  th e  fo rm atio n  o f  ENA w ith  a l te r e d  d e n s i ty  (Perlm an and 

M ahler, 1971).
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Mechanisms involved  in  producing  th e se  e f f e c t s  have been s tu d ie d
3

using  whole c e l l s  o r  i s o la te d  m ito ch o n d ria  and H -lab e led  EB. I t  was 

found th a t  th e re  i s  an i n i t i a l  ra p id  b in d in g  o f  EB to  mtENA 

accompanied by a  b reakage o f  th e  DNA in to  la rg e r  frag m en ts , w hich , in  

th e  p re sen ce  o f  an energy  so u rc e , i s  fo llow ed by th e  e x c is io n  o f  bound 

EB and f u r th e r  d e g re d a tio n  o f  mt ENA to  o lig o n u c le o t id e s  (B astos and 

M ahler, 1974; Mahler and B a s to s , 1974a & b ) . C rid d le  e t  a l .  

(1976) have dem onstrated  t h a t  th e  i n i t i a l  l im ite d  frag m e n ta tio n  o f  mt 

ENA i s  fo llow ed by a reassem bly  o f  fragm en ts  (a s so c ia te d  w ith  an EB 

in s e n s i t iv e  in c o rp o ra tio n  o f  ^H -adenine in to  mtENA) d u rin g  th e  p e rio d  

co rrespond ing  to  reco v e ry  o f  r e s p i r a to r y  com petence.

In  c u l tu re d  mouse and human c e l l s  EB r a p id ly  i n h i b i t s  mtENA 

s y n th e s is  and induces a  n e g a tiv e  s u p e rh e lix  d e n s i ty  in  th e  

p r e - e x is t in g  c lo sed  c i r c u la r  mt ENA (Smith e t  a l . , 1971). H ie re  have 

been r e p o r ts  (Koch, 1972, 1973) o f  EB induced n ic k in g  or d e g ra d a tio n  

o f  mtENA in  c u l tu re d  hunan c e l l s  where n u c le a r  ENA co n tam in a tio n  was 

removed by tre a tm e n t o f  i s o la te d  m ito ch o n d ria  w ith  ENase, b u t re c e n t 

s tu d ie s  by Smith (1977) on c u l tu re d  mouse L c e l l s  in d ic a te  th a t  

s p e c i f i c a l l y  la b e le d  mtENA from EB t r e a te d  c e l l s  i s  n o t s u b s t a n t i a l l y  

n icked  o r  degraded over th e  co u rse  o f  s e v e ra l  d a y s .

S tu d ie s  d em o n stra tin g  th e  e f f e c t s  o f  EB on ctENA have a ls o  been 

conducted and F le c h tn e r  and Sager (1973) have shown th a t  EB uncouples 

n u c le a r  and ctENA r e p l i c a t io n  in  Chlamydomonas by s p e c i f i c a l l y  

in h ib i t in g  ctENA s y n th e s is .  H iis  s tu d y  a ls o  d em o n stra te s  t h a t  

p r e - e x is t in g  ctENA i s  degraded in  th e  p re sen ce  o f  EB b u t t h a t  t h i s  

lo s s  i s  r e v e r s ib le  when tre a tm e n t does n o t exceed 12 h r  o r 

c o n c e n tra tio n s  o f  10 ug/m l.
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V olvox: A P o te n t ia l  Model System fo r  th e  S tudy o f  Development

Many o f  th e  b a s ic  p r in c ip le s  u n d erly in g  g e n e t ic s  and m olecu la r 

b io lo g y  have been e lu c id a te d  th rough  re s e a rc h  em ploying p ro k a ry o tic  

and u n ic e l lu la r  e u k a ry o tic  o rgan ism s. I h e i r  s im p l ic i ty  and ea se  o f  

m an ip u la tio n  have a id ed  g r e a t ly  in  a c c e le r a t in g  th e  pace o f  re s e a rc h  

p ro g re s s  in  th e se  a r e a s .  S in g le -c e l le d  m icroorganism s have a ls o  been 

used e x te n s iv e ly  in  c e l l  c y c le  re s e a rc h  (see above and M itch iso n , 

1971), b u t th e y  have n o t been s u i ta b le  system s fo r  s tu d y  in  a re a s  o f

developm ental b io lo g y , s in c e ,  by d e f i n i t i o n ,  th e y  la c k  th e  a b i l i t y  to

d i f f e r e n t i a t e  in to  organism s c o n ta in in g  more than  one c e l l  ty p e . 

R esearch o f  t h i s  n a tu re  has th e re fo r e  been r e s t r i c t e d  to  more complex 

m u l t ic e l lu l a r  organism s whose som atic  c e l l s  d i f f e r e n t i a t e  in to  many 

s p e c ia l iz e d  form s.

The r e c e n t advances in  th e  e lu c id a t io n  o f  th e  m o lecu la r e v e n ts  

accompanying developm ent and d i f f e r e n t i a t i o n  have n o t y e t  p rov ided  

answ ers a s  to  how th e se  p ro c e sse s  a r e  re g u la te d .  V arious l e v e ls  o f

m o lecu la r c o n tro l  appear to  be o p e ra t iv e  d u rin g  developm ent and th e

f u r th e r  in h e re n t and m a n ip u la tiv e  co m p lic a tio n s  imposed by most o f  th e  

complex m u l t ic e l lu la r  o rganism s be ing  s tu d ie d  may w e ll be impeding 

p ro g re s s  in  t h i s  re s e a rc h  a r e a .  I t  would th e re fo re  be  w ise to  u t i l i z e  

a more s u i ta b le  model system , i f  one were a v a i la b le .

Hie id e a l  organism  fo r  such s tu d ie s  would have to  m eet c e r t a in  

c r i t e r i a ,  th e  m ost fundam ental o f  which i s  s im p l ic i ty .  S ince  th e  

re s e a rc h  o b je c t iv e  i s  one o f  d e te rm in in g  th e  m o lecu la r mechanisms 

re s p o n s ib le  fo r  c o o rd in a tin g  th e  fo rm ation  o f  o rg an ized  p a t te r n s  o f  

v a r io u s  c e l l  ty p e s  f ro n  a  s in g le  c e l l ,  th e  s im p le s t system  re le v a n t
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fo r  such s tu d ie s  would be one in  which c e l l  d i f f e r e n t i a t i o n  i s

sh a rp ly  d e f in e d , o rg an ized  in  a  d e f i n i t e  p a t t e r n ,  and y e t  m an ifes ted  

in  th e  minimum number o f  d i f f e r e n t  s t a t e s .  T h is  organism  should  

be e a s i l y  m an ipu lated  a s  w e ll ,  and in  many r e s p e c ts  e x h ib i t

s i m i l a r i t i e s  to  m icroorganism s employed fo r  b iochem ical 

re s e a rc h  in  o th e r  d i s c i p l in e s .  The la c k  o f  ex tra n e o u s  c o m p lica tio n s  

invo lved  in  th e  s tu d y  o f  such a  model system , may make some o f  th e  

"m y ste rie s"  su rro u n d in g  th e  re g u la t io n  o f  developm ent and 

d i f f e r e n t i a t i o n  more r e a d i ly  d e c ip h e ra b le .

A p o te n t i a l  c a n d id a te  fo r  t h i s  " id e a l  organism " e x i s t s  w ith in  th e

genus V olvox, and i t s  a p p l i c a b i l i t y  a s  a  system  fo r  such s tu d ie s  i s

p rov ided  by th e  v e ry  sim p le  term s in  which i t  e x p re s se s  t r u e  c e l l u l a r  

d i f f e r e n t i a t i o n .  I t  has  a sim p le  o rg a n iz a tio n  and o n ly  two c e l l  

ty p e s ,  which a r e  d i s t i n c t i v e  in  b o th  form and fu n c tio n .

The m orphology o f  a  m ature a sex u a l Volvox c a r t e r i  in d iv id u a l i s  

th a t  o f  a  sp h e ro id  w ith  3-5000 som atic  c e l l s  on i t s  su r fa c e  and 10-16 

re p ro d u c tiv e  c e l l s  w ith in . The b i f l a g e l l a t e  som atic  c e l l s  a re  formed 

d u rin g  em bryogenesis and do n o t d iv id e  a g a in . During th e  a sex u a l l i f e  

c y c le ,  th e  la r g e r  n o n - f la g e l la te  re p ro d u c tiv e  c e l l s  (gon id ia ) g iv e  

r i s e  to  new in d iv id u a ls  a f t e r  a  d e f in e d  sequence o f  e v e n ts  which 

in c lu d e s  m a tu ra tio n , c leav ag e  and in v e rs io n . The ju v e n i le  sp h e ro id s  

th u s  formed a re  su b se q u en tly  re le a s e d  from th e  p>arent to  b eg in  th e  

c y c le  anew. (See S t a r r ,  1970 fo r  l i f e  c y c le  d e t a i l s . )

A lthough Volvox i s  t r u l y  a d i f f e r e n t i a t e d  m u l t ic e l lu l a r  o rgan ism , 

i t  i s  e a s i l y  m an ipu la ted  in  th e  la b o ra to ry  and th e re fo re  u s e fu l fo r  

b iochem ical s tu d ie s .  Large c u l tu r e s  o f  Volvox can be m ain ta ined  

a x e n ic a l ly  on a  d e f in e d  mediun and e x te rn a l  f a c to r s  a f f e c t in g  i t s
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grow th can be c o n t ro l le d .  (See S t a r r ,  1970.) E s ta b lish e d  synchronous 

grow th c o n d it io n s  can  be used to  p ro v id e  la rg e  q u a n t i t i e s  o f  Volvox 

sp h e ro id s  a t  th e  same developm ental s ta g e  (Y ates e t  a l . , 1975; 

M argolis-K azan and B lam ire , 1976), and th e  two c e l l  ty p e s  can  be 

p h y s ic a l ly  s e p a ra te d  (Y ates e t  a l . , 1975). A lso , r a d io a c t iv e ly

la b e le d  m acrom olecular p re c u rs o rs  a re  e a s i l y  ta k en  up by Volvox 

sp h e ro id s  and in c o rp o ra te d  in to  t h e i r  n u c le ic  a c id s  and p r o te in s  (K irk 

and K irk , 1976; M argolis-K azan and B lam ire , 1976; K o ch ert, 1975 fo r  

re v ie w ) . The h ap lo id  Volvox genome, which f a c i l i t a t e s  th e  i s o la t io n  

o f  m u tan ts , a s  w e ll a s  th e  o rg a n ism 's  e x i s t in g  sex u a l c y c le ,  make 

g e n e t ic  s tu d ie s  o f  developm ental c o n tro l  mechanisms p o s s ib le  in  t h i s  

system  a s  w e ll (Sessoms and Huskey, 1973).

Thus, Volvox m eets th e  c r i t e r i a  o f  e a se  and s im p l ic i ty  which may 

be n e c e ssa ry  fo r  a  model system  employed in  s tu d ie s  o f  th e  m o lecu la r 

mechanisms o f  developm ent and d i f f e r e n t i a t i o n .  The s i m i l a r i t i e s  o f  

many o f  th e  fundam ental p r in c ip le s  o f  m o lecu la r b io lo g y  in  o rgan ism s 

a s  d iv e rs e  a s  p ro k a ry o te s  and m u l t ic e l lu l a r  eu k a ry o te s  makes i t  

p ro b ab le  t h a t  th e  c o n tro l  mechanisms invo lved  in  

Volvox developm ent a re  o p e ra t iv e  in  more complex m u l t ic e l lu la r  

organism s a s  w e l l .  The re le v a n c e  o f  such re s e a rc h  on Volvox to  

s tu d ie s  on anim al developm ent i s  f u r th e r  im plied  by th e  numerous 

s i m i l a r i t i e s  t h a t  e x i s t  between Volvox c a r t e r i  em bryogenesis and e a r ly  

developm ent in  more complex o rgan ism s. Rapid c le a v a g e , w ith  no grow th 

between d iv i s io n s ,  le a d s  to  th e  fo rm atio n  o f  a hollow  sp h ere  o f  c e l l s ,  

d u rin g  Volvox em bryogenesis and u s u a lly  in  b l a s t u l a  fo rm atio n  a s  w e ll .  

S ub seq u en tly , m orphogenetic movements fo llo w — in v e rs io n  in  Volvox 

and g a s t r u l a t io n  in  an im als  em bryos. S im i l a r i t i e s  even e x i s t
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between th e  c leav ag e  p a t te r n s  o f  a d iv id in g  gonidium  and th o se  o f  an 

am phibian o r  sea  u rc h in  egg (see  S t a r r ,  1970 fo r  Volvox c le a v a g e ) .

Numerous com parisons may a ls o  be drawn between th e  developm ent o f  

a  Volvox c a r t e r i  re p ro d u c tiv e  gonidium  and th e  p ro c e ss  o f  o o cy te  

m a tu ra tio n . U nlike th e  g o n id ia  o f  o th e r  Volvox sp e c ie s  ( e .g .  

V. a u re u s , D arden, 1966) and l i k e  m ost o o c y te s , V. c a r t e r i  g o n id ia  do 

n o t undergo p e r io d s  o f  grow th between d iv i s io n s ,  and in s te a d  d evo te  a 

la r g e r  p ro p o r tio n  o f  t h e i r  l i f e  c y c le  in  p re p a ra t io n  fo r  c le a v a g e . 

G onid ia in c re a s e  g r e a t ly  in  s iz e  ( S ta r r ,  1970) and th e i r  s y n th e s is  o f  

ENA and p r o te in  i s  h ig h e s t  d u rin g  t h i s  p e r io d  (Y ates, 1974; K ochert, 

1975). Y ates (1974) has dem onstrated  th a t  th e  8-10 m ature g o n id ia  

p re s e n t  in  a  p re c le a v a g e  sp h ero id  o f  V. c a r t e r i  f .  w eism annia, c o n ta in  

a s  much o r  more ribosom al ENA (rENA) than  do a l l  3,500 som atic  c e l l s .  

I t  i s  th e r e f o r e  p ro b ab le  t h a t  s y n th e s is  o f  t h i s  ENA s p e c ie s  i s  n o t 

re q u ire d  u n t i l  a f t e r  c le a v a g e . The s y n th e s is  o f  rENA d u rin g  oocy te  

m a tu ra tio n  and e a r ly  developm ent has been s tu d ie d  e x te n s iv e ly  in  many 

anim al system s and m ost f in d in g s  on r a p id ly  d iv id in g  embryos in d ic a te  

t h a t  em bryonic rENA s y n th e s is  does n o t b eg in  b e fo re  g a s t r u l a t io n .  The 

rENA p re s e n t  in  c le a v in g  c e l l s  i s  th e re fo re  c o n tr ib u te d  by th e  o o cy te  

which s y n th e s iz e s  th e  n e c e ssa ry  q u a n t i t i e s  d u rin g  i t s  developm ent (see  

D avidson, 1976).

W eism ann's "germ plasm " th e o ry  and th e  c u r r e n t  co n cep ts  o f  

cy to p lasm ic  lo c a l i z a t i o n ,  d e r iv e d  from s tu d ie s  on h ig h e r o rgan ism s, 

have been d e sc r ib e d  above. In  a sex u a l sp h e ro id s  o f  Volvox th e  

d i s t r i b u t i o n  o f  g o n id ia  may be tr a c e d  to  th e  p a t te r n  o f  c leav ag e  

d u rin g  th e i r  fo rm a tio n . E a r ly  c leav ag es  produce c e l l s  which a re  

m o rp h o lo g ica lly  i d e n t i c a l ,  b u t unequal d iv i s io n s  d i f f e r e n t i a t e  th e
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la rg e r  g o n id ia l  i n i t i a l s  from th e  p ro s p e c tiv e  som atic  c e l l s  a t  th e  

d iv i s io n  o f  th e  16 c e l le d  s ta g e  in  V. c a r t e r i  f .  weism annia (K ochert,

1968) or th e  32 c e l le d  s ta g e  in  V. c a r t e r i  f .  n a q a r ie n s is  ( S ta r r ,

1969, 1970). In  b o th  s t r a i n s ,  th e  sm a lle r  c e l l  c o n tin u e s  to  c le a v e

and form som atic  c e l l s  w h ile  th e  la rg e  c e l l  u s u a lly  c e a se s  d iv is io n  

and su b se q u en tly  becomes a gonidium .

The sym m etrical p a t te r n  o f  g o n id ia l  l o c a l i z a t i o n  in  Volvox i s  

th e re fo r e  e s ta b l is h e d  v e ry  e a r ly  in  sp h ero id  fo rm a tio n , and K ochert

and Y ates (1970) have shown th a t  i t  i s  p ro b ab ly  e s ta b l is h e d  w ith in  th e

m atu ring  gonidium  i t s e l f .  U n ila te ra l  i r r a d i a t i o n  o f  Volvox g o n id ia  

w ith  u l t r a v i o l e t  (UV) l i g h t ,  j u s t  p r io r  to  th e  o n s e t o f  c le a v a g e , 

le a d s  to  th e  p ro d u c tio n  o f  sp h e ro id s  la c k in g  one o r  more g o n id ia  b u t 

whose e x is t in g  re p ro d u c tiv e  c e l l s  su b se q u en tly  produce sp h e ro id s  w ith  

norm al g o n id ia l  com plem ents. The p a t te r n  o f  g o n id ia l  lo c a l iz a t i o n  i s  

th e re fo r e  p ro b ab ly  one which i s  p rede term ined  and may e x i s t  in  th e  

form o f  cy to p lasm ic  lo c a l iz a t i o n  o f  "germ plasm " in  th e  m ature 

gonidium . D e s tru c tio n  o f  t h i s  germ plasm  in  Volvox by UV 

i r r a d i a t i o n  i s  com parable to  r e s u l t s  o b ta in e d  fo r  h ig h e r organism s 

where U V -lab ile  germ plasm  has been dem onstra ted  in  in s e c t  and 

am phibian eg g s . UV tre a tm e n t o f  th e se  o o cy tes  r e s u l t s  in  th e  

fo rm atio n  o f  organism s la c k in g  fu n c tio n a l  gam etes (see  above and 

Gurdon and Woodland, 1968 fo r  re v ie w ) , th u s  d em o n stra tin g  fu r th e r  

s i m i l a r i t i e s  between g o n id ia  and o o c y te s .

K ochert (1975) has a l s o  c e n tr ifu g e d  m ature g o n id ia  to  d is p la c e  

th e  cy toplasm  and found th a t  sp h e ro id s  su b se q u en tly  produced had 

a l t e r e d  g o n id ia l  d i s t r i b u t i o n ,  r e s u l t s  which a g a in  su g g e s t th e  

cy to p lasm ic  lo c a l i z a t i o n  o f  f a c to r s  in  th e  m atu ring  re p ro d u c tiv e  c e l l
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which d e term in e  th e  fo rm ation  o f  f u tu r e  g o n id ia .  Thus, th e  

f a s c in a t in g  p o s s i b i l i t y  o f  s tu d y in g  lo c a l iz e d  developm ental 

d e te rm in a n ts  in  a t r u l y  s im p le  system  i s  a ls o  p rov ided  by V olvox.

Purpose

At th e  tim e t h i s  s tu d y  was undertaken  m ost p u b lish e d  r e p o r ts  on

Volvox c a r t e r i  had been r e la te d  to  m orpho log ical changes accompanying

developm ent and were review ed by S ta r r  (1970). (Also see  K ochert and

Y ates , 1970; Sessoms and Huskey, 1973). However, a  few s tu d ie s  o f  a

b iochem ical n a tu re  had r e c e n t ly  been conducted . K ochert and Sansing

(1971) had i s o la te d  and se p a ra te d  t o t a l  n u c le ic  a c id s  o f  Volvox

c a r t e r i  f .  w eismannia by po lyacry lam id e  g e l  e le c t r o p h o r e s i s , and th e

p ro c e ss in g  o f  ribosom al ENA p re c u rs o rs  in  th a t  Volvox s t r a i n  had a ls o

been d e sc r ib e d  (K ochert, 1971). A lso , Tucker and Darden (1972) had
14re c e n t ly  s tu d ie d  th e  uptake o r u r id in e - 2 -  C in to  n u c le ic  a c id s  

th rough  th e  a sex u a l l i f e  c y c le  in  an o th e r Volvox s p e c ie s  (V. a u re u s ) .

Thus, th e  p a t te r n s  o f  m acrom olecular b io s y n th e s is  were a s  y e t  

u n c h a ra c te r iz e d  in  V olvox. S tu d ie s  r e la te d  to  ENA appeared  to  be a 

lo g ic a l  beg inn ing  fo r  d e s c r ib in g  th e  b iochem ical e v e n ts  o f  developm ent 

in  Volvox c a r t e r i  s in c e  th e se  n u c le ic  a c id s  c o n ta in  th e  in fo rm atio n  

fo r  th e  s y n th e s is  o f  ENAs and p r o te in s  and a l l  th e se  m acrom olecules 

have been shown to  change b o th  q u a l i t a t i v e l y  and q u a n t i ta t iv e ly  a t  

v a r io u s  developm ental s ta g e s  in  o th e r  o rgan ism s.

The purpose o f  t h i s  work was to  document th e  changes in  n u c le a r  

and o rg a n e l le  ENA s y n th e s is  o ccu rin g  d u rin g  th e  developm ent o f  Volvox 

c a r t e r i  f .  n a q a r ie n s is  in  an a tte m p t to  d isc o v e r  how th e se  changing 

p a t te r n s  may be r e la te d  to  th e  p ro c e s se s  o f  d i f f e r e n t i a t i o n  and 

developm ent.
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Volvox was, how ever, r e l a t i v e l y  new to  th e  a re a  o f  m o lecu la r 

b io lo g y , and b e fo re  be ing  used fo r  more s o p h is t ic a te d  r e s e a rc h ,  i t s  

a p p l i c a b i l i t y  fo r  such s tu d ie s  had to  f i r s t  be r ig o ro u s ly  dem onstrated  

Thus much o f  my e a r ly  re s e a rc h  d e a l t  w ith  p ro v in g  th a t  th e  Volvox 

system  was a  f e a s ib le  one fo r  s tu d ie s  on ENA s y n th e s is .

Numerous problem s invo lved  w ith  growing Volvox and e x t r a c t in g  i t s  

ENA had to  be worked o u t even b e fo re  th e  n e c e ssa ry  b a s ic  ENA 

c h a r a c te r iz a t io n  s tu d ie s  cou ld  ensu e ; a f t e r  n u c le a r  and o rg a n e l le  ENA 

had been c h a ra c te r iz e d ,  methods fo r  s tu d y in g  t h e i r  s y n th e s is  had to  be 

d e v ise d . Only a f t e r  p rov ing  th a t  i t  i s  p o s s ib le  to  e x t r a c t  ENA and 

s tu d y  i t s  s y n th e s is  in  t h i s  a s  y e t  u n c h a ra c te r iz e d  o rgan ism , cou ld  I  

p roceed  to  s tu d y  th e  tem poral p a t te r n s  o f  n u c le a r  and o rg a n e l le  ENA 

s y n th e s is  t h a t  occur d u rin g  Volvox developm ent. These s tu d ie s  posed 

new m ethodology problem s a s  w e l l ,  s in c e  s e le c t io n  te c h n iq u e s  fo r  

o b ta in in g  synchronous sp h ero id  p o p u la tio n s  had to  be d e v is e d . To 

exclude  th e  p o s s i b i l i t y  t h a t  th e  e s ta b l is h e d  imposed synchrony method 

i t s e l f  was n o t cau s in g  changes in  norm al ENA m etabo lism , com parisons 

had to  be made between r e s u l t s  o b ta in e d  using  th a t  method and 

th o se  where more n a tu r a l  grow th c o n d it io n s  were m a in ta in e d . A fte r  

e lu c id a t in g  th e  tem poral p a t te r n s  o f  ENA s y n th e s is  d u rin g  th e  

a sex u a l l i f e  c y c le  o f  V olvox, I  cou ld  then  examine th e  consequence to  

developm ent caused by t h e i r  d is r u p t io n .

The ENA s p e c ie s  o f  s e v e ra l Volvox s t r a i n s  w ere to  be 

c h a ra c te r iz e d  by a n a ly t i c a l  CsCl e q u ilib r iu m  d e n s i ty  g r a d ie n t  

c e n t r i f u g a t io n  and the rm al d e n a tu ra t io n  te c h n iq u e s , which would y ie ld  

buoyant d e n s i ty  and Thi d e te rm in a tio n s  from which base  com position  

cou ld  be c a lc u la te d .  The b u lk  o f  t h i s  p r o je c t  how ever, was to  d e a l
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w ith  s tu d ie s  in v o lv in g  p a t te r n s  o f  n u c le a r  and o rg a n e l le  ENA s y n th e s is  

and th e  main te ch n iq u e  chosen fo r  th e se  a n a ly se s  was p r e p a ra t iv e  CsCl 

d e n s i ty  g ra d ie n t  c e n t r i f u g a t io n  o f  r a d io a c t iv e ly  la b e le d  m a te r ia l

which cou ld  p ro v id e  th e  re q u ire d  in fo rm atio n  in  a  r e l a t i v e l y  s h o r t

tim e . S tu d ie s  by Tucker and Darden (1972) on V. au reu s  had 

dem onstra ted  th e  f e a s i b i l i t y  o f  ach iev in g  r a d io a c t iv e  n u c le ic  a c id  

p re c u rs o r  uptake and in c o rp o ra tio n  in  o th e r  Volvox s p e c ie s ,  and 

CsCl c e n t r i f u g a t io n  had e f fe c te d  th e  s e p a ra t io n  o f  n u c le a r  and

o rg a n e l le  ENAs in  numerous r e la te d  organism s (see  a b o v e ) .

A l te r a t io n s  o f  ENA s y n th e s is  p a t te r n s  were s tu d ie d  using  a

developm ental m u tan t, and two d ru g s , one o f  w hich, EB, had been w ell 

c h a ra c te r iz e d  and was known to  s p e c i f i c a l l y  a f f e c t  cy to p lasm ic  DNA 

m etabolism  (see  ab o v e). The o th e r  drug used in  th e se  s tu d ie s ,  

d e l ta -9 - te tr a h y d ro c a n n a b in o l ,  had been shown to  i n h i b i t  t o t a l  DNA

s y n th e s is  in  numerous o rganism s (see  D is c u s s io n ) ; b u t i t s  p o s s ib le  

s p e c i f i c  e f f e c t s  on DNA m etabolism  had n o t y e t  been s tu d ie d .

S ince  1973 Volvox has become in c re a s in g ly  p o p u la r fo r  b iochem ical 

s tu d ie s ,  and r e c e n t ly ,  th e re  have been numerous p u b l ic a t io n s  in v o lv in g  

Volvox re se a rc h  in  t h a t  a r e a .  Three p a p e rs  on th e  c h a r a c te r i z a t io n  o f  

th e  sex u a l inducer in  v a r io u s  s t r a i n s  o f  th e  organism  appeared  

c o n c u rre n tly  (K ochert and Y a te s , 1974; S ta r r  and J a e n ic k e ,  1974; P a l l ,  

1974), and Volvox h is to n e s  have been e x tra c te d  and c h a ra c te r iz e d  a s  

w e ll (B rad ley , G o ld in , and C laybrook, 1974). Numerous s tu d ie s  

in v o lv in g  m acrom olecular s y n th e s is  in  V. c a r t e r i  f .  w eism annia a re  

review ed by K ochert (1975) and many a re  d e s c r ib e d , where r e le v a n t ,  in  

t h i s  t e x t .  B iochem ical s tu d ie s  using  synch ron ized  c u l tu r e s  and 

se p a ra te d  c e l l  ty p e s  o f  t h a t  s t r a i n  have been conducted by Y ates e t
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a l . (1975) who m easured ENA by s p e c tro f lu o ro m e tr ic  a s s a y s .  K irk and 

K irk  (1976) have a ls o  employed l i g h t  synchron ized  c u l tu r e s  to  s tu d y  

amino a c id  uptake and p ro te in  s y n th e s is  th ro u g h o u t th e  a sex u a l l i f e  

c y c le  o f  V. c a r t e r i  f .  n a g a r ie n s is , and p o r t io n s  o f  t h i s  d i s s e r t a t i o n  

have been p u b lish e d  a s  w ell (M argolis-K azan and B lam ire , 1976; 1977). 

F u rth e r  s tu d ie s  on th e  m o lecu la r e v e n ts  t h a t  accompany developm ent in  

Volvox a re  c u r r e n t ly  be ing  conducted in  s e v e ra l  l a b o r a to r ie s .



MATERIALS AND METHODS 

Source o f  Chem icals and M a te r ia ls  

R ad io iso to p es  and L iq u if lu o r  were o b ta in ed  from New England 

N u c lea r; e th id iu m  brom ide (EB), p ro te a s e  (type V I) , g ly c y lg ly c in e ,  

p o ly o x y e th y len e  s o rb i ta n  m onopalm itate (Tween 4 0 ) , and p o lyoxye thy lene  

s o rb i ta n  m ono-o leate  (Tween 8 0 ) , from Sigma; p a n c re a t ic  HNase and T1 

RNase, from W orth ing ton ; M ira c lo th , from Chicopee M ills  (a ls o  F is h e r ) ;  

N ite x  mesh ( in  s iz e s  in d ic a te d  in  te x t)  frcxn T o b le r , E rn s t and T rab e r; 

K iese lg u h r (Hyflo Super C e l l ) ,  to lu e n e  ( c e r t i f i e d  A .C .S .) ,  and 

t r i c h lo r o a c e t i c  a c id  (TCA), from F is h e r ;  S ark o sy l NL-97, f ro n  

C iba-G eigy; CsCl (p re p a ra t iv e  g r a d e ) , from Kawecki B ery lco  I n d u s t r ie s ;  

a n a ly t ic a l  CsCl (o p t ic a l  g r a d e ) , from Harshaw C hem ical; c e l lu lo s e  

n i t r a t e  u l t r a - c e n t r i f u g e  tu b e s ,  from Beckman; p ap er f i l t e r s  (no. 3; 

2 .4  cm) and g la s s  f ib e r  (G F /A )f i l te rs  were p ro d u c ts  o f  Whatman; d e l t a -  

9 -te tra h y d ro c a n n a b in o l (THC) was su p p lie d  by DHEW, P u b lic  H ealth  

S e rv ic e ,  NIDA; m arker ENAs used in  a n a ly t ic a l  CsCl c e n t r i f u g a t io n s  

were k in d ly  su p p lie d  by Dr. R.A. E ckhard t; and th e  H-C 

M icrohom ogenizer was in v en ted  and produced by Howard C aplen , Brooklyn 

C o lleg e .

S tr a in s

The th r e e  s t r a i n s  o f  Volvox used in  t h i s  s tu d y  a r e  Volvox c a r t e r i  

f .  n a g a r ie n s is  HK-10 (su p p lied  by R.C. S t a r r ) , Volvox c a r t e r i  f .  

w eism annia NB-7, and KA-1 (su p p lied  by G. K o ch ert) .
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S o lu tio n s

Volvox Medium-SVM (P ro v a so li and P in te r ,  1959)

For each l i t e r  o f  medium th e  fo llo w in g  amounts o f  s to c k  s o lu t io n s  

a re  added to  981 ml o f  d i s t i l l e d  w a te r .

# o

1

ml S tock  S o lu tio n  Per 100 ml

Ca(N03) 2 4HOH 11 .8  g

MgS04 7HOH  4 .0  g

Na2g ly c e ro p h o sp h a te   5 .0  g

KC1  5 .0  g

G ly c y lg ly c in e   5 .0  g

B io t in  25 .0  ug

B-̂ 2.......................................................................................15*0

PIV t r a c e  m etal s o lu t io n .....................................................see  below

A d ju st pH to  7 o r 8 w ith  1 N NaOH.

PIV T race M etal S o lu tio n  

Add th e  fo llo w in g  amount o f  s a l t s  and c h e la t in g  ag en t to  500 ml o f

d i s t i l l e d  w a te r .

Na2ECTA (add and d is s o lv e  f i r s t ) .........................................................  0 .750 g

FeCl3.......6HOH...................................................................................................  0 .097 g

MnCl2 4HOH...................................................................................................  0.041 g

ZnCl2   0 .005 g

CoCl2 6HOH...................................................................................................  0 .002 g

Na2Mo04 ........................................................................................................  0.004 g
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Stock  S o lu tio n s ,  Used fo r  Drug Experim ents 

Ethidium  brom ide was d is s o lv e d  in  s t e r i l e  SVM, pH 7 (1-10 mg/ml) 

and s to re d  in  th e  d a rk  a t  -20C u n t i l  r e q u ire d .

THC was su p p lie d  a s  a s o lu t io n  o f  20 mg/ml in  95% e th a n o l;  s to ck  

s o lu t io n s  (s to re d  in  th e  d a rk  a t  -2 0 C ), p rep ared  by t r a n s f e r r in g  1 ml 

o f  th e  THC-ethanol s o lu t io n  to  1 ml tween 4 0 /80 , co n ta in ed  10 mg/ml 

THC in  47.5% e th a n o l,  25% tween 40 , 25% tween 80.

A s to c k  s o lu t io n  c o n ta in in g  50% (95%) e th a n o l ,  25% tween 40 and 

25% tween 80, term ed " c a r r ie r "  h e r e a f t e r ,  was s to re d  a t  -20C u n t i l  

re q u ire d .

S c i n t i l l a t i o n  F lu id  

T oluene-based  l iq u id  s c i n t i l l a t i o n  f lu id  was p rep ared  by removing 

100 ml l iq u id  f ro n  a  1 g a l lo n  b o t t l e  o f  to lu e n e  and re p la c in g  i t  w ith  

155 ml L iq u if lu o r .

A sexual L ife  Cycle o f  Volvox c a r t e r i ;  I d e n t i f i c a t io n  o f  S tag es  

There a re  s e v e ra l  e a s i l y  d is t in g u is h a b le  p e r io d s  o f  tim e in  th e  

l i f e  c y c le  o f  Volvox d u rin g  which d i s t i n c t  m orpholog ical changes ta k e  

p la c e .  For th e  pu rpose  o f  t h i s  s tu d y , th e se  s ta g e s ,  d e p ic te d  in  

f ig u re  1 , (see a ls o  p la te  1) a re  d e f in e d  a s  fo llo w s :

a) T o ta l E xpansion: The co n tin u o u s  p ro c e s s  o f  new sp h ero id

en largem ent which fo llo w s  c leav ag e  and in v e rs io n . Expansion i s  m ain ly  

due to  s e c r e t io n  o f  m a tr ix  m a te r ia l  by th e  som atic  c e l l s .  G on id ia l 

en largem ent o c c u rs  d u rin g  t h i s  p e r io d  (from abou t 13u to  90u) b u t

s in c e  g o n id ia  a re  s i tu a te d  in s id e  th e  sp h ero id  th e y  c o n t r ib u te  l i t t l e  

to  i t s  ex p an sio n . (S tages  7 , 8 and 1)

b) R e lease : The tim e d u rin g  expansion  when newly form ed, m atur­

ing sp h e ro id s  a re  in d iv id u a l ly  l ib e r a te d  from th e  p a r e n t .  (S tage 8 ) .
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c) G o n id ia l C ondensation : The tim e p e rio d  j u s t  p reced in g  

c leav ag e  d u rin g  which th e  numerous la rg e  v acu o les  no rm ally  p re s e n t  in  

m aturing  g o n id ia  d isa p p e a r  and th e  p re v io u s ly  s p h e r ic a l  g o n id ia  become 

s l i g h t l y  f la t te n e d  on th e  s id e  tow ard th e  su r fa c e  o f  th e  p a re n t 

( S ta r r ,  1971). (S tage 2)

d) C leavage: The p r e c i s e  p a t te r n  o f  su c c e s s s iv e  d iv i s io n s  o f

"condensed" g o n id ia  d e sc r ib e d  by S ta r r  (1971) which y ie ld s  a  hollow  

sph ere  o f  3-5000 som atic  c e l l s  (w ith  f l a g e l l a r  b a se s  and n u c le i  fa c in g  

inward) and 8-16 g o n id ia l  i n i t i a l s  on th e  o u te r  s u r fa c e .  (S tages 3 

th rough  4)

e) P re in v e rs io n : The s ta g e  fo llow ing  c leav ag e  and p reced in g  

in v e rs io n . (S tage 5)

f) In v e rs io n : The tim e d u rin g  which th e  p re in v e rs io n  form

undergoes m orphogenetic movement and tu rn s  i t s e l f  " in s id e - o u t" .  At

th e  com pletion  o f  in v e rs io n ,  g o n id ia  a re  in te r n a l  to  th e  s u r fa c e  o f  

som atic  c e l l s  and f l a g e l l a  a re  p o in te d  outw ard in  th e  newly formed 

sp h e ro id . (S tage 6)

The l i f e  c y c le  o f  a Volvox c a r t e r i  sp h ero id  i s  u s u a lly  com pleted 

in  abou t 72 h r  under c o n d itio n s  o f  grow th in  SVM, pH7 on a c y c le  o f  

16 h r l i g h t ,  8 h r d a rk n e ss . Imposed synchrony c o n d itio n s  (SVM, pH8; 

30 h r l i g h t ,  18 h r d a rk n ess) a c c e le r a te  grow th and th e  com plete l i f e  

c y c le  i s  o n ly  48 h r in  d u ra t io n .

Growth and M aintenance

A xenic s to ck  c u l tu e s  o f  a l l  s t r a i n s  were m a in ta ined  a t  abou t 25C 

in  15ml screw  cap  tu b e s  c o n ta in in g  5 o r 10 ml o f  S y n th e tic  Volvox 

Mediim (SVM) a d ju s te d  to  pH7 (P ro v a so li and P in tn e r ,  1959) o r  pH8 

(S ta rr  and J a e n ic k e , 1974) a t  a  l i g h t  in t e n s i ty  o f  300 f t  c a n d le s  (16
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hr l i g h t ,  8 h r d a r k ) .  C u ltu re s  w ere r o u t in e ly  t r a n s f e r r e d  a t  l e a s t  

tw ice  a  month to  f r e s h  m edia.

R ad io iso tope  and drug t r e a te d  c u l tu r e s  used in  t h i s  s tu d y  were 

incubated  in  20xl50rmn b o r o s i l i c a te  g la s s  tu b e s ,  a e ra te d  by g e n t le  

shak ing  on a re c ip ro c a l  sh a k e r , u n le s s  o th e rw ise  s p e c i f ie d .  C u ltu re s  

were p re p a re d , e i th e r  by t r a n s f e r r in g  1 ml o f  growing c u l tu r e  in to  4 

ml o f  SVM o r  by c o n c e n tra tin g  sp h e ro id s  (by f i l t r a t i o n  o r  p h o to a c tic  

response  d e sc r ib e d  below) and resuspend ing  them in  a f i n a l  volume o f  5 

ml SVM.

A. Asynchronous p o p u la tio n s

Asynchronous grow th c o n d itio n s  were o b ta in ed  by t r a n s f e r r in g  

a l iq u o ts  o f  s to c k  c u l tu r e s  to  v e s s e ls  c o n ta in in g  from 5ml to  10 l i t r e s  

s t e r i l e  SW , pH7. C u ltu re s  were a e ra te d  e i th e r  by bubb ling  c o tto n  

f i l t e r e d  a i r  ( f la s k s )  o r by shak ing  ( tu b e s ) , and il lu m in a te d  w ith  400 

f t  c a n d le s  o f  coo l w h ite  f lu o re s c e n t  l i g h t ,  (25C-30C) on a  l i g h t /d a r k  

c y c le  o f  16 h r  l i g h t / 8  h r  d a rk .

B. S y n ch ro n iza tio n  o f  P o p u la tio n s  o f  S phero ids

1 . Imposed synchrony:

Synchronous c u l tu r e s  were s t a r t e d  by in n o c u la tin g  a s in g le  

sp h ero id  in to  e i t h e r  5 ml o r 125 ml SVM, pH8, a e r a t in g ,  and grow ing on 

a  c y c le  o f  30 h r  l i g h t ,  18 h r d a rk n ess  a t  a minimum o f  600 f t  c a n d le s  

o f  l i g h t  in t e n s i ty  (28C-32C) ( S ta r r ,  p e rso n a l com m unication). 

Synchronous p o p u la tio n s  were m a in ta ined  by t r a n s f e r r in g  sp h e ro id s  to  

new f la s k s  (250 ml o r  1 1) o f  s t e r i l e  SVM, pH8 ev ery  48 hours ( e i th e r  

25 ml o f  sp h e ro id  c o n ta in in g  c u l tu r e  to  125 ml new media o r  100 ml to  

500 m l) . A liq u o ts  removed from s to c k  synchrony f la s k s  d u rin g  

p a r t i c u la r  s ta g e s  o f  th e  l i f e  c y c le  p rov ided  c u l tu r e s  fo r  synchrony
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s tu d ie s  ( r e fe r r e d  to  a s  SYNC in  t e x t ) .

2. S ize  s o r t in g  o f  asynchronously  grown c u l tu r e s :

The in c re a se  in  sp h ero id  s iz e  t h a t  o c c u rs  d u rin g  th e  co u rse  o f  

th e  a sex u a l l i f e  c y c le  was employed to  a id  in  th e  i s o la t io n  o f  

sp h e ro id  p o p u la tio n s  a t  th e  same developm ental s ta g e .  U t i l iz in g  N itex  

mesh (Y ates, D arley  and K o ch ert, 1975), asynch ronously  grown, 

he terogeneous sp h e ro id  c u l tu r e s  (125 ml) were f i l t e r e d  through 

p a r t i c u l a r  p o re  s i z e s  a s  d e sc r ib e d  below , and th e  sp h e ro id s  c o l le c te d  

( a l l  a t  a s im i la r  s ta g e )  were resuspended in  5 ml SVM, pH7. T his 

method o f  sy n c h ro n iz a tio n  i s  r e f e r r e d  to  a s  NIT in  t e x t .

a) I s o la t io n  o f  p r e r e le a s e  expansion  sp h e ro id s  used to  s tu d y  

e a r ly  ex p an sio n : Vacuum f i l t r a t i o n  th rough  60 u mesh N itex  

caused d is r u p t io n  o f  la rg e r  sp h e ro id s  and l ib e r a te d  f r e e  la rg e  g o n id ia  

(see  b . below) and sm all p re r e le a s e  sp h e ro id s  which were is o la te d  on 

th e  b a s i s  o f  t h e i r  m o t i l i ty  and p h o to ta c t ic  re sp o n se ; l i g h t  was 

d i r e c te d  on th e  upper p o r t io n  o f  a tu b e  c o n ta in in g  th e  m ix tu re  and 

th e se  sp h e ro id s  removed from th e  to p  w ith  a  p a s te u r  p ip e t .

b) I s o la t io n  o f  " in  v i t r o " g o n id ia  used in  c leav ag e  s tu d ie s :  

" In  v i t r o  g o n id ia "  were o b ta in ed  by vacuum f i l t r a t i o n  d is r u p t io n  o f  

sp h e ro id s  a s  d e sc r ib e d  above. A fte r  th e  removal o f  p re r e le a s e  

sp h e ro id s  a s  d e s c r ib e d , th e  p o r t io n  rem ain ing  co n ta in ed  m ain ly  

en la rg ed  m ature g o n id ia .  These were removed from th e  bottom  o f  th e  

tu b e  w ith  a p a s te u r  p ip e t .

c) I s o la t io n  o f  newly re le a s e d  sp h e ro id s  used to  s tu d y  l a t e  

ex p an sio n : Small newly re le a s e d  sp h e ro id s  were o b ta in e d  by f i l t r a t i o n  

(no vacuum) th rough  100 u mesh N ite x . The sp h e ro id s  which passed  

th rough  th e  mesh were c o l le c te d .
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M utagenesis

S phero id s  o f  s t r a i n  HK-10 were m utagenized by a m o d if ic a tio n  o f  

th e  p ro ced u re  o f  Sessoms and Huskey (1973). N -N itro so g u an id in e  (50 

ug/m l) was added to  asynchronous sp h ero id  p o p u la tio n s ,  newly 

in n o c u la te d  in to  100 ml SVM, pH7 (about 300 s p h e ro id s /m l) . A f te r  12 

min th e  media was removed by f i l t r a t i o n  and th e  sp h e ro id s  washed 

3 tim es  w ith  SVM and resuspended in  300 ml SVM, pH7. A liq u o ts  (10 

ml) o f  t h i s  sp h e ro id  susp en sio n  were t r a n s f e r r e d  to  s t e r i l e  

c u l tu r e  tu b e s  and incubated  under asynchronous grow th c o n d it io n s  fo r  6 

days (2 l i f e  c y c l e s ) . The en richm en t o f  c u l tu r e s  fo r  m orpho log ical

m u tan ts  was enhanced by th e  removal o f  most p o s i t i v e ly  p h o to ta c t ic  

swimming sp h e ro id s  p r io r  to  ex am in a tio n . The low er 2 /3  o f  each 

c u l tu r e  tu b e  was covered and th e  tu b e  il lu m in a te d  from one s id e .  

A f te r  10 m in, sp h e ro id s  were removed from th e  upper 1 /3  o f  th e  

tu b e  n ear th e  l i g h t  sou rce  and d is c a rd e d . The rem ain ing  p o r t io n  o f  

th e  c u l tu r e  was t r a n s f e r r e d  to  a  s t e r i l e  p e t r i  d is h  and 

examined under a  d is s e c t in g  m icroscope . A pparent m utan ts (on ly  one 

o f  a  p a r t i c u l a r  phenotype from th e  same tube) w ere th e n  

in d iv id u a l ly  t r a n s f e r r e d  to  c u l tu r e  tu b e s  c o n ta in in g  5 ml SVM 

(pH7). A ll p ro ced u res  were c a r r ie d  o u t under s t e r i l e  c o n d i t io n s .

P re p a ra tio n  o f  L y sa tes

A ll c u l tu r e s  used were checked fo r  co n tam in a tio n  by s tr e a k in g  

a l iq u o ts  o f  th e  c u l tu r e  mediun o n to  n u t r i e n t  ag ar p l a t e s .  

N o n -ra d io a c tiv e  s p h e ro id s  were h a rv e s te d  by f i l t r a t i o n  th rough  

M ira c lo th , washed tw ice  w ith  SVM and resuspended in  1 /4  to  1 /3  th e  

o r ig in a l  volume o f  SVM a t  pH 7 .5 . S phero id s  w ere d is s o c ia te d  in to  

in d iv id u a l  g o n id ia l  and som atic  c e l l s  u sing  m o d if ic a t io n s  o f  th e
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method d e sc r ib e d  by K ochert and Sansing (1971). The sp h ero id  

su sp en sio n  was t r e a te d  w ith  P ro te a se  (Sigma, Type VI) a t  a  f in a l  

c o n c e n tra tio n  o f  80-100 ug/m l fo r  20-90 min a t  25 o r  37C w ith  

a g i t a t i o n  o r  a e r a t io n .  D is so c ia t io n  was m onitored  by p e r io d ic  

m icro sco p ic  ex am in a tio n , and u s u a lly  te rm in a te d  when a l l  b u t th e  

newly in v e rte d  ju v e n i le  sp h e ro id s  were se p a ra te d  in to  f r e e  g o n id ia  

and som atic  c e l l s .

Small r a d io a c t iv e  c u l tu r e s  were d is s o c ia te d  in  a s im i la r  manner 

b u t th e  f i l t e r i n g  and w ashing s te p s  were om itted  and th e  p ro te a se  

added d i r e c t l y  to  th e  grow th medium which had been d i lu te d  w ith  an 

eq u a l volume o f  SVM. in  many c a se s  th e  tre a tm e n t o f  resuspended 

o r d i lu te d  c u l tu r e s  w ith  1% Tween 40/80 (0.5% P o lyoxethy lene

s o rb i ta n  m onopalm itate/0.5%  P o lyoxyethy lene s o rb i ta n  m ono-oleate) 

( r e f e r r e d  to  a s  "tween p re tre a tm e n t"  in  te x t)  fo r  1 h r  (25C, 

a g i ta t io n )  p r io r  to  p ro te a se  tre a tm e n t was employed to  a id  in  

sp h ero id  d is s o c ia t io n .

D isso c ia te d  c e l l s  were h a rv e s te d  by c e n t r i f u g a t io n  a t  4,000 x g 

fo r  10 m in, washed a t  l e a s t  tw ice  in  s a l in e  EDTA (0.15M NaCl, 0.1M 

e th y le n e d ia m in e tra a c e ta te ,  pH8) and resuspended  in  s a l in e  EDTA. 

L a rg e r , n o n -ra d io a c tiv e  sam ples were g e n e ra l ly  ly se d  in  2-10 ml s a l in e  

EDTA c o n ta in in g  2% sod iun  la u ry l  s u l f a t e  (SLS) a t  60C fo r  10-20 m in. 

R ad io ac tiv e  sam ples which were to  be ana lyzed  by p r e p a ra t iv e  CsCl 

d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  were ly sed  in  0 .7  ml s a l in e  EDTA 

c o n ta in in g  2-4 drop® (app rox im ate ly  5-10%) 30% S ark o sy l NL-97.

L y sa tes  were h ea ted  to  60C fo r  20-60 m in, u s u a l ly  f ro z e n  (-20C) and 

re h e a te d  (60C, 10 min) two tim e s , and s to re d  a t  -20C u n t i l  re q u ire d .
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E x tra c tio n  and P a r t i a l  P u r i f i c a t io n  o f  ENA 

T o ta l ENA from n o n -ra d io a c tiv e  ly s a te s  was p u r i f ie d  using  

m o d if ic a tio n  o f  th e  method o f  Marmur (1961). L y sa tes  were made 1M 

w ith  r e s p e c t  to  NaCl, c e n tr ifu g e d  a t  4000 x g fo r  10 min and th e  

n u c le ic  a c id s  p r e c ip i ta te d  from th e  s u p e rn a ta n t by adding two vo lunes 

o f  co ld  95% e th an o l ( f in a l  e th a n o l c o n c e n tra t io n , 75%). Hie p e l l e t  

was resuspended in  1 .0 -2 .0  o f  e i t h e r  saline-EDTA o r o n e - te n th  th e  

c o n c e n tra tio n  o f  s ta n d a rd  s a l in e  c i t r a t e  (SSC) (0.15M NaCl, 0.015M 

Na c i t r a t e ,  pH 7 .0 ) ,  b ro u g h t to  a f in a l  c o n c e n tra tio n  o f  2% SLS and 

hea ted  a t  60C fo r  10 m in. NaCl c o n c e n tra tio n  was made 1M and th e  

ly s a te  was re c e n tr ifu g e d  a t  4000 x g fo r  10 m in. N ucle ic  a c id s  were 

p r e c ip i ta te d  from th e  su p e rn a ta n t u sing  co ld  95% e th a n o l a s  b e fo re ,  

and th e  r e e x t r a c t io n  o f  th e  p e l l e t  re p e a te d  u n t i l  no n u c le ic  ac id  

p r e c i p i t a t e  cou ld  be observed  upon a d d i t io n  o f  th e  co ld  a lc o h o l.  Three 

s e q u e n tia l  r e e x t r a c t io n s  o f  th e  o r ig in a l  p e l l e t  were u s u a lly  

perform ed . The e th a n o l p r e c ip i ta te d  m a te r ia l  was c o l le c te d  in  each 

ca se  by e i t h e r  sp o o lin g  i t  o n to  a  g la s s  rod o r  c e n tr i fu g in g  a t  7 ,700  x 

g fo r  10 m in. The p r e c i p i t a t e s  were p o o le d , washed w ith  95% e th an o l 

and d is s o lv e d  in  1 .0 -5 .0  ml o f  0 .1  x SSC. The su sp en sio n  was c le a re d  

by c e n t r i f u g a t io n  and th e  c l e a r  su p e rn a ta n t a d ju s te d  to  1M NaCl. The 

s o lu t io n  was t r a n s f e r r e d  to  a s to p p ered  round-bottom ed f la s k  and 

d e p ro te in iz e d  by adding an eq u a l volume o f  ch lo ro fo rm -isoam yl a lco h o l 

(24:1) s o lu t io n  and shak ing  on a  w r i s t - a c t io n  shaker fo r  20 min a t  4C. 

The em ulsion  produced was se p a ra te d  by c e n t r i f u g a t io n  a t  27,000 x g 

fo r  20 m in, and th e  upper aqueous la y e r  c o n ta in in g  th e  ENA removed and 

d e p ro te in iz e d  a s  b e fo re .  The p ro te in a c e o u s  in te r f a c e  la y e r s  from th e  

f i r s t  and second e x t r a c t io n s  were com bined, resuspended  in  1 ml o f  0 .1
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x SSC, a d ju s te d  to  SSC, r e e x tr a c te d  and c e n tr ifu g e d  as  d e sc r ib e d  

above. The aqueous la y e r s  were pooled  and d e p ro te in iz e d  u n t i l  no 

in te r f a c e  appeared  upon c e n t r i f u g a t io n .  The FNA was removed from th e  

aqueous la y e r  by in c u b a tio n  a t  37C fo r  30 min w ith  p a n c re a tic  RNase 

and T l RNase (s to ck  RNase s o lu t io n ,  p re v io u s ly  hea ted  to  80C fo r  10 

min and s to re d  a t  -20C) a t  a f i n a l  c o n c e n tra tio n  o f  40 ug/ml eac h . A 

f in a l  d e p ro te in iz a t io n  was c a r r ie d  o u t and th e  DNA p r e c ip i ta te d  by 

adding 2 vo lu n es  o f  co ld  95% e th a n o l .  The ENA was re d is so lv e d  in  0 .1  

x SSC, a d ju s te d  to  SSC by adding 10 x SSC and s to re d  a t  -20C.

When d e p ro te in iz in g  v e ry  sm all q u a n t i t i e s  o f  ENA, th e  f in a l  

e th a n o l p r e c i p i t a t io n  was re p la c e d  by re p e a te d  d i a l y s i s  a g a in s t  SSC to  

remove n u c le o tid e s  and o th e r  UV ab so rb in g  m a te r ia ls .

D ete rm in a tio n  o f  ENA c o n c e n tra tio n

Samples were p laced  in  q u a r tz  c u v e t te s  and UV absorbance a t  260 

nm measured in  a G ilfo rd  Model 2400 sp ec tro p h o to m e te r . ENA 

c o n c e n tra tio n  (ug/m l) was determ ined  from th e se  v a lu e s  using  th e  &260 

o f  20 (fo r n a t iv e  ENA). P ro te in  co n tam in a tio n  in  ENA sam ples was 

determ ined  from th e  r a t i o  o f  abso rbance a t  280 nm to  th a t  a t  260 nm. 

Pure ENA i s  expec ted  to  have a r a t i o  o f  0 .5 .

P re p a ra t iv e  CsCl D en sity  G rad ien ts

L y sa tes  o r  p a r t i a l l y  p u r i f i e d  DNA s to c k  s o lu t io n s  (0 .8 -1  ml) were 

t r a n s f e r r e d  to  c e l lu lo s e  n i t r a t e  u l t r a - c e n t r i f u g e  tu b e s  and 4 .1  

ml o f  s to c k  p r e p a ra t iv e  g rad e  CsCl s o lu tio n  (130 g o f  CsCl in  70 ml 

o f  0.01 M T r is  b u f f e r ,  pH 6 .8 ) was added to  eac h . The d e n s i ty  was
3

a d ju s te d  to  1 .710 g/cm and m in e ra l o i l  added to  f i l l  each 

tu b e . Samples were c e n tr ifu g e d  a t  33,000 rpm in  a  Spinco 50 T i
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ro to r  fo r  45-65 h r a t  19-20C. A pproxim ately 30 f r a c t io n s  (0 .1 8 -0 .2  ml 

each) were c o l le c te d  th rough  a 22 gauge, 1 .5  inch  n eed le  from th e  

bottom  o f  each tu b e .

N o n -rad io ac tiv e  f r a c t io n s  were d i lu te d  w ith  0 .2  ml o f  d i s t i l l e d  

H2O and m onitored fo r  UV absorbance a t  260 nm in  q u a r tz  sem i-m icro  

c u v e t te s  using  a G ilfo rd  model 2400 sp ec tro p h o to m e te r .

R ad io ac tiv e  f r a c t io n s  were a d ju s te d  to  0.5M KOH, hydro lyzed  a t  

65C fo r  2 h r  o r  25C fo r  18 h r ,  and then  coo led  to  4C. 100 ug o f

bovine serum album in were added to  each tu b e , and th e  KOH n e u tra l iz e d  

w ith  20% t r i c h lo r o a c e t i c  a c id  (TCA). Excess TCA was added to  a f in a l  

c o n c e n tra tio n  o f  5%, and a f t e r  20 m inu tes a t  4C, th e  p r e c i p i t a t e s  were 

c o l le c te d  on Whatman GF/A g la s s  f ib e r  f i l t e r s ,  washed once w ith  co ld  

5% TCA, once w ith  95% e th a n o l,  d r ie d  and p laced  in  v i a l s  c o n ta in in g  4 

ml o f  to lu e n e  based s c i n t i l l a n t  ( l i q u i f l u o r ) . Samples were counted in  

a N uclear Chicago L iqu id  S c i n t i l l a t i o n  S p ec tro m ete r. In  many c a se s

th e  id e n t i t y  o f  each  DNA s p e c ie s  was determ ined  from i t s  p o s i t io n
14 3r e l a t i v e  to  th a t  o f  C E sc h e r ic h ia  c o l i  DNA (1.710 g /a n  ) inc luded

in  th e  same g r a d ie n t  a s  a re fe re n c e  d e n s i ty  m arker.

R ad io ac tiv e  L abeling

S phero id s  under in v e s t ig a t io n  were la b e le d  w ith  2 -^H -aden ine,

3 14m e th y l- H -thym idm e o r  C -adenine a t  c o n c e n tra tio n s  rang ing  from 5-40

uCi/m l in  SVM. Synchronous o r  h e terogeneous c u l tu r e s  were grown

in  th e  p re sen ce  o f  ra d io is o to p e  fo r  tim e p e r io d s  v a ry in g  from 4 h r  to

6 d ay s . Uptake o f  la b e l  was m onitored  by assay in g  th e  s u p e rn a ta n t

grow th m edia a t  in t e r v a l s  o f  tim e a f t e r  in o c u la tio n  and comparing

co u n ts  o b ta in e d  w ith  th o se  a t  ze ro  tim e ; 20 u l a l iq u o ts  were d r ie d  on

Whatman No. 3 (2 .4  am) f i l t e r  c i r c l e s ,  t r a n s f e r r e d  to  v i a l s
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c o n ta in in g  4 ml o f  to lu e n e  based s c i n t i l l a n t  ( l iq u o r f lu o r )  and 

counted in  a N uclear Chicago L iqu id  S c i n t i l l a t i o n  S p ec tro m ete r.

S tu d ie s  on uptake and in c o rp o ra tio n  o f  r a d io a c t iv e  p re c u rs o rs  

under v a r io u s  c o n d it io n s  were u s u a lly  c a r r ie d  o u t using  newly 

in n o c u la te d  7 .5  ml c u l tu r e s  c o n ta in in g  300-400 sp h e ro id s /m l in  SVM.
3

At tim e zero  15 uCi/m l o f  e i t h e r  2 -  H -adenine o r 

m ethyl-^H -thym idine (and d rug  o r c a r r i e r  i f  in d ic a te d )  were 

added and 20 u l sam ples ( t r i p l i c a t e )  o f  th e  su p e rn a ta n t grow th 

media im m ediately  w ithdraw n and assayed  fo r  r a d io a c t i v i ty  a s  

d e sc r ib e d  above. Samples (0 .5  m l) , removed from th e  growing c u l tu r e  

ev e ry  1-2 h r fo r  th e  f i r s t  8-9 h r and ag a in  a f t e r  24-25 h r ,  were 

f i l t e r e d  th rough  20 u N itex  mesh and th e  grow th media ( f i l t r a t e )  

assayed  d i r e c t l y ,  a s  d e sc r ib e d  above, ( t r i p l i c a t e  20 u l 

a l iq u o t s ) .  The c o l le c te d  sp h e ro id s  were w ashed, resuspended  in  .2  ml 

s a l in e  EDTA and 1 d rop  20% SLS, homogenized (H-C M icrohomogenizer) 

and b rough t to  a  f i n a l  volume o f  1 ml w ith  s a l in e  EDTA. The 

homogenate was d iv id e d  in to  two 0 .5  ml sam ples, one o f  which was 

combined w ith  an equal volume o f  10% TCA and incu b ated  a t  4C fo r  30 

m in. The o th e r  sam ple was KOH hydro lyzed  a s  d e sc r ib e d  (0 .5  M KOH, 

65C, 2 h r ) ,  c o o le d , n e u t ra l iz e d  (w ith  10% TCA) and inci±>ated a t  4C 

fo r  30 min. In  b o th  c a s e s  TCA p r e c i p i t a t e s  were c o l le c te d  on Whatman 

GF/A g la s s  f ib e r  f i l t e r s  and p ro cessed  (washed w ith  5% TCA and 

e th a n o l,  d r i e d ,  p la ced  in  4 ml to lu e n e  based  s c i n t i l l a n t )  and counted 

a s  d e sc rib e d  above.

P o ly ly s in e  K eise lguh r Chromatography (PLK)

P a r t i a l l y  p u r i f i e d  DNA sam ples were loaded  on and e lu te d  from PLK 

columns u sing  m o d if ic a t io n s  o f  th e  m ethods d e sc r ib e d  by B lam ire ,
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F in k e ls te in  and Marmur (1972). S tandard  PLK columns were p rep ared

from 10 g k ie se lg u h r  (p re v io u s ly  b o ile d  w ith  14 ml 0 .4  M b u ffe re d

(0 .02  M KH2P04) s a l i n e ) ,  s t i r r e d  w ith  0 .4  ml o f  p o ly ly s in e  s to c k

s o lu t io n  (10 mg/ml in  0 .4  M b u ffe r )  and an a l iq u o t  o f  p a r t i a l l y

p u r i f i e d  ENA (d e p ro te in iz e d , FNase t r e a t e d ,  e th a n o l p r e c ip i ta te d  and 

resuspended a s  d e sc r ib e d  ab o v e). (The p ro p o r tio n  o f  p o ly ly s in e  to  th e  

amount o f  ENA e s tim a te d  to  be p re s e n t  shou ld  be a t  l e a s t  1 0 :1 .)  The 

column was loaded  w ith  t h i s  m a te r ia l  (above a  la y e r  o f  ny lon  mesh and 

g la s s  wool o r g la s s  beads) under a i r  p r e s s u re ,  and washed f r e e  o f

unbound m a te r ia l  w ith  0 .4  M b u ffe re d  s a l i n e .  (UV ab so rb in g  m a te r ia l  

was c o n tin u o u s ly  m onitored  a t  254 nm using  an ISCO model UA-2

u l t r a v i o l e t  a n a ly z e r .)  A f te r  w ash ing , th e  column was e lu te d  using  a

l i n e a r  g r a d ie n t  o f  0 .4 -4 .0  M b u ffe re d  s a l in e  and f r a c t io n s  were

c o l le c te d  in  30 d rop  a l iq u o ts  (app ro x im ate ly  1 .8  m l) . In d iv id u a l 

f r a c t io n s  were m onitored  fo r  abso rbance a t  260 nm and th e  s a l t

c o n c e n tra tio n  ( in  M NaCl) determ ined  by r e f r a c t iv e  index m easurem ents 

a s  compared to  s ta n d a rd  s o lu t io n s .

A n a ly tic a l CsCl D en sity  G ra d ie n ts  

A n a ly tic a l c e n t r i f u g a t io n s  were c a r r ie d  o u t  in  a  Beckman model E 

u l t r a c e n t r i f u g e  equipped w ith  u l t r a v i o l e t  o p t i c s .  ENA sam ples (1-10 

ug) were a d ju s te d  to  a  r e f r a c t iv e  index o f  1.4000 by add ing  o p t i c a l  

g rad e  C sCl, and c e n tr ifu g e d  a t  44,000 rpm fo r  18-20 h r  a t  25C 

(M eselson, S ta h l and V inograd , 1957). The buoyant d e n s i ty  o f  th e  ENA 

was determ ined  by i t s  p o s i t io n  r e l a t i v e  to  th a t  o f  M icrococcus 

ly s o d e ik t ic u s  ENA (1.731 g/cm^) and C lo s tr id iu m  p e r f r in g e n s  ENA (1.691
3

g/cm ) .  A ll d e n s i t i e s  a re  r e la te d  to  th e  buoyant d e n s i ty  o f
3

E sc h e r ic h ia  c o l l  ENA in  CsCl, ta k e n  to  be 1.710 g /a n  .
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The base com positions o f  th e  DNAs were c a lc u la te d  using  th e  

form ula S c h ild k ra u t ,  Marmur, and Doty (1962),

p=0.098 (G+C) + 1.660 g/cm3 

(where p = buoyant d e n s i ty  and (G+C) = mole f r a c t io n  guan ine + 

c y to s in e ) , r e l a t in g  buoyant d e n s i ty  in  CsCl to  b ase  com position  in  % 

G+C.

Thermal D e n a tu ra tio n  o f  DNA

Samples o f  ENA to  be ana lyzed  were d ia ly z e d  fo r  18 h r  a g a in s t  0 .1  

x SSC, (3 changes o f  1-2 1 a t  4C ), sheared  (15 p a ssa g e s  th rough  a 22 

gauge n e e d le ) ,  a d ju s te d  to  a  c o n c e n tra tio n  o f  10-25 ug /m l, t r a n s f e r r e d  

to  T e flo n -s to p p e re d  c u v e t te s ,  and th e  i n i t i a l  absorbance a t  260 nm 

(A26q) a t  25C d e te rm in ed .

The in c re a s e  in  abso rbance a t  260 nm w ith  in c re a s in g  tem p era tu re  

was m onitored  using  a  G ilfo rd  2400 reco rd in g  spec tropho tom eter 

equipped w ith  tem p era tu re  sen so r and re fe re n c e  com pensator 

a c c e s s o r ie s .  The therm al d e n a tu ra tio n  p r o f i l e s  and h y p erch ro m ic ity  

v a lu e s  o b ta in e d  ( r e la t in g  A2gQ v a lu e s  to  i n i t i a l ,  0%, and f in a l  100%, 

v a lu es) were r e la te d  to  th o se  o f  c a l f  thymus DNA p rep ared  under 

id e n t ic a l  c o n d itio n s  and d en a tu red  s im u lta n e o u s ly . C a lf  thymus DNA 

was ta k en  to  have a Tm o f  71.6C in  0 .1  SSC and a l l  v a lu e s  o b ta in ed  

were c o r re c te d  a c c o rd in g ly . (Marmur and Doty, 1962; Mandel and 

Marmur, 1968).

Base com position  was c a lc u la te d  from c o r re c te d  therm al 

d e n a tu ra t io n  d a ta  using  th e  form ula o f  Mandel and Marmur, (1968).

G+C = (Tm -  53.9) 2.44 

r e l a t in g  therm al d e n a tu ra t io n  (Dm = tem p era tu re  a t  which 50% 

h y p erch ro m ic ity  o ccu rs) in  0 .1  x SSC to  % G+C (Marmur and Doty, 1962).
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C hapter 1 . I d e n t i f i c a t io n  and C h a ra c te r iz a t io n  o f  ENA S p ec ies

Three s t r a i n s  o f  Volvox c a r t e r i  were used in  t h i s  s tu d y : Volvox

c a r t e r i  f .  w eism annia, s t r a i n s  NB-7 (fem ale) and KA-1 (male) and 

Volvox c a r t e r i  f . n a q a r i e n s is , s t r a i n  HK-10 (fe m a le ) . ENA was 

is o la te d  and p u r i f i e d  from a l l  th re e  s t r a i n s  and th e  v a r io u s  

components p re s e n t  c h a ra c te r iz e d  w ith  reg a rd  to  t h e i r  buoyant 

d e n s i t i e s ,  th e rm al d e n a tu ra tio n  p r o p e r t ie s  and base  co m p o sitio n s . 

The r e s u l t s  o f  th e se  d e te rm in a tio n s  can be seen  in  T ab le  1 and a re  

d is c u s se d  in  t h i s  c h a p te r .

S t r a in  HK-10 was s tu d ie d  in  g r e a t e s t  d e t a i l .  Work concern ing  ENA 

s y n th e s is  d u rin g  developm ent w as, fo r  th e  m ost p a r t ,  co n fin ed  to  HK-10 

s p h e ro id s ,  and th e  r e s u l t s  o f  th o se  s tu d ie s  a r e  p re se n te d  in  l a t e r

c h a p te r s .

When p u r i f i e d  t o t a l  ENA from asynch ronously  grown Volvox c a r t e r i  

f .  n a g a r ie n s is  ( s t r a in  HK-10) sp h e ro id s  i s  banded by a n a ly t ic a l  CsCl 

d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n ,  (see M a te r ia ls  and Methods) p r o f i l e s  

such a s  t h a t  shown in  f ig u re  2a a re  o b ta in e d . TV/o s p e c ie s  o f  Volvox 

ENA can be d is c e rn e d  from such t r a c in g s  — a m ajor component 

w ith  a  buoyant d e n s i ty  o f  1.715 g/cm and a  minor component w ith  a 

d e n s i ty  o f  1.705 g /a i?  (as c a lc u la te d  from banding p o s i t io n s  o f
3

marker ENAs from M. ly s o d e ik t ic u s , p=1.731 g /a n  , and C. p e r f r in g e n s ,
3

p=1.691 g/cm ; see  f ig u re  le g e n d ) .

F ig u re  3B shows th a t  banding la rg e r  amounts o f  t o t a l  ENA frcan

HK-10 in  p r e p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts  (see  M a te r ia ls  and

47
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Methods) y ie ld s  e s s e n t i a l l y  s im i la r  r e s u l t s .  When a l iq u o ts  o f  both  

s p e c ie s  o f  ENA from th e se  p re p a ra t iv e  p r o f i l e s  (see  f ig u re  

legend) a re  rebanded in  a n a ly t ic a l  CsCl g r a d ie n ts ,  r e s u l t s

con firm ing  two d i s t i n c t  ENA s p e c ie s  (w ith  bouyant d e n s i t i e s  o f  1.715

3 3g/cm and 1 .705 g/cm a s  compared to  d e n s i ty  m arkers) can be seen  in

f ig u re  3B. The m ajor and minor DNA s p e c ie s  have been term ed

n u c le a r  and cy to p lasm ic  r e s p e c t iv e ly  on th e  b a s is  o f  t h e i r  s im ila r

CsCl banding p r o p e r t ie s  to  th e se  s p e c ie s  in  o th e r  e u k a ry o tic

a lg a  such a s  Chlamydomonas and C h lo re lla  (Chun, Vaughan, and R ich ,

1963), and th e  minor ENA s p e c ie s  i s  presumed to  be m ain ly  o f

c h lo ro p la s t  o r ig in  (see  D isc u s s io n ) .

A n a ly t ic a l  CsCl d e n s i ty  g ra d ie n t  banding p r o f i l e s  o f  t o t a l  DNA 

from Volvox c a r t e r i  f .  w eism annia, s t r a i n s  NB-7 and KA-1 have a ls o  

been e lu c id a te d  and th e  r e s u l t s  a re  shown in  f ig u r e s  2b and 2 c . These 

p r o f i l e s  a re  s im i la r  to  th o se  o b ta in e d  w ith  s t r a i n  HK-10, and 

d em o n stra te  a m ajor ENA component (1.714 g/cm3) and a t  l e a s t  one minor 

peak (1.704 g/cm3) .  In  s t r a i n  KA-1, a second m inor s p e c ie s  i s
3

observed  banding a t  a  d e n s i ty  o f  1.693 g/cm (see d i s c u s s io n ) .

T o ta l ENA has  a ls o  been p u r i f i e d  from s t r a i n  NB-7, banded on 

p re p a ra t iv e  CsCl g r a d ie n ts  a s  b e fo re ,  and th en  rebanded in  a n a ly t ic a l  

CsCl d e n s i ty  g r a d ie n ts .  R e s u lts ,  s im i la r  to  th o se  found fo r  HK-10, 

can  be seen  in  f ig u re  4 . Buoyant d e n s i t i e s  c a lc u la te d  from such 

t r a c in g s  ( f ig u re  4B) a re  1.714 g/cm3 (b) and 1.704 g/cm3 (c) fo r  

n u c le a r  and cy to p lasm ic  DNA, r e s p e c t iv e ly  (see  f ig u re  le g e n d ) .

P u r if ie d  t o t a l  ENA from each s t r a i n  was su b je c te d  to  therm al 

d e n a tu ra tio n  in  0.1X SSC a s  d e sc r ib e d  in  M a te r ia ls  and M ethods. 

P r o f i l e s  o f  % h y p erch ro m ic ity  a t  260 nm v s .  in c re a s e  in  tem p era tu re
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showed th a t  th e  ENA d e n a tu re s  over a  range o f  v a lu e s ,  s t a r t i n g  a t

59-62C and reach in g  a  maximum a t  83-87C, and g iv e s  v a lu e s  fo r  Tms (50% 

hyperch rom icity ) o f  76-77C (see T able 1 ) .  In  a l l  th re e  s t r a i n s  i t  was 

no ted  th a t  th e  m e ltin g  cu rv es  were b ip h a s ic ,  w ith  an in f l e c t io n  

o c c u rr in g  a t  low er te m p e ra tu re s . T h is in d ic a te s  h e te ro g e n e ity  in  th e  

ENA p re p a ra t io n s  being  te s t e d .

When en ric h ed  n u c le a r  and cy to p lasm ic  ENA f r a c t io n s  from s t r a i n  

HK-10 (p re v io u s ly  p u r i f i e d  on p r e p a ra t iv e  CsCl g r a d ie n ts  and p rep ared  

a s  d e sc r ib e d )  a re  su b je c te d  to  therm al d e n a tu ra t io n ,  r e s u l t s  such as  

th o se  seen  in  f ig u re  5 a re  o b ta in e d . W hile th e  p u r i f i e d  n u c le a r  ENA

m e lts  a lm ost a s  a  s in g le  s p e c ie s  (5 a ) , th e  "cy top lasm ic"  ENA s t i l l

g iv e s  a mixed p r o f i l e  (5b) how ever, w ith  c o n s id e ra b le  enrichm en t fo r  

th e  low er tem p era tu re  d e n a tu r in g  m a te r ia l .  Tta v a lu e s  fo r  n u c le a r  

and e n ric h e d  cy to p lasm ic  ENA d i f f e r  by abou t 5C; n u c le a r  ENA i s  

50% d en a tu red  a t  7 7 .8C and cy to p lasm ic  ENA a t  7 2 .5C. The Tfti 

o f  t o t a l  ENA from HK-10 i s  77C (see  T able 1 ) .

S im ila r  r e s u l t s ,  seen  in  f ig u re  6 , a r e  o b ta in e d  by th e  therm al 

d e n a tu ra tio n  o f  p u r i f ie d  n u c le a r  and en ric h ed  cy to p lasm ic  ENA from 

s t r a i n  NB-7. The Tm v a lu e s  a re  77C and 7 2 .5C fo r  en ric h ed  n u c le a r  

(6a) and en rich ed  cy to p lasm ic  ENA (6b) r e s p e c t iv e ly ,  w hereas t o t a l  

ENA from th a t  s t r a i n  i s  50% den atu red  a t  76C (see  T ab le 1 ) .

The b ase  com positions o f  th e  n u c le a r  and cy to p lasm ic  ENAs were 

c a lc u la te d  from buoyant d e n s i ty  and therm al d e n a tu ra t io n  d a ta  a s  

d e sc r ib e d  in  M a te r ia ls  and M ethods. The r e s u l t s  o f  th e se

c a lc u la t io n s ,  shown in  T able 1 , in d ic a te  t h a t  th e  n u c le a r  and

cy to p lasm ic  ENAs from a l l  th re e  s t r a i n s  g iv e  s im ila r  buoyant d e n s ity  

and Un v a lu e s ,  b u t sm all c o n s is te n t  d i f f e r e n c e s  a re  d e te c ta b le
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between d e te rm in a tio n s  fo r  HK-10 and th o se  fo r  NB-7 and KA-1 (HK-10 

DNA s p e c ie s  a re  h ig h e r in  p ,  Ttn and % G+C). These v a lu e s  t r a n s l a t e  

in to  base  com positions in  th e  range o f  55-58% G+C fo r  n u c le a r  ENA 

o f  a l l  3 s t r a i n s .  S im i la r ly ,  th e  b ase  com position  o f  th e  cy to p lasm ic  

ENA i s  abou t 45-46% G+C, and th a t  o f  th e  KA-1 secondary  

s a t e l l i t e ,  34% G+C. The c lo s e  correspondence between base  

com position  e s tim a te d  from bo th  buoyant d e n s i ty  and 'Em v a lu e s  

in d ic a te s  th e  p ro b ab le  absence o f  unusual b a se s  (Mandel e t  a l . ,

1970).

A synchronously grown, c u l tu r e s  o f  s t r a i n  HK-10 which were to  be

used fo r  th e  ENA c h a r a c te r iz a t io n s  d e sc r ib e d  above were r o u t in e ly

m onitored  fo r  th e  t o t a l  number o f  c e l l s  p re s e n t  (haemocytometer

c o u n ts ) , and th e  % reco v e ry  o f  ENA/cell d e te rm in ed . C e l ls  were

counted and weighed fo llow ing  sp h ero id  d i s s o c ia t io n  p ro ced u res
g

d e sc r ib e d  and 10 1 c u l tu r e s  g e n e ra l ly  y ie ld e d  1-2x10 c e l l s  w eighing

0 .8 -1 .2 g .  When c e l l  co u n ts  (made on combined se p a ra te d  c e l l s  o f  bo th

ty p e s  subsequen t to  sp h ero id  d is s o c ia t io n )  were r e la te d  to  th e  ug 

ENA (as c a lc u la te d  from AjgQ, see  M a te r ia ls  and Methods) recovered  

fo llo w in g  p u r i f i c a t i o n  p ro ced u res  d e sc r ib e d  in  M a te r ia ls  and M ethods,
_7

v a lu e s  av erag in g  2 .5  x 10 ugENA/cell were o b ta in e d . [The % reco v e ry  

o f  t h i s  ENA fo llo w in g  p re p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  c e n t r i f u g a t io n  

was g e n e ra l ly  h ig h  (95-98% ).]

In d iv id u a l Volvox c a r t e r i  sp h e ro id s  c o n ta in  3 ,000 -5 ,000  som atic  

c e l l s  and 10-16 g o n id ia . These c e l l  number v a r ia t io n s  a re  a  fu n c tio n  

o f  th e  s iz e  o f  th e  c le a v in g  g o n id iu n , which i s  d e te rm in ed , to  a  la rg e  

e x te n t ,  by such grow th c o n d itio n s  a s  th e  i n t e n s i ty  o f  th e  l i g h t  and 

c u l tu r e  d e n s i ty .  The p ro p o r tio n  o f  th e  two c e l l  ty p e s  p re s e n t  w ith in
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a p a r t i c u l a r  sp h e ro id  i s  more c o n s ta n t ,  how ever, and th e  r a t i o  o f  

som atic  c e l l s  to  g o n id ia  i s  ap p ro x im ate ly  300:1 .

Hie q u a n t i ty  o f  t o t a l  ENA p re s e n t  in  is o la te d  som atic  o r  g o n id ia l  

c e l l s  o f  V. c a r t e r i  has  been assayed  s p e c tro p h o to m e tr ic a lly  by o th e r s .
_7

Reported v a lu e s  fo r  s t r a i n  NB-7 a re  1 .14  x 10 ugENA/somatic c e l l  and

2 7 .5  x lO  7 ugENA/gonidium (K ochert, 1975), and th o se  fo r  HK-10, 1 .84

-7  -7x 10 ug ENA/somatic c e l l  and 69 .4  x 10 ugDNA/gonidium (K irk ,

p e rso n a l com m unication). Based on th e  r a t i o  o f  300 som atic

c e l ls /g o n id iu m , th e se  v a lu e s  t r a n s l a t e  to  1 .23  x 10 ^ (NB-7) and 20 .6
_7

x 10 (HK-10) fo r  ugENA/cell th a t  would be p re s e n t  in  combined

p o p u la tio n s  o f  g o n id ia l  and som atic  c e l l s  from d is s o c ia te d  sp h e ro id s . 

Such q u a n t i t i e s  su g g e s t t h a t  lo s s e s  o f  t o t a l  ENA encoun tered  d u rin g  

th e  p u r i f i c a t i o n  p ro ced u res  used in  t h i s  s tu d y  were low , s in c e  

e s tim a te d  v a lu e s  even g r e a te r  th an  th e se  were found fo r  th e  ugENA
_7

re c o v e re d /c e l l  d e s c r ib e d  above (2 .5  x 10 ) .

Methods o th e r  th a n  p r e p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  c e n t r i f u ­

g a t io n  have been a ttem p ted  fo r  e f f e c t in g  th e  s e p a ra t io n  o f  Volvox 

n u c le a r  and cy to p lasm ic  ENAs. P o ly ly s in e  k ie se lg u h r  (PLK) 

chrom atography o f  ly s a t e s  o f  Volvox sp h e ro id s  d id  n o t y ie ld  th e se  

d e s ir e d  r e s u l t s .  When p a r t i a l l y  p u r i f i e d  p re p a ra t io n s  o f  ENA from 

s t r a i n  HK-10 w ere loaded  on and e lu te d  from s tan d a rd  PLK columns a s  

d e sc r ib e d  in  M a te r ia ls  and M ethods, o n ly  one peak o f  ENA (e lu t in g  a t  

abou t 2 .0  M NaCl) was observed  (d a ta  n o t p re s e n te d ) .  When t h i s  

m a te r ia l  was l a t e r  ana lyzed  by therm al d e n a tu ra t io n  p ro ced u res  

d e s c r ib e d , th e  Tto and % G+C c a lc u la te d  from th e se  r e s u l t s  (84C, 73%

G+C) w ere s ig n i f i c a n t l y  h ig h e r  th an  v a lu e s  o b ta in e d  u sin g  ENA p u r i f i e d  

fo r  such m e lts  a s  d e sc r ib e d  above (77C, 56% G+C fo r  HK-10 t o t a l  ENA;
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see  T ab le 1 ) .  A lso , when d u p l ic a te  a l iq u o ts  o f  ENA p re p a ra t io n s  were 

run  on p r e p a ra t iv e  CsCl g r a d ie n ts  and PLK colum ns, c a lc u la t io n s  o f  th e  

amount o f  ENA recovered  showed th a t  o n ly  a sm all f r a c t io n  (7-10%) o f  

th e  t o t a l  ENA banded by CsCl c e n t r i f u g a t io n  was be ing  e lu te d  from th e  

PLK column. A fte r  r e p e t i t i o n s  and v a r ia t io n s  o f  th e  p ro ced u res  

d e sc r ib e d  f a i l e d  to  improve th e  y ie ld s  o f  ENA o b ta in e d  by t h i s  m ethod, 

PLK chrom atography o f  Volvox DNA was d is c o n tin u e d .

The ENAs used in  th e s e  s tu d ie s  were is o la te d  from a  number o f  

d i f f e r e n t  s t r a i n s  grown under a wide v a r ie ty  o f  c u l tu r e  c o n d i t io n s .  

The p ro to c o ls  d e sc r ib e d  in  M a te r ia ls  and Methods r e p re s e n t  th o se  

f i n a l l y  adopted  a f t e r  c h a ra c te r iz in g  s e v e ra l d i f f e r e n t  a l t e r n a t i v e s .

The m ajor problem s encoun tered  d u rin g  th e  m an ip u la tio n  o f  Volvox 

sp h e ro id s  fo r  th e  subsequen t a n a ly s is  o f  t h e i r  ENA have been th o se  

a s s o c ia te d  w ith  th e  rem oval o f  th e  e x t r a c e l l u la r  m a tr ix  m a te r ia l  which 

e n c a p su la te s  th e  sp h e ro id s . I h i s  m a te r ia l  i s  composed m ain ly  o f  

g ly c o p ro te in s  (M ille r  e t  a l . , 1972), and i t s  p re sen ce  d u rin g  c e l l  

l y s i s  ap p ea rs  to  in t e r f e r e  w ith  subsequen t ENA p u r i f i c a t i o n ;  y ie ld s  

o f  ENA recovered  from sam ples which co n ta in ed  s u b s ta n t i a l  

q u a n t i t i e s  o f  t h i s  m a tr ix  (sh e e ts  o f  som atic  c e l l s  and sm a lle r  i n t a c t  

sp h e ro id s  p r e s e n t  p r io r  to  ly s i s )  were som etim es a s  much a s

60-80% low er th an  th o se  o f  e q u iv a le n t sam ples where c e l l  s e p a ra t io n  

was more com ple te . The e l im in a tio n  o f  t h i s  m a te r ia l  subsequen t 

to  c e l l  l y s i s  has  been a ttem p ted  by in c u b a tin g  ly s a t e s  w ith  

s e l f - d ig e s te d  p ro te a s e s  and am ylase. However, s im i la r ly  low 

re c o v e r ie s  were observed  fo llo w in g  t h i s  t r e a tm e n t.

V arious a l t e r n a t iv e s  to  th e  p ro te a s e  (type  V I, Sigma) m ediated  

d i s s o c ia t io n  o f  sp h e ro id s  (K ochert and S an s in g , 1971) d e sc r ib e d  in
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M a te r ia ls  and M ethods, have been a ttem p ted  in  t h i s  la b o ra to ry  and in  

o th e r s  ( S ta r r ,  K irk , K ochert, Huskey, p e rso n a l com m unications). 

M echanical d is r u p t io n  o f  sp h e ro id s  (Dounce hom ogenizer, K irk and K irk , 

1976; F rench  p re s s u re  c e l l  p r e s s ,  Y a te s , 1975) fo llow ed by f i l t r a t i o n  

o r  c e n t r i f u g a t io n  have f u r th e r  d ecreased  y ie ld s  o f  ENA/cell p u r i f ie d  

by m ethods used in  t h i s  s tu d y . The use o f  v a r io u s  c o n c e n tra t io n s  o f  

o th e r  p r o te o ly t i c  enzymes ( t r y p s in ,  "p ro n ases"  and o th e r  p ro te a se s )  

and am ylases, a lo n e  and in  v a r io u s  com binations have been t r i e d  a s  

w e l l ,  b u t th e  p ro te a se  (type VI) tre a tm e n t d e s c r ib e d , a c h ie v e s  th e  

g r e a t e s t  amount o f  d i s s o c ia t io n  in  th e  s h o r te s t  tim e . However, fo r  

optimum y ie ld s  and in  o rd e r  to  avo id  s e le c t iv e  lo s s e s  o f  ENA, th e  

fo llo w in g  f a c to r s  shou ld  be tak en  in to  c o n s id e ra t io n  when a ttem p tin g  

to  p u r i fy  Volvox ENA.

S phero id s from d i f f e r e n t  s t r a i n s  and s p h e ro id s  o f  th e  same s t r a i n  

a t  d i f f e r e n t  p o in ts  in  t h e i r  l i f e  c y c le  show c o n s id e ra b le  v a r ia t io n s  

in  t h e i r  s e n s i t i v i t y  to  p ro te a se  m ediated  d i s s o c ia t io n .  I t  was found , 

fo r  exam ple, t h a t  s t r a i n s  NB-7 and KA-1 d i s s o c ia te  more r a p id ly  and 

more co m p le te ly  th a n  HK-10. Under c o n d itio n s  d e s c r ib e d , tim es  o f  

d i s s o c ia t io n  fo r  KA-1 and NB-7 a re  abou t 20-30 min w hereas th o se  fo r  

HK-10 a re  commonly in  th e  range o f  60-120 m in. A lso , u n re le ased  

sp h e ro id s  which have n o t y e t  begun to  expand, re q u ir e  tre a tm e n ts  

s ig n i f i c a n t l y  lo n g e r than  th o se  n o rm ally  n e c e ssa ry  fo r  th e i r  

s t r a i n  and may never co m p le te ly  d i s s o c ia te .  For th e  reaso n s  

in d ic a te d  above, i t  i s  n e c e ssa ry  to  removed a s  much o f  th e  m a tr ix  as  

p o s s ib le  b e fo re  p ro ceed ing  to  c e l l  l y s i s .  "TWeen tre a tm e n t"  p r io r  to  

sp h ero id  d i s s o c ia t io n  a c c e le r a te s  c e l l  s e p a ra t io n  and a id s  in  th e  

breakdown and subsequen t e l im in a tio n  o f  con tam in a tin g  m a trix  m a te r ia l
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(see C hapter 2 and D is c u s s io n ) . Washing d is s o c ia te d  c e l l s  w ith  e i th e r  

media o r  b u f fe r  s e v e ra l  tim es b e fo re  p ro ceed ing  to  th e  l y s i s  o f  c e l l s  

ap p ea rs  to  a id  in  th e  removal o f  t h i s  m a tr ix  m a te r ia l  a s  w e ll .

The l y s i s  o f  la rg e  q u a n t i t i e s  o f  c e l l s  r e q u ir e s  th e  use o f  2% 

io n ic  d e te rg e n t (SLS) in  saline-EDTA (pH 8) a t  55-60C. Such tre a tm e n t 

s e rv e s  to  prom ote th e  l y s i s  o f  c e l l s  and o rg a n e l le s  w h ile  in h ib i t in g  

th e  a c t io n  o f  n u c le a s e s . Repeated r e e x t r a c t io n  o f  m a te r ia l  

p r e c ip i ta te d  from th e  ly s a te  a t  1M NaCl c o n c e n tra tio n  was a l s o  found 

to  in c re a s e  th e  t o t a l  y ie ld  and a id  in  av o id in g  th e  s e le c t iv e  lo s s  

o f  o rg a n e l le  ENA.



C hapter 2 . Normal P a t te rn s  o f  ENA S y n th e s is  

The asex u a l l i f e  c y c le  o f  Volvox c a r t e r !  sp h e ro id s  i s  d e sc r ib e d  

in  M a te r ia ls  and Methods and diagrammed in  f ig u re  1 (a lso  see  p la te  

1 fo r  c e r t a in  l i f e  c y c le  s ta g e s .  ENA s y n th e s is  was s tu d ie d  in  s t r a i n  

HK-10 fo r  v a r io u s  p e r io d s  o f  tim e a t  d i f f e r e n t  s ta g e s  in  t h i s  

l i f e  c y c le .  These s tu d ie s  re q u ire d  a) t h a t  i t  be p o s s ib le  to  use 

r a d io a c t iv e  p re c u rs o rs  a s  a  probe to  m easure th e  amount o f  ENA 

s y n th e s is  a t  any p a r t i c u la r  in t e r v a l ,  b) t h a t  a s u f f i c i e n t l y  

la rg e  number o f  sp h e ro id s  cou ld  be is o la te d  which were a l l  a t  th e  

same s ta g e  in  th e  l i f e  c y c le  and c) th a t  r e s u l t s  o b ta in e d  using  

d i f f e r e n t  methods o f  s ta g e  s e p a ra t io n  be com parable a t  th e  

m acrom olecular l e v e l .

The in c o rp o ra tio n  o f  v a r io u s  n u c le ic  a c id  p re c u rs o rs  in to  Volvox 

DNA was examined by in c u b a tin g  known q u a n t i t i e s  o f  sp h e ro id s  in  th e  

p resen ce  o f  each ra d io is o to p e  fo r  18 h r  (1 /4  l i f e  c y c l e ) , ly s in g  th e  

sp h e ro id s ,  and banding th e  n u c le ic  a c id s  on p re p a ra t iv e  CsCl 

e q u ilib r iu m  d e n s i ty  g r a d ie n ts  (see  M a te r ia ls  and M ethods). Banding 

p r o f i l e s  o f  r a d io a c t iv e ly  la b e le d  DNA from nonsynchronous p o p u la tio n s
3

o f  HK-10 sp h e ro id s  using  2 -  H -adenine were s im i la r  to  th o se  o f  

p u r i f i e d ,  u n lab e led  ENA and were th e re fo re  in v e s t ig a te d  f u r th e r .  

F ig u re  7 shows r e s u l t s  ty p ic a l  o f  th o se  o b ta in e d  when c u l tu r e s  o f  

s t r a i n  HK-10 a re  la b e le d  w ith  c o n c e n tra t io n s  o f  2-^H -adenine rang ing  

from 10 to  40 uCi/m l fo r  p e r io d s  o f  tim e from 16 to  72 h r .  P r o f i le s  

o f  th e  ENA from such ly s a t e s ,  banded in  p r e p a ra t iv e  CsCl g r a d ie n ts  and
3

p lo t te d  a s  cpm H v s .  f r a c t io n  number, c lo s e ly  resem ble th o se  o f  

p u r i f i e d  HK-10 ENA banded in  e i t h e r  p r e p a ra t iv e  o r  a n a ly t ic a l

55
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g ra d ie n ts  (see C hapter 1 , f ig u r e s  2a and 3 ) .  As no ted  p re v io u s ly , 2
14peaks a re  e v id e n t w hich, when r e la te d  to  th e  d e n s i ty  o f  C E. c o l l  

ENA inc lu d ed  in  th e  same g ra d ie n t  a s  a m arker, band w ith  buoyant 

d e n s i t i e s  p re v io u s ly  a ss ig n ed  to  th e  n u c le a r  and cy to p lasm ic  DNA 

s p e c ie s  (see T able 1 ) .

F ig u re  7 a ls o  d em o n stra te s  th e  b e n e f i c ia l  e f f e c t s  o f  "tween 

p re tre a tm e n t"  o f  sp h e ro id s  m entioned in  C hapter 1 . F ig u re  7B shows a 

banding p r o f i l e  o f  r a d io a c t iv e  ENA from sp h e ro id s  which were incubated  

in  th e  p resen ce  o f  1% tween 40/80 fo r  one hour p r io r  to  p ro te a se  

m ediated d i s s o c ia t io n ,  a s  d e sc r ib e d  (see  f ig u re  le g e n d ) . A b e t t e r  

r e s o lu t io n  o f  th e  n u c le a r  and cy to p lasm ic  ENA s p e c ie s  i s  v i s ib l e

fo llo w in g  such tre a tm e n t th a n  can be seen  in  p r o f i l e s  from s im ila r

c u l tu r e s  which had n o t been t r e a te d  w ith  tween ( f ig u re  7A) (see  

D is c u s s io n ) .

O ther r a d io a c t iv e  ENA p re c u rs o rs  do n o t n e c e s s a r i ly  g iv e  

com parable in c o rp o ra tio n s .  For exam ple, r e s u l t s  have shown th a t
3

m e th y l-  H -thym idine i s  in c o rp o ra te d  a lm ost e x c lu s iv e ly  in to  th e  

n u c le a r  ENA o f  HK-10 sp h e ro id s . F ig u re  8 shows th e  d i f f e r in g  p r o f i l e s

o b ta in e d  when e q u iv a le n t he terogeneous 5 ml c u l tu r e s  a re  la b e le d  w ith

3 3e i th e r  2 -  H -adenine o r  m e th y l-  H -thym idine fo r  42 h r (see  f ig u re

le g e n d ) . When ly s a te s  o f  such c u l tu r e s  a re  c e n tr ifu g e d  to

e q u ilib r iu m  in  p r e p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts ,  v e ry  d i f f e r e n t

ENA banding p r o f i l e s  em erge. W hile b o th  th e  n u c le a r  and

cy to p lasm ic  ENA p eak s , such a s  th o se  d e sc r ib e d  above, a re  v i s ib l e

3 3a f t e r  la b e l in g  w ith  H -adenine ( f ig u re  8A), H -thym idine la b e lin g

o f  sp h e ro id s  r e s u l t s  in  th e  appearance o f  o n ly  one r a d io a c t iv e  Volvox

ENA s p e c ie s  w hich, when compared w ith  m arker ^4c  E. c o l i  DNA, bands
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in  th e  p o s i t io n  o f  n u c le a r  ENA ( f ig u re  8B). Thymidine la b e l in g

s tu d ie s  have been re p e a te d  numerous tim es  under v a r io u s  c o n d itio n s

o f  synchrony and asynchrony , and a t  no tim e has  a  d e te c ta b le

cy to p lasm ic  ENA banding s p e c ie s  been v i s i b l e .
14Growth o f  Volvox sp h e ro id s  in  th e  p re sen ce  o f  C -adenm e

su b se q u en tly  p roduces CsCl d e n s i ty  g r a d ie n t  ENA p r o f i l e s  w ith  bo th

n u c le a r  and cy to p lasm ic  banding s p e c ie s  p re s e n t  in  p ro p o r tio n s  s im i la r
3

to  th o se  o b ta in e d  using  H -aden ine . When asynchronous c u l tu r e s

o f  HK-10 sp h e ro id s  a re  grown in  th e  p re sen ce  o f  bo th  

3 14H -thym idine and C -ad en m e, r e s u l t s  such a s  th o se  shown in  f ig u re  9

a re  o b ta in e d  (see  f ig u re  le g e n d ) . Both n u c le a r  and cy to p lasm ic  ENA
14banding s p e c ie s  have in c o rp o ra te d  C r a d io a c t i v i ty ,  b u t r a d io a c t iv i ty

3
from H -thym idine i s  a g a in  p re s e n t  o n ly  in  th e  n u c le a r  ENA. (The

minor sh o u ld er o f te n  v i s i b l e  on th e  l i g h t e r  p o r t io n  o f  th e

^H -thym idine la b e le d  n u c le a r  ENA peak o n ly  in  such dou b le  la b e l  

experim en ts  i s  a s  y e t  u n e x p la in e d ) . Such r e s u l t s  s u b s ta n t i a te  th e
3

f in d in g s  t h a t  m e th y l-  H -thym idine i s  in c o rp o ra te d  alm ost 

e x c lu s iv e ly  in to  n u c le a r  ENA w hereas r a d io a c t iv e  aden ine  w i l l  la b e l

b o th  th e  n u c le a r  and th e  cy to p lasm ic  ENA s p e c ie s .  For t h i s  reason

3 32 -  H -aden ine , and n o t m e th y l-  H -thym id ine , was used a s  th e  ra d io a c t iv e

ENA p re c u rso r  fo r  s tu d ie s  on ENA s y n th e s is  d u rin g  th e  l i f e  c y c le  o f

Volvox.

O ther s t r a i n s  o f  V. c a r t e r i  have been la b e le d  w ith  2-^H -adenine 

(NB-7 and KA-1) and p r e p a ra t iv e  CsCl p r o f i l e s ,  e x h ib i t in g  bo th  n u c le a r  

and cy to p lasm ic  ENA banding s p e c ie s ,  have been o b ta in e d . (The second 

minor ENA s p e c ie s ,  c o n s i s te n t ly  seen  in  a n a ly t ic a l  CsCl p r o f i l e s  o f  

p u r i f ie d  ENA from s t r a i n  KA-1 (see  C hapter 1 ; f ig u r e  2c) was n o t
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re s o lv a b le  in  p r e p a ra t iv e  CsCl p r o f i l e s  o b ta in e d  fo r  e i th e r  p u r i f i e d

o r r a d io a c t iv e ly  la b e le d  ENA (d a ta  n o t p r e s e n te d ) .)  As was

dem onstrated  fo r  s t r a i n  HK-10, banding p r o f i l e s  o f  ENA from

asynchronous c u l tu r e s  o f  s t r a i n  NB-7 grown in  th e  p re sen ce  o f  
3

2 - H -adenm e ( f ig u re  10; see  f ig u re  legend) resem ble th o se  seen  when

p u r i f ie d  ENA o f  t h a t  s t r a i n  i s  banded in  p r e p a ra t iv e  ( f ig u re  4) and

a n a ly t ic a l  ( f ig u re  2b) CsCl d e n s i ty  g r a d ie n ts .  TVo peaks o f

r a d io a c t iv e ly  la b e le d  m a te r ia l  a re  e v id e n t ,  w hich, when compared to
14th e  d e n s i ty  o f  m arker C E. c o l l  DNA, band w ith  th e  buoyant d e n s i t i e s  

ass ig n ed  to  th e  n u c le a r  and cy to p lasm ic  ENAs o f  t h a t  s t r a i n  (see  T ab le 

1) .

Numerous o th e r  la b e l in g  s tu d ie s  have been conducted  u sing  t h i s  

r a d io a c t iv e  ENA p re c u r s o r .  S t r a in  HK-10 has  been la b e le d  w ith
3

2 - H -adenine under a  v a r ie ty  o f  c o n d it io n s  (fo r  synchrony s tu d ie s ,  see

b e lo w ). H eterogeneous c u l tu r e s ,  c o n ta in in g  a s  few a s  100 sp h e ro id s

3have been grown m  th e  p re sen ce  o f  2 -  H -adenm e (20-40 uCi/m l) fo r  

tim e p e r io d s  a s  s h o r t  a s  4 h r  and subsequen t p r o f i l e s  e x h ib i t in g  two 

ENA banding s p e c ie s  have s t i l l  been o b ta in e d  (d a ta  n o t p r e s e n te d ) . I t  

th e re fo re  ap p ea rs  t h a t  ^H -adenine w i l l  be ta k en  up by Volvox sp h e ro id s  

and in c o rp o ra ted  in to  t h e i r  ENA in  a  manner which r e f l e c t s  th e  o v e r a l l  

ENA c o n te n t and r a t i o s  o f  n u c le a r  to  cy to p lasm ic  s p e c ie s  v i s i b l e  when 

o th e r  te c h n iq u e s  a r e  u sed .

In  t h i s  s tu d y , two d i f f e r e n t  ap p ro ach es , d e sc r ib e d  in  M a te r ia ls  

and M ethods, w ere employed to  o b ta in  synchronous p o p u la tio n s  o f  

sp h e ro id s . Method o n e , (SYNC), in v o lv e s  th e  im p o sitio n  o f  synchrony 

on c u l tu r e s  o f  sp h e ro id s  by grow th on a  c y c le  (48 h r) o f  30 h r  l i g h t  

(minimum 600 f t  can d les) and 18 h r d a rk n ess  using  m edia (SVM) a t  pH 8
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( S ta r r ,  p e rso n a l com m unication; see  M a te r ia ls  and M ethods). T h is  

method i s  s im i la r  to  th e  72 h r l i g h t ,  36 h r dark  method used by Y ates 

e t  a l . , (1975) to  sy n ch ron ize  NB-7, and p roduces a p o p u la tio n  o f  

sp h e ro id s  which a re  a l l  te m p o ra lly  a t  th e  same s ta g e  o f  developm ent. 

Using t h i s  m ethod, sp h e ro id s  re q u ire d  a t  any p a r t i c u l a r  p o in t  in  th e  

l i f e  c y c le  can be re p ro d u c ib ly  and p re d ic ta b ly  o b ta in e d  ev e ry  two 

d ay s .

Method two (N IT), ta k e s  advan tage o f  th e  f a c t s  t h a t  th e  d iam ete r 

o f  a  sp h ero id  in c re a s e s  d u rin g  th e  co u rse  o f  th e  a sex u a l l i f e  c y c le  

and th a t  t h i s  s iz e  change r e f l e c t s  th e  developm ental s ta g e  to  which a 

p a r t i c u la r  sp h e ro id  h as  advanced. P o p u la tio n s  o f  in d iv id u a ls  a t  th e  

re q u ire d  s ta g e  may th e re fo re  be se p a ra te d  from an asynchronously  

grow ing, h e terogeneous sp h ero id  c u l tu r e  by f i l t r a t i o n  th rough  N itex  

mesh o f  p a r t i c u l a r  p o re  s iz e s  (as  d e sc r ib e d  in  M a te r ia ls  and 

M ethods).

A lthough th e  SYNC method i s  a  sim p le  means o f  o b ta in in g  sph ero id  

p o p u la tio n s  which a re  more homogeneous ( in  t i g h t e r  synchrony) than  

th o se  o b ta in e d  by f i l t r a t i o n  (N IT), i t  i s  an  imposed te ch n iq u e  and 

fo rc e s  sp h e ro id s  in to  an a c c e le ra te d  l i f e  c y c le  (48 h r v s .  n a tu r a l  3-5 

d a y s ) . There a r e ,  how ever, many more te c h n ic a l  problem s a s s o c ia te d  

w ith  th e  more n a tu ra l  NIT p ro ced u re . M aintenance o f  ax en ic  c o n d itio n s  

i s  more d i f f i c u l t  th a n  in  th e  SYNC method s in c e  NIT re q u ir e s  more 

equipm ent and m an ip u la to ry  s te p s  (see  M a te r ia ls  and M ethods). The 

number o f  sp h e ro id s  p re s e n t  w ith in  th e  homogeneous p o p u la tio n s  

o b ta in e d  fo llo w in g  NIT f i l t r a t i o n  i s  more v a r ie d  and l e s s  p r e d ic ta b le  

th an  w ith in  th o se  o b ta in e d  by SYNC, and unknown q u a n t i t i e s  o f  

sp h e ro id s  and g o n id ia  may be damaged d u rin g  th e  NIT f i l t r a t i o n  p ro cess
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i t s e l f .  However, th e  NIT method y ie ld s  r e l a t i v e l y  homogenous 

p o p u la tio n s  o f  s p h e ro id s ,  which had been and c o n tin u e  to  b e , grown 

under more " n a tu ra l"  c o n d i t io n s .  I t  was n e c e s s a ry , th e r e f o r e ,  t o  make 

com parisons between r e s u l t s  o b ta in e d  u sing  th e se  two d i f f e r in g  

sy n c h ro n iz a tio n  te c h n iq u e s .

P a t te rn s  o f  ENA s y n th e s is  d u rin g  v a r io u s  p e r io d s  o f  tim e a t

d i f f e r e n t  s ta g e s  o f  th e  a sex u a l l i f e  c y c le  o f  Volvox c a r t e r i  f .

n a g a r ie n s is  were s tu d ie d  by fo llo w in g  th e  in c o rp o ra tio n  o f  
32 -  H -adenm e in to  th e  ENA o f  p o p u la tio n s  o f  sp h e ro id s  synch ron ized  by 

b o th  m ethods d e s c r ib e d  above. The r e s u l t s  o f  such ex p erim en ts  (see  

f ig u re  legend) a re  shown in  f ig u re  11 (see f ig u re  1 fo r  l i f e  c y c le  

s ta g e s  quoted  b e lo w ).

P re p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  p r o f i l e s  o f  ly s a t e s  from 

sp h e ro id s  la b e le d  d u rin g  th e  p r e re le a s e  expansion  s ta g e  ( f ig u re  1 , 

s ta g e  7; p l a t e  1 ) can be seen  in  f ig u re s  11a and l i b .  In  b o th  th e  

SYNC and NIT p r o f i l e s  two m ajor peaks o f  r a d io a c t iv e ly  la b e le d  

m a te r ia l ,  banding in  th e  p o s i t io n s  o f  n u c le a r  and cy to p lasm ic  DNA, 

can  be se e n . The p ro p o r tio n  o f  th e se  two ENA s p e c ie s  i s ,  

how ever, v e ry  d i f f e r e n t  from th e  p ro p o r tio n s  p re s e n t  in  p r o f i l e s
3

from asynchronous c u l tu r e s  (see  f ig u re  7 ) .  The r a t i o  o f  cpm H 

in c o rp o ra te d  in to  cy to p lasm ic  ENA (cENA) to  th o se  in c o rp o ra te d  in to
3

t o t a l  ( t)  DNA (sum o f  cpm H m  cENA and n u c le a r  ENA) w i l l  be 

term ed c / t  r a t i o .  During th e  co u rse  o f  t h i s  s tu d y  such r a t i o s  have 

been found to  v a ry  betw een 5 and 20% when banding  p r o f i l e s  

from h e te ro g en eo u s , asynchronously  grown c u l tu r e s  were used fo r  

th e s e  c a l c u la t io n s .  In  p r o f i l e s  o b ta in e d  from synchronous 

p o p u la tio n s  o f  sp h e ro id s  la b e le d  d u rin g  th e  s ta g e  fo llo w in g
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in v e rs io n  and p reced in g  r e le a s e  ( f ig u re s  11a and l ib )  

how ever, th e s e  c / t  r a t i o s  have alw ays been much h ig h e r  ( c / t ' s

u s u a lly  g r e a te r  th an  60%). Such r e s u l t s  im ply t h a t  t h i s  

p re r e le a s e  expansion  s ta g e  i s  one o f  p r e f e r e n t i a l  cENA 

s y n th e s is .

P r o f i le s  o b ta in e d  from synchronous c u l tu r e s  la b e le d  d u rin g  th e  

p o r t io n  o f  th e  expansion  phase fo llo w in g  r e le a s e  (s ta g e  1) a re

d e p ic te d  in  f ig u r e s  11c (SYNC) and l i d  (NIT). Only one peak o f  

r a d io a c t iv e ly  la b e le d  m a te r ia l  banding in  th e  p o s i t io n  o f  n u c le a r  DNA 

i s  observed  w hether s p h e ro id s  were is o la te d  by th e  SYNC o r  th e  NIT 

p ro c e d u re . Using th e se  methods i t  has  th u s  f a r  n o t been p o s s ib le  to  

dem on stra te  th e  s y n th e s is  o f  any o th e r  ENA s p e c ie s  d u rin g  t h i s  s ta g e  

in  th e  Volvox l i f e  c y c le .

F ig u re  l i e  shows r e s u l t s  o b ta in e d  when e n la rg e d , f u l l y  expanded 

s p h e ro id s , i s o la te d  using  th e  SYNC m ethod, a re  la b e le d  d u rin g  th e  

p e r io d  encom passing c leav ag e  and in v e rs io n  (s ta g e s  3 -6 ) ; n u c le a r  DNA 

i s  th e  predom inant s p e c ie s  sy n th e s iz e d  h e re .  However, fo r  t h i s  s ta g e ,  

r e s u l t s  o b ta in e d  using  th e  NIT method ( f ig u re  I l f )  a re  somewhat 

d i f f e r e n t .  NIT s tu d ie s  were done u sing  " in  v i t r o " g o n id ia  ( f re e

g o n id ia ,  dev e lo p in g  o u ts id e  th e  p a re n ta l  sp h ero id ) i s o la te d  by th e

d is r u p t io n  o f  e n la rg e d  p a re n ta l  sp h e ro id s  a s  d e sc r ib e d  (see  f ig u re  

legend  and M a te r ia ls  and M ethods). Hie ENA la b e le d  u sin g  t h i s  method 

bands a s  in d ic a te d  in  f ig u re  I l f ,  showing th a t  b o th  n u c le a r  and 

cy to p lasm ic  ENA a re  be ing  made. The p ro p o r tio n  o f  cy to p lasm ic  ENA in  

t h i s  p r o f i l e  ( c / t  = 30%) i s  g r e a te r  th an  th a t  seen  d u rin g  c leav ag e  o f  

g o n id ia  w ith in  th e  p a re n ta l  sp h e ro id  using  th e  SYNC method ( c / t  = 

15%). However, th e  in c re a se d  cy to p lasm ic  ENA s y n th e s is  observed  h ere
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(NIT), may w e ll be a r e f l e c t i o n  o f  th e  l im i t a t i o n s  o f  t h i s

sy n c h ro n iz a tio n  method (see  D is c u s s io n ) , and th e re fo re  a r t i f a c t u a l  

fo r  t h i s  s ta g e  o f  th e  l i f e  c y c le .

H ie p e rio d  o f  t o t a l  expansion  in c lu d e s  th e  s ta g e s  b e fo re  and 

a f t e r  ju v e n i le  sp h ero id  r e le a s e  (s ta g e s  7 , 8 and 1 ) .  The ENA banding 

p r o f i l e s  from sp h e ro id s  is o la te d  by bo th  th e  SYNC and th e  NIT methods 

and la b e le d  d u rin g  t h i s  p o r t io n  o f  t h e i r  l i f e  c y c le  ( f ig u re s  l l g  and 

l l h ) , show th a t  la rg e  p ro p o r tio n s  o f  b o th  DNA s p e c ie s  a re  being  

sy n th e s iz e d  ( c / t  SYNC = 37%; c / t  NIT = 34%). Such p ro p o r tio n s  would 

be expec ted  from r e s u l t s  d e sc r ib e d  above s in c e  t h i s  p e rio d  o f  

th e  l i f e  c y c le  com bines b o th  th e  p r e r e le a s e  s ta g e ,  when cENA i s  th e  

predom inant s p e c ie s  sy n th e s iz e d  (see  f ig u re s  11a and l i b ) , and 

th e  p o s t r e le a s e  expansion  s ta g e  when o n ly  n u c le a r  ENA i s  made (see  

f ig u re s  11c and l i d ) . Hie p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e s  

o f  r a d io is o to p e  la b e le d  Volvox DNA p re se n te d  above dem onstra te  

t h a t  th e  two sy n c h ro n iz a tio n  p ro ced u res  employed in  t h i s  s tu d y  

y ie ld  sp h ero id  p o p u la tio n s  which e x h ib i t  s im i la r  p a t te r n s  o f
3
H -adenm e in c o rp o ra tio n  in to  n u c le a r  and cy to p lasm ic  DNA d u rin g  

th e  v a r io u s  s ta g e s  o f  th e  l i f e  c y c le  exam ined. The p o rp o r tio n s  o f  th e  

two ENA banding s p e c ie s  ( c / t  r a t io s )  seen  in  such p r o f i l e s  a re  

s im i la r  d u rin g  th e  same l i f e  c y c le  s ta g e ,  w hether p o p u la tio n s  a re  

i s o la te d  by th e  imposed (SYNC) o r  th e  more n a tu r a l ,  s e le c t io n  

synchrony (NIT) method. The more s ta n d a rd iz e d  SYNC method was 

th e re fo r e  employed fo r  a l l  f u r th e r  experim en ts  n e c e s s i t a t in g  th e  

use o f  synchronous c u l tu r e s .



C hapter 3 . A l te ra t io n s  in  ENA M etabolism

A fte r  th e  "norm al" tem poral p a t te r n s  o f  ENA s y n th e s is  in  s t r a i n

HK-10 sp h e ro id s  had been d e te rm in e d , s tu d ie s  were th en  conducted to

le a rn  th e  m orpholog ical and b iochem ical consequences o f  in te r f e r in g

w ith  ENA m etabo lism , in  th e  hope o f  c o r r e la t in g  th e se  two e f f e c t s .

Such s tu d ie s  employed normal HK-10 sp h e ro id s  t r e a te d  w ith  d rugs
g

(e th id ium  brom ide: EB; and d e l ta -9 - te tra h y d ro c a n n a b in o l:  A  THC o r

THC), and a "som atic  c e l l  re g e n e ra to r"  m utant o f  s t r a i n  HK-10. 

The a b e r ra n t  developm ental p a t t e r n s ,  a s  w e ll a s  th e  changes in  ENA 

m etabolism  which r e s u l t  from such drug  tre a tm e n ts  and m u ta tio n  a re  

d e sc r ib e d  in  t h i s  c h a p te r .

The E f fe c t  o f  THC and EB on M orphological Development During 

The A sexual L ife  C ycle o f  Volvox c a r t e r i  S p h ero id s .

The asex u a l l i f e  c y c le  o f  Volvox h a s , fo r  th e se  s tu d ie s ,  been 

d iv id e d  in to  fo u r p a r t s ,  th re e  o f  which a re  diagrammed in  f ig u re  12. 

S tag e  1 i l l u s t r a t e s  th e  p e r io d  b e fo re  and a f t e r  r e le a s e  d u rin g  which 

th e  newly in v e rte d  ju v e n i le  sp h ero id  w ith  a p e r ip h e ra l  sh ea th  o f  

som atic  c e l l s ,  and in te r n a l  im nature g o n id ia  b e g in s  th e  p ro c e ss  o f  

expansion  and m a tu ra tio n . During t h i s  p e r io d ,  th e  sp h ero id  e n la rg e s  

a s  shown due to  som atic  c e l l  s y n th e s is  and e x c re tio n  o f  m a trix  

m a te r ia l ,  w h ile  th e  g o n id ia  a ls o  expand and become h ig h ly  v a c u o la te d . 

At th e  end o f  S tag e  1 th e  sp h ero id  i s  f u l l y  "m ature" and read y  to  

b eg in  a sex u a l re p ro d u c tio n . S tage  2 d e p ic ts  th e  p e r io d  j u s t  p r io r  to  

th e  o n se t o f  c e l l  d iv i s io n  and em bryogenesis d u rin g  which a  marked 

m orpho log ical change ta k e s  p la c e  w ith in  th e  g o n id ia .  The v acu o les
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d isa p p e a r and th e  c o n te n ts  o f  th e  c e l l s  become h ig h ly  g ra n u la r  and 

d a rk e r in  c o lo r .  T h is  has  been term ed th e  phase o f  g o n id ia l  

'c o n d e n sa tio n ' and i t  i s  r e a d i ly  observed  under th e  l i g h t  m icroscope. 

S tage  3 shows th e  p e r io d  o f  g o n id ia l  c le a v a g e . Hie m a tu re , condensed 

g o n id ia  f l a t t e n  s l i g h t l y  and beg in  th e  p ro c e ss  o f  sem isynchronous c e l l  

d iv i s io n  which u l t im a te ly  le a d s  to  a  p re in v e rs io n  form (no t shown); 

th e  p re in v e rs io n  form , w ith  a l l  c e l l  d iv i s io n  com pleted , c a r r i e s  o u t 

a  m orphogenetic movement known a s  in v e rs io n  d u rin g  which th e  embryo 

tu rn s  in s id e  o u t (no t shown.)

The e f f e c t s  o f  v a r io u s  c o n c e n tra t io n s  o f  THC and e th id iu m  bromide 

on th e  m orphology, g row th , em bryogenesis and developm ent a t  th e  

d i f f e r e n t  s ta g e s  o f  th e  a sex u a l l i f e  c y c le  d e sc r ib e d  above have been 

in v e s t ig a te d ,  and th e se  o b s e rv a tio n s  a re  p re se n te d  below (see  p la te s  2 

and 3 ) .

S tu d ie s  perform ed on asynchronous p o p u la tio n s  were conducted by 

in c u b a tin g  2 ml and 5 ml c u l tu r e s  (SVM, pH 7) in  th e  p re sen ce  o r  

absence o f  c a r r i e r  (see  b e lo w ), THC o r  EB under c o n d it io n s  o f  c o n s ta n t 

l i g h t  (THC) o r a  l i g h t /d a r k  c y c le  o f  16/8  (EB). Synchronous c u l tu r e s  

were incu b ated  under SYNC c o n d it io n s  d e sc r ib e d  above (pH 8 , 30 h r 

l ig h t /1 8  h r d a r k ) .

9
THC i s  n o t s o lu b le  in  w a te r . T h e re fo re , in  o rd e r  to  t e s t  

th e  v a r io u s  e f f e c t s  o f  t h i s  d rug  on Volvox s p h e ro id s , a  s u i ta b le  

" c a r r ie r "  (see  M a te r ia ls  and Methods) had to  be d ev ised  a s  a v e h ic le  

to  suspend th e  THC in  th e  SVM m edia. S ince a l l  drug t r e a te d  c u l tu r e s  

co n ta in ed  t h i s  c a r r i e r ,  th e  m orpho log ical and b iochem ical e f f e c t s  o f  

eq u a l c o n c e n tra tio n s  o f  c a r r i e r  a lo n e  had to  be e lu c id a te d .  A ll 

experim en ts  and s tu d ie s  in v o lv in g  THC w ere th e re fo re  perform ed using
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c a r r i e r  a s  w ell a s  n o n -c a r r ie r  c o n t r o l s .

TOC T reatm ent

S tu d ie s  perform ed on asynchronous sp h ero id  p o p u la tio n s  rev ea led  

t h a t  a t  c o n c e n tra tio n s  o f  TOC between 5-25 ug/tol a l l  s ta g e s  o f  th e  

l i f e  c y c le  appear to  ta k e  p la c e  no rm ally  over th e  f i r s t  24 ho u rs  o f  

tr e a tm e n t.  At c o n c e n tra tio n s  o f  50 ug/ml TOC some c e l l s  a lre a d y  

com mitted to  em bryogenesis show s ig n s  o f  a b e r ra n t  c le a v a g e ; th e  2-8 

c e l l  s ta g e s  show ev id en ce  o f  unequal d iv i s io n ,  and some s e p a ra t io n  o f  

th e  c e l l s  i s  v i s i b l e .

At 125 ug/m l TOC (12 .5  u l/m l c a r r i e r )  em bryogenesis ap p ea rs  

norm al in  c o n tro l  sam ples. In  th e  d rug  t r e a te d  c u l tu r e s  th o se  embryos 

which have f u l l y  in v e r te d  look norm al, b u t th o se  in v e r t in g  du rin g  

th i s  p e r io d  appear d i s to r t e d  (see  be low ). At t h i s  (125 ug/m l) THC 

c o n c e n tra tio n  a l l  en la rg ed  g o n id ia  appear condensed and v e ry  d ark  in  

c o lo r  and th e  c u l tu r e  becomes a r r e s te d  in  t h i s  c o n d i t io n .  When th e  

d rug  c o n c e n tra tio n  i s  r a is e d  above 250 ug/m l (up to  500 ug/m l) a l l  

g o n id ia  ( la rg e  and sm all) become condensed and a r r e s t  a t  t h i s  s ta g e  

w ith in  th e  f i r s t  16-18 h r o f  tre a tm e n t ( p la te  2A). A f te r  24 h r  in  th e  

p re sen ce  o f  th e  drug seme e n la rg e d  g o n id ia  appear to  d eg en e ra te  

(become h ig h ly  g ra n u la r  and d i s t o r t  and lo s e  some o f  t h e i r  c o l o r ) .

When experim en ts  were perform ed on synchronous and 

sem i-synchronous c u l tu r e s ,  s im i la r  p o in ts  o f  m orpho log ical b lo ck  could  

be d e te c te d  (ex ecu tio n  p o i n t s ) , w ith  one a d d i t io n a l  o b s e rv a tio n . When 

low c o n c e n tra tio n s  o f  TOC a re  added to  sp h e ro id s  which a re  in  l a t e r  

s ta g e s  o f  em bryogenesis (tim e zone E) th e  new embryos do n o t in v e r t  

p ro p e r ly .  I f ,  TOC i s  added a f t e r  th e  com pletion  o f  c e l l  d iv i s io n ,  

in v e rs io n  p roceed s no rm ally  b u t th e  r e le a s e  o f  th e  new ju v e n ile  

sp h e ro id s  i s  in h ib i te d .
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The r e s u l t s  o f  m orpho log ica l s tu d ie s  using  sp h e ro id s  t r e a te d  w ith  

THC can  be summarized as  fo llo w s  (see  p la te  2 ) .  In  th e  con tin u o u s 

p re sen ce  o f  th e  drug (up to  400 ug/m l) no p o in t  o f  m orpho log ical b lock  

can be d e te c te d  in  tim e zone A ( f ig u re  1 2 ). At c o n c e n tra t io n s  o f  125 

ug/ml and h ig h e r ,  tim e zone B c o n ta in s  th e  f i r s t  e x e c u tio n  p o in t

w ith  a  b lo ck  such th a t  a l l  g o n id ia  a r r e s t  a t  th e  co n d en sa tio n  s ta g e

(2 ) ,  and a t  h ig h e r c o n c e n tr a t io n s ,  reach  t h i s  b lo ck  p re m a tu re ly .

T reatm ent o f  sp h e ro id s  w ith  even low er c o n c e n tra tio n s  o f  th e  drug 

(about 50 ug/m l) shows th e  e x is te n c e  o f  a second ex ec u tio n  p o in t  in

tim e zone D o r E, w ith  th e  consequence th a t  em bryogenesis i s  a f f e c te d  

(a b e r ra n t c leav ag e  and in v e r s io n ) , and in  many c a s e s  th e  r e le a s e  o f  

ju v e n ile  sp h e ro id s  i s  s i g n i f i c a n t l y  d e lay ed .

EB T reatm ent

A d i s t i n c t  m orpho log ical e f f e c t  i s  produced in  HK-10 sp h e ro id s  

in cu b a ted  fo r  18-24 h r in  th e  p resen ce  o f  EB o ver a narrow  

c o n c e n tra tio n  range  (25-30 u g /m l) . When Volvox c u l tu r e s  

a re  th u s  t r e a te d  fo r  up to  24 h r ,  sp h e ro id s  accum ulate

a t  s ta g e  3 ( f ig u re  1 2 ). T h is  b lo ck  ap p ea rs  to  be one which 

a llo w s m ature g o n id ia  to  beg in  c le a v a g e , b u t cau ses

c e s s a t io n  o f  c e l l  d iv i s io n  between th e  4 and 32 c e l l  s ta g e  (see  p la te

3 ) .  Hie p o in t  a t  which th e  d rug  a f f e c t s  developm ent (ex ecu tio n  

p o i n t ) , th e r e f o r e ,  ap p ea rs  to  be somewhere in  tim e zone E. EB 

c o n c e n tra tio n s  o f  20 ug/m l and below , p roduce no v i s i b l e  e f f e c t s  

d u rin g  th e  f i r s t  24 h r  o f  sp h e ro id  t r e a tm e n t,  w hereas c o n c e n tra tio n s

o f  th e  d rug  above 30 ug/m l appear to  cause  d e g e n e ra tio n  o f  a l l  g o n id ia

(shape d i s t o r t i o n ,  lo s s  o f  g reen  c o lo r  and appearance o f  o range  dye 

c o l o r ) .
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The E f fe c ts  o f  THC and EB on ENA M etabolism  

TOC and ENA S y n th e s is

ENA s y n th e s is  can  be fo llow ed in  Volvox sp h e ro id s  by em ploying 

th e  in c o rp o ra tio n  o f  2-^H -adenine in to  ENA m olecu les which a re  th en  

re s o lv a b le  in to  n u c le a r  and cy to p lasm ic  o r ig in  by CsCl d e n s i ty  

g r a d ie n t  c e n t r i f u g a t io n  (C hapter 2 and M argolis-K azan and B lam ire , 

1976). These te c h n iq u e s  were used to  fo llo w  th e  e f f e c t s  o f  TOC on 

ENA s y n th e s is  in  b o th  h e terogeneous and synchronous c u l tu r e s  o f  V. 

c a r t e r i  f .  n a g a r ie n s is  s t r a i n  HK-10.

Asynchronous c u l tu r e s  have been incubated  w ith  2-^H -adenine in  

th e  p re sen ce  and absence o f  TOC (400 ug/m l) o r  c a r r i e r  (40 u l/m l) fo r  

18 h r .  R e s u lts  o f  such ex p e rim en ts , (seen  in  f ig u re  13) show th a t  

c a r r i e r  a lo n e  has  no a p p re c ia b le  e f f e c t  on ENA s y n th e s is  d u rin g  t h i s  

tim e p e r io d .  TVo peaks o f  r a d io a c t iv e ly  la b e le d  ENA can  be seen  

banding in  th e  p o s i t io n s  o f  th e  n u c le a r  and cy to p lasm ic  ENA s p e c ie s  in  

b o th  th e  c o n tro l  ( f ig u re  13A) and th e  c a r r i e r  t r e a te d  ( f ig u re  13B) 

p r o f i l e s .  In  th e  p r o f i l e  from TOC t r e a te d  s p h e ro id s , how ever, o n ly  

one p eak , banding in  th e  p o s i t io n  o f  n u c le a r  ENA, i s  v i s i b l e  ( f ig u re  

13C). Under th e  v a r io u s  c o n d itio n s  te s te d  (synchrony and asynchrony , 

long and s h o r t  term  tre a tm e n t,  see  b e lo w ), s y n th e s is  o f  cy to p lasm ic  

ENA has  c o n s i s te n t ly  been d i f f e r e n t i a l l y  in h ib i te d  in  th e  p re sen ce  o f  

400 ugA il TOC.

S tu d ie s  were conducted to  le a r n  th e  e f f e c t s  o f  c a r r i e r  and TOC
3

on th e  up take and t o t a l  in c o rp o ra tio n  o f  2 -  H -adem ne by HK-10 

s p h e ro id s . Asynchronous c u l tu r e s ,  c o n ta in in g  abou t 400 sp h e ro id s /m l, 

were in cu b a ted  w ith  ^H -adenine in  th e  p re sen ce  and absence o f  30-40 

u l/m l c a r r i e r  and 300-400 ug/ml TOC, a s  d e sc r ib e d  in  M a te r ia ls  and
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M ethods. Samples were w ithdrawn a t  0 h r  and ev e ry  1-2 h r  fo r  th e

f i r s t  8-10 h r and ag a in  a f t e r  25 h r ,  and th e  grow th m edia, TCA 

p r e c ip i t a b le  m a te r ia l  from t o t a l  ly s a te s  and h o t KDH hydrolyzed  

ly s a t e s  o f  s p h e ro id s , m onitored  fo r  cfto ^H a s  d e s c r ib e d . The r e s u l t s
3

on th e  uptake o f  H aden ine  (as ana lyzed  by d e p le t io n  o f  r a d io a c t iv i ty  

in  th e  grow th media) in  such an experim en t a re  p re se n te d  in  f ig u re  14. 

For th e  f i r s t  4 h r  th e  up take o f  aden ine i s  f a i r l y  l i n e a r  in  th e  THC

t r e a t e d ,  c a r r i e r  t r e a te d  and c o n tro l  c u l tu r e s .  R e la t iv e ly  l i n e a r

up take c o n tin u e s  in  b o th  c a r r i e r - t r e a t e d  and c o n tro l  sam ples fo r  8 h r

from tim e 0 . (The "up take la g "  seen  in  f ig u re  14 in  th e  c a r r i e r  

c o n t r o l ,  between 4 and 6 h r ,  i s  commonly seen  somewhere between 4 and 

7 h r and i s  a s  y e t  u n ex p la in ed .)
3

R e s u lts  on th e  in c o rp o ra tio n  o f  2 -  H -adenine from t h i s  same s tu d y  

(see legend  to  f ig u re  14 and M a te r ia ls  and Methods) a re  p re se n te d  in
3

T ab le  2. They show, f i r s t  o f  a l l ,  t h a t  a t  l e a s t  95% o f  th e  H -adenine 

p re s e n t  in  TCA p r e c ip i ta b le  m a te r ia l  from ly s a te s  o f  HK-10 sp h e ro id s  

i s  n o t in c o rp o ra te d  in to  ENA. At th e  v a r io u s  tim e p o in ts  t e s t e d ,  

c o n tro l  sam ples show th a t  th e  co u n ts  in c o rp o ra te d  in to  KM hydro lyzed  

m a te r ia l  a re  o n ly  abou t 1-5% o f  th o se  in c o rp o ra te d  in to  TCA 

p r e c ip i t a b le  unhydrolyzed m a te r ia l .  A m ajor p o r t io n  o f  th e  t r i t iu m  

co u n ts  p re s e n t  in  unhydrolyzed sam ples, th e r e f o r e ,  p ro b ab ly  em inate 

from aden ine  in c o rp o ra te d  in to  HNA.

As was found fo r  u p ta k e , d e sc r ib e d  above, th e  f i r s t  4 h r  o f  d rug  

tre a tm e n t has  v e ry  l i t t l e  e f f e c t  upon th e  t o t a l  in c o rp o ra tio n  o f
3

2 -  H -adenine a s  w e ll .  A f te r  4 h r ,  t r i t iu m  co u n ts  in  TCA p r e c i p i t a t e s  

o f  unhydrolyzed o r  KOH hydro lyzed  ly s a te s  a r e  s im i la r  to  th o se  o f  th e  

c o n tro l  w hether sp h e ro id s  have been t r e a te d  w ith  c a r r i e r  (30 ug/m l) o r
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THC (300 u g /m l). A f te r  6 h r  o f  THC tre a tm e n t,  how ever, unhydrolyzed 

m a te r ia l  shows l e s s  th a n  h a l f  o f  th e  in c o rp o ra tio n  seen  in  th e  

c o n t r o l ,  and a f t e r  8 .5  h r t r i t iu m  co u n ts  p re s e n t  in  KDH

hydro lyzed  sam ples a re  o n ly  o n e - th i rd  o f  th o se  found in  th e  

c o n t r o l .  C a r r ie r  tre a tm e n t b eg in s  to  s ig n i f i c a n t l y  d ec re a se  

th e  in c o rp o ra tio n  o f  aden ine  in to  unhydrolyzed sam ples r e l a t i v e  

to  th e  c o n t r o l ,  a t  a tim e (8 .5  h r) when KOH hydrolyzed  

m a te r ia l  i s  s t i l l  v i r t u a l l y  u n a f fe c te d . R e su lts  p re se n te d  in  Table

2 w ould, th e r e f o r e ,  su g g es t th a t  THC cau ses  a  d e c re a se  in  th e
3in c o rp o ra tio n  o f  2 -  H -adenm e in to  ENA sooner and more 

d ra m a tic a lly  th an  i t  does in c o rp o ra tio n  in to  ENA. I t  should  a lso

be noted  th a t  w ith  tim e (8 .5  h r) and e s p e c ia l ly  a f t e r  25 h r  o f

grow th in  th e  p resen ce  o f  c a r r i e r ,  in c o rp o ra tio n  o f  la b e l  in to  ENA 

i s  s ig n i f i c a n t l y  reduced .

S im ila r  uptake and in c o rp o ra tio n  s tu d ie s  were conducted using
3

H -thym idm e. In  a l l  c a se s  media d e p le t io n  a n a ly s is  showed no 

a p p re c ia b le  re d u c tio n  in  cpm 3H p re s e n t  in  th e  grow th m edia d u rin g  th e  

25 h r tim e p e r io d  te s te d  (d a ta  n o t p r e s e n te d ) . In c o rp o ra tio n  s tu d ie s  

em ploying 3H -thym idine (see  T ab le 3 ) ,  how ever, y ie ld e d  r e s u l t s  which 

a re  s ig n i f i c a n t l y  d i f f e r e n t  from th o se  d e sc r ib e d  fo r  a d en in e . The 

in c o rp o ra tio n  o f  3H-thym idine does n o t appear to  be in h ib i te d  by 

tre a tm e n t o f  sp h e ro id s  w ith  c a r r i e r  o r  THC fo r  a t  l e a s t  10 h r .  In  

f a c t ,  a f t e r  th e  f i r s t  8 .5  h r  o f  ex p o su re , in  t h i s  ex p erim en t, cpm
3
H m  b o th  th e  t o t a l  and th e  KDH hydro lyzed  TCA in s o lu b le  m a te r ia l  a re

h ig h e s t  in  THC t r e a te d  sp h e ro id s  and v e ry  s im i la r  in  b o th  c a r r i e r

t r e a te d  and c o n tro l  sam ples. These r e s u l t s  a r e  in  accord  w ith

3f in d in g s  d e s c r ib e d  p re v io u s ly . S ince  m e th y l- H -thym idine i s  in c o rp o r­

a te d  o n ly  in to  Volvox n u c le a r  ENA (Chapter 2) and 18 h r tre a tm e n t o f
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sp h e ro id s  w ith  300-400 ug/ml THC in t e r f e r e s  m ain ly  w ith  cy to p lasm ic  

ENA s y n th e s is  (above and M argolis-K azan and B lam ire , 1977) one would
3

n o t ex p ec t th e  d rug  to  i n t e r f e r e  w ith  H -thym idm e in c o rp o ra tio n  

(which i s  o n ly  in to  n u c le a r  ENA), d u rin g  t h i s  same tim e p e r io d .

In  t h i s  p a r t i c u la r  ex p erim en t, how ever, 25 h r  tre a tm e n t o f

sp h e ro id s  w ith  THC in  th e  p resen ce  o f  e i th e r  ^H -adenine o r

3 . . 3H -thym idm e (and w ith  c a r r i e r  a s  w ell in  th e  H -adenm e la b e le d

sp h ero id s) s u b s t a n t i a l l y  reduced (80-95%) th e  cpm p re s e n t  in  th e  TCA

in s o lu b le ,  KDH hydrolyzed  m a te r ia l  r e l a t i v e  to  th o se  o f  u n tre a te d

c o n t ro l s .

The e f f e c t s  o f  in c re a s in g  THC c o n c e n tra tio n  upon ENA s y n th e s is  

were fo llow ed in  HK-10 sp h e ro id s  using  p ro to c o ls  d e sc r ib e d  above.

F ig u re  15 shows th e  CsCl p r o f i l e s  o b ta in e d  a f t e r  sp h e ro id s  were

t r e a te d  fo r  18 h r w ith  40 u l/m l c a r r i e r  (ISA ), 100 ug/m l THC (15B), 

200 ug/ml THC (15C) and 400 ug/ml (15D), in  th e  p resen ce  o f  20 uCi/ml
3

2 - H -adenm e. Ttoo peaks o f  r a d io a c t iv e ly  la b e le d  ENA, banding w ith  

buoyant d e n s i t i e s  p re v io u s ly  a ss ig n ed  to  th e  n u c le a r  and cy top lasm ic  

s p e c ie s ,  a r e  p re s e n t  in  s im ila r  p ro p o r tio n s  (see  T ab le 4 and below) in  

p r o f i l e s  from sp h e ro id s  t r e a te d  w ith  e i t h e r  40 u l/m l c a r r i e r ,  o r  100 

o r 200 ug/ml THC ( f ig u re s  15A, B, and C ). When THC c o n c e n tra tio n

i s  r a is e d  to  400 ug /m l, however (15D), th e re  i s  a lm ost t o t a l

in h ib i t io n  o f  aden ine in c o rp o ra tio n  in to  cy to p lasm ic  ENA w h ile  

in c o rp o ra tio n  in to  n u c le a r  ENA c o n tin u e s .

Experim ents o f  t h i s  type were g e n e ra l ly  conducted using  

"heterogenous" Volvox c u l tu r e s  w ith  a  sem i-synchronous b ia s  to  th e  

p re r e le a s e  expansion  s ta g e  in  o rd e r  to  e n r ic h  fo r  cy to p lasm ic  ENA 

s y n th e s is  and th e re b y  make th a t  s p e c ie s  e a s i l y  d is c e rn a b le  above
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3
"background." The r a t i o s  o f  cpm H in c o rp o ra te d  in to  cy to p lasm ic  ENA 

to  th o se  in c o rp o ra te d  in to  t o t a l  ENA ( c / t  r a t i o )  may, th e r e f o r e ,  v a ry  

from  abou t 5-15% fo r  asynchronous c u l tu r e s  t o  over 30% fo r  en rich ed  

sem i-synchronous p o p u la tio n s .

The c / t  r a t i o s  c a lc u la te d  from th e  r e s u l t s  d e sc r ib e d  above

( f ig u re  15) a re  p re se n te d  in  T ab le 4 . 18 h r tre a tm e n ts  o f  e q u iv a le n t

c u l tu r e s  w ith  40 u l / n l  c a r r i e r  o r 100, 200 and 400 ug/m l TOC

y ie ld e d  c / t  r a t i o s  o f  21%, 20.5%, 21% and 0 r e s p e c t iv e ly .  R e p e tit io n

o f  experim en ts  o f  t h i s  ty p e  showed t h a t  d u rin g  th e  f i r s t  18-24 h r s  o f  

exposure  to  THC, cy to p lasm ic  ENA s y n th e s is  i s  d i f f e r e n t i a l l y  

in te r f e r e d  w ith  o n ly  when th e  drug i s  p re s e n t  in  th e  grow th media in  

c o n c e n tra t io n s  betw een 300 and 400 ug /m l. C o n c e n tra tio n s  o f  th e  drug 

g r e a te r  th a n  500 u g /n l p re v e n t n u c le a r  ENA s y n th e s is  a s  w e ll (d a ta  n o t 

p r e s e n te d ) .

E xperim ents w ere th e n  perform ed to  le a r n  th e  e f f e c t s  o f  THC upon 

ENA s y n th e s is  in  synchronous Volvox c u l tu r e s  d u rin g  v a r io u s  

s ta g e s  o f  th e  a sex u a l l i f e  c y c le .  E q u iv a len t 5 ml synchronous 

c u l tu r e s  (S¥NC) a t  p a r t i c u la r  p o in ts  o f  developm ent were incubated  in
3

th e  p re sen ce  o f  2 -  H -adenine a lo n e , o r  la b e l  and c a r r i e r  (40 u l/m l) 

o r  THC (400 u g /m l) . P re p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  p r o f i l e s  o f  

c u l tu r e s  th u s  t r e a te d  a re  p re se n te d  in  f ig u re  16. ( P r o f i le s  o f  th e  

u n tre a te d  c o n t ro l s  a re  n o t p re se n te d  b u t th e y  a re  s im i la r  to  th o se  o f  

c a r r i e r  t r e a te d  c o n t r o l s . )  The n ear p e r f e c t  synchrony o b ta in e d  in  th e  

u n tre a te d  sam ples was n o t alw ays p re s e n t  in  c a r r i e r  and d rug  t r e a te d  

sp h ero id  p o p u la tio n s . The p resen ce  o f  c a r r i e r  ap p ea rs  to  cause  a 

s l i g h t  d e c re a se  in  th e  r a t e  o f  developm ent so  t h a t  th e se  c u l tu r e s  were 

th e re fo re  o n ly  sem i-synchronous a t  th e  tim e o f  sp h e ro id  d is s o c ia t io n
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and l y s i s .

S phero id s incu b ated  w ith  2-^H -adenine and c a r r i e r  o r  TOC d u rin g  

th e  p re r e le a s e  expansion  s ta g e  y ie ld  CsCl d e n s i ty  g r a d ie n t  p r o f i l e s  

such a s  th o se  seen in  f ig u re  16. T h is  s ta g e  ( f ig u re  12, f i r s t  h a l f  o f

tim e zone A) was shown to  be th e  one o f  maximun cENA s y n th e s is  in

u n tre a te d  sp h e ro id s  (see f ig u re s  11a and l ib )  and tre a tm e n t w ith  

40 u l/m l c a r r i e r  fo r  17 h r y ie ld s  s im i la r  p r o f i l e s  ( f ig u re  1 6 a ) . 

When THC (400 ug/m l) i s  p re s e n t  d u rin g  t h i s  same la b e l in g  p e r io d , 

how ever, no cENA s y n th e s is  i s  e v id e n t .  F ig u re  16b shows th a t  o n ly  

one p eak , banding in  th e  p o s i t io n  o f  n u c le a r  ENA, i s  p re s e n t  

a f t e r  THC tr e a tm e n t,  even d u rin g  t h i s  p e r io d  o f  no rm ally  

maximum cENA s y n th e s is .

P r o f i l e s  o b ta in e d  from ju v e n i le  s p h e ro id s , t r e a te d  d u rin g  th e  

p e rio d  j u s t  fo llo w in g  r e le a s e  a re  s im i la r  in  c a r r i e r  (16c) and THC 

t r e a te d  (16d) sam ples. T h is  p e r io d  o f  l a t e  o r  p o s t r e le a s e  expansion

( f ig u re  12, second h a l f  o f  tim e zone A) i s  one in  which o n ly  n u c le a r

ENA i s  sy n th e s iz e d  (see  a l s o  f ig u re s  11c and l i d ) . The s in g le  peak o f  

r a d io a c t iv e ly  la b e le d  ENA v i s i b l e  in  bo th  16c and 16d, bands in  th e  

p o s i t io n  o f  Volvox n u c le a r  ENA, and shows once ag a in  th a t  r»ENA

s y n th e s is  may c o n tin u e  in  th e  p resen ce  o f  THC. P r o f i l e s  o f

synchronous Volvox c u l tu r e s ,  t r e a te d  w ith  c a r r i e r  o r THC d u rin g  th e  

p e rio d  o f  g o n id ia l  c leav ag e  ( f ig u re s  16e and 1 6 f ) , ag a in  show n u c le a r

and cENA banding s p e c ie s  p re s e n t  in  th e  c a r r i e r  c o n t ro l  and o n ly  nENA

in  th e  THC t r e a te d  sam ple.

R e su lts  o b ta in e d  from THC tre a tm e n t o f  synchronous c u l tu r e s  a re  

th e r e f o r e ,  c o n s is te n t  w ith  th o se  d e sc r ib e d  above fo r  he terogeneous 

p o p u la tio n s ,  and show t h a t  o n ly  cENA s y n th e s is  i s  in h ib i te d  when th e
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drug i s  p re s e n t  fo r  up to  18 h r .

The E f f e c t  o f  EB on ENA S y n th e s is

These experim en ts  were perform ed in  a manner s im i la r  to  th o se

d e sc r ib e d  fo r  THC. C u ltu re s  o f  h e te ro g en eo u s ly  growing Volvox (5 ml 

SVM, pH 7) w ere s im u lta n e o u sly  t r e a te d  w ith  2-^H -adenine (20 uCi/ml) 

and in c re a s in g  c o n c e n tra tio n s  o f  EB. These c u l tu r e s  were allow ed to  

grow fo r  18 h r ,  h a rv e s te d , ly s e d ,  and th e  amount o f  ra d io is o to p e  found 

in  th e  n u c le a r  and cy to p lasm ic  ENA analyzed  a f t e r  p re p a ra t iv e  CsCl 

d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  o f  ly s a te s  a s  d e sc r ib e d  above. 

R e su lts  a re  p re se n te d  a s  c / t  r a t i o s  in  T ab le 5.

These experim en ts  were re p e a te d  s e v e ra l tim es using  e i th e r

h e terogeneous o r  sem i-synchronous c u l tu r e s  and th e  r e s u l t s  can be 

sum narized a s  fo llo w s . At 0 ug/ml and 1 ug/ml EB th e re  ap p ea rs  to  be

l i t t l e  o r  no e f f e c t  on th e  e x te n t  o f  ra d io is o to p e  in c o rp o ra tio n  o r  on 

th e  c / t  r a t i o .  At 2 .5  ug/m l EB, how ever, th e  t o t a l  in c o rp o ra tio n  o f  

iso to p e  f a l l s  to  o n ly  15% o f  th e  c o n t ro l .  T h is  d ro p  in  in c o rp o ra tio n  

i s  more marked a t  h ig h e r EB c o n c e n tra tio n s  and a t  5 , 15, and 25 ug/ml 

th e  p e rc e n t in c o rp o ra tio n s  r e l a t i v e  to  th o se  o f  th e  c o n tro l  a re  2-7%,

1-2% and 0.5% r e s p e c t iv e ly .  Thus, in  V olvox, e i th id iu m  brom ide 

ap p ea rs  to  in h i b i t  in c o rp o ra tio n  o f  aden ine in to  b o th  n u c le a r  and

cy to p lasm ic  ENA.

When th e  c / t  r a t i o  i s  c a lc u la te d  fo r  t h i s  r e s id u a l  in c o rp o ra tio n

i t  i s  found th a t  a t  0 ug/m l and 1 ug/m l th e  r a t i o  i s  th e  same.

However, a t  c o n c e n tra tio n s  o f  EB o f  2 .5  ug/m l and h ig h e r t h i s  r a t i o  

d o u b le s  and in  some c a se s  goes up to  th re e  tim es  t h a t  o f  th e  c o n t r o l .

I t  i s  n o t known w hether o r  n o t t h i s  change in  c / t  r a t i o  i s

s i g n i f i c a n t ,  a s  th e  t o t a l  in c o rp o ra tio n  i s  v e ry  low a t  th e se  h igh
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v a lu e s  o f  EB c o n c e n tr a t io n ,  b u t th e  same phenomenon has been observed  

in  many e x p e rim en ts , fo r  example when th e  c / t  r a t i o  o f  th e  c o n tro l 

v a r ie d  from 4.8% to  13% (see  T ab le 5 ) .

S im ila r  ex perim en ts  (5 ml asynchronous c u l tu r e s ,  20 uCi/m l
3

2 -  H-adenxne) were th e n  perform ed to  d e te rm in e  how r a p id ly  EB a c t s  to  

produce an e f f e c t  on ENA s y n th e s is .  The amount o f  la b e l  being  

in c o rp o ra te d  in to  n u c le a r  and cy to p lasm ic  ENA d u rin g  th e  f i r s t  6 h r  o f  

EB tre a tm e n t was examined and th e  r e s u l t s  a re  shown in  T ab le 6 . In  

c o n tro l  sam ples a c / t  r a t i o  o f  6% was o b ta in e d , however a t  2 .5  ug/ml 

EB and 10 ug/m l EB t h i s  r a t i o  in c re a se d  to  15% and 56% r e s p e c t iv e ly .  

S im i la r ly ,  i f  th e  Volvox sp h e ro id s  w ere p r e - t r e a te d  w ith  EB fo r  6 h r
3

b e fo re  th e  a d d i t io n  o f  2 - H -adenine (p re s e n t fo r  18 hr) th en  th e  c / t  

r a t i o  o b ta in e d  a t  2 .5  ug/ml EB was 56% w h ile  th e  10 ug/ml 

p re - tre a tm e n t in h ib i te d  a l l  in c o rp o ra tio n . E thidium  brom ide th e re fo re  

ap p ea rs  to  i n h i b i t  th e  in c o rp o ra tio n  o f  aden ine  in to  n u c le a r  DNA 

d u rin g  th e  f i r s t  6 h r  o f  tre a tm e n t w h ile  having  a more de lay ed  e f f e c t  

on in c o rp o ra tio n  in to  cy to p lasm ic  ENA. Such o b s e rv a tio n s  may e x p la in  

th e  in c re a se d  c / t  r a t i o s  o f  th e  r e s id u a l  ENA s y n th e s is  found p re s e n t  

in  th e  18 hr EB c o n c e n tra tio n  ex perim en ts  d e sc r ib e d  above.

The E f f e c t  o f  THC and EB on P re - e x is t in g  ENA in  Volvox 

The r e s u l t s  o b ta in e d  above in d ic a te  t h a t  b o th  THC and EB have 

in h ib i to r y  e f f e c t s  on ENA s y n th e s is  in  V olvox, b u t t h a t ,  w hereas th e  

THC i s  somewhat s e le c t iv e  fo r  th e  in h ib i t io n  o f  cy to p lasm ic  ENA 

s y n th e s is ,  EB i s  a  much more g e n e ra l in h i b i to r ,  and in  f a c t  seems to  

i n h i b i t  n u c le a r  ENA s y n th e s is  more r a p id ly  th a n  i t  does t h a t  o f  

cy to p lasm ic  ENA.
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O ther experim en ts  conducted on THC tr e a te d  c u l tu r e s  y ie ld e d  

somewhat unexpected r e s u l t s .  Sphero ids exposed to  c o n c e n tra tio n s  o f  

THC between 300-400 ug/ml (w ithou t ra d io a c t iv e  la b e l)  fo r  15 o r  more 

h o u rs , were th en  washed, resuspended in  f re s h  SVM, and allow ed to  

reco v e r fo r  v a ry in g  p e r io d s  o f  tim e . M orphological o b s e rv a tio n s  

showed th a t  such sp h e ro id s  were in c ap ab le  o f  form ing new o f f s p r in g ,  

and in  a d d i t io n ,  rem ained a r r e s te d  a t  th e  s ta g e  th e y  reached when th e
3

drug was removed. When incu b a ted  in  th e  p resen ce  o f  2 -  H -adenm e no 

d e te c ta b le  in c o rp o ra tio n  o f  la b e l  in to  cy to p lasm ic  DNA cou ld  be 

observed  in  th e se  " reco v e rin g "  c u l tu r e s  a lth o u g h  i t s  in c o rp o ra tio n  

in to  n u c le a r  ENA co n tin u ed  fo r  some tim e (d a ta  n o t p r e s e n te d ) . 

S im ila r ly  t r e a te d  c a r r i e r  c o n t ro ls  showed none o f  th e se  m orpholog ical 

o r  b iochem ical a b n o rm a lit ie s .

O ther p u z z lin g  r e s u l t s  have been b r i e f l y  m entioned above. During 

th e  l a t e r  s ta g e s  o f  sp h e ro id  expansion  (second h a l f  o f  tim e zone A, 

f ig u re  12) n u c le a r  ENA i s  th e  predom inant sp e c ie s  s y n th e s iz e d . Thus 

p r o f i l e s  o f  ^H-adenine in c o rp o ra tio n  in to  ENA d u rin g  t h i s  s ta g e  o f  th e  

l i f e  c y c le  were shown to  be s im ila r  in  sem i-synchronous THC t r e a te d  

and c a r r i e r  c o n t ro l  c u l tu r e s  ( f ig u re s  16c and 1 6 d ). However, 

sp h e ro id s  t r e a te d  w ith  THC d u rin g  t h i s  p e rio d  s t i l l  show m orpholog ical 

d i s to r t i o n s  s im i la r  to  th o se  e x h ib ite d  by p re r e le a s e  sp h e ro id s  

exposed to  th e  d ru g . T h is  m orpholog ical a r r e s t  a t  co n d en sa tio n  caused 

by THC tre a tm e n t d u rin g  a pjeriod when ENA s y n th e s is  i s  h a rd ly  a l t e r e d ,  

coupled  w ith  th e  i n a b i l i t y  o f  t r e a te d  sp h e ro id s  to  reco v er when th e  

d rug  i s  removed, sug g ested  th e  p o s s i b i l i t y  t h a t  o th e r  a s p e c ts  o f  ENA 

m etabolism  may be a f f e c te d  by tre a tm e n t w ith  t h i s  d ru g .

I t  was th e re f o r e  im p o rtan t to  see  i f  THC, a s  w e ll a s  EB, was
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having  any e f f e c t  on p r e - e x is t in g  n u c le a r  and cy to p lasm ic  ENA s p e c ie s .
3

Volvox c u l tu r e s  (5 m l, SVM, pH 7) were la b e le d  w ith  2 -  H -adenm e (10 

uCi/m l a t  0 h r and ag a in  a t  24 h r) fo r  a minimum o f  one com plete 

g e n e ra tio n  (3-4 d a y s ) . These c u l tu r e s  were th e n  t r a n s f e r r e d  to  f re s h  

median w ith o u t iso to p e  and t r e a te d  w ith  in c re a s in g  c o n c e n tra tio n s  o f  

THC o r EB a s  b e fo re .  At low er c o n c e n tra tio n s  o f  e i t h e r  THC (0-100 

ug/ml) o r EB (0-5 ug/ml) no a p p a re n t a l t e r a t i o n  in  th e  c / t  r a t i o s  

cou ld  be d e te c te d  (see  T ab le  7 ) .  However, a t  h ig h e r c o n c e n tra tio n s  

(TH0200 ug /m l, EB>15 ug/m l) i t  was found th a t  th e re  were d e c re a s in g

amounts o f  r a d io a c t iv e  t r i t iu m  coun ts  in  th e  a re a  o f  cy to p lasm ic  DNA.

I t  appeared  a s  i f  th e  d ru g s  were a id in g  in  th e  s e le c t iv e  d e g ra d a tio n  

o f  th e  cENA.

R e s u lts  o f  p r e p a ra t iv e  CsCl g r a d ie n ts  showing r a d io a c t iv e ly
3

(2 - H-adenxne) p re la b e le d  Volvox ENA a f t e r  _in v iv o  tre a tm e n t w ith  THC 

(300 ug/ml) show th e  p resen ce  o f  n u c le a r  ENA a lo n e  ( f ig u re  17B), w h ile  

s im i la r  tre a tm e n t w ith  c a r r i e r  (30 u l/m l) y ie ld s  p r o f i l e s  in  which 

bo th  n u c le a r  and cy to p lasm ic  ENA peaks a re  v i s i b l e  ( f ig u re  17A). 

These r e s u l t s  in d ic a te  t h a t  p re la b e le d  cy to p lasm ic  ENA has been 

s e le c t iv e ly  and co m p le te ly  degraded  in  th e  p resen ce  o f  THC.

S im ila r  r e s u l t s  can be seen  in  p re p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  

p r o f i l e s  from sp h e ro id s  p re la b e le d  and su b se q u en tly  t r e a te d  w ith  25 

ug/m l EB. W hile th e  u n tre a te d  c o n tro l  ( f ig u re  ISA) shows th e  p resen ce  

o f  b o th  n u c le a r  and cy to p lasm ic  banding ENA s p e c ie s ,  tre a tm e n t w ith  EB 

y ie ld s  p r o f i l e s  in  which o n ly  nENA i s  p re s e n t  ( f ig u re  18B).

A n a ly tic a l CsCl p r o f i l e s  o f  ENA from sp h e ro id s  grown in  th e  

p resen ce  and absence o f  EB can  be seen  in  f ig u re  19. EB (25 ug/m l)

was added to  a  10 l i t e r  c u l tu r e  o f  Volvox in  SVM. A fte r  20 h r  o f  d rug
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tre a tm e n t th e  c u l tu r e  was h a rv e s te d  and th e  DNA e x tra c te d  and p u r i f ie d  

a s  d e s c r ib e d . T h is  sam ple o f  ENA was th en  banded in  a n a ly t ic a l  CsCl 

d e n s i ty  g r a d ie n ts  and th e  p re sen ce  o r  absence o f  ENA sp e c ie s  m onitored 

by u l t r a v i o l e t  ab so rb an ce . Once a g a in , cy to p lasm ic  ENA i s  th e  d r u g 's  

t a r g e t .  W hile th e  ENA from th e  c o n tro l  c u l tu r e s  p roduces bands o f  

absorbance a t  260 nm th a t  can  be id e n t i f i e d  a s  n u c le a r  and cy to p lasm ic  

by t h e i r  buoyant d e n s i t i e s  in  n e u t ra l  CsCl ( f ig u re  1 9 b ), no 

cy to p lasm ic  ENA i s  d e te c ta b le  in  th e  EB t r e a te d  sam ple ( f ig u re  1 9 c ) . 

The s p e c i f i c  d e g ra d a tio n  o f  p r e - e x is t in g  cy to p lasm ic  DNA in  th e  

p re sen ce  o f  e th id iu m  brom ide was th u s  confirm ed .

T reatm ent o f  HK-10 sp h e ro id s  w ith  e i t h e r  THC o r  EB has  s im i la r  

consequences on p r e - e x is t in g  Volvox DNA. Both d ru g s  appear to  

e l im in a te  th e  cy to p lasm ic  ENA s p e c ie s  w ith in  24 h r  o f  tr e a tm e n t.  

P re lim in a ry  r e s u l t s  o f  tim e co u rse  exposu res  o f  sp h e ro id s  to  th e  two 

d ru g s  (d a ta  n o t p re sen te d ) su g g e s t th e  p o s s i b i l i t y  t h a t  THC may be 

cau s in g  th e  s p e c i f i c  d e g ra d a tio n  o f  cENA more r a p id ly  (w ith in  14-19 

hr) than  EB (20-24 h r ) .

S tu d ie s  on a  Som atic C e ll R egenerato r M utant o f  S tr a in  HK-10

The som atic  c e l l s  in  a  normal sp h ero id  perfo rm  a  v a r i e ty  o f  

fu n c tio n s  b u t because  th e y  have l o s t  th e  c a p a c ity  to  d iv id e  th e y  

e v e n tu a lly  d ie  n o t long  a f t e r  th e  p a re n ta l  sp h e ro id  has re le a s e d  th e  

n e x t g e n e ra tio n  o f  ju v e n i le  sp h e ro id s . M utant s t r a i n s  o f  Volvox 

term ed "som atic  c e l l  re g e n e ra to r"  (SR) have been i s o la te d  ( S ta r r ,  

1970; Sessoms and Huskey, 1973; G r i f f in  and Huskey, 1974) in  which 

th e s e  e v e n ts  a r e  a l t e r e d .  An SR m utant (HMK-01 r e g ) , induced and 

is o la te d  fo r  t h i s  s tu d y  a s  d e sc r ib e d  under M a te r ia ls  and M ethods, (see  

p la te  4) c a r r i e s  o u t  what ap p ea rs  to  be a  norm al developm ental
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sequence o f  e v e n ts  up to  and in c lu d in g  em bryogenesis and in v e rs io n  

o f  o r ig in a l  d evelop ing  g o n id ia  (as shown in  f ig u re  20, s ta g e  1; 

p la t e  4 ) .  At t h i s  p o in t ,  how ever, in s te a d  o f  re le a s in g  th e  new 

in d iv id u a ls  and su b se q u en tly  d y in g , th e  som atic  c e l l s  o f  

th e  p a re n ta l  sp h ero id  beg in  a  sequence o f  " d e d if f e r e n t ia t io n "  

and " re g e n e ra tio n "  (p la te  4 ) .  The co u rse  o f  e v e n ts  fo llo w s  th a t  

i l l u s t r a t e d  in  f ig u re  20, s ta g e s  2 -7 : S tag e  2 shows d i f f e r e n t i a t e d  

som atic  c e l l s  w ith  ex tended  f l a g e l l a ;  in  S tage 3 th e se  c e l l s  

b eg in  d e d i f f e r e n t i a t io n ,  which in c lu d e s  lo s s  o f  f l a g e l l a  and

th e re fo re  sp h ero id  m o b il i ty ;  in  S tage 4 th e  c e l l s  e n la rg e  and

become v a c u o la te d ; in  S tage  5 th e y  "condense;"  S tage  6 d e p ic ts  

th e  o n se t o f  c e l l  d iv i s io n ;  S tag e  7 shows groups o f  sm all newly 

in v e r te d  sp h e ro id s  (formed from " reg e n e ra te d "  som atic  c e l l s )  

being  re le a s e d  from th e  m a tr ix .

ENA s y n th e s is  h as  been s tu d ie d  in  th e  SR m utant HMK-01 r e g ,  u sing  

p ro to c o ls  d e sc r ib e d  above. S ince  SR m utan ts  d evelop  more s lo w ly  th a n

w ild - ty p e  s t r a i n s ,  a  com plete l i f e  c y c le  and hence th e  la b e l in g

p e rio d  could  be a s  long  a s  f iv e  o r  more d a y s . When ENA from HMK-01 

reg  i s  banded in  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts ,  r e s u l t s  such  a s  

th o se  p re se n te d  in  f ig u re  21 a re  o b ta in e d .

Two m ajor peaks can  be d e te c te d  banding w ith  buoyan t d e n s i t i e s  

c h a r a c t e r i s t i c  o f  th e  n u c le a r  and cy to p lasm ic  DNA from s t r a i n  HK-10 

(th e  sho u ld er on th e  second , l i g h t e r ,  cy to p lasm ic  peak i s  unexplained  

a s  y e t ) . The unusual f in d in g  from t h i s  p r o f i l e  i s  th e  h ig h e r r a t i o  o f  

co u n ts  found in  th e  cy to p lasm ic  ENA to  th o se  o f  th e  t o t a l  ENA c o u n ts ; 

in  t h i s  m utant th e  c / t  r a t i o  i s  alw ays g r e a te r  th an  30% in  lo n g -te rm  

(> 2 days) la b e lin g  p r o f i l e s .
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g
R e su lts  p re se n te d  above in d ic a te  t h a t  A  THC p r e f e r e n t i a l l y  

in t e r f e r e s  w ith  cy to p lasm ic  ENA m etabolism  in  w ild - ty p e  Volvox 

s p h e ro id s . Experim ents were th e re fo r e  perform ed using  th e  SR m utant 

and fo llo w in g  ENA s y n th e s is  fo r  18 h r in  th e  p re sen ce  and absence o f

THC o r  c a r r i e r .  F ig u re  22A shows a p r o f i l e  o b ta in e d  from an 18 h r
3

p u ls e - la b e l  (2 - H -adenine) o f  a  he terogeneous SR c u l tu r e  t r e a te d  w ith  

40 u l/m l c a r r i e r .  Both n u c le a r  and cy to p lasm ic  ENA banding 

sp e c ie s  a r e  p re s e n t  in  p ro p o r tio n s  s im i la r  to  th o se  in  th e

u n tre a te d  c o n tro l  (no t p re s e n te d ) .  F ig u re  22B, how ever, shows th e

e f f e c t  o f  THC (400 ug/m l) tre a tm e n t on t h i s  p ro c e s s .  The n u c le a r  ENA 

in c o rp o ra tio n  ap p ea rs  u n a ffe c te d  a lth o u g h  th e  in c o rp o ra tio n  o f  la b e l  

in to  th e  cy to p lasm ic  ENA i s  d ra m a tic a l ly  h a l te d .  The THC i s  th e re fo re  

a c t in g  in  a manner s im i la r  to  th a t  observed  in  w ild - ty p e  c e l l s .

Asynchronous c u l tu r e s  o f  t h i s  SR s t r a i n  have been t r e a te d  w ith  

THC and examined m ic ro s c o p ic a lly  fo r  two d a y s . Both g o n id ia  formed 

from som atic  c e l l s  which had " reg en e ra ted "  a s  w e ll a s  " o r ig in a l"  

in t e r n a l  g o n id ia ,  r e a c t  to  th e  d rug  in  a manner s im i la r  to  t h a t  

e x h ib ite d  by g o n id ia l  c e l l s  in  w ild - ty p e  (HK-10) c u l tu r e s .  At 

c o n c e n tra t io n s  o f  THC o f  400 ug /m l, a l l  e n la rg ed  g o n id ia l  c e l l s  

become a r r e s te d  a t  co n d en sa tio n  and many sm a lle r  ones a re  seen  to  

reach  t h i s  s ta g e  p re m a tu re ly .

C o n d itio n s  su p p o rtin g  synchronous grow th o f  SR c u l tu r e s  have n o t 

y e t  been a t t a in e d .  The lo n g e r l i f e  c y c le  o f  th e se  m u ta n ts , a s  w e ll as  

th e  g r e a t  v a r ia t io n s  in  th e  tim es  o f  re g e n e ra tio n  o f  d i f f e r e n t  som atic  

c e l l s  w ith in  a  p a r t i c u la r  in d iv id u a l may indeed make com plete 

synchrony im p o ss ib le  in  c u l tu r e s  o f  t h i s  s t r a i n .  However, newly 

in v e r te d  sp h e ro id s  o f  HMK-01 reg  which s t i l l  p o sse ss  f l a g e l l a  have
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been is o la te d  on th e  b a s is  o f  t h e i r  m o t i l i t y .  Such in d iv id u a ls  have 

been incu b ated  in  th e  p re sen ce  o f  c a r r i e r  (30-40 u l/m l) o r  THC 

(300-400 ug/m l) and observed  m ic ro s c o p ic a lly  fo r  two d a y s . During 

t h i s  tim e c o n t ro l  and c a r r i e r  t r e a te d  c u l tu r e s  showed th e  

" d e d if f e r e n t ia t io n "  ( lo s s  o f  f l a g e l l a ,  rounding  and e n la rg in g )  o f  

som atic  c e l l s  ty p ic a l  o f  t h i s  m u tan t, w h ile  THC t r e a te d  c u l tu r e s  d id  

n o t appear to  b eg in  t h i s  p ro c e s s .

P re lim in a ry  "TOC reco v ery "  s tu d ie s  were a ls o  perform ed on SR 

c u l tu r e s .  When he terogeneous p o p u la tio n s  o f  th e se  m utan ts were 

exposed to  th e  d rug  (400 ug/m l TOC) fo r  18-24 h r  and washed and 

resuspended in  f re s h  SVM, many in d iv id u a ls  su rv iv ed  th e  tre a tm e n t,  and 

a f t e r  a  la g  o f  2-3 days developed  a t  a r a t e  c h a r a c t e r i s t i c  o f  th a t  

s t r a i n .  S im ila r ly  t r e a t e d ,  newly in v e r te d  sp h e ro id s  d e sc r ib e d  above, 

how ever, d id  n o t re c o v e r .

These r e s u l t s  appear c o n s is te n t  w ith  p re lim in a ry  f in d in g s  on cENA 

d e g ra d a tio n  by TOC in  SR m u tan ts  (d a ta  n o t p r e s e n te d ) . The same 24 h r 

tre a tm e n t w ith  300-400 ug/ml TOC which t o t a l l y  e l im in a te s  

p r e - e x is t in g  cENA p re la b e le d  w ith  2-^H -adenine a s  d e s c r ib e d  fo r  HK-10 

s p h e ro id s , ap p ea rs  to  o n ly  low er th e  c / t  r a t i o  r e l a t i v e  to  th e  c o n tro l 

in  SR c u l tu r e s .  Recovery w ould, th e r e f o r e ,  seem more p la u s ib le  fo r 

th e se  m u tan ts  s in c e  a te m p la te  fo r  th e  s y n th e s is  o f  cENA may s t i l l  

e x i s t .  S in ce  th e  c / t  r a t i o  i s  much h ig h e r in  th e se  m u tan ts  (over 

30%) th an  in  HK-10 sp h e ro id s  (5-15% ), cENA d e g ra d a tio n  i s  l i k e l y  to  

occur by th e  same mechanism b u t lo n g e r tre a tm e n t i s  p ro b ab ly  re q u ire d  

fo r  t o t a l  e l im in a tio n  o f  t h i s  ENA s p e c ie s .



DISCUSSION

T h is  p r o je c t  was undertaken  to  dem on stra te  th e  f e a s i b i l i t y  o f

using  Volvox a s  a  model system  fo r  re s e a rc h  in v o lv in g  th e  m olecu la r 

c o n tro l  o f  d i f f e r e n t i a t i o n  and developm ent. Hie s p e c i f i c  pu rpose  o f  

t h i s  s tu d y  was to  e lu c id a te  th e  tem poral p a t te r n s  o f  n u c le a r  and 

o rg a n e l le  ENA s y n th e s is  which occur d u rin g  th e  a sex u a l l i f e  c y c le  o f  

Volvox c a r t e r i  f .  n a g a r ie n s is  and to  examine th e  developm ental 

consequences caused by d is ru p t in g  o r  m odifying th e se  n a tu ra l  p a t te r n s .

In  t h i s  s e c t io n  th e  ex p erim en ta l r e s u l t s  p re se n te d  p re v io u s ly  

w i l l  be summarized; th e se  w i l l  then  be d is c u s s e d  in  g r e a te r  d e t a i l  and 

compared w ith  r e le v a n t  s tu d ie s  by o th e r  r e s e a rc h e r s .  A th e o r e t ic a l  

model concerned w ith  th e  re g u la t io n  o f  developm ent w i l l  be p re s e n te d , 

and th e  l im i t a t i o n s  o f  th e  experim en ts  and th e  model w i l l  be

c o n s id e re d . I n s ig h ts  g a ined  th rough  t h i s  s tu d y  on th e  re le v a n c e  o f  

re s e a rc h  em ploying Volvox to  s tu d ie s  concern ing  anim al developm ent 

w i l l  be d isc u sse d  and th e  d i r e c t io n s  fo r  fu tu re  re s e a rc h  e x p lo re d .

An in d iv id u a l Volvox sp h ero id  has a  w e ll d e f in e d  l i f e  c y c le  which 

in c lu d e s  em bryogenesis, " b i r t h " ,  g row th , re p ro d u c tio n  and d e a th . In  

t h i s  r e s p e c t  i t  resem bles h ig h e r m u l t i c e l lu la r  eu k a ry o te s  more th a n  i t  

does s in g le  c e l le d  m icroorganism s which have o n ly  a s im p le  c e l l  c y c le  

o f  grow th and m i to t ic  d iv i s io n .  I t  i s  known th a t  d u rin g  th e  c e l l

c y c le  o f  th e se  o rgan ism s th e re  a re  p e r io d s  o f  n u c le a r  and cy to p lasm ic

ENA s y n th e s is ,  which need n o t occur s im u lta n e o u sly  b u t  which m ust be 

co o rd in a ted  in  some manner so  a s  to  in su re  t h a t  upon c e l l  d iv is io n  

each o f f s p r in g  r e c e iv e s  i t s  a p p ro p r ia te  g e n e t ic  complement (see  

In t ro d u c t io n ) .  S im i la r ly ,  th e r e f o r e ,  a  m u l t ic e l lu l a r  organism  must

81
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c o o rd in a te  th e  p a t te r n s  o f  n u c le a r  and cy to p lasm ic  ENA s y n th e s is  t h a t  

occur d u rin g  i t s  l i f e  c y c le  .

T h is  s tu d y  h as  dem onstra ted  t h a t  i t  i s  p o s s ib le  to  fo llo w  th e

s y n th e s is  o f  n u c le a r  and cy to p lasm ic  DNA in  Volvox by m o n ito ring  th e

in c o rp o ra tio n  o f  r a d io is o to p e  p re c u rs o rs  in to  th e se  DNA s p e c ie s ,  and

t h a t  th e  tem poral p a t te r n s  o f  t h e i r  s y n th e s is  do indeed v a ry  d u rin g

th e  co u rse  o f  th e  a sex u a l c y c le .  V arious m ethods o f  d is ru p t in g  o r

m odifying th e se  p a t te r n s  o f  ENA s y n th e s is  were s tu d ie d .  They in c luded
g

tre a tm e n t w ith  two d ru g s  (EB and a  t o c ) and th e  use o f  a  g e n e t ic  

le s io n  (SR m utant) known to  a l t e r  th e  morphology o f  th e  sp h e ro id . I t  

was dem onstra ted  t h a t  b o th  EB and THC m ed ia te  in  th e  s e le c t iv e  

d e g ra d a tio n  o f  e x is t in g  cy to p lasm ic  ENA; a l s o ,  THC was shown to  

s e le c t iv e ly  i n h i b i t  th e  s y n th e s is  o f  t h i s  ENA s p e c ie s .  S tu d ie s  on DNA 

s y n th e s is  in  a developm ental m utant (SR) dem onstrated  th a t  i t s  c e l l s  

c o n ta in  h ig h e r p ro p o r tio n s  o f  cy to p lasm ic  DNA th an  th o se  o f  w ild - ty p e  

Volvox s p h e ro id s , and th a t  THC a ls o  i n h i b i t s  cy to p lasm ic  DNA 

s y n th e s is  in  t h i s  m u tan t.

B efore p roced ing  to  s tu d ie s  in v o lv in g  DNA s y n th e s is  i t  was 

n e c e ssa ry  to  f i r s t  d e te rm in e  th e  n a tu re  o f  th e  v a r io u s  ENA s p e c ie s  

p re s e n t  in  Volvox c e l l s .  C hapter 1 dem onstrated  th a t  i t  i s  p o s s ib le  

to  i s o l a t e ,  p u r i f y  and c h a ra c te r iz e  a t  l e a s t  two d i s t i n c t  sp e c ie s  o f  

ENA from th e  two ty p e s  o f  c e l l s  found in  Volvox c a r t e r i  sp h e ro id s , and 

th a t  minor d i f f e r e n c e s  in  b ase  com position  e x i s t  between th e  DNA 

from th e  th re e  d i f f e r e n t  s t r a i n s  exam ined. The two DNA components 

which a re  p re s e n t  in  a l l  th re e  s t r a i n s  have been ass ig n ed  to  

n u c le a r  and cy to p lasm ic  (presum ably m a in ly  c h lo ro p la s t)  o r ig in  (see  

below ). A th i r d  ENA component was found in  s t r a i n  KA-1. EM
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s tu d ie s  by K ochert and O lson (1970) have dem onstra ted  th e  p resen ce  o f  

an endosym biotic b ac te riian  in  t h i s  s t r a i n  and i t  i s  p o s s ib le  t h a t  th e  

second minor DNA s p e c ie s  found in  KA-1 re p re s e n ts  th e  DNA o f  t h i s  

b ac te riu m .

In  sim ple  e u k a ry o te s , DNA o f  cy to p lasm ic  ( c h lo ro p la s t  and 

m ito ch o n d ria l)  o r ig in  i s  g e n e ra l ly  p re s e n t  in  low er p ro p o r tio n s  per 

c e l l ,  i s  o f  low er G+C c o n te n t ,  and bands a t  low er buoyant d e n s ity

v a lu e s  in  n e u t ra l  C sC l, th an  co rresp o n d in g  n u c le a r  DNA (see

In tro d u c t io n ) . E q u ilib riu m  d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  p r o f i l e s  

o f  DNA o b ta in e d  from such organism s w i l l  th e re fo re  e x h ib i t  a  h eav ie r  

m ajor peak o f  n u c le a r  o r ig in  and a t  l e a s t  one minor peak c o n ta in in g  

o rg a n e l le  DNA.

Numerous s t r u c t u r a l  s i m i l a r i t i e s  e x i s t  between th e  som atic  c e l l s  

o f  Volvox c a r t e r i  sp h e ro id s  and th e  u n ic e l lu la r  a lg a  Chlamydomonas 

(K ochert and O lson , 1970) and i t  has  a ls o  been dem onstra ted  th a t  th e y  

b o th  c o n ta in  s im i la r  q u a n t i t i e s  o f  t o t a l  DNA/cell (Y a tes , 1975). The 

n u c le a r  and c h lo ro p la s t  DNA s p e c ie s  o f  Chlamydomonas have been 

p o s i t i v e ly  id e n t i f i e d  (Chun e t  a l . , 1963) and th e  assignm ents o f

n u c le a r  and cy to p lasm ic  o r ig in  to  th e  m ajor and minor banding sp e c ie s  

in  CsCl p r o f i l e s  o f  Volvox DNA have th e re f o r e  been made on th e  b a s is  

o f  t h e i r  q u a l i t a t i v e  and q u a n t i ta t iv e  s i m i l a r i t i e s  to  th e  known DNA 

banding s p e c ie s  p re s e n t  in  Chlamydomonas and o th e r  r e la te d  o rgan ism s. 

P o s i t iv e  id e n t i f i c a t i o n  o f  th e se  DNA s p e c ie s ,  how ever, can  n o t be made

u n t i l  DNA e x tra c te d  from is o la te d  o rg a n e l le s  y ie ld s  s im i la r  r e s u l t s

when c h a ra c te r iz e d  (see  In t r o d u c t io n ) .

C o t t r e l l  (p e rso n a l communication) has  r e c e n t ly  developed a 

m ethodology to  i s o l a t e  and p u r i fy  v a r io u s  o rg a n e l le s  from th e  c e l l s  o f
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Volvox c a r t e r i  sp h e ro id s . These te c h n iq u e s  w i l l  make th e  unequivocal 

id e n t i f i c a t i o n  o f  th e  m ito c h o n d r ia l,  c h lo ro p la s t  and n u c le a r  DNA o f  

t h i s  organism  more r e a d i ly  a t t a in a b le .

A fte r  th e  v a r io u s  c la s s e s  o f  ENA p re s e n t  in  th re e  s t r a i n s  o f

Volvox c a r t e r i  had been c h a ra c te r iz e d ,  s tu d ie s  were th e n  conducted to

m onitor th e  in c o rp o ra tio n  o f  r a d io a c t iv e  p re c u rs o rs  in to  th e  DNA

sp e c ie s  o f  s t r a i n  HK-10 (Chapter 2 ) .  R e su lts  o b ta in e d  using

m ethyl-^H -thym idine to  la b e l  Volvox c a r t e r i  f .  n a g a r ie n s is  sp h e ro id s

were somewhat s u r p r is in g .  In  organism s a s  c lo s e ly  r e la te d  to  Volvox
3

as  Chlamydomonas r e in h a r d i ,  m e th y l-  H -thym idine i s  s p e c i f i c a l ly  

in c o rp o ra te d  o n ly  in to  c h lo ro p la s t  ENA (Swinton and H anaw alt, 1972). 

T h is  phenomenon o f  s e le c t iv e  thym idine in c o rp o ra tio n  ( ty p ic a l  o f  most 

a lg a e  and b e lie v e d  due to  a  la c k  o f  cy to p lasm ic  thym idine k in a s e ) ,
3

ap p ea rs  to  be re v e rse d  m  V olvox, and in  HK-10 sp h e ro id s ,  H -thym idine 

i s  in c o rp o ra te d  a lm ost e x c lu s iv e ly  in to  n u c le a r  DNA. T h is  d isc re p a n c y  

i s  a s  y e t  unexp lained  and w a rra n ts  f u r th e r  in v e s t ig a t io n .
3

2 - H -adenm e was found to  be in c o rp o ra te d  in to  b o th  th e  n u c le a r  

and cy to p lasm ic  DNA s p e c ie s ,  and i t  was th e re fo re  chosen a s  th e  ENA 

p re c u rso r  used to  s tu d y  th e  tem poral p a t te r n s  o f  in c o rp o ra tio n  th a t  

occur d u rin g  th e  asex u a l l i f e  c y c le  o f  V olvox. Homogeneous 

p o p u la tio n s  o f  sp h e ro id s  ( a l l  a t  th e  same s ta g e  o f  t h e i r  l i f e  

c y c le ) o b ta in ed  by d i f f e r e n t  te c h n iq u e s  were employed in  th e se

s tu d ie s .  Both sy n c h ro n iz a tio n  m ethods y ie ld e d  com parable r e s u l t s ,  

d em onstra ting  th a t  v a r ia t io n s  in  th e  p a t te r n s  o f  ^H-adenine 

in c o rp o ra tio n  in to  n u c le a r  and cy to p lasm ic  ENA occur a t  d i f f e r e n t

l i f e  c y c le  s ta g e s  (see  b e low ). The acco rd  between r e s u l t s  o b ta in ed

using  e i t h e r  th e  imposed o r  th e  more " n a tu ra l"  s e le c t io n
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sy n c h ro n iz a tio n  p ro c e d u re s , a ls o  j u s t i f i e d  th e  use o f  th e  more 

s ta n d a rd iz e d  imposed synchrony method fo r  l a t e r  s tu d ie s  (see  

C hapter 2 ) .

The m ajor problem s en coun tered  d u rin g  th e  i s o la t io n  o f  DNA from 

th e  c e l l s  o f  Volvox c a r t e r i  have been th o se  a s s o c ia te d  w ith  th e  

removal o f  th e  sh ea th  o r  m a tr ix  m a te r ia l  which e n c a p su la te s  th e  

s p h e ro id s . I t  was found th a t  P ro te a se  (Sigma, type  VI) m ediated 

d is s o c ia t io n  o f  sp h e ro id s  in to  in d iv id u a l som atic  and g o n id ia l  c e l l s ,  

a s  w ell a s  th e  e l im in a tio n  o f  co n tam in a tin g  g ly c o p ro te in  m a tr ix  

m a te r ia l  p r io r  to  l y s i s ,  a r e  enhanced by p r e t r e a t in g  sp h e ro id s  w ith  1% 

tween 40/tw een 80 fo r  1 h r  a s  d e sc r ib e d  in  M a te r ia ls  and Methods. 

Much o f  th e  v a r i a b i l i t y  o th e rw ise  encoun tered  in  th e  tim es  and e x te n ts  

o f  p ro te a se  m ediated  sp h ero id  d i s s o c ia t io n  (d esc rib e d  in  C hapter 1 

r e s u l t s )  i s  e lim in a te d  by p re in c u b a tio n  w ith  t h i s  tween m ix tu re , and 

such tre a tm e n t a l s o  ap p ea rs  to  reduce p o s s ib le  d i f f e r e n t i a l  lo s s e s  o f  

cy to p lasm ic  ENA, and g ly c o p ro te in  co n tam in a tio n  fo llo w in g  n u c le ic  a c id  

e x t r a c t io n ,  a s  in d ic a te d  in  f ig u re  7 , Chapiter 2 .

Tempieman and B lam ire (p e rso n a l communication) have found th a t  a 

tim e co u rse  tre a tm e n t o f  Volvox (HK-10) sp h e ro id s  w ith  tween 40/tw een 

80 a t  v ary in g  c o n c e n tra tio n s  d i f f e r e n t i a l l y  e x t r a c t s  p r o te in  m o ie tie s  

from th e  g ly c o p ro te in  sh e a th  m a tr ix . The subsequen t e le c tro p h o re s is  

o f  th e se  p r o te in s  on p o ly acry lam ide  g e l s  y ie ld s  d i s t i n c t  re p ro d u c ib le  

b an d s. The in c re a se d  ea se  o f  sh e a th  d is s o lu t io n  th a t  i s  observed  when 

s p h e ro id s  a re  t r e a te d  w ith  tween p r io r  to  p ro te a se  d ig e s t io n ,  m ust 

th e re fo re  be due to  th e  tw een-m ediated e l im in a tio n  o f  many o f  th e  

sh e a th  p r o te in s  even b e fo re  th e  s p h e ro id s  a r e  expxjsed to  p ro te a s e .  A 

more com plete s e p a ra t io n  o f  c e l l s  may th u s  occur d u rin g  s h o r te r
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p e r io d s  o f  exposure to  th e  enzyme. T h is  te ch n iq u e  i s  m ost v a lu a b le  in  

c a se s  where d i s s o c ia t io n  tim es a re  lo n g e s t (newly in v e r te d  sp h e ro id s  

o f  a l l  s t r a i n s  and m ost sp h e ro id s  o f  s t r a i n  HK-10, see  C hapter 1 ) ,  

s in c e  many f r e e  g o n id ia l  c e l l s  e x h ib i t  m orpho log ical d i s to r t i o n s  when 

exposed to  p ro te a se  (80-100 ug/m l) fo r  p e r io d s  o f  tim e lo n g e r th an  1 .5  

h r .  S ince  such damage may r e s u l t  in  th e  p r e f e r e n t i a l  lo s s  o f  

g o n id ia l  ENA, d is s o c ia t io n  in  such c a se s  o f te n  has  to  be te rm in a ted  

b e fo re  c e l l  s e p a ra t io n  i s  com ple te . The a c c e le ra te d  d is s o c ia t io n  

observed  a f t e r  tween tre a tm e n t th u s  p ro v id e s  enhanced m a tr ix  removal 

w ith o u t cau sin g  g o n id ia l  damage.

Hie tech n iq u e  o f  "tween p re tre a tm e n t"  was d ev ised  a f t e r  employing
q

a m ix tu re  o f  tween and e th a n o l a s  a  " c a r r ie r "  to  s o lu b i l i z e  A  THC 

(see  C hapter 3 ) .  Subsequent to  f in d in g  t h a t  " c a r r ie r "  t r e a te d  

c o n tro l  c u l tu r e s  d is s o c ia te d  more r a p id ly  th a n  u n tre a te d  c o n t ro l s  upon 

exposure to  p ro te a s e ,  and th a t  s h o r t  term  in c u b a tio n  o f  c u l tu r e s  w ith  

1% tween cou ld  mimic th e se  b e n e f i c ia l  c a r r i e r  e f f e c t s ,  th e  te ch n iq u e  

o f  tween p re tre a tm e n t was used r o u t in e ly  to  f a c i l i t a t e  c e l l  s e p a ra t io n  

in  Volvox s p h e ro id s .

O ther a s p e c ts  o f  th e  m ethodology invo lved  in  th e  e x t r a c t io n  o f  

ENA from th e  c e l l s  o f  Volvox s p h e ro id s  a re  co n s id e re d  in  C hapter 1 and 

in  M a te r ia ls  and M ethods. The p o s s i b i l i t y  t h a t  p a r t i c u l a r  ENA s p e c ie s  

have been l o s t  in  whole o r  in  p a r t  d u rin g  th e  p u r i f i c a t i o n  p ro c e sse s  

canno t be e n t i r e l y  ru le d  o u t .  However, c o n s id e ra b le  e f f o r t  was made 

to  en su re  t h a t  no sy s te m a tic  o r  s e le c t iv e  lo s s e s  o ccu rred  d u rin g  

i s o la t io n  (see  C hapter 1 ) .  The f a c t  t h a t  p u r i f i e d  ENA g iv e s  p r o f i l e s  

s im ila r  to  th o se  o b ta in e d  u sin g  r a d io a c t iv e  u n p u r if ie d  ENA, a ls o  

s tre n g th e n s  th e  c o n c lu s io n  th a t  no s e le c t iv e  lo s s e s  o c c u rre d .
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No m easurem ents have th u s  f a r  been made on pool s iz e s  o f  DNA 

p re c u rs o rs  in  th e  n u c leu s  a n d /o r cy to p lasm ic  o r g a n e l le s .  A lthough 

d if f e r e n c e s  in  pool s iz e s  cou ld  accoun t fo r  d i f f e r e n c e s  seen  in  th e  

amount o f  in c o rp o ra tio n  in to  n u c le a r  and cy to p lasm ic  DNAs, la b e l in g  o f  

asynchronous c u l tu r e s  h a s 'b e e n  c a r r ie d  o u t fo r  a  w ide v a r i e ty  o f  tim e 

p e r io d s  (4 h r to  5 d a y s ) , and rem arkably  s im i la r  p r o f i l e s  have been 

o b ta in e d . T h is  ap p ea rs  to  in d ic a te  t h a t  th e  r a d io a c t iv e  p re c u rs o rs  

e q u i l ib r a t e  r a p id ly  w ith  th e  p o o ls  o f  u n lab e led  p re c u rs o rs  and th a t  

th e  amount o f  in c o rp o ra tio n  in to  ENA c lo s e ly  r e f l e c t s  th e  amount o f  

DNA seen  using  o th e r  c r i t e r i a .  The d i f f e r e n c e s  in  aden ine 

in c o rp o ra tio n  in to  ENA d u rin g  th e  l i f e  c y c le ,  though , co u ld  s t i l l  be a 

r e f l e c t i o n  o f  p r e f e r e n t i a l  s e q u e s te r in g  o f  p re c u rs o rs  in  o rg a n e l le  

p o o ls ,  and t h i s  p o s s i b i l i t y  shou ld  be in v e s t ig a te d .

The s tu d ie s  o f  th e  in c o rp o ra tio n  o f  2-^H -adenine in to  th e  ENA o f  

synchronous Volvox c u l tu r e s  dem onstra ted  t h a t  n u c le a r  ENA s y n th e s is  

o c c u rs  to  some e x te n t  th roughou t th e  e n t i r e  co u rse  o f  th e  a sex u a l l i f e  

c y c le ,  w h ile  cy to p lasm ic  ENA ap p ea rs  to  be made c y c l i c a l l y ,  w ith  i t s  

m ajor s y n th e t ic  p e rio d  d u rin g  th e  p re re le a s e  expansion  s ta g e  

im m ediately  fo llo w in g  in v e rs io n  (see  f ig u re s  11a and l i b  and f ig u re  1 , 

s ta g e  7 ) .  Some cy to p lasm ic  ENA may a ls o  be made d u rin g  c le a v a g e , b u t 

i t  i s  d i f f i c u l t  to  d iv o rc e  t h i s  s y n th e s is  from th e  o n s e t o f  th e  l a t e r  

s y n th e t ic  p e r io d  s in c e  sy n c h ro n iz a tio n  te ch n iq u es  a re  n o t y e t  p re c is e  

enough to  te rm in a te  la b e l in g  b e fo re  ev e ry  newly formed sp h ero id  has 

undergone in v e rs io n . A lso , th e  amount o f  cy to p lasm ic  DNA s y n th e s is  

seen  d u rin g  t h i s  p e r io d  in  " in  v i t r o " g o n id ia ,  i s o la te d  by th e  NIT 

method ( f ig u re  I l f )  i s  g r e a te r  th an  th a t  seen  d u rin g  c leav ag e  o f  

g o n id ia  w ith in  p a re n ta l  sp h e ro id s  is o la te d  by th e  SYNC method ( f ig u re
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l i e ) . The en la rg ed  f r e e  g o n id ia  used fo r  th e  NIT s tu d ie s  a re  more 

h e terogeneous th a n  th o se  w ith in  SYNC sp h e ro id s ,  s in c e  en la rg ed  g o n id ia  

o f  th e  same s iz e  may s t i l l  e x h ib i t  v a r io u s  s t a t e s  o f  m a tu ra tio n  

(p reco n d en sa tio n  o r  c o n d e n sa tio n ) . Thus, w h ile  i t  was p o s s ib le  to  

la b e l  SYNC c u l tu r e s  d u rin g  c leav ag e  and te rm in a te  la b e l in g  b e fo re  

a p p re c ia b le  p re re le a s e  expansion  o c c u rre d , i t  was n o t found p o s s ib le  

to  re p ro d u c ib ly  p re v e n t th e  f u r th e r  advanced in  v i t r o  g o n id ia  (NIT) 

from a t ta in in g  th e  p o s tin v e rs io n  s ta g e  d u rin g  which th e  s y n th e s is  o f  

s ig n i f i c a n t  q u a n t i t i e s  o f  cy to p lasm ic  DNA (see  f ig u r e s  11a and l ib )  

ta k e s  p la c e .

These f in d in g s  on th e  tem poral p a t te r n s  o f  DNA s y n th e s is

s u b s ta n t i a te  su g g e s tio n s  made by K ochert (1975) to  accoun t fo r  th e

h ig h e r r a t i o  o f  c h lo ro p la s t  to  n u c le a r  DNA in  g o n id ia  and th e  h ig h e r

amount o f  t o t a l  DNA p e r c e l l  t h a t  he f in d s  p re s e n t  in  m ature g o n id ia

a s  compared to  som atic  c e l l s  o f  V. c a r t e r i  f . w eism ania ( s t r a in  NB-7).

T h is  s tu d y  h as  shown th a t  a p e r io d  o f  d i f f e r e n t i a l  s y n th e s is  o f

cy to p lasm ic  (c h lo ro p la s t)  DNA, l i k e  th e  one th a t  K ochert h y p o th e s ize s

fo r  NB-7, does indeed e x i s t  in  s t r a i n  HK-10, Y a te s ' (1974)

32m easurem ents o f  t o t a l  PO^ DNA/spheroid in  synchron ized  c u l tu r e s  o f  

NB-7 in d ic a te  th a t  th e re  i s  a  p e r io d  o f  DNA s y n th e s is  im m ediately  

a f t e r  in v e rs io n ; i t  i s  l i k e l y  t h a t  t h i s  i s  th e  p e r io d  o f  p r e f e r e n t i a l  

s y n th e s is  o f  c h lo ro p la s t  DNA in  NB-7, and th a t  i t  i s  s im i la r  to  th e  

p e r io d  o f  cy to p lasm ic  DNA s y n th e s is  shown h e re  to  occu r in  HK-10 

s p h e ro id s  d u rin g  th e  same s ta g e  o f  t h e i r  l i f e  c y c le .  I t  i s  th e re fo re  

p ro b ab le  t h a t  p a t te r n s  o f  DNA s y n th e s is  a re  s im i la r  in  th e  d i f f e r e n t  

s t r a i n s  o f  Volvox c a r t e r i .

These s tu d ie s  were c a r r ie d  o u t using  e i th e r  i n t a c t  s p h e ro id s , o r ,
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in  some c a se s  " in  v i t r o " g o n id ia ,  however no a tte m p t was made to  

d i s t in g u is h  between g o n id ia l  and som atic  c e l l  ENA when s p h e ro id s  were 

em ployed. Hie b u lk  o f  ENA s y n th e s is  observed  d u rin g  expansion  and 

em bryogenesis i s  assumed to  be ta k in g  p la c e  in  th e  g o n id ia .  However 

t h i s  shou ld  be te s te d  fu r th e r  by la b e l in g  sp h e ro id s  d u rin g  th e se  tim e 

p e r io d s  and s e p a ra tin g  th e  two c e l l  ty p e s  b e fo re  an a ly z in g  th e  ENA.

Numerous s i m i l a r i t i e s  between em bryogenesis in  Volvox and e a r ly  

developm ent in  h ig h e r o rganism s were p re se n te d  in  th e  In tro d u c t io n  and 

com parisons were drawn between th e  m a tu ra tio n  o f  g o n id ia  and o o c y te s . 

I t  was shown th a t  bo th  th e  Volvox gonidium  and th e  am phibian oocy te  

sy n th e s iz e  q u a n t i t i e s  o f  rRNA s u f f i c i e n t  to  supp ly  a l l  c e l l s  formed 

d u rin g  c le a v a g e . I t  has  a ls o  been dem onstra ted  t h a t  th e  amount o f  

o rg a n e l le  ENA p re s e n t in  m ature am phibian o o c y te s  cou ld  supp ly  

m ito c h o n d ria l genomes fo r  th e  e n t i r e  embryo (Chase, 1970). Hie 

r e l a t i v e l y  h ig h  amount o f  Volvox cy to p lasm ic  ENA s y n th e s is  d e te c te d  

d u rin g  e a r ly  g o n id ia l  en largem ent may w e ll be r e la te d  to  th e  

a m p lif ic a t io n  o f  o rg a n e l le  ENA th a t  has  been dem onstra ted  in  m aturing  

o o cy tes  o f  o th e r  organism s whose e a r ly  embryos a ls o  show d iv i s io n  

w ith o u t g row th . Hie s h o r te r  c e l l  c y c le s  o f  such d iv id in g  embryos 

(M itch ison , 1971) may n o t p ro v id e  s u f f i c i e n t  tim e to  a llo w  co o rd in a ted  

o rg a n e l le  ENA r e p l i c a t io n  (see  In tro d u c tio n )  and th e  s y n th e s is  o f  

la rg e  q u a n t i t i e s  o f  cy to p lasm ic  ENA p r io r  to  c leav ag e  may have 

th e re fo re  evolved  s im u ltan e o u sly  w ith  t h i s  ty p e  o f  ra p id  c e l l  

d iv i s io n .

R e su lts  p re se n te d  h e re  fo r  Volvox show th a t  r e l a t i v e l y  l i t t l e  

s y n th e s is  o f  o rg a n e l le  ENA o c c u rs  d u rin g  c leav ag e  and th a t  even th e  

amount dem onstra ted  may be a r t i f a c t u a l  (see  ab o v e ). S im i la r ly ,  d u rin g
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th e  c leav ag e  o f  am phibian o o c y te s , no m ito ch o n d ria l ENA s y n th e s is  has 

been d e te c te d  (Chase and Dawid, 1972). However, K ochert (1975) has 

found th a t  in  V. c a r t e r i  f . w eism annia, th e  amount o f  ctDNA p re s e n t  in  

a m ature gonidium  re p re s e n ts  an a m p lif ic a t io n  o f  o n ly  100-150 tim es  

t h a t  found in  som atic  c e l l s .  These r e s u l t s  su g g e s t t h a t ,  in  th a t  

s t r a i n  a t  l e a s t ,  ctENA s y n th e s is  m ust occur a t  sane  tim e d u rin g  

g o n id ia l  c leav ag e  in  o rd e r to  p ro v id e  ev e ry  c e l l  o f  th e  embryo w ith  a 

c o n p le te  genome.

K ochert (1975) has a ls o  re p o rte d  t h a t  m ature g o n id ia  o f  V. 

c a r t e r i  f .  weism annia c o n ta in  abou t 25 tim es  a s  much ENA a s  do som atic  

c e l l s  and th a t  o n ly  abou t 30% o f  t h i s  ENA i s  o f  o rg a n e l le  o r ig in .  

R e s u lts  p re se n te d  h ere  in d ic a te  th a t  s ig n i f i c a n t  amounts o f  ENA 

s y n th e s is  occur d u rin g  g o n id ia l  en largem en t. S tu d ie s  perform ed on 

c u l tu r e s  c o n ta in in g  s im ila r  numbers o f  sp h e ro id s  have dem onstra ted  

th a t  cpm from aden ine  in c o rp o ra ted  in to  n u c le a r  ENA d u rin g  sph ero id  

expansion  a re  g e n e ra l ly  between 15-25% o f  th o se  in c o rp o ra te d  in to  

n u c le a r  ENA d u rin g  c leav ag e  (d a ta  n o t p r e s e n te d ) . These r e s u l t s  

su g g e s t t h a t  more n u c le a r  ENA th a n  th e  2C complement i s  p re s e n t  in  th e  

m ature g o n id ia  o f  th e  h a p lo id  (C) Volvox sp h ero id  p r io r  to  th e  f i r s t  

c le a v a g e .

As d e sc r ib e d  in  th e  In tro d u c t io n ,  o o cy te  developm ent u s u a lly  

in v o lv e s  t r a n s c r ip t io n  from a t  l e a s t  tw ic e  th e  norm al ENA complement 

p re s e n t  in  d ip lo id  o rgan ism s. In  o o cy te s  r e q u ir in g  long m a tu ra tio n  

p e r io d s  (weeks to  m on ths), lam pbrush chromosomes, which c o n ta in  a 4 C 

complement o f  ENA, a re  th e  c e n te r s  o f  g r e a t  t r a n s c r ip t io n a l  a c t i v i t y .  

However, in  m e ro is t ic  in s e c t s ,  where o o c y te s  a re  connected  to  n u rse  

c e l l s ,  o n ly  days a r e  re q u ire d  fo r  o o cy te  developm ent; n u rse  c e l l s  a re
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h ig h ly  p o ly te n e  and th e re fo re  u s u a lly  s e v e ra l  th o u san d fo ld  more 

genomic ENA i s  a c t iv e  in  th e  p re p a ra t io n  o f  t h e i r  oocy te  FNA 

(see D avidson, 1976). Volvox g o n id ia  undergo f u l l  m a tu ra tio n  in  a 

r e l a t i v e l y  s h o r t  tim e (1-2 days) and s in c e  th e  organism  i s  h a p lo id , 

th e  p resen ce  o f  h igh  le v e ls  o f  n u c le a r  ENA in  th e  m ature g o n id ia  may 

in d ic a te  t h a t  in  t h i s  o rgan ism , a m p lif ic a tio n  o f  th e  e n t i r e  n u c le a r  

genome i s  n e c e ssa ry  fo r  a c c e le ra te d  t r a n s c r ip t io n  in  p re p a ra t io n  fo r  

c leav ag e  and em bryogenesis. S tu d ie s  on V. c a r t e r i  f .  weism annia have 

dem onstrated  t h a t  s ta g e s  o f  g o n id ia l en largem ent p r io r  to  th e  f i r s t  

c leav ag e  a re  h ig h ly  s e n s i t i v e  to  actinom ycin-D  tre a tm e n t (W einheimer, 

1973; K ochert, 1975). Small g o n id ia  do n o t e n la rg e  and m ature g o n id ia  

f a i l  to  c le a v e ,  w hereas a  1 6 -c e lle d  embryo p laced  in  th e  drug can 

undergo abou t 5 more c leav ag e  d iv i s io n s .  These d i f f e r e n t i a l  e f f e c t s  

o f  a  drug known to  in h i b i t  n u c le a r  FNA s y n th e s is  may a ls o  be in  accord  

w ith  th e  id e a  th a t  th e re  i s  a c c e le ra te d  t r a n s c r ip t io n a l  a c t i v i t y  in  

th e  r a p id ly  m atu ring  Volvox gonidium  and th a t  i t  th e re fo r e  may be p ro ­

v ided  fo r  by an a m p lif ie d  genome.

F u rth e r  s tu d ie s  shou ld  be conducted on p o s s ib le  q u a l i t a t i v e  and 

q u a n t i t a t iv e  changes in  th e  Volvox genome o c c u rr in g  d u rin g  th e  p ro c e ss  

o f  g o n id ia l  m a tu ra tio n . The n u c le a r  ENA complement p re s e n t  in  g o n id ia  

a t  v a r io u s  s ta g e s  o f  m a tu ra tio n  should  be d e te rm in ed . A lso , th e  

r e c e n t d em o n stra tio n s  o f  th e  p re sen ce  o f  lam pbrush chromosome forms 

(m orp h o lo g ica lly  s im i la r  to  th o se  o f  oo cy tes) in  th e  p rim ary  n u c le i  o f  

v a r io u s  s p e c ie s  o f  th e  a lg a  A c e ta b u la r ia , (Spring e t  a l . , 1974; 

Scheer e t  a l . , 1976), su g g es t th e  p o s s i b i l i t y  t h a t  th e  a c t iv e  

t r a n s c r ip t io n  n e c e ssa ry  d u rin g  g o n id ia l  m a tu ra tio n  in  Volvox may a ls o  

in v o lv e  t h i s  a l te r e d  chromosome form . EM s tu d ie s  o f  m atu ring  g o n id ia
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should  th e re fo re  be conducted a s  w e ll .

TOC and EB S tu d ie s

In te r f e re n c e  w ith  ENA m etabolism  in  Volvox was s tu d ie d  by

t r e a t in g  sp h e ro id s  w ith  TOC and EB. The w idespread  use o f

m ariju an a  has  s tim u la te d  re s e a rc h  on th e  in te r a c t io n s  between i t s  m ajor
9

p sy ch o ac tiv e  in g r e d ie n t ,  A  TOC, and DNA. Changes in  ENA s y n th e s is  

in  c u l tu re d  human lung  c e l l s  a f t e r  exposure to  m ariju an a  smoke 

(L euchtenberger e t  a l . , 1973), a s  w e ll a s  a b e r re n t  chromosomal changes 

in  ch ro n ic  m ariju an a  u s e rs  (review ed by Matsyama e t  a l . , 1977), have
9

been re p o r te d .  A  TOC induced in h ib i t io n  o f  ENA s y n th e s is  h as  been 

dem onstra ted  in  Tetrahymena (Zimmerman and McClean, 1973), and m itogen 

s tim u la te d  lym phocytes from m ariju an a  u s e rs  have been re p o r te d  to
3

in c o rp o ra te  H -thym idm e a t  a  low er r a t e  th a n  th o se  from c o n tro l

s u b je c ts  (Nahas e t  a l . ,  1974). More r e c e n t ly ,  in  s tu d ie s  r e la te d  to
9

i t s  a n tm e o p la s t ic  a c t i v i t y  m  v iv o  (Munson e t  a l . , 1975), A  TOC was 

shown to  i n h i b i t  ENA s y n th e s is  in  Lewis lung  (adenocarcinom a) c e l l s  in
3

t i s s u e  c u l tu r e ,  a s  m easured by H thym idine in c o rp o ra tio n  in to  a c id  

in s o lu b le  m a te r ia l  (Carchman e t  a l . , 1976), w ith o u t d e c re a s in g

p re c u rs o r  up take (White e t  a l . , 1976). The p o s s i b i l i t y  o f

d i f f e r e n t i a l  in h ib i t io n  o f  n u c le a r  o r  o rg a n e l le  ENA s y n th e s is  by TOC 

has  n o t been in v e s t ig a te d  in  th e se  system s.

T h is  s tu d y  (C hapter 3 and M argolis-K azan and B lam ire , 1977) has
9

shown th a t  m  V olvox, A TOC s e le c t iv e ly  a f f e c t s  cy to p lasm ic  ENA 

m etabolism ; r e s u l t s  have been o b ta in e d  which d em o n stra te  b o th  th e  

d e g re d a tio n  o f  e x i s t in g  cy to p lasm ic  ENA and th e  s e l e c t iv e  in h ib i t io n  

o f  i t s  s y n th e s is .

The e f f e c t s  o f  EB on ENA m etabolism  have been s tu d ie d  e x te n s iv e ly
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in  o th e r  system s and EB i s  known to  s e le c t iv e ly  in h i b i t  o rg a n e l le  ENA 

s y n th e s is  in  numerous o rgan ism s. The drug has a ls o  been shown to  

m ed iate  in  th e  breakdown o f  p r e e x is t in g  mtENA in  y e a s t  and ctENA in  

Chlamydomonas. (See In tro d u c t io n .)

These s tu d ie s  (C hapter 3) have in d ic a te d  th a t  w h ile  EB induced

d e g ra d a tio n  o f  e x i s t in g  cy to p lasm ic  ENA i s  s im i la r  to  th a t  m ediated  by

TOC, th e  a c t io n s  o f  th e  two d ru g s  on ENA s y n th e s is  in  Volvox a re  v e ry
9

d i f f e r e n t .  T reatm ent w ith  A  THC in h i b i t s  cy to p lasm ic  ENA s y n th e s is  

b u t  has  l i t t l e  e f f e c t  upon th e  s y n th e s is  o f  th e  n u c le a r  sp e c ie s  d u rin g  

t h i s  same tim e p e r io d .  The b io s y n th e t ic  e f f e c t  o f  EB, how ever, i s  one 

which d r a s t i c a l l y  d e p re s s e s  a l l  ENA s y n th e s is  and i t s  m ost immediate 

a c t io n  i s  t o  i n h i b i t  th e  s y n th e s is  o f  th e  n u c le a r  sp e c ie s  w h ile  

a llow ing  some cy to p lasm ic  ENA s y n th e s is  to  c o n tin u e .

The b io s y n th e t ic  e f f e c t  o f  EB on Volvox DNA i s  th e re fo re  

d i f f e r e n t  from i t s  e f f e c t  on ENA s y n th e s is  in  Chlamydomonas where 

ctENA s y n th e s is  i s  s e l e c t iv e ly  in h ib i te d  by th e  d ru g . W hile ctENA i s  

degraded  by EB in  b o th  o rg an ism s, Chlamydomonas can reco v e r from such 

tre a tm e n t b u t Volvox does n o t (F lech tn e r and S ag er, 1973; see  

I n t r o d u c t io n ) . A lthough th e s e  two organism s a re  b e lie v e d  to  be 

r e la te d  e v o lu t io n a r i ly  and e x h ib i t  numerous s t r u c t u r a l  s i m i l a r i t i e s  

d e sc r ib e d  above, th e  l i f e  c y c le  o f  Volvox s tu d ie d  h e re  in c lu d e s  th e  

developm ental p ro c e sse s  o f  em bryogenesis and som atic  c e l l  senescence 

and d e a th ,  w hereas t h a t  s tu d ie d  in  Chlamydomonas i s  b a s ic a l ly  a  c e l l  

c y c le ,  fo llow ed  from one d iv i s io n  to  th e  n e x t .  Many o f  th e  

d i f f e r e n c e s ,  en coun tered  h e re ,  betw een th e  two o rg an ism s, ( in c lu d in g  

th e  i n a b i l i t y  o f  Volvox and th e  a b i l i t y  o f  Chlamydomonas to  reco v er 

and c o n tin u e  t h e i r  r e s p e c t iv e  c y c le s  a f t e r  ctENA s y n th e s is  h as  been
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in h ib i te d  o r  t h a t  ENA s p e c ie s  d eg rad ed , a s  w e ll a s  t h e i r  d i f f e r in g  EB 

induced ENA s y n th e s is  in h ib i t io n s )  may indeed be a  fu n c tio n  o f  th e se  

d i f f e r in g  developm ental p a t te r n s  and r e f l e c t  th e  in c re a se d  im portance 

o f  o rg a n e l le  ENA in  th e  re g u la t io n  o f  developm ent in  m u l t ic e l lu l a r  

o rgan ism s.

The tem poral p a t te r n s  o f  ENA s y n th e s is  d e sc r ib e d  above 

re v e a l t h a t  most cy to p lasm ic  ENA i s  sy n th e s iz e d  a t  an e a r ly  p e r io d  

(p re re le a se )  in  th e  a sex u a l l i f e  c y c le  o f  a Volvox c a r t e r i  sp h ero id  

( f ig u re s  11a and l i b ;  L ife  c y c le  s ta g e  7 , f ig u re  1 ) .  The g o n id ia

( re p ro d u c tiv e  c e l l s )  a re  p la u s ib le  s i t e s  fo r  such s y n th e s is  and as  

d isc u sse d  above, th e se  c e l l s  p ro b ab ly  r e q u ir e  a  s u f f i c i e n t  amount o f  

ENA and c o r r e c t  p ro p o r tio n s  o f  th e  n u c le a r  and cy to p lasm ic  ENA sp e c ie s  

b e fo re  commiting them selves to  c leav ag e  and em bryogenesis. In  an 

a tte m p t to  understand  th e  r e g u la t io n  o f  th e se  p ro c e s s e s ,  th e

consequences o f  in te r f e r e n c e  w ith  th e  n a tu ra l  ENA m etabolism  o f  Volvox 

(SR m u ta tio n  and THC and EB tre a tm e n t)  were in v e s t ig a te d .  The v a r io u s  

tre a tm e n ts  o f  Volvox sp h e ro id s  w ith  EB and THC y ie ld e d  m orphological 

and b iochem ical r e s u l t s ,  w hich , when c o r r e l a te d ,  su g g e s t p o s s ib le  

m odels in  which th e  amounts and p ro p o r tio n s  o f  n u c le a r  and cy to p lasm ic  

ENA p la y  a  r o le  in  th e  re g u la t io n  o f  em bryogenesis in  t h i s  organism . 

One such model i s  p re se n te d  below .

A fte r  r e le a s e  o f  Volvox c a r t e r i  f . n a g a r ie n s is  sp h e ro id s , th e  

r a t i o  o f  cy to p lasm ic  ENA to  t o t a l  ENA ( c / t  r a t io )  d e c re a se s  

s te a d i ly  from a  h igh  v a lu e  a t  r e le a s e  (caused by h ig h  l e v e ls  o f  cENA 

s y n th e s is  b e fo re  t h i s  tim e) to  a  much low er v a lu e  a t  co n densa tion  

( f ig u re  12, s ta g e  2 , tim e zone C ), due to  th e  f a c t  t h a t  w h ile  th e

amount o f  cENA rem ains c o n s ta n t  a f t e r  r e l e a s e ,  th e  amount o f
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n u c le a r  ENA (nENA) in c re a s e s  (because o f  i t s  co n tin u o u s  s y n th e s i s ) . 

At some p o in t  d u rin g  t h i s  p e r io d  o f  sp h e ro id  expansion  (tim e zone B, 

f ig u re  12) t h i s  d e c re a s in g  c / t  r a t i o  may reac h  a c r i t i c a l  le v e l  

which in  some way t r i g g e r s  th e  g o n id ia l  c e l l  to  b eg in  

th e  p ro c e s se s  o f  co n d en sa tio n  and em bryogenesis. I f  t h i s  c / t  

r a t i o  i s  one which a llo w s c leav ag e  to  b e g in , nENA s y n th e s is  must 

n a tu r a l ly  c o n tin u e  fo r  normal c e l l  d iv i s io n s  and em bryogenesis to  ta k e  

p la c e .

E thidium  brom ide prom otes changes in  th e  c / t  r a t i o  o f  Volvox DNA 

by two m echanism s. At low EB c o n c e n tra tio n s  nENA s y n th e s is  i s  

in h ib i te d  and r e s id u a l  cENA s y n th e s is  c o n tin u e s . T h is  r e s u l t s  in  a 

g rad u a l r i s e  in  th e  c / t  r a t i o .  A f te r  some tim e , how ever, (6-18 h r s .)  

cENA s y n th e s is  i s  a l s o  in h ib i te d  and t h i s  ENA sp e c ie s  b e g in s  to  

degrade (h ig h er c o n c e n tra tio n s  o f  EB prom ote cENA breakdown and 

s y n th e s is  in h ib i t io n  e a r l i e r ) , and th e  c / t  r a t i o  b eg in s  to  d e c re a se . 

A ccording to  t h i s  m odel, g o n id ia l  c e l l s  cou ld  th e re fo re  p ass  th rough  

co n d en sa tio n  and beg in  c le a v a g e , b u t because o f  th e  absence o f  nENA 

s y n th e s is ,  a r r e s t  a f t e r  o n ly  a  few d iv i s io n s .  (T his m orpholog ical 

a r r e s t  in  e a r ly  c leav ag e  m ost marked a t  25 u g /n l EB.)

D e lta -9 - te tra h y d ro c a n n a b in o l, which i s  more s p e c i f i c  fo r  Volvox

cENA m etabolism  th an  EB, a llo w s  nENA s y n th e s is  to  co n tin u e  over a wide 

range o f  c o n c e n tra t io n s .  At THC c o n c e n tra tio n s  between 300 and 

400 ug /m l, cy to p lasm ic  ENA s y n th e s is  i s  a r r e s te d  e a r l i e r ,  

and th e  d e g ra d a tio n  o f  cENA p ro b ab ly  b eg in s  sooner and ta k e s  p la c e  

f a s t e r  th an  th a t  induced by EB. Hie n e t  e f f e c t  o f  th e se  phenomena i s  

to  r a p id ly  d e c re a se  th e  c / t  r a t i o  in  a l l  g o n id ia ,  which acco rd in g  to  

t h i s  m odel, c a u se s  th e n  to  condense , o f te n  p rem a tu re ly . Upon
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tre a tm e n t o f  Volvox sp h e ro id s  w ith  TOC (300-400 ug/m l) sm all immature 

g o n id ia  a s  w ell a s  en la rg ed  o n es , reach  and rem ain a r r e s te d  a t  

co n d en sa tio n . T h is  absence o f  c e l l  d iv i s io n  a f t e r  co n d en sa tio n  o f  

g o n id ia ,  may be due to  th e  v e ry  low amount o f  cENA p re s e n t  in  th e se  

c e l l s  a n d /o r  to  o th e r  phenomena induced by TOC tre a tm e n t (see  b e low ).

The e f f e c t s  o f  TOC tre a tm e n t on th e  DNA o f  som atic  c e l l  

r e g e n e ra to r  m utan ts  (HMK-01 reg ) a re  s im i la r  to  th o se  e x h ib ite d  by 

w ild - ty p e  HK-10 c u l tu r e s  and many o f  th e  m orpho log ical changes

e x h ib ite d  by t h i s  m utant in  th e  p re sen ce  o f  th e  d rug  may a ls o  be

ex p la in ed  in  accordance w ith  th e  model o f  changing c / t  r a t i o s

p re se n te d  above. S ince  cENA s y n th e s is  i s  in h ib i te d  and cENA

d e g re d a tio n  a ls o  promoted by TOC in  t h i s  m u ta n t, th e  sh a rp ly  f a l l i n g  

c / t  r a t i o  may a g a in  be a c t in g  to  t r ig g e r  th e  p rem atu re  co n densa tion  

and g o n id ia l  a r r e s t  t h a t  i s  o b se rv ed . S ince  th e se  same e f f e c t s  were 

no ted  in  bo th  ty p e s  o f  g o n id ia l  c e l l s  p re s e n t  in  t h i s  m utant s t r a i n ,  

th e  " o r ig in a l"  in te r n a l  g o n id ia ,  a s  w e ll a s  p e r ip h e ra l  ones formed 

from " reg en e ra ted "  som atic  c e l l s ,  one may th e re f o r e  in f e r  e i th e r  th e  

u n iv e r s a l i ty  o f  th e  m orpho log ical consequences o f  TOC tre a tm e n t to  

d i f f e r e n t  ty p e s  o f  Volvox g o n id ia  o r  th e  t r u e  "g o n id ia  l ik e "  n a tu re  o f  

re g e n e ra te d  som atic  c e l l s .

The p o s s i b i l i t y  t h a t  t a r g e t s  o th e r  th an  ENA m etabolism  a re  

cau s in g  th e  m orpho log ical changes observed  upon tre a tm e n t o f  Volvox 

w ith  EB o r  TOC shou ld  n o t be o v e rlo o k ed . The d ru g s  may be a c t in g  

d i r e c t l y  on c e l l  d iv i s io n  o r  p roducing  o th e r  e f f e c t s  which le a d  to  

th e  re p ro d u c ib le  m orpho log ical a r r e s t s  o b se rv a b le  a t  th e  p a r t i c u la r  

s ta g e s  o f  developm ent re p o r te d  h e re .

A lso , a t  low er c o n c e n tra tio n s  o f  TOC, d i f f e r e n t  m orpholog ical
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e f f e c t s  were n o te d , nam ely, em bryonic a r r e s t  d u rin g  c leav ag e  o r

in v e rs io n  and d e layed  r e le a s e  o f  ju v e n i le  sp h e ro id s . Assuming ENA

m etabolism  i s  n o t th e  immediate t a r g e t  a t  th e se  d rug  c o n c e n tra t io n s ,

th e n  some o th e r  s i t e s  must be th e  a re a s  o f  s e n s i t i v i t y .  The e f f e c t s

o f  THC on FNA m etabolism  in  Volvox a re  c u r r e n t ly  under

in v e s t ig a t io n  and p re lim in a ry  s tu d ie s  d em onstra te  an in h ib i t io n  o f  FNA 
g

s y n th e s is  by A  THC a t  c o n c e n tra tio n s  w e ll below 300 ug/m l (Howard 

C aplen , p e rso n a l com m unication). A lso r e s u l t s  p re se n te d  h ere  

in d ic a te  t h a t  a t  THC c o n c e n tra tio n s  o f  400 ug/ml th e
3

in c o rp o ra tio n  o f  2 -  H aden ine  in to  Volvox FNA i s  s e v e re ly  in h ib i te d .

I t  i s  w e ll e s ta b l is h e d  th a t  EB in h i b i t s  t r a n s c r ip t io n  from mtDNA

a s  w e ll a s  in t e r f e r in g  w ith  i t s  s y n th e s is  (review ed by Corcoran and

Hahn, 1975). One m ust th e re fo r e  c o n s id e r  th e  p o s s i b i l i t y  t h a t  i t  may

ag a in  be th e  la c k  o f  gene p ro d u c ts , in  t h i s  c a se  s p e c i f i c a l l y  th o se  o f

o r g a n e l le s ,  which le a d  to  th e  m orpho log ical changes observed  in  EB

tr e a te d  sp h e ro id s . I t  i s  n o t y e t  c e r t a in  from th e se  s tu d ie s  w hether

th e  n a tu r a l ly  o c c u rr in g  changes in  c / t  r a t i o s ,  a s  w ell a s  th o se

induced by d ru g s , a r e  c a u se , e f f e c t ,  o r  c o in c id e n ta l  to  th e  a sex u a l

developm ent c y c le  o f  Volvox c a r t e r i  sp h e ro id s . However, th e se

f lu c tu a t io n s  d u rin g  th e  normal co u rse  o f  developm ent do indeed fo llo w

c o n s is te n t  tem poral p a t te r n s  su g g es tin g  im po rtan t tem poral r e g u la t io n ,

and in te r f e r e n c e  w ith  th e se  n a tu ra l  changes in  p ro p o r tio n s  o f  n u c lea r

and cy to p lasm ic  ENA s p e c ie s  does y ie ld  re p ro d u c ib le  and c o n s is te n t

m orpholog ical a b n o rm a lit ie s .  I t  i s  c le a r  th a t  f u r th e r  s tu d ie s  in  t h i s

a re a  a re  n e c e ssa ry  to  g a in  in s ig h t  in to  th e  in te g r a t io n  o f  th e se  ev en ts

and th e i r  a c t io n  in  th e  re g u la t io n  o f  developm ent, 
g

A ll A  THC s tu d ie s  p re se n te d  were perform ed using  c a r r i e r
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tr e a te d  a s  w e ll a s  u n tre a te d  c o n t r o l s ,  s in c e  " c a r r ie r "  was used a s  th e

v e h ic le  to  s o lu b i l i z e  THC. A lthough s p h e ro id s  can  su rv iv e  grow th

in  c a r r i e r ,  and p a t te r n s  and e x te n ts  o f  ENA s y s th e s is  a r e  s im i la r  to

th o se  o f  c o n t ro l s  (using  p ro to c o ls  d e sc r ib e d  fo r  th e  tim e p e r io d s

s tu d ie d ) , c e r t a in  c a r r i e r  e f f e c t s ,  no ted  in  th e  t e x t ,  shou ld  n o t be

ig n o red . C a r r ie r  tre a tm e n t o f  Volvox sp h e ro id s  does a c t  to  reduce th e

uptake and in c o rp o ra tio n  o f  2-^H -adenine r e l a t i v e  to  th a t  found in

u n tre a te d  c o n t r o l s ,  and t h i s  re d u c tio n  in  in c o rp o ra tio n  ap p ea rs  to  be

p r im a r ily  in to  FNA. The asex u a l developm ental c y c le  i s  somewhat

delayed  and th e  in d u c tio n  and m aintenance o f  t i g h t  synchrony in h ib i te d

in  th e  p re sen ce  o f  t h i s  tween 4 0 /8 0 -e th a n o l m ix tu re . These m o lecu la r

and m orpho log ical o b s e rv a tio n s  on c a r r i e r  e f f e c t s  co u ld  v e ry  w e ll be

r e la t e d .  A lthough th e  consequences o f  sp h e ro id  tre a tm e n t w ith  THC

a re  d i f f e r e n t  from th o se  e x h ib ite d  by c a r r i e r - t r e a t e d  c u l tu r e s ,  th e

p o s s i b i l i t y  does e x i s t  t h a t  i t  i s  th e  c a r r i e r ,  p re s e n t  a s  p a r t  o f  THC

tre a tm e n t,  t h a t  i s  a c t in g  w ith  th e  d rug  in  a  s y n e r g is t i c  manner to

produce some o f  th e  m orpho log ical and b iochem ical e f f e c t s  n o te d , and

n o t th e  d rug  a lo n e . T h is  p o s s i b i l i t y  would be e lim in a te d  i f  THC made
q

so lu b le  w ith  o th e r  a g e n ts ,  o r  w ater s o lu b le  d e r iv a t iv e s  o f  A  THC, 

were te s te d  and produced th e  same e f f e c t s .

SR M utant S tu d ie s

The SR m u tan ts  used in  t h i s  s tu d y  e x h ib i t  h ig h e r p ro p o r tio n s  and 

r a te s  o f  s y n th e s is  o f  cENA th a n  do w ild - ty p e  HK-10 s p h e ro id s . T h is  i s  

n o t s u r p r is in g ,  s in c e  g o n id ia  o f  Volvox sp h e ro id s  c o n ta in  h ig h e r 

p ro p o r tio n s  o f  cENA th a n  som atic  c e l l s  and SR s t r a i n s  p o sse ss  many 

more "g o n id ia "  d u rin g  p o r t io n s  o f  t h e i r  l i f e  c y c le .

The s y n th e s is  o f  cENA in  " re g e n e ra te d "  g o n id ia  may occur d u rin g  a
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developm ental p e r io d  s im i la r  to  th e  p r e r e le a s e  expansion  phase o f  

h ig h  cENA s y n th e s is  observed  in  w ild - ty p e  g o n id ia .  Thus th e  

" re g e n e ra te d "  g o n id ia  may a ls o  e x h ib i t  a d i s c r e t e  p e r io d  o f  h igh  cENA 

s y n th e s is  d u rin g  th e  p ro c e ss  o f  m a tu ra tio n , in  p re p a ra t io n  fo r 

c le a v a g e .

Hie tim ing  o f  p e r io d s  o f  cENA s y n th e s is  in  re g e n e ra tin g  c e l l s

shou ld  th e re fo re  be in v e s t ig a te d  f u r th e r .  A lthough sy n c h ro n iz a tio n

using  in t a c t  sp h e ro id s  may n o t be p o s s ib le  in  t h i s  s t r a i n ,  s h o r t  term

s tu d ie s  em ploying newly in v e r te d  SR sp h e ro id s  ( i s o la te d  as  d e sc r ib e d

in  te x t)  and r e l a t i v e l y  homogeneous p o p u la tio n s  o f  d is s o c ia te d  " in

v i t r o " re g e n e ra te d  g o n id ia ,  a t  v a r io u s  s ta g e s  o f  m a tu ra tio n

( f e a s ib ly  i s o la te d  by f i l t r a t i o n  th rough  d i f f e r i n g  s iz e s  o f  N itex

m esh), shou ld  be conducted . ENA s y n th e s is  p a t t e r n s  d u rin g  th e  p e rio d

o f  d e d i f f e r e n t i a t io n  and th e  v a r io u s  s ta g e s  o f  g o n id ia l  m a tu ra tio n

cou ld  th e n  be e lu c id a te d .  Knowledge o f  th e  tim ing  o f

o rg a n e l le  ENA s y n th e s is  in  th e  SR m utan t would a ls o  a id  in  th e

d e te rm in a tio n  o f  which e f f e c t  on ENA m etabo lism  (d eg rad a tio n  o f

o rg a n e l le  ENA o r th e  in h ib i t io n  o f  i t s  s y n th e s is )  i s  o p e ra t iv e  in

producing  th e  absence o f  d e d i f f e r e n t i a t io n  observed  in  th e  
9

p resen ce  o f  A  THC ( f la g e l la te d  som atic  c e l l s  do n o t become 

re g e n e ra te d  g o n id ia  upon tre a tm e n t w ith  300-400 ug/m l THC).

The e x is te n c e  and a v a i l a b i l i t y  o f  "som atic  re g e n e ra to r"  m utan ts 

adds f u r th e r  dim ension to  th e  range  o f  b ioch em ica l and g e n e t ic  s tu d ie s  

o f  d i f f e r e n t i a t i o n  and developm ent p o s s ib le  w ith in  th e  "Volvox 

sy stem ."  In  w ild - ty p e  in d iv id u a ls ,  f l a g e l l a t e d  som atic  c e l l s  o f  

p o s t  in v e rs io n  sp h e ro id s  a r e  te rm in a l ly  d i f f e r e n t i a t e d  and do n o t 

d iv id e  a g a in . In  re g e n e ra to r  m u ta n ts , how ever, th e s e  c e l l s  undergo a
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s e r i e s  o f  p h eno typ ic  changes, in c lu d in g  lo s s  o f  f l a g e l l a  and change o f  

shape and proceed  to  form re p ro d u c tiv e  c e l l s .  Such e v e n ts  p ro v id e  a  

unique i l l u s t r a t i o n  o f  th e  t o t a l  r e v e r s i b i l i t y  o f  th e  genomic changes 

which occur d u rin g  th e  p ro c e s s  o f  d i f f e r e n t i a t i o n .

O ther exam ples o f  r e d i f f e r e n t i a t i o n ,  where o b v io u s ly  

d i f f e r e n t i a t e d  som atic  c e l l s  change t h e i r  s p e c ia l iz e d  r o le s  and assume 

new s t a t e s  o f  d i f f e r e n t i a t i o n ,  do indeed e x i s t .  Ih e s e  phenomena, 

term ed t r a n s d i f f e r e n t i a t i o n ,  occur under numerous n a tu ra l  and 

e x p e rim e n ta lly  induced c o n d itio n s  in c lu d in g  eye and lim b re g e n e ra tio n , 

s i l k  worm m etam orphosis and th e  c u l tu r e  o f  blood lym phocytes (review ed 

by D avidson, 1976); th e y  do n o t ,  how ever, dem o n stra te  t h a t  th e  t o t a l  

p o te n t ia l  i s  r e ta in e d  by th e  genome a f t e r  d i f f e r e n t i a t i o n  has 

o c c u rre d . E xperim ents, such a s  th o se  in  which n u c le i  from 

d i f f e r e n t i a t e d  c e l l s ,  in je c te d  in to  m ature eg g s , were shown to  d i r e c t  

th e  developm ent o f  a  com plete new organism  have been n e c e ssa ry  to  

i l l u s t r a t e  t h i s  p r in c ip a l  (see  In t ro d u c t io n ) .

Volvox SR m u tan ts  p ro v id e  a system  in  which th e  r e te n t io n  o f  th e  

f u l l  genomic c a p a c ity  fo llo w in g  d i f f e r e n t i a t i o n  may be s tu d ie d  under 

more " n a tu ra l"  c irc u m sta n c e s . Not o n ly  does t r a n s d i f f e r e n t i a t i o n  

occur in  th e  som atic  c e l l s  o f  th e se  m u tan ts , b u t t h e i r  new s t a t e  i s  

one which a llo w s them to  d i r e c t  th e  com plete co u rse  o f  developm ent.

G enetic  s tu d ie s  have been perform ed on o th e r  Volvox re g e n e ra to r  

m u tan ts . G r i f f in  and Huskey (1974) have re p o r te d  two n o n -lin k ed  

m u ta tio n s  c a r ry in g  t h i s  phenotype and have dem onstra ted  th a t  in  

in d iv id u a l c ro s s e s  th e  re g e n e ra to r  t r a i t  s e g re g a te s  a s  a  s in g le  

a l l e l e .  H ie p o s s ib le  e x is te n c e ,  in  V olvox, o f  a  s in g le  gene 

p ro d u c t w ith  m ajor e p ig e n e tic  re g u la to ry  p o te n t ia l  i s  th u s
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in f e r r e d .  F u rth e r  g e n e t ic  and m o lecu la r s tu d ie s  shou ld  c e r t a in l y  be 

conducted on t h i s  m utant in  th e  hope o f  i s o la t in g  t h i s  gene 

p ro d u c t and d e te rm in in g  i t s  mechanism o f  a c t io n .  An u n d ers tan d in g  o f  

th e  r e g u la t io n  invo lved  in  th e  d e d i f f e r e n t ia t io n  o f  t h i s  m u tan t, 

and p o s s ib le  com parisons w ith  th e  a l l e l i c  w ild - ty p e  gene p ro d u c t, 

would s u re ly  p ro v id e  in s ig h t  on th e  mechanisms o f  

d i f f e r e n t i a t i o n .

F u tu re  S tu d ie s

In  a d d i t io n  to  th e  a re a s  w arran tin g  f u r th e r  in v e s t ig a t io n  which 

have been d e sc r ib e d  th roughou t t h i s  d is c u s s io n ,  t h i s  s tu d y  o f  Volvox 

DNA h as  n o t  inc lu d ed  c e r t a in  genomic c h a r a c te r iz a t io n s  which may be 

in d ic a te d  fo r  f u r th e r  developm ental s tu d ie s .

Popular m odels o f  gene r e g u la t io n ,  and hence d i f f e r e n t i a t i o n ,  in  

h ig h e r eu k a ry o te s  a r e  based on th e  o rg a n iz a tio n  o f  DNA sequences in  

th e  genome (see  In t r o d u c t io n ) . An o rd ered  p a t te r n  o f  in te r s p e r s io n  o f  

s in g le  copy and r e p e t i t i v e  ENA sequences has  been dem onstra ted  in  a l l  

form s o f  m etazoa s tu d ie d  (review ed by Davidson e t  a l . , 1975).

The o rg a n iz a tio n  o f  th e  Volvox genome shou ld  th e re fo re  be 

e lu c id a te d .  T h is  s tu d y  h a s  dem onstra ted  t h a t  th e  ENA o f  Volvox 

may be r a d io a c t iv e ly  la b e le d  and p u r i f i e d .  S tu d ie s  in v o lv in g  th e  

r e a s s o c ia t io n  o f  ENA fragm en ts  and subsequen t h y d ro x y a p a tite  

chrom atography (see  D avidson e t  a l . , 1973 fo r  m ethodology) shou ld  now 

be conducted to  v e r i f y  th e  e x is te n c e  o f  r e p e t i t i v e  and unique 

sequences in  Volvox DNA and to  e lu c id a te  t h e i r  p a t te r n s  o f  

in te r s p e r s io n .

The f e a s i b i l i t y  o f  u s in g  Volvox fo r  re s e a rc h  in v o lv in g  

m acrom olecular s y n th e s is  d u rin g  developm ent has  been dem onstra ted  (see
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In tro d u c t io n  fo r  o th e r  r e c e n t Volvox s t u d i e s ) . Hie "Volvox system " 

now a w a its  f u r th e r  m o lecu la r developm ental s tu d ie s  o f  th e  ty p e  (see  

In tro d u c tio n )  c u r r e n t ly  be ing  conducted on th e  o o cy tes  and e a r ly  

embryos o f  o th e r  "more pop u la r"  o rgan ism s.



SUMMARY

T h is  s tu d y  h as  shown th a t  i t  i s  p o s s ib le  to  i s o l a t e ,  p u r i f y  and 

c h a ra c te r iz e  a t  l e a s t  two d i s t i n c t  sp e c ie s  o f  DNA from th e  two c e l l  

ty p e s  p re s e n t  in  Volvox c a r t e r i  sp h e ro id s . The DNA from th re e  s t r a i n s  

(HK-10, NB-7 and KA-1) was com pared, and a l l  s t r a i n s  were shown to  

c o n ta in  a t  l e a s t  two d i s t i n c t  DNA s p e c ie s  which band a t  d e n s i t i e s  o f  

1 .714 -1 .715  and 1 .7 0 4 -1 .7 0 5  g/cm^ in  n e u t ra l  CsCl and co rrespond  to  

n u c le a r  and "cy top lasm ic"  DNA, r e s p e c t iv e ly .  Base com positions 

c a lc u la te d  from th e se  d e n s i t i e s ,  55-56% G-tC fo r  n u c lea r  DNA and 45-46% 

G-fC fo r  cy to p lasm ic  DNA, a r e  in  c lo se  agreem ent w ith  % G+C v a lu e s  

e s tim a te d  from therm al d e n a tu ra tio n  d a ta .  DNA from KA-1 h a s  a  th i r d
3

component w ith  a  buoyant d e n s i ty  o f  1.693 g/cm which co rresp o n d s  to  

34% G-tC and p ro b ab ly  re p re s e n ts  th e  DNA o f  th e  endosym biotic b a c te r ia  

which a r e  p re s e n t  in  t h i s  s t r a i n .

I t  was dem onstra ted  t h a t  i t  i s  p o s s ib le  to  fo llo w  th e  s y n th e s is  

o f  n u c le a r  and cy to p lasm ic  DNA in  Volvox by m o n ito ring  th e  

in c o rp o ra tio n  o f  ra d io is o to p e  p re c u rs o rs  in to  th e se  DNA s p e c ie s .  

P re p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  p r o f i l e s  o b ta in ed  from sp h e ro id s
3

grown m  th e  p resen ce  o f  2 -  H -adenine dem onstra ted  t h a t  t h i s  p re c u rso r  

i s  in c o rp o ra te d  in to  b o th  n u c le a r  and cy to p lasm ic  DNA in  p ro p o r tio n s  

s im i la r  to  th o se  o b ta in ed  using  o th e r  p re p a ra t iv e  and a n a ly t ic a l  

te c h n iq u e s . M ethyl-^H -thym idine, how ever, was found to  be 

in c o rp o ra te d  a lm ost e x c lu s iv e ly  in to  Volvox n u c lea r  DNA.

S tu d ie s  to  e lu c id a te  th e  tem poral p a t te r n s  o f  n u c le a r  and 

cy to p lasm ic  DNA s y n th e s is  d u rin g  th e  a sex u a l l i f e  c y c le  o f  s t r a i n
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HK-10 w ere perform ed using  homogeneous sp h ero id  p o p u la tio n s  o b ta in ed

by e i t h e r  inposed o r s iz e - s o r t in g  sy n c h ro n iz a tio n  p ro c e d u re s . Both

methods y ie ld e d  com parable r e s u l t s  which dem onstra ted  t h a t  v a r ia t io n s

3m  th e  p a t te r n s  o f  H -adenine in c o rp o ra tio n  in to  n u c le a r  and 

cy to p lasm ic  ENA occur a t  d i f f e r e n t  l i f e  c y c le  s ta g e s .  W hile n u c le a r  

ENA s y n th e s is  ta k e s  p la c e  to  some e x te n t  th ro u g h o u t th e  l i f e  c y c le ,  

cy to p lasm ic  DNA ap p ea rs  to  be made c y c l i c a l l y ,  w ith  i t s  m ajor 

s y n th e t ic  p e r io d  o c c u rr in g  d u rin g  th e  p r e r e le a s e  expansion  s ta g e  

im m ediately  fo llo w in g  in v e rs io n .

In te r f e re n c e  w ith  ENA m etabolism  was s tu d ie d  by t r e a t in g  

sp h e ro id s  w ith  THC and EB. THC was shown to  s e le c t iv e ly  a f f e c t  

cy to p lasm ic  ENA m etabo lism . T reatm ent o f  sp h e ro id s  w ith  400 ug/m l THC 

was dem onstra ted  to  m ed iate  in  b o th  th e  d e g ra d a tio n  o f  e x is t in g  

cy to p lasm ic  ENA and th e  s e le c t iv e  in h ib i t io n  o f  i t s  s y n th e s is .  W hile 

EB (25 ug/m l) induced d e g ra d a tio n  o f  e x i s t in g  cy to p lasm ic  ENA i s  

s im i la r  to  t h a t  m ediated  by THC, i t s  b io s y n th e t ic  e f f e c t  i s  one which 

s u b s t a n t i a l l y  d e p re s se s  a l l  ENA s y n th e s is ,  and i t s  m ost im mediate 

a c t io n  i s  to  i n h i b i t  th e  s y n th e s is  o f  th e  n u c le a r  s p e c ie s  w h ile  

a llo w in g  some cy to p lasm ic  ENA s y n th e s is  to  c o n tin u e .

T reatm ent o f  Volvox sp h e ro id s  w ith  THC and EB produced 

m orpholog ical e f f e c t s  c h a r a c t e r i s t i c  to  each d ru g . The re p ro d u c tiv e  

c e l l s  (gon id ia) o f  THC t r e a te d  sp h e ro id s  became a r r e s te d  a t  th e  

co n d en sa tio n  s ta g e  o f  th e  l i f e  c y c le  j u s t  p r io r  to  c leav ag e  and a t  

drug c o n c e n tra tio n s  between 300 and 400 u g /m l, o f te n  reached  t h i s  

s ta g e  p re m a tu re ly . The g o n id ia  o f  EB (25 ug/ml) t r e a te d  sp h e ro id s  

p assed  th rough  co n d en sa tio n  and began c le a v a g e , b u t a r r e s te d  a f t e r  a  

few d iv i s io n s .
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S tu d ie s  perform ed on a developm ental m utant o f  s t r a i n  HK-10, 

"som atic  c e l l  re g e n e ra to r"  m utant HMK-01, have shown th a t  i t s  c e l l s  

c o n ta in  a  h ig h e r p ro p o r tio n  o f  cy to p lasm ic  ENA th a n  th o se  o f  w ild - ty p e  

s p h e ro id s , and p re lim in a ry  s tu d ie s  in d ic a te  t h a t  th e  e f f e c t s  o f  THC on 

th e  ENA m etabolism  and g o n id ia l  morphology o f  t h i s  m utan t a re  s im i la r  

to  th o se  observed  in  s t r a i n  HK-10. In  a d d i t io n ,  th e  

" d e d if f e r e n t ia t io n "  and " re g e n e ra tio n "  o f  som atic  c e l l s  c h a r a c t e r i s t i c  

o f  m utant HMK-01, appeared to  be in h ib i te d  by tre a tm e n t w ith  400 

ug/ml THC.

Changes in  p ro p o r tio n s  o f  Volvox n u c le a r  and cy to p lasm ic  DNA 

o c c u rr in g  d u rin g  normal l i f e  c y c le  s ta g e s  a s  w e ll a s  th o se  found a f t e r  

drug tre a tm e n t o r  m u ta tio n  were c o r r e la te d  w ith  observed  developm ental 

changes, and a  th e o r e t ic a l  model was proposed in  which th e  r a t i o s  o f  

cy to p lasm ic  ENA to  t o t a l  ENA ( c / t  r a t i o )  p la y  a  r o le  in  th e  r e g u la t io n  

o f  Volvox developm ent.
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TABLE 1

BASE COMPOSITIONAL ANALYSIS OF NUCLEAR AND CYTOPLASMIC 
DNAs FROM THREE STRAINS OF Volvox c a r t e r i

A n a ly t ic a l  CsCl

DNA D ensity  (g/cm^) in  CsCl % G + (

KA-1 n u c le a r 1.714 55%

KA-1 cy to p lasm ic 1.704 45%

KA-1 "endosym biont" 1.693 34%

NB-7 n u c le a r3 1.714 55%

NB-7
a

cy to p lasm ic 1.704 45%

HK-10 n u c le a r3 1.715 56%

HK-10
a

cy to p lasm ic 1.705 46%

Thermal D e n a tu ra tio n

DNA 1*11(0 in  0 .1  x SSC % G + C

KA-1 t o t a l 76 .5 55%

NB-7 t o t a l 76 .0 54%

NB-7 en rich ed n u c le a r 77.0 56%

NB-7 en ric h ed cy to p lasm ic 72 .5 45%

HK-10 t o t a l 77.0 56%

HK-10 en ric h ed n u c le a r 77 .8 58%

HK-10 en rich ed cy to p lasm ic 72 .5 45%

V alues p re se n te d  above were o b ta in ed  using  ENA p u r i f i e d  a s  d e sc r ib e d  
in  M a te r ia ls  and M ethods. "E nriched" DNAs used fo r  d e n a tu ra tio n s  
w ere ta k en  from p re p a ra t iv e  CsCl g r a d ie n ts  (see  C hapter . Values., 
in  t a b le  a re  a v e ra g e s , w ith  d i f f e r e n c e s  no g r e a te r  th an  -  .001 g/cm 
o r -  1 C ( -  2% G + C) found upon r e p e t i t i o n  o f  p ro ced u res  in d ic a te d .

aThese v a lu e s  fo r  buoyant d e n s i ty  a re  c a lc u la te d  from en ric h ed  n u c le a r  
and en ric h ed  cy to p lasm ic  ENAs tak en  from p re p a ra t iv e  CsCl g r a d ie n ts  
(see  le g en d s  to  f ig u r e s  3 and 41 . K ochert and Jaw o rsk i (1972) re p o rte d  
buoyant d e n s i t i e s  o f  1 .715 g/cm and 1.707 g/cm fo r  n u c le a r  and 
c h lo rp p la s t  ENAs o f  NB-7, u s in g  t o t a l  ENA in  a n a ly t ic a l  CsCl d e n s i ty  
g r a d ie n t  c e n t r i f u g a t io n s .



TABLE 2

INCORPORATION OF 2-3H-ADENINE

C o n tro l C a r r ie r  T rea ted THC T rea ted

Time 3H cpm 3H cpn 3H cpm

Hr T o ta l A lk a l i  % Alkali T o ta l 
S ta b le  S ta b le

%Control A lk a l i  % C o n tro l 
( to t a l )  S ta b le  (A ik .S tab .)

% Alkali T o ta l 
S ta b le

%Control A lk a l i  % C o n tro l 
( to ta l )  S ta b le  (A ik .S tab .)

% Alkali
S ta b le

2 55,000 2,280 4% 49,500 90% 1,170 51% 2% 49,000 89% 1,310 58% 3%

4 66,500 2,100 3% 58,800 88% 2,450 117% 4% 61,000 92% 1,800 86% 3%

6 77,500 2,260 3% 62,600 81% 2,250 100% 4% 30,600 40% 1,180 52% 4%

8 .5 220,000 2,550 1% 142,000 65% 2,400 94% 2% 29,000 13% 840 33% 3%

25 550,000 20,200 4% 47,600 9% 2,900 14% 6% 8,000 2% 1,900 9% 24%

See Materials and Methods (Radioactive Labeling) and Chapter 3 for explanations and experimental details.



TABLE 3

INCORPORATION OF METHYL-3H-THYMIDINE

C o n tro l C a r r ie r  T rea ted THC T rea ted

Time 3H cpm 3H cpn 3H cpm

Hr T o ta l A lk a l i  % Alkali T o ta l %Control A lk a l i  % C o n tro l % Alkali T o ta l %Control A lk a l i  % C o n tro l %Alkali
S ta b le  S ta b le ( to ta l ) S ta b le  (A ik .S tab .) S ta b le ( to ta l )  S ta b le  (A ik .S tab .) S ta b le

2 1,900 410 22% 460 24% 380 93% 83% 470 25% 108 26% 23%

4 2,400 775 33% 2,450 102% 355 46% 15% 423 18% 211 27% 50%

6 1,190 250 21% 655 55% 477 190% 73% 3,160 266% 1,380 552% 44%

8 .5 3,950 890 26% 4,600 117% 805 90% 18% 7,200 182% 1,070 120% 15%

25 2,350 940 40% 3,230 137% 1,600 170% 50% 5,350 228% 217 23% 4%

See Materials and Methods (Radioactive Labeling) and Chapter 3 for explanations and experimental details.
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TABLE 4

DNA SYNTHESIS IN THE PRESENCE OF DELTA-9-TETRAHYDR0CANNABIN0L
FOR 18 HOURS

C o n tro l 100 ug/ml 200 ug/ml 400 ug/m l

c / t
r a t i o

21% 20.5% 21% 0%

See legend  to  f ig u re  15 and C hapter 3 fo r  e x p la n a tio n s  and 
ex p erim en ta l d e t a i l s .
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TABLE 5

DNA SYNTHESIS IN THE PRESENCE OF 
ETHIDIUM BROMIDE FOR 18 HOURS

C o n tro l 1 ug/ml 2 .5  ug/m l 5 ug/ml 15 ug/ml

% S y n th e s is  

c / t  r a t i o

100

4.8%

2 .4

8.3%

0 .8

13%

% S y n th e s is 100 104 15 7 .2

c / t  r a t i o 13% 15% 38% 35%

See c h a p te r  3 fo r  e x p la n a tio n s  and ex p erim en ta l d e t a i l s .
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TABLE 6

DNA SYNTHESIS IN THE PRESENCE 
OF ETHIDIUM BROMIDE (EB)

    —

6 h r  in  th e  combined p resen ce  o f  EB and 2 -  H -adenm e

C o n tro l 2 .5  ug/m l 10 ug/ml

c / t  6% 15% 56%
r a t i o

6 h r  p re tre a tm e n t w ith  EB and subsequen t 18 h r in c u b a tio n  in  th e  
combined p resen ce  o f  EB and 2 -  H -adenine

c / t  12.3% 56%
r a t i o

See C hapter 3 fo r  e x p la n a tio n s  and ex p erim en ta l d e t a i l s .
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TABLE 7

DEGRADATION OF FRELABEI£D ENA BY ETHIDIUM BROMIDE (EB) 
AND DELTA-9-TETRAHYDROCANNABINOL (THC)

4 days in  th e  p re sen ce  o f  2 -  H -adenine and subsequen t 20 h r
in c u b a tio n  w ith  EB

C o n tro l 5 ug 15 ug 25 ug

c / t  r a t i o 27% 28% 17% 0

3
4 days in  th e  p re sen ce  o f  2 -  H-adenxne and subsequen t 20 h r

in c u b a tio n  w ith  THC

C o n tro l 100 ug 200 ug 300 ug 400 ug

c / t  r a t i o 22% 25% 15% 2% 0

See leg en d s  to  f ig u r e s  17 and 18 and C hapter 3 fo r  e x p la n a tio n s
and ex p erim en ta l d e t a i l s .
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F ig u re  1 . Diagram m atic r e p re s e n ta t io n  o f  th e  a se x u a l l i f e  c y c le  
o f  Volvox c a r t e r i .

For d e t a i l s  and d e s c r ip t io n ,  se e  t e x t .

S tag e  1: P o s tr e le a s e  expansion

S tag e  2: G o n id ia l "condensa tion"

S tage  3: F i r s t  c leav ag e

S tag e  4: C leavage

S tag e  5: F o s tc le a v a g e , p re in v e rs io n

S tag e  6: In v e rs io n

S tag e  7: P re re le a s e  expansion

S tage  8: R elease
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F ig u re  2 . M icrodensitom eter t r a c in g s  o f  p u r i f i e d  DNA from th re e  
s t r a i n s  o f  Volvox c a r t e r i  c e n tr ifu g e d  to  e q u ilib r iu m  in  a n a ly t ic a l  
CsCl d e n s i ty  g r a d ie n ts .

One 10 1 c u l tu r e  o f  each  s t r a i n  was grown and h a rv e s te d  a s  
d e sc r ib e d  fo r  f ig u re  3 . P ro te a se  (100 ug/m l) m ediated  sp h ero id  
d is s o c ia t io n  (30 min fo r  NB-7 and KA-1; 90 min fo r  HK-10) and l y s i s ,  
and subsequen t p u r i f i c a t i o n  o f  DNA from th e  ly s a te  were preform ed a s  
d e sc r ib e d  fo r  f ig u re  3A. A liq u o ts  from p u r i f i e d  DNA s to c k  s o lu t io n s  
(co n ta in in g  2-3 ug o f  DNA) were c e n tr ifu g e d  to  e q u ilib r iu m  in  
a n a ly t ic a l  CsCl d e n s i ty  g r a d ie n ts  c o n ta in in g  M icrococcus 
ly s o d e ik t ic u s  DNA (1-2  ug) a s  d e sc r ib e d  in  M a te r ia ls  and Methods 
(44,000 rp n , 20 h r  a t  25C in  a Beckman An-F r o t o r ) .  D e n s it ie s  o f  
th e  DNA s p e c ie s  (g iven  in  T able 1) were determ ined  by t h e i r  banding 
p o s i t io n s  r e l a t i v e  to  th o se  o f  m arker DNAs.

a .  S t r a in  HK-10 DNA and M. ly s o d e ik t ic u s  m arker DNA.

b . S tr a in  NB-7 DNA and m arker.

c .  S t r a in  KA-1 DNA and m arker.

d .  M arkers, M. ly s o d e ik t ic u s  DNA (p*1.731 g/cnT*) and
C. p e r f r in g e n s  DNA (p ^ l.6 9 1  g/cm ) .
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F ig u re  3A. P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  
p r o f i l e  o f  DNA from Volvox c a r t e r i  f . n a q a r ie n s is , s t r a i n  HK-10.

Two 10 1 c u l tu r e s  o f  V. c a r t e r i  s t r a i n  HK-10 w ere asynchronously  
grown on a c y c le  o f  16 h r  l i g h t ,  8 h r  d a rk n e s s . Each c u l tu r e  was
h a rv e s te d  in d iv id u a l ly  and i t s  ENA e x t ra c te d  a s  in d ic a te d .  In  each 
ca se  sp h e ro id s  w ere c o l le c te d  by f i l t r a t i o n , washed tw ice  w ith  SVM and 
resuspended  in  3 1 SVM, pH 7 .5  a s  d e sc r ib e d  in  M a te r ia ls  and M ethods. 
The su sp en sio n s  were incu b a ted  w ith  p ro te a se  VI (100 ug/m l) a t  37C fo r  
90 min under c o n s ta n t  a e r a t io n .  D is s o c ia t io n  was m onitored  
by m icro sco p ic  exam ination  ev e ry  10 min a f t e r  th e  f i r s t  20 m in. 
The c e l l s  were h a rv e s te d  by c e n t r i f u g a t io n ,  washed tw ice  w ith  s a l in e  
EDTA and resuspended  in  5 ml s a l in e  EDTA a s  d e s c r ib e d . The
su sp e n sio n s  were made 2% w ith  r e s p e c t  to  SIS c o n c e n tra tio n  and
incu b a ted  a t  60C fo r  20 m in. DNA was p u r i f i e d  from th e
ly s a t e s  a s  d e sc r ib e d  in  M a te r ia ls  and M ethods. The e th a n o l
p r e c i p i t a t e s ,  s e q u e n t ia l ly  e x tra c te d  a s  d e sc r ib e d  from both  
l y s a t e s ,  were combined and resuspended in  5 ml 0 .1  x SSC, and s a l t  
c o n c e n tra tio n  was a d ju s te d  a s  d e s c r ib e d . The f i n a l  p u r i f ie d  
e th a n o l p r e c i p i t a t e  (fo llo w in g  d e p ro te in iz a t io n  and KNase tre a tm e n ts  
d e sc r ib e d )  was d is s o lv e d  in  2 ml 0 .1  x SSC, a d ju s te d  to  SSC, and
s to re d  a t  -20C. An a l iq u o t  (1 ml) o f  t h i s  s to c k  s o lu t io n  o f  DNA (300 
ug/m l) was c e n tr ifu g e d  in  CsCl a s  d e sc r ib e d  ( c e l lu lo s e  n i t r a t e  
tu b e , 48 h r ,  19C, 33,000 rpm, 50 T i r o t o r ) .  About 30 f r a c t io n s  
(app rox im ate ly  0 .1 8  ml each) were c o l le c te d  from th e  bottom  o f  
th e  tu b e  and eacn  f r a c t io n  d i lu te d  w ith  w ater and m onitored  fo r  UV 
absorbance a t  260 nm a s  d e sc r ib e d  in  M a te r ia ls  and M ethods.

F ig u re  3B. M icrodensitom eter t r a c in g s  o f  HK-10, e n ric h e d  n u c lea r  
and cy to p lasm ic  DNA f r a c t io n s  c e n tr ifu g e d  to  e q u ilib r iu m  in  a n a ly t ic a l  
C sCl.

A liq u o ts  o f  DNA (1-3 u g ) , recovered  from p re p a ra t iv e  CsCl 
f r a c t io n s  in d ic a te d  in  P a r t  A o f  t h i s  f ig u re  were c e n tr ifu g e d  to
e q u ilib r iu m  in  a n a ly t ic a l  CsCl a s  d e sc r ib e d  in  M a te r ia ls  and Methods
(44,000 rpm, 20 h r  a t  25C in  a Beckman An-F r o t o r ) . D e n s it ie s  o f  th e  
DNA s p e c ie s  were determ ined  by t h e i r  banding p o s i t io n s  r e l a t i v e  to  
th o se  o f  m arker DNAs (see  T ab le  1 ) .

a .  F ra c tio n  11 (en rich ed  n u c le a r  DNA) p lu s  m arker
M. ly s o d e ik t ic u s  DNA.

b .  F ra c tio n  16 (mixed DNAs) p lu s  m arker.

c .  F ra c tio n  19 (en riched  cy to p lasm ic  DNA) p lu s  m arker.

d .  M arkers,^E . c o l i  DNA (p*1.710 g/cm^) and M. ly s o d e ik t ic u s
DNA (p -1 .731  g / a i O .
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F ig u re  4A. P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  
p r o f i l e  o f  ENA from Volvox c a r t e r i  f . w eism annia , s t r a i n  NB-7.

DNA from Volvox c a r t e r i , s t r a i n  NB-7 was p u r i f i e d  and analyzed  by 
p r e p a ra t iv e  and a n a ly t ic a l  CsCl d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n s  a s  
d e sc r ib e d  in  th e  leg en d s  to  f ig u re  3 w ith  th e  fo llo w in g  m o d if ic a t io n s :

One 10 1 c u l tu r e  was grown and h a rv e s te d  a s  in  f ig u r e  3 . 
Sphero id  d i s s o c ia t io n  by p ro te a se  (80 ug/ml fo r  20 min) was m onitored  
ev e ry  5 min and a  ly s a te  p rep a red  from w ashed, resuspended  c e l l s  a s  
d e s c r ib e d . H ie e th a n o l p r e c i p i t a t e s ,  r e p re s e n t in g  s e q u e n tia l  
e x t r a c t io n s  o f  th e  l y s a t e ,  were com bined, resuspended  in  2 ml o f  0 .1  x 
SSC, a d ju s te d  to  SSC, th e n  to  1 M NaCl and d e p ro te in iz e d  and f u r th e r  
p u r i f i e d  a s  d e s c r ib e d . A fte r  a  f i n a l  e th a n o l p r e c i p i t a t i o n ,  th e  
p u r i f i e d  DNA was d is s o lv e d  in  1 ml o f  0 .1  x SSC, a d ju s te d  to  SSC and 
s to re d  a t  a  c o n c e n tra tio n  o f  350 ug /m l. An a l iq u o t  (0 .5  ml) o f  t h i s  
DNA s to c k  s o lu t io n  was c e n tr ifu g e d  in  a  p r e p a ra t iv e  CsCl d e n s i ty  
g r a d ie n t  fo r  63 h r and analyzed  a s  d e s c r ib e d .

F ig u re  4B. M icrodensitom eter t r a c in g s  o f  NB-7 en ric h ed  n u c le a r  
and cy to p lasm ic  DNA f r a c t io n s  from p re p a ra t iv e  g r a d ie n ts ,  c e n tr ifu g e d  
to  e q u ilib r iu m  in  a n a ly t ic a l  C sCl. (See f ig u re  legend  3B.)

a .  M arkers, C. p e r f r in g e n s  DNA (p«1.691 g/cm'*) and 
M. ly s o d e ik t ic u s  DNA (p=1.731 g/cm ) .

b . F ra c tio n  13 (en riched  n u c le a r  DNA) p lu s  m ark e rs .

c .  F ra c tio n  20 (en riched  cy to p lasm ic  DNA).
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F ig u re  5 . Thermal d e n a tu ra tio n  p r o f i l e s  o f  e n ric h ed  n u c le a r  and 
cy to p lasm ic  DNA sam ples from s t r a i n  HK-10 sp h e ro id s .

P u r if ie d  DNA from HK-10 was p rep ared  a s  d e sc r ib e d  fo r  f ig u re  3A. 
E nriched  cy to p lasm ic  DNA was p u r i f i e d  by two rounds o f  c e n t r i f u g a t io n  
in  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts .  (F ra c tio n s  such a s  (c) in  
f ig u re  3 w ere combined and r e c e n tr i fu g e d .  Only th e  f r a c t io n s  
c o n ta in in g  th e  l i g h t e r  DNA s p e c ie s  were used fo r  "en rich ed  
cy to p lasm ic"  therm al d e n a tu ra t io n s .)  E nriched  n u c le a r  DNA was 
p rep a red  d i r e c t l y  from one p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  
c e n t r i f u g a t io n .  (F ra c tio n s  such a s  (a) in  f ig u re  3 were u sed .)  DNA 
sam ples were f re e d  o f  CsCl by re p e a te d  d i a l y s i s  a g a in s t  0 .1  x SSC (3 
changes o f  1-2 1 0 .1  x SSC a t  4C fo r  18 h r  t o t a l ) ,  a d ju s te d  to  
c o n c e n tra t io n s  o f  between 10 and 25 ug DNA/ml in  0 .1  x SSC and h ea ted  
in  a  G ilfo rd  Model 2400 spec tro p h o to m ete r a s  d e sc r ib e d  under M a te r ia ls  
and M ethods. S o lid  c i r c l e s  r e p re s e n t  v a lu e s  fo r  % hyperchrom ic 
in c re a se  in  absorbance a t  260 nm fo r  cy to p lasm ic  DNA and open c i r c l e s  
in d ic a te  th e se  v a lu e s  fo r  n u c le a r  DNA. C a lf  thymus DNA, tak en  to  have 
a  Tm o f  7 1 .6C in  0 .1  x SSC, was d en a tu red  s im u lta n e o u sly  and a l l  
v a lu e s  o b ta in e d  were c o r re c te d  a c c o rd in g ly .

a .  E nriched  cy to p lasm ic  DNA: o r ig in a l  A260 * .293 nm; 
f i n a l  A260 * .390 nm.

b . E nriched  n u c le a r  DNA: o r ig in a l  A260 = .472 nm; f i n a l
A260 * .587 nm.
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F ig u re  6 . the rm al d e n a tu ra tio n  p r o f i l e s  o f  e n ric h e d  n u c le a r  and 
cy to p lasm ic  ENA sam ples from s t r a i n  NB-7 sp h e ro id s .

Samples o f  e n ric h e d  cy to p lasm ic  and en ric h ed  n u c le a r  DNA from 
s t r a i n  NB-7 were p rep ared  and th e rm a lly  d en a tu red  a s  d e sc r ib e d  fo r  
f ig u re  5 . (See f ig u re  4 fo r  NB-7 p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  
p r o f i l e  showing ty p ic a l  en ric h ed  n u c le a r  and cy to p lasm ic  f r a c t io n s . )  
S o lid  c i r c l e s  r e p re s e n t  v a lu e s  o f  % hyperchrom ic in c re a se  in  
absorbance a t  260 rro fo r  en ric h ed  cy to p lasm ic  DNA and open c i r c l e s  
in d ic a te  th e se  v a lu e s  fo r  n u c le a r  DNA.

a .  E nriched  cy to p lasm ic  DNA: o r ig in a l  A260 * 0 .228 nm; 
f i n a l  A260 * 0 .290 nm.

b . Enriched n u c le a r  DNA: o r ig in a l  A260 = 0 .432  nm; 
f i n a l  A260 * 0.583 nm.
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F ig u re  7 . DNA s y n th e s is  in  V. c a r t e r i  f .  n a t p r i e n s i s , s t r a i n  
HK-10: P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e  o f  DNA from
r a d io a c t iv e ly  la b e le d ,  asy n ch ronously  grown s p h e ro id s , d is s o c ia te d  in  
th e  p resen ce  o r  absence o f  tw een.

A. P r o f i l e  o f  DNA is o la te d  from a c u l tu r e  d is s o c ia te d  in  th e  
absence o f  tw een: 2 -  H -adenine (20 uCi/m l) was added to  a  newly 
in n o c u la te d  c u l tu r e  (5 ml SVM, pH 7) a t  tim e 0 and ag a in  a f t e r  24 h r .  
Asynchronous grow th was m a in ta in ed  on a  16 h r  l i g h t / 8  h r  d a rk  c y c le  
under c o n s ta n t a g i t a t i o n .  A fte r  48 h r sp h e ro id  d is s o c ia t io n  was 
i n i t i a t e d  by th e  d i l u t i o n  o f  th e  c u l tu r e  to  10 ml w ith  SVM (pH 8) and 
th e  a d d i t io n  o f  1 .0  mg p ro te a se  V I. The c u l tu r e  was th e n  in cu b a ted  a t  
37C under c o n s ta n t  a g i t a t i o n  and d is s o c ia t io n  m onitored  ev e ry  10 min 
a s  d e s c r ib e d . A fte r  80 min (when o n ly  th e  l a r g e s t  sp h e ro id s  had been 
co m p le te ly  d i s s o c i a t e d ) , c e l l s  and s p h e ro id s  were c o l le c te d  by 
c e n t r i f u g a t io n  a s  d e sc r ib e d  and resuspended in  0 .5  ml s a l i n e  EDTA. 
F u rth e r  d i s s o c ia t io n  was ach ieved  by r e p e t i t i v e  (10 tim es) p a ssag es  o f  
th e  su sp en sio n  in to  and o u t o f  a  p a s te u r  p ip e t .  The su sp en sio n  was 
th e n  b ro u g h t to  5 .5  ml by th e  a d d i t io n  o f  s a l i n e  EDTA, c e n t r i f u g e d ,  
washed ( s a l in e  EDTA), r e c e n tr ifu g e d  and th e  p e l l e t  resuspended  in  0 .7  
ml s a l in e  EDTA. T h is  su sp en sio n  was in cu b a ted  w ith  S arkosy l (3 d rops 
o f  a 30% s o lu tio n )  a t  60C fo r  45 m in, and th e  ly s a te  th e n  fro z e n  
(-20C) and re h e a te d  (60C fo r  10 min) two tim e s . The e n t i r e  ly s a te  
(p lu s  20 u l  C E. c o l i  ly s a te )  was c e n tr ifu g e d  a s  d e sc r ib e d  in  a 
p r e p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  (19 C, 63 h r ) ,  c o l le c te d  and each 
f r a c t io n  m onito red  fo r  h o t a l k a l i  s t a b l e ,  co ld  T C A -p rec ip itab le  cpm H 
a s  d e sc r ib e d  in  M a te r ia ls  and M ethods.

S o lid  c i r c l e s  r e p re s e n t  r a d io a c t iv i ty  from H (Volvox DNA); open 
c i r c l e s  r e p re s e n t  r a d io a c t i v i ty  from C E. c o l i  DNA (p*1.710 g/cm ) 
inc lu d ed  in  th e  same g ra d ie n t  a s  a m arker.

B. P r o f i l e  o f  DNA is o la te d  from a  c u l tu r e  d is s o c ia te d  in  th e  
p resen ce  o f  tw een: A 5 ml c u l tu r e  o f  s t r a i n  HK-10 was in n o c u la te d
la b e le d ,  and grown a s  d e sc r ib e d  in  legend  A above. A f te r  48 h r ,  0 .1  
ml tween 40/80 was added and th e  su sp en sio n  a g i ta te d  in  th e  l i g h t  fo r  
1 h r .  The su sp en sio n  was th e n  d i l u t e d ,  in cu b a ted  w ith  p ro te a se  and 
m onitored  fo r  d i s s o c ia t io n  a s  d e s c r ib e d  in  A. A fte r  40 m in, when a l l  
b u t newly in v e r te d  s p h e ro id s  w ere d i s s o c ia te d ,  th e  c e l l s  were 
c o l le c te d  by c e n t r i f u g a t io n  and washed tw ice  w ith  s a l in e  EDTA a s  
d e s c r ib e d . F u rth e r  tre a tm e n t and a n a ly se s  were perform ed a s  in  A, 
above. ,

S o lid  c i r c l e s  r e p re s e n t  cpm H. (Volvox DNA); th e  v e r t i c a l  b a r 
in d ic a te s  th e  banding p o s i t io n  o f  C E. c o l i  DNA in c lu d ed  in  th e  same 
g ra d ie n t  a s  a  m arker. ”
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F ig u re  8 . Comparison between la b e l in g  p r o f i l e s  o b ta in e d  using  
r a d io a c t iv e  aden ine  and ra d io a c t iv e  thym idine p r e c u r s o r s .  P re p a ra t iv e  
CsCl d e n s i ty  g r a d ie n t  p r o f i l e s  o f  r a d io a c t iv e ly  la b e le d  DNA from 
s t r a i n  HK-10.

E q u iv a le n t, newly in n o c u la te d  5 ml (SVM, pH 7) asynchronous 
c u l tu r e s  o f  HK-10 sp h e ro id s  were incu b ated  in  th e  p re sen ce  o f  
2 - H -adenine o r  m e th y l-  H -thym idine under asynchronous grow th 
c o n d itio n s  fo r  42 h r .  In  each  c a se  r a d io a c t iv e  p re c u rso r  (20 uCi/m l) 
was added a t  tim e 0 and ag a in  a f t e r  24 h r .  L y sa tes  were p rep ared  a s  
d e sc r ib e d  fo r  f ig u re  7B (1 h r  tw een, 40 min p ro te a se )  and c e n tr ifu g e d  
a s  d e sc r ib e d  (19C, 48 h r ) . S o lid  c i r c l e s  re p re s e n t  cpm H iyo lvox
DNA) and v e r t i c a l  b a rs  in d ic a te  th e  banding p o s i t io n  o f  m arker C E. 
c o l i  DNA inc lu d ed  in  th e  g r a d ie n ts .  ~

3
A. 2 -  H-adenxne p r o f i l e

3
B. M ethyl- H -thym idine p r o f i l e
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F ig u re  9 . P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e  o f  DNA from 
HK-10 sp h e ro id s  s im u ltan e o u sly  la b e le d  w ith  H -thym idine and 

C -ad en in e .

A newly in n o c u la te d  5 ml (SVM, pH 7) asynchronous c u l tu r e  o f  
s t r a i n  HK-10 was in cu b a ted  3under asynchronous grow th .c o n d i t io n s  
d e s c r ib e d , fo r  42 h r .  M ethyl- H -thym idine (20 uC i/m l) and C -adenine 
(4 uC i/m l) were added to  th e  c u l tu r e  s im u lta n e o u sly  a t  tim e 0 and 
ag a in  a t  24 h r .  A fte r  42 h r ,  a  ly s a te  was p rep a red  a s  d e sc r ib e d  fo r  
f ig u re  7B (1 h r  tw een, 40 min p ro te a se  d i s s o c i a t i o n ) . The sam ple was 
c e n tr ifu g e d  in  a  p r e p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  a s  d e s c r ib e d . 
(19C, 48 h r ) . S o l id ,  c i r c l e s  r e p re s e n t  cpm from H and open c i r c l e s
in d ic a te  cpm from C. ( H cpm in d ic a te d  w ere c o r re c te d  fo r  
"o v e r la p ." )
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F ig u re  10. DNA s y n th e s is  in  V. c a r t e r i  f .  w eism annia, s t r a i n  
NB-7: P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e  o f  ENA from
r a d io a c t iv e ly  la b e le d ,  asynchronously  grow th NB-7 sp h e ro id s .

A newly in n o c u la te d  5 ml (SVM, pH 7) c u l tu r e  o f  s t r a i n  NB-7 
sp h e ro id s  was incu b a ted  under asynchronous grow th c o n d it io n s  
d e s c r ib e d . 2 -  H -adenine (20 uCi/m l) was added to  th e  c u l tu r e  a t  tim e 
0 and ag a in  a f t e r  48 h r .  A fte r  72 h r  th e  c u l tu r e  was d is s o c ia te d  and 
ly se d  a s  d e sc r ib e d  in  th e  legend  to  f ig u re  7B (30 min tw een, 20 min 
p r o te a s e ) . The sample was c e n tr ifu g e d  in  a  p re p a ra t iv e  CsCl d e n s i ty  
g r a d ie n t  a s  d e sc r ib e d  (19C, 48 h r ) .  S o lid  c i r c l e s  r e p re s e n t  cpm H 
■(Volvox DNA) and v e r t i c a l  bar in d ic a te s  th e  banding p o s i t io n  o f  

C E. c o l i  DNA inc lu d ed  in  th e  same g ra d ie n t  a s  a  m arker.
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F ig u re  11. P a t te rn s  o f  n u c le a r  and cy to p lasm ic  DNA s y n th e s is  
d u rin g  th e  a sex u a l l i f e  c y c le  o f  s t r a i n  HK-10: P re p a ra t iv e  CsCl
d e n s i ty  g r a d ie n t  p r o f i l e s  o f  DNA r a d io a c t iv e ly  la b e le d  d u rin g  v a r io u s  

. s ta g e s  o f  th e  l i f e  c y c le  in  synchronous c u l tu r e s .

( a ) , ( c ) , (e) and (g) a re  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  
p r o f i l e s  o b ta in e d  from ly s a t e s  o f  5 ml c u l tu r e s  removed a t  tim e 0 from 
a e ra te d  f la s k s  o f  sp h e ro id s  (125 ml SVM, pH 8) induced in to  (and 
m ain ta in ed  in) synchronous grow th by a  30 h r  l i g h t ,  18 h r  d a rk  c y c le  
(a e ra te d )  in  SVM, pH 8 (SYNC). P o p u la tio n s  o f  s p h e ro id s , removed a t  
v a r io u s  s ta g e s  o f  th e  l i f e  c y c le ,  w ere in cu b a ted  in  th e  p re sen ce  o f  
2 -  H -adenine (amounts and tim es s p e c if ie d  below) a t  tim e 0 under 
synchronous grow th c o n d itio n s  (30 h r  l i g h t ,  18 h r  dark ) w ith  c o n s ta n t 
a g i t a t i o n .  L y sa tes  were p rep ared  a s  d e s c r ib e d  in  th e  legend  to  f ig u re  
7A (no tween) and were c e n tr ifu g e d  in  p r e p a ra t iv e  CsCl d e n s i ty  
g r a d ie n ts  (co n ta in in g  C E. c o l i  DNA) a s  d e sc r ib e d  (63 h r ,  20C). 
P r o f i le s  ( b ) , ( d ) , (f) and (h) w ere o b ta in e d  from ly s a te s  o f
synchronous c u l tu r e s  p rep ared  by th e  f i l t r a t i o n  o f  asy nch ronously  
grown sp h ero id  p o p u la tio n s  th rough  v a r io u s  s i z e s  o f  N itex  mesh a s  
d e sc r ib e d  and th e  re su sp e n s io n  o f  sp h e ro id s  o f  s im i la r  s iz e  in  5 ml 
SVM, pH 7 a t  tim e 0 (NIT). Synchronous c u l tu r e s  th u s  o b ta in e d  were 
incu b a ted  in  th e  p resen ce  o f  2 - H -adenine on a  16 h r  l i g h t ,  8 h r d ark  
c y c le  under c o n s ta n t  a e r a t io n .  L y sa tes  were p rep a red  a s  d e sc r ib e d  
above and c e n tr ifu g e d  in  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts  
c o n ta in in g  no m arker DNA (63 h r ,  20C).

A ll p ro ced u res  fo r  c u l tu r e  p re p a ra t io n  w ere c a r r ie d  o u t under 
s t e r i l e  c o n d i t io n s .  S o lid  c i r c l e s  r e p re s e n t  cpm H IVolvox DNA) and 
v e r t i c a l  b a r s  in d ic a te  th e  banding p o s i t io n  o f  m arker C E. c o l i  DNA.

a .  E a rly  expansion  (SYNC): F o s tin v e rs io n  p re r e le a s e  sp h e ro id s
in cu b a ted  in  th e  p resen ce  o f  20 uCi/m l 2 -  H -adenine fo r  18 h r .

b .  E a rly  expansion  (NIT): P re re le a s e  sp h e ro id s  i s o la te d  by
vacuum f i l t r a t i o n  th rough  60 u mesh a s  d e s c r ib e d , in cu b a ted  in  th e  
p re sen ce  o f  20 uCi/m l 2 -  H -adenine fo r  20 h r .

c .  L ate  expansion  (SYNC1: Newly r e le a s e s  sp h e ro id s  in cu b a ted  
in  th e  p re sen ce  o f  40 uC i/m l H -adenine fo r  10 h r .

d .  L ate  expansion  (NIT): Sm all newly r e le a s e d  s p h e ro id s ,
o b ta in e d  by f i l t r a t i o n  (no vacuum) th rough  100 u mesh N itex  a s  
d e s c r ib e d ,  in cu b a ted  in  th e  p re sen ce  o f  40 uC i/m l 2 -  H -adenine fo r  
16 h r .

e .  C leavage (SYNC): S phero id s w ith  g o n id ia  abou t to  c le a v e
o r^b eg in n in g  s t a t e s  o f  c leav ag e  in cu b a ted  in  th e  p resen ce  o f  40 uCi/m l 
2 -  H -adenine fo r  16 h r .

f .  C leavage (NIT): " In  v i t r o  g o n id ia "  formed by vacuum
f i l t r a t i o n  d is r u p t io n  o f^ sp h e ro id s  a s  d e sc r ib e d  in cu b a ted  in  th e  
p resen ce  o f  20 uCi/m l 2 -  H -adenine fo r  18 h r .  (At th e  tim e o f  
l y s i s  most sp h e ro id s  w ere in  th e  p re in v e rs io n  o r  in v e rs io n  s ta g e s . )

g .  T o ta l expansion  (SYNC): P o s tin v e rs io n , p r e r e le a s e  sp h e ro id s
in cu b a ted  in  th e  p resen ce  o f  20 uCi/m l 2 -  H -adenine fo r  30 h r .
(During t h i s  tim e th e  s p h e ro id s  had undergone r e le a s e  and ex p an s io n .)

h .  T o ta l expansion  (NIT): I s o la te d  p o s t in v e r s io n ,  p r e r e le a s e  
s p h e ro id s , o b ta in e d  a s  d e sc r ib e d  in  b , in cu b a ted  in  th e  p re sen ce  o f  
20 uC i/m l 2 -  H -adenine fo r  50 h r .
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F ig u re  12. Diagram matic r e p re s e n ta t io n  o f  th r e e  s ta g e s  in  th e
a sex u a l l i f e  c y c le  o f  Volvox c a r t e r i .

For d e ta i le d  e x p la n a tio n , se e  t e x t .

S tage  1: T o ta l expan sio n . (In c lu d e s  s ta g e s  7 , 8 , and 1 in
f ig u re  1 .)

S tag e  2: G on id ia l "co n d e n sa tio n ."  (S tage 2 in  f ig u r e  1 .)

S tag e  3: C leavage ( in c lu d e s  s ta g e s  3 and 4 in  f ig u re  1 .)

The b a rs  (A, B, C, D, E) r e p re s e n t  v a r io u s  tim e zones d u rin g
which experim en ts  were conducted .
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F ig u re  13. DNA s y n th e s is  in  th e  p resen ce  and absence o f  A9 THC 
o r  c a r r i e r :  P re p a ra t iv e  CSC1 d e n s i ty  p r o f i l e s  o f  DNA from
r a d io a c t iv e ly  la b e le d  HK-10 sp h e ro id s .

T r i p l i c a t e ,  newly in n o c u la te d  asynchronous 5 ml c u l tu r e s  o f  
s t r a i n  HK-10 ( SVM, pH 7) were in cu b a ted  in  th e 3 p re sen ce  o f
2 -  H -adenine (20 uCi/m l) a lo n e , o r  20 uC i/m l 2 -  H -adenine and 
c a r r i e r  (40 u l/m l) o r  THC (400 ug/m l) fo r  18 h r  under asynchronous 
grow th c o n d it io n s  a s  d e sc r ib e d  fo r  f ig u re  7 . L y sa tes  were 
p rep a red  a s  d e sc r ib e d  below , c e n tr ifu g e d  in  p re p a ra t iv e  CsCl d e n s i ty  
g r a d ie n ts  (19C, 64 h r)  a s  d e s c r ib e d . S o lid  c i r c l e s  r e p re s e n t
cpm ..H  (Volvox DNA) and v e r t i c a l  b a rs  in d ic a te  th e  banding p o s i t io n  
o f  C E. c o l i  DNA (10 u l  ly s a te )  inc luded  in  th e  g r a d ie n ts  a s  
m ark e rs.

A. C o n tro l (no c a r r i e r  o r  THC): R ad io iso to p e  was added a t  tim e
0 , and a f t e r  18 h r th e  sp h e ro id s  were d is s o c ia te d  (1 h r ,  0 .1  ml tw een; 
30 min p ro te a se )  and ly sed  (60C, 40 min) a s  d e sc r ib e d  fo r  f ig u re  7B.

B. C a r r ie r  C o n tro l: C a r r ie r  and ra d io is o to p e  were s im u l­
ta n e o u s ly  added a t  tim e 0 , and a f t e r  18 h r  th e  sp h e ro id s  were
d is s o c ia te d  (no tw een, 20 min p ro te a se )  and ly se d  a s  d e sc r ib e d  in  A 
above.

C. THC E xperim en ta l: THC and ra d io is o to p e  were s im u lta n e o u sly  
added a t  tim e 0 and a f t e r  18 h r th e  sp h e ro id s  w ere d is s o c ia te d  and 
ly se d  a s  in  B above.
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F ig u re  14. Uptake o f„2 -^H -aden ine  by HK-10 s p h e ro id s  in  th e  
p resen ce  and absence o f  A THC o r  c a r r i e r ;  media d e p le t io n  a n a ly s i s .

T r ip l i c a te  c u l tu r e s  c o n ta in in g  400 asynchronous -.sphero ids/m l in
7 .5  ml SVM (pH 7 ) ,  w ere in cu b a ted  w ith  15 uCi/m l 2 -  H -adenine in  th e  
p resen ce  o r  absence o f  THC (300 uCi/m l) o r  c a r r i e r  (30 u l/m l) fo r  25 
h r  under asynchronous grow th c o n d i t io n s .  T hree 20 u l  sam ples o f  
su p e rn a ta n t grow th m edia, w ithdraw n from each  c u l tu r e  a t  tim e 
in t e r v a l s  in d ic a te d  (as  d e sc r ib e d  under M a te r ia ls  and M ethods), were 
assayed  fo r  r a d io a c t iv i ty  a s  d e s c r ib e d . % up take v a lu e s  r e p re s e n t  th e  
r a t i o  o f  th e  average  o f  cpms a t  tim e 0 to  th o se  a t  tim e in t e r v a l s  
in d ic a te d .

3
a .  C o n tro l: 2 -  H -adenine added a t  tim e 0 . (S o lid  c i r c l e s . )

3
b . C a r r ie r  C o n tro l: 2 -  H -adenine and c a r r i e r  added 

s im u ltan e o u sly  a t  tim e 0 . (Open c i r c l e s . )

c .  THC E xperim en ta l: 2-^H -adenine and THC added 
s im u ltan e o u sly  a t  tim e 0 . (T r ia n g le s .)
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F ig u re  15. The e f f e c t  o f  d i f f e r e n t  c o n c e n tra tio n s  o f  A  THC on 

ENA s y n th e s is :  P re p a ra t iv e  CsCl d e n s i ty  g ra d ie n t  p r o f i l e s  o f  ENA from
r a d io a c t iv e ly  la b e le d  HK-10 sp h e ro id s .

Four e q u iv a le n t newly in n o c u la te d  5 ml c u l tu r e s  (SVM, pH 7) o f  
s t r a i n  HK-10 (en riched  w ith  p o s t in v e r s io n ,  p r e r e le a s e  sp h e ro id s  a s  
d e sc r ib e d  in  te x t)  were incu b ated  in  th e  p resen ce  o f  2 -  H -adenine (20 
u C i/m l) , and c a r r i e r  o r v a r io u s  c o n c e n tra tio n s  o f  THC fo r  19 h r 
under asynchronous c o n d itio n s  (16 h r  l i g h t / 8  h r d a rk ,  c o n s ta n t 
a g i t a t i o n ) . L y sa tes  were p rep ared  a s  d e sc r ib e d  fo r  f ig u re  13 and 
c e n tr ifu g e d  in  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts  (19C, 48 h r ) . S o lid  
c i r c l e s  r e p re s e n t  cpm H ., (Volvox DMA) and v e r t i c a l  b a rs  in d ic a te
banding p o s i t io n  o f  m arker C E. c o l i  DNA in c lu d ed  in  g r a d ie n ts .

A. C a r r ie r  C o n tro l: R ad io iso to p e  and c a r r i e r  (40 u l/m l) were
added s im u ltan e o u sly  a t  tim e 0.

B. 100 ug/ml THC: R ad io iso to p e  and THC were added a t  tim e 0 .

C. 200 ug/ml THC: R ad io iso to p e  and THC were added a t  tim e 0 .

D. 400 ug/ml THC: R ad io iso tope  and THC were added a t  tim e 0 .
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F ig u re  16. The e f f e c t  o f  A  THC on th e  p a t te r n s  o f  n u c le a r  and 

cy to p lasm ic  ENA s y n th e s is  o c c u rr in g  d u rin g  th e  a sex u a l l i f e  c y c le  o f  
s t r a i n  HK-10: P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e s  o f  DNA
r a d io a c t iv e ly  la b e le d  d u rin g  v a r io u s  s ta g e s  o f  th e  l i f e  c y c le ,  in  
synchronous c u l tu r e s ,  in  th e  p resen ce  o f  THC o r  c a r r i e r .

E q u iv a len t 5 ml sam ples were a x e n ic a l ly  removed from a e ra te d  1 1 
f la s k s  c o n ta in in g  sp h e ro id s  ( in  500 ml SVM, pH 8 ) ,  m a in ta in ed  under 
synchronous grow th c o n d itio n s  a s  d e s c r ib e d . (At each  s ta g e  in d ic a te d  
below , t r i p l i c a t e  c u l tu r e s  were removed from th e  same sample f la s k ;  
p r o f i l e s  o f  c o n t r o l s ,  re c e iv in g  r a d io a c t iv i ty  a lo n e , a r e  n o t p re se n te d  
in  t h i s  f ig u re  b u t resem ble th o se  o f  th e  c a r r i e r  c o n t ro l s  p re s e n te d .)  
R a d io a c tiv i ty  and c a r r i e r  o r  THC were added s im u lta n e o u sly  a t  tim e 0 
and th e  c u l tu r e s  incubated  under synchronous grow th c o n d it io n s  fo r  
th e  tim es  s p e c if ie d  below . L y sa tes  were p rep a red  a s  d e sc r ib e d  fo r  
f ig u re  13 ((a) and (b) 40 min p ro te a s e ,  (c) and (d) 30 min p ro te a s e ,
(e) and (f) 60 min p ro te a se )  and c e n tr ifu g e d  in  CsCl d e n s i ty  g r a d ie n ts  
a s  d e sc r ib e d  (48 h r ,  19C). S o lid  c i r c l e s  r e p re s e n t  cpm H 
ffiolvox DNA) and v e r t i c a l  b a rs  in d ic a te  banding p o s i t io n  o f  m arker 

C 12. c o l i  ENA inc lu d ed  in  g r a d ie n ts .

a .  E a rly  expansion  in  th e  p resen ce  o f  c a r r i e r :  Newly in v e rte d  
sp h e ro id s  were incubated  in  th e  p resen ce  o f  2 - H -adenine (20 uCi/m l) 
and c a r r i e r  (40 u l /m l ) . L y sa tes  were p rep a red  a f t e r  17 h r when 20% o f  
th e  sp h e ro id s  had re le a s e d .

b . E a rly  expansion  in  th e  p resen ce  o f  THC: Newly in v e rte d
sp h e ro id s  were incubated  in  th e  p re sen ce  o f  2 -  H -adenine (20 uCi/m l) 
and THC (400 u g /m l) . L y sa tes  were p rep ared  a f t e r  17 h r  when 20% o f  
th e  sp h e ro id s  had re le a s e d .

c .  L ate  expansion  in  th e  p resen ce  o f  c a r r i e r :  Newly re le a s e d  
sp h e ro id s  were incu b ated  in  th e  p re sen ce  o f  2 -  H -adenine (20 uCi/m l) 
and c a r r i e r  (40 u l /m l ) . L y sa tes  were p rep a red  a f t e r  18 h r when m ost 
sp h e ro id s  were in  th e  co n d en sa tio n  s ta g e  and 20% in  e a r ly  c le a v a g e .

d .  L ate  expansion  in  th e  p resen ce  o f  THC: Newly re le a s e d
sp h e ro id s  were incubated  in  th e  p re sen ce  o f  2 -  H -adenine (20 uCi/m l) 
and THC (400 u g /m l) . L y sa tes  were p rep a red  a f t e r  18 h r when most 
sp h e ro id s  were in  th e  co n d en sa tio n  s ta g e  and 20% in  e a r ly  c le a v a g e .

e .  C leavage in  th e  p resen ce  o f  c a r r i e r :  S phero ids in  th e  
co n d en sa tio n  s ta g e  w ere incubated  in  th e  p re sen ce  o f  2 -  H -adenine (40 
u l/m l) and c a r r i e r  (40 u l /m l ) . L y sa tes  were p rep a red  a f t e r  13 h r  vtoen 
90% o f  th e  sp h e ro id s  were in  th e  p o s tc le a v a g e , p re in v e rs io n  form and 
10% had in v e r te d .

f .  C leavage in  th e  p resen ce  o f  THC: S p h ero id s  in  th e
co n d en sa tio n  s ta g e  w ere incubated  in  th e  p re sen ce  o f  2 -  H -adenine (40 
u l/m l) and THC (400 u g /m l) . L y sa tes  were p rep a red  a f t e r  13 h r 
when 90% o f  th e  sp h e ro id s  were in  th e  p o s tc le a v a g e , p re in v e rs io n  form 
and 10% had in v e r te d . At th e  tim e o f  l y s i s  ( a f te r  13 h r)  most g o n id ia  
appeared  to  have been a r r e s te d  in  e a r ly  c le a v a g e .
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F ig u re  17. D egradation  o f  p re la b e le d  cy to p lasm ic  DNA by A  

THC: P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e s ^ o f  DNA from HK-10
sp h e ro id s ,  r a d io a c t iv e ly  la b e le d  w ith  2 -  H -adenine and 
su b se q u en tly  t r e a te d  w ith  THC o r  c a r r i e r .

A newly in n o c u la te d  5 ml (SVM, pH 7) c u l tu r e  o f  s t r a i n  HK-10 was
in cu b a ted  under asynchronous c o n d itio n s  (16 h r  l i g h t ,  8 h r d a rk ;
a g i ta t io n )  in  th e  p re sen ce  o f  2 -  H -adenine (20 u C i/m l) . A fte r  48 h r ,
2 .5  ml a l iq u o ts  o f  th e  c u l tu r e  were s t e r i l e y  t r a n s f e r r e d  to  new tu b e s  
c o n ta in in g  2 .5  ml SVM, pH 7 and a d d i t io n a l  2 -  H -adenine (10 uCi/m l) 
was added to  each tu b e . A fte r  in c u b a tin g  fo r  48 h r ,  most media was 
w ithdraw n from each c u l tu r e  and th e  sp h e ro id s  resuspended  in  a  f in a l  
vo lune  o f  10 ml (SVM, pH 7 ) .  A fte r  th e  a d d i t io n  o f  c a r r i e r  (30 u l/m l)
o r  THC (300 ug/m l) th e  c u l tu r e s  were in cu b a ted  fo r  18 more h r .
Follow ing d is s o c ia t io n  and l y s i s ,  a s  d e sc r ib e d  fo r  f ig u re  13, th e  
m a te r ia l  was c e n tr ifu g e d  in  a  CsCl d e n s i ty  g r a d ie n t  (19C, 46 h r ) ,  a s  
d e s c r ib e d . S o lid  c i r c l e s  re p re s e n t  cpm EL (Volvox DNA) and v e r t i c a l  
b a r s  in d ic a te  banding p o s i t io n  o f  m arker C E. c o l i  DNA.

A. C a r r ie r  C o n tro l: 30 u l/m l c a r r i e r  tre a tm e n t fo r  18 h r
a f t e r  la b e l in g  fo r  96 h r .

B. TOC e x p e rim e n ta l: 300 ug/m l THC tre a tm e n t fo r  18 h r
a f t e r  la b e l in g  fo r  96 h r .
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F ig u re  18. D egradation  o f  p re la b e le d  cy to p lasm ic  DNA by e th id ium  
brom ide (EB): P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e s  o f  DNA from
HK-10 s p h e ro id s  r a d io a c t iv e ly  la b e le d  w ith  2 -  H -adenine fo r  24 h r  and 
su b se q u en tly  t r e a te d  w ith  EB.

2 TWo 5 ml c u l tu r e s  o f  HK-10 sp h e ro id s ,  p re la b e le d  w ith  
2 - H -adenine were p rep a red  a s  d e sc r ib e d  fo r  f ig u re  17. Follow ing th e
d i l u t i o n  o f  m edia, a s  d e sc r ib e d  (10 ml SVM, pH 7 ) ,  one tube  was
in n o c u la te d  w ith  EB (25 u g /m l) . The two c u l tu r e s  were then  incubated
fo r  24 h r and th e i r  ly s a t e s  p rep a red  and c e n tr ifu g e d  in  p re p a ra t iv e  
CsCl d e n s i ty  g r a d ie n ts  (19C, 47 h r) a s  d e s c r ib e d . S o lid  c i r c l e s
r e p re s e n t  cpm H (V olvox.,DNA) and v e r t i c a l  b a rs  in d ic a te  th e
banding p o s i t io n  o f  m arker C E. c o l i  DNA.

A. C o n tro l: D ilu ted  c u l tu r e  incu b ated  fo r  18 h r  a f t e r
la b e l in g  fo r  96 h r .

B. EB E xperim en ta l: D ilu ted  c u l tu r e  incu b ated  w ith  25 ug/m l
EB fo r  18 h r a f t e r  la b e l in g  fo r  96 h r .
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F ig u re  19. Ih e  e f f e c t  o f  in  v iv o  e th id iu m  bromide tre a tm e n t on 
e x i s t in g  cy to p lasm ic  DNA: M icrodensitom eter t r a c in g s  o f  p u r i f ie d  DNA
from HK-10 sp h e ro id s  t r e a te d  w ith  e th id iu m  bromide and c e n tr ifu g e d  to  
e q u i l ib r iu n  in  a n a ly t ic a l  CsCl d e n s i ty  g r a d ie n ts .

P u r if ie d  DNA (ob ta ined  from 10 1 c u l tu r e s  o f  HK-10 sp h e ro id s)  was 
p rep a red  fo r  and c e n tr ifu g e d  to  e q u ilib r iu m  in  a n a ly t ic a l  CsCl d e n s ity  
g r a d ie n ts  (co n ta in in g  M. ly s o d e ik t ic u s  m arker DNA) a s  d e s c r ib e d  fo r  
f ig u re  2.

a .  M arkers, E. c o l i  DNA (p*1.710) and M. ly s o d e ik t ic u s  
DNA (p*1 .731).

b . DNA from u n tre a te d  HK-10 sp h e ro id s  p lu s  m arker.

c .  DNA from HK-10 sp h e ro id s  incu b ated  in  th e  p re sen ce  o f  
25 ug/m l EB fo r  20 h r  p r io r  to  h a rv e s tin g  p lu s  m arker.
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F ig u re  20. Diagram matic r e p re s e n ta t io n  o f  th e  a sex u a l l i f e  c y c le  
o f  a  som atic  c e l l  re g e n e ra to r  m utant o f  V. c a r t e r i  f .  n a g a r ie n s is , 
(HMK-01 r e g ) .

S tag e  1

S tage  2 

S tage  3 

S tag e  4 

S tage  5 

S tag e  6

A ju v e n i le  sp h e ro id  expands by th e  som atic  c e l l  
s y n th e s is  o f  sh e a th  g ly c o p ro te in  m a te r ia l .  G on id ia l 
c e l l s  ( re p ro d u c t iv e ) , in t e r n a l  to  th e  sp h e re , 
e n la rg e  and m a tu re . At maximal p o in t  o f  grow th 
th e  g o n id ia  'co n d en se ' and beg in  c le a v a g e , 
em bryogenesis and f i n a l l y  g iv e  r i s e  to  new ju v e n ile  
sp h e ro id s  w ith in  th e  p a re n ta l  sp h e re .

A segment o f  th e  p a re n ta l  sp h e re  showing th e  
d i f f e r e n t i a t e d  som atic  c e l l s .

H ie som atic  c e l l s  lo s e  t h e i r  d i f f e r e n t i a t e d  form 
and beg in  to  e n la rg e .

H ie c e l l s  grow in  s iz e  and a re  seen  to  c o n ta in  
v a c u o le s .

H ie c o n te n ts  o f  th e  c e l l s  'co n d en se ' and become 
g r a n u la r .

C e ll d iv i s io n .

S tage 7: H ie r e le a s e  o f  g roups o f  newly in v e rte d  sp h e ro id s
formed from re g e n e ra te d  som atic  c e l l s .
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F ig u re  21. DNA s y n th e s is  in  th e  som atic  c e l l  re g e n e ra to r  m u tan t, 
HMK-01 re g :  P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e  o f
r a d io a c t iv i ty  la b e le d  ENA.

A newly in n o c u la te d  5 ml c u l tu r e  o f  m utant HMK-01 reg  (SVM, pH 7) 
was t r e a te d  w ith  2 -  H -adenine (20 uCi/m l) a t  tim e 0 and incubated  
under asynchronous grow th c o n d itio n s  a s  d e s c r ib e d . A d d itio n a l SVM 
(2 .5  m l, pH 7) and 2 -  H -adenine (15 uCi/m l) were added to  th e  c u l tu r e  
a f t e r  48 h r  and a f t e r  5 days ly s a te s  were p rep a red  a s  d e sc r ib e d  fo r  
f ig u re  7 (1 h r  tw een, 40 min p ro te a s e  d i s s o c ia t io n ;  60 min l y s i s  a t  
60C). The sam ple was then  c e n tr ifu g e d  in  a  p r e p a ra t iv e  CsCl d e n s i ty  
g r a d ie n t  (20C, 68 h r) a s  d e s c r ib e d . S o lid  c i r c l e s  re p re s e n t  c g |  H 
(Volvox DNA) and v e r t i c a l  b a r in d ic a te s  th e  banding p o s i t io n  o f  C E. 

c o l i  ENA inc lu d ed  in  th e  same g r a d ie n t  a s  a  m arker.
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F ig u re  22. ENA s y n th e s is  in  m utant HMK-01 reg  in  th e  p resen ce  o f  
c a r r i e r  a n d /o r  A  THC: P re p a ra t iv e  CsCl d e n s i ty  g r a d ie n t  p r o f i l e s  o f
r a d io a c t iv e ly  la b e le d  DNA.

D u p lic a te , newly in n o c u la te d  5 ml c u l tu r e s  1SVM, pH 7) o f  m utant 
HMK-01 reg  were incu b a ted  in  th e  p resen ce  o f  2 -  H -adenine (20 uCi/m l) 
and c a r r i e r  (40 u l/m l) o r  THC (400 u g /n l)  under asynchronous 
grow th c o n d itio n s  fo r  18 h r .  L y sa tes  were p rep ared  a s  d e sc r ib e d  fo r  
f ig u re  13 (40 min p ro te a s e  d i s s o c ia t io n ,  60 min l y s i s  a t  60C) and th e  
sam ples c e n tr ifu g e d  in  p re p a ra t iv e  CsCl d e n s i ty  g r a d ie n ts  (20C, 63 h r) 
a s  d e s c r ib e d . S o lid  c i r c l e s  r e p re s e n t  cpm ,. H (Volyox DNA) and 
v e r t i c a l  b a rs  in d ic a te  th e  p o s i t io n  o f  m arker C E. c o l i  DNA.

A. C a r r ie r  C o n tro l: C a r r ie r  and ra d io is o to p e  were added 
s im u lta n e o u sly  a t  tim e 0.

B. THC E xperim en ta l: THC and ra d io is o to p e  were added
s im u lta n e o u sly  a t  tim e 0 .



157

II l

II II

’H c p m

x I O 3

15 25
Frac. No.



158

P la te  1 . S tag es  d u rin g  th e  a sex u a l l i f e  c y c le  o f  Volvox c a r t e r i  
f . n a g a r ie n s is  (HK-10).

A. L ate  Expansion: M aturing sp h ero id  w ith  v acu o la te d  g o n id ia .

B. G on id ia l C ondensation : M ature sp h ero id  c o n ta in in g
v a c u o la te d , condensed and d iv id in g  g o n id ia .  Arrow p o in ts  to  a 
"co n d en sa tio n  s ta g e "  gonidium .

C. E a rly  E xpansion: P o s tin v e rs io n  ju v e n i le  sp h e ro id s  w ith in
p a r e n t .

For d e t a i l s  and d e s c r ip t io n s  se e  t e x t .
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P la te  2 . E f f e c ts  o f  tre a tm e n t w ith  d e l ta -9 - te tr a h y d ro c a n n a -  
b in o l .

A. 300 ug/m l THC: Induced "co ndensa tion" o f  immature and
e n la rg ed  g o n id ia  (20 h r  t r e a tm e n t) .

B. 50 ug/m l THC (" in  v i t r o "  gonid ium ): Unequal d iv i s io n  and
c e l l  s e p a ra t io n  (18 h r t r e a tm e n t) .

C. 50 ug/m l THC (" in  v i t r o "  gonid ium ): A b erran t c leav ag e
(18 h r t r e a tm e n t) .

See t e x t  fo r  e x p la n a tio n s  and ex p erim en ta l d e t a i l s .
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P la te  3 . E f fe c ts  o f  tre a tm e n t w ith  e th id iu m  brom ide.

A rre s t  in  "c leavage"  observed  a f t e r  24 h r  tre a tm e n t w ith  
25 ug/m l EB.

See t e x t  fo r  ex p erim en ta l d e t a i l s .
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P la te  4 . Som atic c e l l  re g e n e ra to r  m u tan t, HMK-01 r e g .

HMK-01 m utant r e le a s in g  ju v e n ile  sp h e ro id s : Som atic c e l l s  o f
newly re le a s e d  sp h e ro id s  appear "norm al" w h ile  th o se  o f  p a re n t a re  
in  v a r io u s  s ta g e s  o f  " re g e n e ra tio n "  and " g o n id ia l"  m a tu ra tio n .

See t e x t  and f ig u re  20 fo r  m utant l i f e  c y c le  d e t a i l s .





REFERENCES

B a ra th , Z. and H. K u n tze l, 1972. C oopera tion  o f  m ito c h o n d ria l and 
n u c le a r  genes s p e c ify in g  th e  m ito ch o n d ria l g e n e t ic  a p p a ra tu s  
in  N eurospora c r a s s a .  P roc . N at. Acad. S c i .  U .S.A.
69 : ---------

B a s to s , R.N. and H.R. M ahler. 1974. M olecular mechanisms o f
m ito c h o n d ria l g e n e t ic  a c t i v i t y .  E f fe c ts  o f  e th id iu m  brom ide on 
th e  d eo x y rib o n u c le ic  a c id  and e n e rg e t ic s  o f  i s o la te d  m ito ch o n d ria . 
J .  B io l .  Chem. 249: 6617-6627.

B auer, W. and J .  V inograd. 1968. Ih e  in te r a c t io n  o f  c lo se d  c i r c u la r  
DNA w ith  i n t e r c a l a t i v e  d y e s . I .  The s u p e rh e lix  d e n s i ty  o f  SV40 
DNA in  th e  p resen ce  and absence o f  d y e . J .  Mol. B io l .
33: 141-171.

Bayen, M. and A. Rode. 1973. H e te ro g e n e ity  and com plex ity  o f
C h lo re l la  c h lo ro p la s t ic  DNA. E ur. J .  Biochem. 39: 413-420.

B lam ire , J . , D.B. F in k e ls te in  and J .  Marmur. 1972. I s o la t io n  and 
f r a c t io n a t io n  o f  y e a s t  n u c le ic  a c id s .  I .  C h a ra c te r iz a t io n  o f  
p o ly (1 - ly s in e )  K iese lguh r chrom atography u s in g  y e a s t  n u c le ic  
a c id s .  B io ch em istry . 11: 4848-4853.

B lam ire , J . , V.R. F le c h tn e r  and R. S ag er. 1974. R eg u la tio n  o f  
n u c le a r  DNA r e p l i c a t io n  by th e  c h lo ro p la s t  in  Chlamydomonas.
P ro c . N a t. Acad. S c i .  U .S.A . 71: 2867-2871.

Bogenhagen, D. and D.A. C la y to n . 1976. Thym idylate n u c le o tid e
supp ly  fo r  m ito c h o n d ria l DNA s y n th e s is  in  mouse L - c e l l s :  E f fe c t
o f  5 -f lu o ro d e o x y u rid in e  and m e th o trex a te  in  thym id ine k in a se  
p lu s  and thym idine k in a se  minus c e l l s .  J .  B io l .  Chem.
251: 2938-2944.

Bogenhagen, D. and D.A. C lay to n . 1977. Mouse L c e l l  m ito ch o n d ria l 
DNA m olecu les  a re  s e le c te d  randomly fo r  r e p l i c a t io n  th roughou t 
th e  c e l l  c y c le .  C e l l .  11: 719-727.

B o v e ri, T. 1899. "Die Entw icklung von A sc a ris  m eqalocephala m it
b eso n d ere r R ucksich t a u f  d ie  K e rn v e rh a ltn is s e ,"  F.C . von K u p ffe r, 
J e n a , (as c i t e d  in  D avidson, 1976).

B rad ley , D.M., H.H. G oldin  and J .R .  C laybrook. 1974. H istone  
a n a ly s is  in  V olvox. FEBS L e t t .  41: 219-222.

B raun, R. and T .E . Evans. 1969. R e p lic a t io n  o f  n u c le a r  s a t e l l i t e
and m ito c h o n d ria l DNA in  th e  m i to t ic  c y c le  o f  P hysarun .
B iochim . B iophys. A cta . 182: 511-522.

166



167

Brawerman, G. and J.M . E is e n s ta d t .  1964. D eoxyribonucle ic  ac id  
from th e  c h lo ro p la s ts  o f  Euglena g r a c i l i s . B iochim . B iophys. 
A cta . 91: 477-485.

B r i t t e n ,  R .J . and E.H. D avidson. 1969. Gene r e g u la t io n  fo r  h ig h e r 
c e l l s :  A th e o ry . S c ie n ce . 165: 349-357.

Brown, D .D ., and I .B .  Dawid. 1968. S p e c if ic  gene a m p lif ic a t io n  in  
o o c y te s . S c ie n ce . 160: 272-280.

Cameron, I .L .  1966. A p e r io d i c i t y  o f  t r i t ia te d - th y m id in e  in c o rp o ra ­
t i o n  in to  cy to p lasm ic  d eo x y rib o n u c le ic  a c id  d u rin g  th e  c e l l  c y c le  
o f  Tetrahymena p y r ifo rm is . N atu re  (London) 209: 630-631.

Carchman, R .A ., L .S . H a rr is  and A .E. Munson. 1976. The in h ib i t io n  
o f  ENA s y n th e s is  by C annab ino ids. Cancer R es. 36: 95-100.

C hase, J.W . 1970. Form ation o f  m ito ch o n d ria  d u rin g  em bryogenesis 
o f  Xienopus l a e v i s . C arneg ie  I n s t .  W ashington, Y earb . 68: 517.

C hase, J.W . and I .B .  Dawid. 1972. B io g en es is  o f  m ito ch o n d ria  d u rin g  
Xenopus l a e v is  developm ent. Dev. B io l .  27: 504-518.

Chen, P .S . 1967. B iochem istry  o f  n u c leo -cy to p la sm ic  in te r a c t io n s  in  
m orphogenesis. In  "The B iochem istry  o f  Animal Development"
(R. Weber, e d . ) .  V ol. 2 , p .  115. Academic P re s s ,  New York.

C hiang, K .S. and N. Sueoka. 1967. R e p lic a tio n  o f  c h lo ro p la s t  ENA 
in  Chlamydomonas r e in h a rd i  d u rin g  th e  v e g e ta t iv e  c e l l  c y c le :
I t s  mode and r e g u la t io n .  P ro c . N a t. Acad. S c i .  U .S.A.
57: 1506-1513.

C h iba , Y. 1951. Cytochem ical s tu d ie s  on c h lo r o p la s t s .  I .  C y to lo g ic  
d em o n stra tio n  o f  n u c le ic  a c id s  in  c h lo r o p la s ts .  C y to lo g ia  
16: 259-264.

Chun, E .H .L ., M.H. Vaughan J r .  and A. R ich . 1963. The i s o la t io n  and 
c h a r a c te r iz a t io n  o f  ENA a s s o c ia te d  w ith  c h lo ro p la s t  p r e p a ra t io n s .  
J .  Mol. B io l .  7: 130-141.

C o l l i e r ,  J .R .  1966. The t r a n s c r ip t io n  o f  g e n e t ic  in fo rm a tio n  in  
th e  s p i r a l i a n  embryo. C u rr . Top. Dev. B io l .  1: 39-59.

C orcoran , J.W . and F .E . Hahn, e d s .  1975. I n ,  " A n t ib io t ic s ,  Volume 
I I I :  Mechanisms o f  A ctio n s  o f  A n tim ic ro b ia l and A n titu n o r 
A g en ts ."  S p rin g e r-V e rla g , New York.

Corneo, G ., C. Moore, D.R. S an ad i, L . I .  Grossman and J .  Marmur. 1966. 
M itochondria l ENA in  y e a s t  and same mammalian s p e c ie s .  Science 
151: 687-689.



168

C ra ig , S .P . and J .  P ia t ig o r s k y .  1971. P ro te in  s y n th e s is  and d e v e l­
opment in  th e  absence o f  cy to p lasm ic  ENA s y n th e s is  in  nonn u c lea te  
egg fragm ents and embryos o f  sea  u rc h in s : E f f e c t  o f  e th id iu m
brom ide. Dev. B io l .  24: 214-232.

C r ic k , F . 1971. G eneral model fo r  th e  chromosomes o f  h ig h e r organ­
ism s. N atu re  (London) 234: 25-27.

C r id d le ,  R .S .,  L. W h e llis ,  M.K. Trembath and A.W. L innane. 1976. 
M olecular and g e n e t ic  e v e n ts  accompanying p e t i t e  in d u c tio n  and 
reco v e ry  o f  r e s p i r a to r y  competence induced by e th id iu m  brom ide. 
M olec. Gen. G enet. 144: 265-274.

D arden, W.H. 1966. Sexual d i f f e r e n t i a t i o n  in  Volvox a u re u s .
J .  P ro to z o o l. 13: 239-255.

D avidson, E.H. 1976. "Gene A c t iv i ty  in  E a rly  Developm ent."
Academic P re s s ,  New York.

D avidson, E.H. and R .J .  B r i t t e n .  1973. O rg a n iz a tio n , t r a n s c r ip t io n ,  
and re g u la t io n  in  th e  anim al genome. Q. Rev. B io l .  48: 565-613.

D avidson, E .H ., B.R. Hough, C .S . Amenson and R .J . B r i t t e n .  1973.
G eneral in te r s p e r s io n  o f  r e p e t i t i v e  w ith  n o n - r e p e t i t iv e  sequence 
e lem en ts in  th e  ENA o f  Xenopus. J .  Mol. B io l .  77: 1 -23 .

D avidson, E .H ., G.A. G alau , R.C. A ngerer and R .J .  B r i t t e n .  1975.
Com parative a s p e c ts  o f  ENA o rg a n iz a tio n  in  m etazoa. Chromosoma 
51: 253-259.

D avidson, E .H ., W.H. K le in , B.R. Hough-Evans, M .J. Sm ith , G.A. G alau ,
W.R. C ra in , R.C. A ngerer, F .C . Eden, B .J .  Wold, M.M. D avis and 
R .J .  B r i t t e n .  1976. The o rg a n iz a tio n  o f  fu n c tio n a l  ENA sequences 
in  anim al genomes. In  "O rg an iza tio n  and E x p ression  o f  th e  Eukaryote 
Genome," Tehran Symposium in  M olecular B io logy  (K. J a v a h e ria n  and 
E.M. B radbury , e d s . ) .  Academic P re s s ,  New York.

Eddy, E.M. 1975. Germ plasm  and th e  d i f f e r e n t i a t i o n  o f  th e  germ 
c e l l  l i n e .  I n t .  Rev. C y to l. 43: 229-286.

Edelman, M., H.T. E p s te in  and J .A . S c h if f .  1966. I s o la t io n  and
c h a r a c te r iz a t io n  o f  ENA from th e  m ito ch o n d ria l f r a c t io n  o f  
E uglena. J .  Mol. B io l .  17: 463-469.

Edelman, M ., J .A . S c h if f  and H.T. E p s te in . 1965. S tu d ie s  o f  c h lo ro ­
p l a s t  developm ent in  E uglena. X II. TWo ty p e s  o f  s a t e l l i t e  ENA.
J .  Mol. B io l .  11: 769-774.

F le c h tn e r ,  V.R. and R. S ag er. 1973. E thidium  brom ide induced
s e le c t iv e  and r e v e r s ib le  lo s s  o f  c h lo ro p la s t  ENA. N atu re  New 
B iology 241: 277-279.



169

G eorg iev , G .P. 1972. The s t r u c tu r e  o f  t r a n s c r ip t io n a l  u n i t s  in  
e u k a ry o tic  c e l l s .  C u rr . Top. Dev. B io l .  7: 1 -60 .

G eyer-D uszynska, I .  1966. G enetic  f a c to r s  in  o o g en es is  and sperm ato­
g e n e s is  in  C ecidam yidae. Chromosomes Today 1: 174-190.

G ibo r, A. 1967. ENA s y n th e s is  in  c h lo ro p la s ts .  In  "B iochem istry  
o f  C h lo ro p la s ts ,"  (T.W. Goodwin, e d . ) .  V ol. 2 . Academic 
P re s s ,  New York, p p s .  321-328.

G olbus, M .S ., P.G. C a la rco  and C .J . E p s te in . 1973. The e f f e c t s  o f  
in h ib i to r s  o f  ENA s y n th e s is  (a lp h a -am an itin  and actinom ycin  D) 
on p re im p la n ta tio n  mouse em bryogenesis. J .  Exp. Z ool.
186: 207-216.

G o ld rin g , E .S . , L . I .  Grossman, D. K rupnick, D.R. C ryer and J .  Marmur. 
1970. The p e t i t e  m u ta tio n  in  y e a s t .  Loss o f  m ito ch o n d ria l 
d eo x y rib o n u c le ic  a c id  d u rin g  in d u c tio n  o f  p e t i t e s  w ith  e th id iu n  
brom ide. J .  M olec. B io l .  52: 323-335.

Goodenough, U.W. 1971. E f f e c ts  o f  in h ib i to r s  o f  RNA and p ro te in  
s y n th e s is  on c h lo ro p la s t  s t r u c tu r e  and fu n c tio n  in  w ild - ty p e  
Chlamydomonas r e in h a r d i . J .  C e ll B io l .  50: 35-60.

G r i f f i n ,  B.E. and R .J . Huskey. 1974. G enetic  c o n tro l  o f  d i f f e r e n ­
t i a t i o n  in  V olvox. G e n e tic s . 77: su p p l. s27 . ( a b s t r a c t ) .

G ross, P .R . and G.H. C ousineau . 1963. E f fe c ts  o f  actinom ycin  D on 
m acrom olecule s y n th e s is  and e a r ly  developm ent in  sea  u rch in  
e g g s . Biochem. B iophys. R es. Comm. 10: 321-326.

G ross, P .R ., and G.H. C ousineau . 1964. M acromolecule s y n th e s is  and 
th e  in f lu e n c e  o f  actinom ycin  on e a r ly  developm ent. Exp. C e ll 
R es. 33: 368-395.

G rossbach, U. 1974. Chromosome p u f f s  and gene e x p re s s io n  in  p o ly -
te n e  c e l l s .  Cold S pring  Harbor Symp. Q uant. B io l .  38: 619-627.

Grossman, L . I . ,  E .S . G oldring  and J .  Marmur. 1969. P r e f e r e n t ia l  
s y n th e s is  o f  y e a s t  m ito ch o n d ria l ENA in  th e  absence o f  p ro te in  
s y n th e s is .  J .  Mol. B io l .  46: 367-376.

Gurdon, J .B . 1963. N uclear t r a n s p la n ta t io n  in  am phibia and th e  
im portance o f  s ta b le  n u c le a r  changes in  prom oting c e l lu l a r  
d i f f e r e n t i a t i o n .  Q. Rev. B io l .  38: 54-78.

Gurdon, J .B .  and H. Woodland. 1968. The cy to p lasm ic  c o n tro l  o f
n u c le a r  a c t i v i t y  in  anim al developm ent. B io l .  Rev. 43: 233-267.

Gurdon, J .B . ,  H.R. Woodland and J .B .  L in g re l .  1974. The t r a n s l a t io n  
o f  mammalian g lo b in  mRNA in je c te d  in to  f e r t i l i z e d  eggs o f  
Xenopus l a e v i s .  I .  Message s t a b i l i t y  in  developm ent. Dev.
B io l! 35! 125-133.



170

H a rr iso n , P .R . , G.D. B ir n ie ,  A. H e ll ,  S. Humphries, B.D. Young and 
J .  P a u l. 1974. K in e tic  s tu d ie s  o f  gene freq u en cy . I .  Use o f  
a  ENA copy o f  r e t i c u lo c y te  9S RNA to  e s tim a te  g lo b in  gene 
dosage in  mouse t i s s u e .  J .  Mol. B io l .  84; 539-554.

H a rtw e ll, L .H ., R.K. M ortim er, J .  C u lo t t i  and M. C u lo t t i .  1973.
G enetic  c o n tro l  o f  th e  c e l l  d iv i s io n  c y c le  in  y e a s t :  V. G enetic  
a n a ly s is  o f  cdc m u ta n ts . G en e tic s  74: 267-286.

Hoober, J .K . and W .J. Stegm an. 1973. C o n tro l o f  th e  s y n th e s is  o f  a 
m ajor p o ly p e p tid e  o f  c h lo ro p la s t  membranes in  Chlamydanonas 
r e in h a r d i . J .  C e ll  B io l .  56: 1 -12 .

Hughes, M. and S .J .  B e rry . 1970. The s y n th e s is  and s e c r e t io n  o f  
ribosom es by n u rse  c e l l s  o f  A ntheraea polyphem us. Dev. B io l .
23: 651-664.

In g le ,  J .  and J .  S in c l a i r .  1972. Ribosomal RNA genes and p la n t  
developm ent. N atu re  (London) 235: 30-32.

Izaw a, M., V.G. A l l f r e y  and A.E. M irsky. 1963. Hie r e la t io n s h ip  
between RNA s y n th e s is  and lo o p  s t r u c tu r e  in  lam pbrush chromo­
somes. P ro c . N at. Acad. S c i .  U .S.A. 49: 544-551.

K aro l, M.H. and M.V. Simpson. 1968. ENA b io s y n th e s is  by is o la te d  
m ito ch o n d ria : A r e p l i c a t i v e  r a th e r  th an  a  r e p a i r  p ro c e s s .
S cience  162: 470-472.

Kedes, L.H. and M.L. B i r n s t i e l .  1971. R e i te r a t io n  and c lu s te r in g
o f  ENA sequences com plem entary to  h is to n e  m essenger RNA. N ature 
(London), New B io l .  230: 165-169.

K irk , D.L. and M.M. K irk . 1976. P ro te in  s y n th e s is  in  Volvox c a r t e r i  
f .  n a g a r ie n s is . Dev. B io l .  50: 413-427.

Koch, J .  1972. The cy to p lasm ic  ENAs o f  c u l tu re d  hunan c e l l s .  E f fe c ts  
o f  e th id iu m  brom ide on th e i r  r e p l i c a t io n  and m ain tenance.
European Jo u rn a l o f  Biochem. 30: 53-59.

Koch, J .  1973. In tro d u c t io n  o f  "n ick s"  and "chops" in to  human 
m ito c h o n d ria l ENA in  v iv o  and _in v i t r o . European Jo u rn a l o f  
Biochem. 33: 98-T03.

K ochert, G. 1968. D if f e r e n t ia t io n  o f  re p ro d u c tiv e  c e l l s  in  Volvox
c a r t e r i . J .  P ro to z o o l. 15: 438-452.

K ochert, G. 1971. Ribosomal RNA s y n th e s is  in  V olvox. A rch. Biochem. 
B iophys. 147: 318-322.

K ochert, G. 1975. Developm ental mechanisms in  Volvox re p ro d u c tio n .
In  "The 33rd Symposium o f  th e  S o c ie ty  fo r  Developm ental B iology 
-  The D evelopm ental B io logy  o f  R ep ro d u c tio n ."  Academic P re s s ,
New York, p p s . 55-90.



171

K o ch ert, G. and A .J . Jaw o rsk i. 1972. I s o la t io n  and c h a r a c te r iz a t io n  
o f  Volvox DNA. J o u r .  P hyco l. 8 : su p p l. 16. ( a b s t r a c t ) .

K ochert, G. and L.W. O lson . 1970. U l t r a s t r u c tu r e  o f  Volvox c a r t e r i .
I .  The asex u a l co lo n y . A rch. M ik ro b io l. 74: 19-36.

K ochert, G. and N. S an sin g . 1971. I s o la t io n  and c h a r a c te r iz a t io n
o f  n u c le ic  a c id s  from Volvox c a r t e r i .  B iochim . B iophys. A cta 
238: 397-405.

K ochert, G. and I .  Y a te s . 1970. A U V -lab ile  m orphogenetic su b stan ce
in  Volvox c a r t e r i . Dev. B io l .  23: 128-135.

K ochert, G. and I .  Y a te s . 1974. The p u r i f i c a t i o n  and p a r t i a l
c h a r a c te r iz a t io n  o f  a  g ly c o p ro te in  sex u a l inducer from Volvox 
c a r t e r i . P ro c . N at. Acad. S c i .  U .S.A. 71: 1211-1214.

Rung, S.D . 1977. E xp ress io n  o f  c h lo ro p la s t  genomes in  h ig h e r p la n t s .  
Ann. Rev. P la n t  P h y s io l.  28: 401-437.

L eu ch ten b erg e r, C ., R. L euch tenberger and A. S ch n e id e r. 1973.
E f f e c ts  o f  M arijuana and to bacco  smoke on human lung  p h y sio lo g y . 
N atu re  (London) 241: 137-139.

L i t t a u ,  V .C ., V.G. A l l f r e y ,  J .H . F re n s te r  and A .E. M irsky . 1964.
A c tiv e  and in a c t iv e  re g io n s  o f  n u c le a r  ch rom atin  a s  re v e a le d  
by e le c t r o n  m icro sco p ic  a u to ra d io g ra p h y . P ro c . N at. Acad.
S c i .  U .S.A. 52: 93-100.

Luck, D .J .L . and E. R eich . 1964. DNA in  m ito ch o n d ria  o f  N eurospora 
c r a s s a . P ro c . N at. Acad. S c i .  U .S.A. 52: 931-938.

McCarthy, B .J .  and B.H. Hoyer. 1964. I d e n t i ty  o f  DNA and d iv e r s i t y  
o f  m essenger RNA m olecu les  in  normal mouse. P ro c . N a t. Acad.
S c i .  U .S.A . 52: 915-922.

M ahler, H.R. 1973. G en e tic  autonomy o f  m ito ch o n d ria l ENA. In
"M olecular c y to g e n e t ic s ,"  (B.A. Hamkalo and J .  P ap aco n stan tin o u , 
e d s . ) .  Plenum P r e s s ,  New York, p p s . 181-208.

M ahler, H.R. and R.N. B a s to s . 1974a. A novel r e a c t io n  o f  m ito ch o n d ria l 
ENA w ith  e th id iu m  brom ide. FEES L e t t e r s .  39: 27-34.

M ahler, H.R. and R.N. B a s to s . 1974b. C oupling between m ito ch o n d ria l 
m u ta tio n  and energy  t r a n s d u c t io n .  P ro c . N a t. Acad. S c i .  U .S.A .
71: 2241-2245.

Mandel, M., L. Igam bi, J .  B ergendah l, M.L. Dodson J r .  and E. S c h e ltg e n . 
1970. C o r re la t io n  o f  m e ltin g  tem p era tu re  and c e s iu n  c h lo r id e  
buoyant d e n s i ty  o f  b a c t e r i a l  d e o x y rib o n u c le ic  a c id .  J .  B a c te r io l .  
101: 333-338.



172

Mandel M. and J .  Marmur. 1968. Use o f  u l t r a v i o l e t  ab so rb an ce-
tem p era tu re  p r o f i l e  fo r  d e te rm in in g  th e  guan ine  p lu s  c y to s in e  
c o n te n t o f  ENA. In  "Methods in  Enzymology," (L. Grossman and 
K. M oldave, e d s . ) .  V ol. 12B. Academic P re s s ,  New York, p p s . 
195-206.

Manning, J .E .  and O.C. R ic h a rd s . 1972. S y n th e s is  and tu rn o v e r o f  
Euglena g r a c i l i s  n u c le a r  and c h lo ro p la s t  d eo x y rib o n u c le ic  a c id .  
B iochem istry  IT : 2036-2043.

M argolis-K azan, H. and J .  B lam ire . 1976. The ENA o f  Volvox c a r t e r i :
A b io p h y s ic a l and b io s y n th e t ic  c h a r a c te r i z a t io n .  C ytob ios 
15: 201-216.

o
M argolis-K azan , H. and J .  B lam ire . 1977. Hie e f f e c t  o f  A - t e t r a ­

hydrocannabino l on cy to p lasm ic  DNA m etabo lism . Biochem. B iophys. 
R es. Comm. 76: 674-681.

Marmur, J .  1961. A p ro ced u re  fo r  th e  i s o la t io n  o f  d e o x y rib o n u c le ic  
a c id  from m icroorgan ism s. J .  Mol. B io l .  3: 208-218.

Marmur, J .  and P. D oty. 1962. D eterm ination  o f  th e  base  com position  
o f  d e o x y rib o n u c le ic  a c id  from i t s  th e rm al d e n a tu ra tio n  te m p e ra tu re . 
J .  Mol. B io l .  5: 109-118.

Matsuyama, S .S . ,  F .S . Yen, L .F . J a r v ik ,  R .S . S p ark es , T.K. Fu,
H. F is h e r ,  N. R eccius and I.M . F ran k . M arijuana exposure  
in  v iv o  and hunan lym phocyte chromosomes. 1977. M utation  
R es. 48: 255-266.

M eselson, M. and F.W. S ta h l .  1958. H ie r e p l i c a t io n  o f  DNA in
E sc h e r ic h ia  c o l i . P ro c . N a t. Acad. S c i .  U .S.A. 44: 671-682.

M eselson, M ., F.W. S ta h l and J .  V inograd . 1957. E q u i l ib r a t io n  
se d im en ta tio n  o f  m acrom olecules in  d e n s i ty  g r a d ie n ts .  P ro c .
N a t. Acad. S c i .  U .S.A . 43: 581-588.

M eyer, R.R. and H. R is . 1966. In c o rp o ra tio n  o f  t r i t i a t e d  thym idine 
and t r i t i a t e d  deoxyadenosine in to  m ito c h o n d ria l DNA o f  ch ick  
f i b r o b l a s t s .  J .  C e l l  B io l .  31: 76A.

M il le r ,  D .H ., D.T.A. Lamport and M. M il le r .  1972. H ydroxyproline 
h e te ro o lig o s a c c h a r id e s  in  Chlamydcmonas. S c ience  176: 918-920.

M irsky , A .E. and H. R is . 1949. V a ria b le  and c o n s ta n t  components o f  
chromosomes. N atu re  (London) 163: 666-667.

M itch iso n , J.M . 1971. H ie B io logy  o f  th e  C e ll  C ycle . Cambridge 
U niv. P r e s s ,  New York.



173

Munson, A .E ., L .S . H a r r is ,  M.A. Friedm an, W.L. Dewey and R.A. Carchman. 
1975. A n ti-n e o p la s t ic  a c t i v i t y  o f  ca n n a b in o id s . J .  N a t. Cancer 
I n s t .  55: 597-602.

N agley, P. and A.W. L innane. 1972. B io g en es is  o f  m ito ch o n d ria  XXI. 
S tu d ie s  on th e  n a tu re  o f  th e  m ito c h o n d ria l genome in  y e a s t :  
th e  d e g e n e ra tiv e  e f f e c t s  o f  e th id iu m  brom ide on m ito ch o n d ria l 
g e n e t ic  in fo rm a tio n  in  a  r e s p i r a to r y  com petent s t r a i n .  J .  Mol. 
B io l .  66: 181-193.

N ahas, G .G ., N. S u c iu -F oca , J .P .  Armand and A. M orishim a. 1974.
I n h ib i t io n  o f  c e l l u l a r  immunity in  m arihuana sm okers. S c ience  
183: 419-420.

N ass, S . and M.M.K. N ass. 1963. In tra m ito c h o n d r ia l  f ib e r s  w ith  DNA 
c h a r a c t e r i s t i c s .  I I .  Enzym atic and o th e r  h y d ro ly t ic  tre a tm e n ts .
J .  C e l l  B io l .  19: 613-629.

Newlon, C .S . and W.L. Fangman. 1975. M ito ch o n d ria l ENA s y n th e s is  
in  c e l l  c y c le  m u tan ts  o f  Saccharomyces c e r e v is ia e .  C e ll 
5: 423-428.

Okada, M., I .A . Kleinman and H.A. Schneiderm an. 1974. R e s to ra tio n  
o f  f e r t i l i t y  in  s t e r i l i z e d  D rosoph ila  eggs by t r a n s p la n ta t io n  
o f  p o la r  cy top lasm . Dev. B io l .  37: 43-54.

P a l l ,  M.L. 1974. Evidence fo r  th e  g ly c o p ro te in  n a tu re  o f  th e  inducer 
o f  s e x u a l i ty  in  V olvox. Biochem. B ipphys. R es. Comm. 57: 683-688.

P a rso n s , J .A . and R.C. R ustad . 1968. Hie d i s t r i b u t i o n  o f  ENA among
d iv id in g  m ito ch o n d ria  o f  Tetrahymena p y r ifo rm is .  J .  C e ll B io l .
37: 683-693.

Perlm an, S .M ., P .J .  Ford and M.M. R osbash. 1977. P resence  o f  
ta d p o le  and a d u l t  g lo b in  RNA sequences in  o o cy te s  o f  Xenopus 
l a e v i s . P ro c . N a t. Acad. S c i .  U .S.A. 74: 3835-3839.

Perlm an, P .S . and H.R. M ahler. 1971. A p re m u ta tio n a l s t a t e  induced
in  y e a s t  by e th id iu m  brom ide. Biochem. B iophys. R es. Comm.
44: 261-267.

P ro v a s o li ,  L. and I . J .  P in te r .  1959. A r t i f i c i a l  m edia fo r  f r e s h ­
w ate r a lg a e ;  problem s and s u g g e s tio n s . In  "Hie Ecology o f  
A lg ae ,"  (C.A. Tryon and R .T . H artm an, e d s . ) . Spec. P u b l. No. 2 
Pymatuning Lab. F ie ld  B io logy , U niv. P i t t s b u rg h ,  P i t t s b u rg h ,  
P en n sy lv an ia , p p s . 84-96.

Ray, D .S. and P .C . H anaw alt. 1964. P ro p e r t ie s  o f  th e  s a t e l l i t e  ENA 
a s s o c ia te d  w ith  th e  c h lo ro p la s ts  o f  Euglena g r a c i l i s .  J .  Mol.
B io l .  9: 812-824.



Ray, D .S. and P .C . H anaw alt. 1965. S a t e l l i t e  ENA components in  
Euglena g r a c i l i s  c e l l s  la c k in g  c h lo ro p la s ts .  J .  Mol. B io l .
11: 760- 765:

R eich , E. and D .J .L . Luck. 1966. R e p lic a tio n  and in h e r i ta n c e  o f
m ito ch o n d ria l ENA. P ro c . N at. Acad. S c i .  U.S.A. 55: 1600-1608.

R ic h a rd s , O .C ., R .S . Ryan and J .E .  Manning. 1971. E f fe c ts  o f
cyclohex im ide and chloram phenico l on ENA s y n th e s is  in  Euglena 
g r a c i l i s . B iochim . B iophys. A cta 238: 190-201.

R is , H. and W. P la u t .  1962. U l t r a s t ru c tu r e  o f  EN A-containing a re a s  
in  th e  c h lo ro p la s t  o f  Chlamydomonas. J .  C e ll B io l .  13: 383-391.

S ag e r, R. 1972. "C ytoplasm ic Genes and O rg a n e lle s ."  Academic P re s s ,  
New York.

S ag er, R. and M.R. I s h id a .  1963. C h lo ro p la s t ENA in  Chlamydomonas. 
P ro c . N a t. Acad. S c i .  U .S.A . 50: 725-730.

S ch eer, U ., W.W. F ranke , M.F. T rendelenburg  and H. S p rin g . 1976. 
C la s s i f i c a t i o n  o f  lo o p s  o f  lam pbrush chromosomes acco rd in g  to  
th e  arrangem ent o f  t r a n s c r ip t io n a l  com plexes. J .  C e ll S c i .
22: 503-519.

S c h ild k ra u t ,  C .L ., J .  Marmur and P. Doty. 1962. D eterm ination  o f  
th e  b ase  com position  o f  d e o x y rib o n u c le ic  a c id  from i t s  buoyant 
d e n s i ty  in  C sC l. J .  Mol. B io l .  4: 430-443.

S c o t t ,  N .S ., V.C. Shah and R.M. S m il l ie .  1968. S y n th e s is  o f  c h lo ro ­
p l a s t  ENA in  i s o la te d  c h lo ro p la s ts .  J .  C e ll B io l .  38: 151-157.

Sena, E .P . , J.W . W elch, H.O. H alvorson and S . F o g e l. 1975. N uclear 
and m ito ch o n d ria l d eo x y rib o n u c le ic  a c id  r e p l i c a t io n  d u rin g  
m ito s is  in  Saccharomyces c e r e v is ia e . J .  B a c te r io l .  123: 497-504.

Sessom s, A. and R .J .  Huskey. 1973. I s o la t io n  and c h a r a c te r iz a t io n  
o f  m orphogenetic m utan ts  o f  Volvox c a r t e r i  f . n a g a r ie n s is .
P ro c . N at. Acad. S c i .  U .S.A. 70: 1640-1644.

S lo n im sk i, P .P . ,  G. P e rro d in  and J .H . C ro f t .  1968. E th id iu n  bromide 
induced m u ta tio n  o f  y e a s t  m ito ch o n d ria : Complete tra n s fo rm a tio n  
o f  c e l l s  in to  r e s p i r a to r y  d e f i c i e n t  non-chrcmosomal p e t i t e s .  
Biochem. B iophys. R es. Comm. 30: 232-239.

S m il l ie ,  R.M., D. Graham, M.R. Dwyer, A. G rieve and N .F . T obin .
1967. Evidence fo r  th e  s y n th e s is  in  v iv o  o f  p ro te in s  o f  th e  
C alv in  c y c le  and o f  th e  p h o to sy n th e tic  e le c t ro n  t r a n s f e r  
pathway on c h lo ro p la s t  ribosom es. Biochem. B iophys. Res.
Comm. 28: 604-610.



175

Sm ith , C.A. 1975. Absence o f  e th id iu n  bromide induced n ick in g  and 
d e g ra d a tio n  o f  m ito ch o n d ria l ENA in  mouse L - c e l l s .  N ucle ic  
A cids R es. 4: 1419-1427.

S m ith , C .A ., J.M . Jo rdan  and J .  V inograd . 1971. In  v iv o  e f f e c t s  o f  
i n t e r c a l a t in g  d ru g s  on th e  su p e rh e lix  d e n s i ty  o f  m ito ch o n d ria l 
ENA is o la te d  from human and mouse c e l l s  in  c u l tu r e .  J .  Mol.
B io l .  59: 255-272.

Sm ith , D ., P . T auro , E. Schw eizer and H.O. H alvorson . 1968. The 
r e p l i c a t io n  o f  m ito ch o n d ria l ENA d u rin g  th e  c e l l  c y c le  in  
Saccharomyces l a c t i s .  P ro c . N at. Acad. S c i .  U .S.A. 60: 936-942.

Sm ith , L.D. 1966. The r o le  o f  a  "germ inal plasm " in  th e  fo rm ation  
o f  p r im o rd ia l germ c e l l s  in  Rana p ip ie n s . Dev. B io l .
14: 330-347.

Snow, M.H.L. and H.G. C a lla n . 1969. Evidence fo r  a  p o la r iz e d  move­
ment o f  th e  l a t e r a l  lo o p s  o f  newt lam pbrush chromosomes d u rin g  
o o g en es is . J .  C e ll S c i .  5: 1 -25 .

Som m erville, J .  1973. R ib o n u c leo p ro te in  p a r t i c l e s  d e r iv e d  from th e  
lam pbrush chromosomes o f  newt o o c y te s . J .  Mol. B io l .
78: 487-503.

S o n m erv ille , J .  and D.B. Malcolm. 1976. T ra n s c r ip tio n  o f  g e n e t ic  
in fo rm atio n  in  am phibian o o c y te s . Chromosoma 55: 183-208.

S p rin g , H ., U. S ch eer, W.W. Franke and M.F. T rende lenburg . 1975. 
Lam pbrush-type chromosomes in  th e  p rim ary  n u c leu s  o f  th e  g reen  
a lg a  A c e ta b u la r ia  m e d ite r ra n e a . Chromosoma 50: 25-43.

S t a r r ,  R.C. 1969. S t r u c tu r e ,  re p ro d u c tio n  and d i f f e r e n t i a t i o n  in  
Volvox c a r t e r i  f . n a q a r ie n s is  Iy e n g a r , s t r a i n s  HK9 and 10.
A rch. P r o t is te n k .  I l l :  204-232.

S t a r r ,  R.C. 1970. C o n tro l o f  d i f f e r e n t i a t i o n  in  V olvox. D evelop. 
B io l .  S upp l. 4: 59-100.

S t a r r ,  R.C. and L. J a e n ic k e . 1974. P u r i f ic a t io n  and c h a ra c te r iz a ­
t io n  o f  th e  hormone i n i t i a t i n g  sex u a l m orphogenesis in  Volvox 
c a r t e r i  f .  n a g a r ie n s is  Iy e n q a r . P ro c . N at. Acad. S c i .  71:
1050-1054.

S u rzy ck i, S .T . 1969. G enetic  fu n c tio n s  o f  th e  c h lo ro p la s t  in
Chlamydomonas r e in h a r d i : E f f e c t  o f  r ifa m p in  on c h lo ro p la s t  ENA
dependent RNA po lym erase . P ro c . N a t. Acad. S c i .  U .S.A.
63: 1327-1334.



176

S u rz y c k i, S . J . , U.W. Goodenough, R .P . Levine and J . J .  A rm strong.
1970. N uclear and c h lo ro p la s t  c o n tro l  o f  c h lo ro p la s t  s t r u c tu r e  
and fu n c tio n  in  Chlamydomonas r e in h a r d i . In  "C on tro l o f  
O rg an e lle  D evelopm ent," (P .L . M il le r ,  e d . ) , XXIV Symp. S .E .B . 
p p s . 13-37.

Sw inton, D.C. and P .C . H anaw alt. 1972. In  v iv o  s p e c i f i c  la b e l in g  
o f  Chlamydomonas c h lo ro p la s t  ENA. J .  C e l l  B io l .  54: 592-597.

T o b le r , H. 1975. O ccurrence and developm ental s ig n if ic a n c e  o f  gene 
a m p li f ic a t io n .  In  "B iochem istry  o f  Animal D evelopm ent,"
(R. Weber, e d . ) . V ol. 3, p .  91. Academic P re s s ,  New York.

T ucker, R.G. and W.H. D arden. 1972. N ucle ic  a c id  s y n th e s is  d u rin g  
th e  v e g e ta t iv e  l i f e  c y c le  o f  Volvox au reu s  M5. A rch. M ikro- 
b i o l .  84: 87-94.

Wanka, F . , H .F .P . Jo o s te n  and W .J. de  G rip . 1970. Com position and 
s y n th e s is  o f  ENA in  synchronously  growing c e l l s  o f  C h lo re lla  
p y re n o id o sa . A rch. M ik ro b io l. 75: 25-36.

Wanka, F . and J .  Moors. 1970. S e le c t iv e  in h ib i t io n  by cyclohex im ide 
o f  n u c le a r  ENA s y n th e s is  in  synchronous c u l tu r e s  o f  C h lo r e l la . 
Biochem. B iophys. R es. Comm. 41: 85-90.

Wanka, F . ,  J .  Moors and F.N.C.M. K r i jz e r .  1972. D is so c ia t io n  o f  
n u c le a r  ENA r e p l i c a t io n  from concom itan t p r o te in  s y n th e s is  in  
synchronous c u l tu r e s  o f  C h lo r e l la .  B iochim . B iophys. A cta 
269: 153-161.

W einheim er, E.A. 1973. N ucle ic  a c id  and p ro te in  m etabolism  in  th e  
a sex u a l 1 i f e - c y c le  o f  Volvox c a r t e r i . Ph.D. d i s s e r t a t i o n ,  
U n iv e rs ity  o f  G eo rg ia , A thens, G eorg ia .

Weismann, A. 1885. The c o n t in u i ty  o f  th e  germ -plasm  a s  th e  founda­
t io n  o f  a  th e o ry  o f  h e r e d i ty .  T ra n s la te d  in  "E ssays upon 
H e re d ity  and K indred B io lo g ic a l Problem s" (E.B. P o u lto n ,
S . Schonland and A .E. S h ip le y , e d s . ) , V ol. 1 . Oxford Univ.
P re s s  (C la ren d o n ), London and New York (a s  c i te d  in  K ochert,
1975 and D avidson, 1976).

W hite , A .C ., J .A . Munson, A .E. Munson and R.A. Carchman. 1976.
E f fe c ts  o f  A - te tra h y d ro c a n n a b in o l in  Lewis Lung adenocarcinom a 
c e l l s  in  t i s s u e  c u l tu r e .  J .  N a t. Cancer I n s t .  56: 655-658.

W ilson , E.B. 1925. "The C e ll in  Development and H e re d ity ."
M acm illan, New York.

Y a te s , I .  1974. N u cle ic  a c id  and p ro te in  m etabolism  in  synchron ized  
c u l tu r e s  o f  Volvox c a r t e r i . Ph.D. t h e s i s .  U n iv e rs ity  o f  G eo rg ia , 
A thens, G eo rg ia .



177

Y a te s , I . ,  M. D arley  and G. K ochert. 1975. S e p a ra tio n  o f  c e l l  ty p es  
in  synchron ized  c u l tu r e s  o f  Volvox c a r t e r i .  C y to b io s . 12: 
211-223.

Zimmerman, A.M. and D.K. McClean. 1973. A ction  o f  N a rco tic  and 
h a llu c in o g e n ic  a g e n ts  in  th e  c e l l  c y c le .  In  "Drugs and th e  
C e ll Cycle" (A.M. Zimmerman, G. P a d i l l a  and I .  Cameron, e d s .)  
Academic P re s s ,  New York, p p s . 67-94 .


