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ABSTRACT

A new tech n iq u e  h a s  been developed f o r  th e  i s o l a t i o n  o f  

n u c le i  from suspension  c u l tu r e  c e l l s  o f  Acer p seu d o p la tan u s  L, T his 

te ch n iq u e  in v o lv e s  th e  u se  o f  a  g ly c e r o l- c o n ta in in g  g r in d in g  medium 

a t  -20  ^0. The whole i s o l a t i o n  p ro c e ss  i s  sim ple  and c o n s is te n t ly  

p roduces abou t 20% n u c le a r  y ie ld  w ith  re a so n a b le  p u r i t y .

H is to n e  e x tr a c t io n  from t h i s  n u c le a r  f r a c t io n  by th e  EgSO^- 

EtOH method i s  s u p e r io r  to  o th e r  m ethods exam ined. The e x tr a c te d

Acer h is to n e s  e x h ib i t  a  ty p ic a l  h is to n e  p a t te r n  on p o ly acry lam id e  g e ls ,

and th e  m ajo r f r a c t io n s  a re  i d e n t i f i e d  a s  H1, H2A, H2B, H3 and H4 ( in

sequence from th e  anode to  th e  cathode end on th e  g e l)  ; t h e i r  m o le c u la r

w e ig h ts  a re  r e s p e c t iv e ly  24 ,300 , 13 ,300 , 13 ,300 , 12,800 and 11 ,000 .

Both th e  H3 and H4 h is to n e s  o f  Acer c e l l s  a re  i d e n t i c a l  w ith  th o se  o f  

c a l f  thymus in  term s o f  t h e i r  m o b i l i t i e s  on a c id - u re a  and SDS g e ls .  

I d e n t i f i c a t i o n  o f  th e  Acer h is to n e  f r a c t io n s  h a s  been a s s i s t e d  by a  

new ly developed d i f f e r e n t i a l  s t a in in g  method \d iich  s t a i n s  th e  3 m ajor 

h is to n e  f r a c t io n s  o f  c a l f  thymus in  3 d i f f e r e n t  c o lo u rs .

The t o t a l  e x tra c te d  Acer h is to n e  f r a c t io n  c o n ta in s  22% o f  

b a s ic  amino a c id s ,  and th e  r a t i o  o f  ly s in e  to  a rg in in e  i s  2 .6  which 

i s  h ig h e r  than  th a t  f o r  c a l f  thymus and i s  p ro b ab ly  due to  th e  low 

c o n ten t o f  a rg in in e  in  Acer H2A.

The Acer h is to n e s  have been shown to  be s y n th e s iz e d  in  th e  

cytoplasm  and then  tra n s p o r te d  in to  th e  n u c le u s . The s y n th e s is  o c cu rs  

t h r o u ^ o u t  th e  c e l l  cy c le  b u t re a c h s  i t s  maximum r a t e  w h ile  INA i s  b e in g  

s y n th e s iz e d . H istone  sam ples o b ta in e d  from b o th  asynchronous and 

synchronous c u l tu re s  a t  i n t e r v a l s  d u rin g  th e  p ro g re s s  o f  t h e i r  grow th 

show un ifo rm  e le c tro p h o r e t ic  p a t te r n s  on th e  g e l s ,  su g g e s tin g  th a t  th e  

Acer h is to n e s  a re  g e n e ra lly  homogeneous and t h a t  any m o d if ic a tio n  o f



th e  h is to n e s  p ro b ab ly  a f f e c t s  o n ly  a  v e ry  sm all p ro p o r tio n  o f  th e  t o t a l  

h i s to n e s .  The p o s s ib le  e x is te n c e  o f  such m o d ified  h is to n e  d e r iv a t iv e s  

and t h e i r  fu n c tio n s  rem ains to  be in v e s t ig a te d .  D ire c tio n s  a lo n g  which 

th e  p re s e n t  s tu d ie s  could be developed a re  d is c u s s e d .
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1• The chrom atin

In  e u k a ry o te s , th e  p rim ary  g e n e t ic  m a te r ia l ,  th e  deoxyribo ­

n u c le ic  a c id  (d m ) ,  i s  la r g e ly  co n ta in ed  in  th e  n u c le u s . The le n g th  

o f  t h i s  DNA i s  enomous r e l a t i v e  to  th e  s iz e  o f  c e l l  n u c leu s  and i t  i s  

th e re fo re  though t t h a t  th e  DNA m olecu les  must be c o n tra c te d  and packed 

in to  some k ind  o f  s t r u c tu r e  r a th e r  th an  'n a k e d '.  Both c y to lo g is t s  and 

b io c h em is ts  have produced ev idence f o r  th e  p re sen ce  o f  deo x y rib o n u c leo ­

pro  te  in  (DNP) in  th e  n u c leu s . I t  i s  t h i s  DNP which i s  known a s  ch ro m atin . 

The com position  o f  th e  DNP v a r ie s  w ith  th e  c e l l  type  and i t s  cy c le  s tage .. 

M etaphase chromosomes c o n ta in  13-17% DNA, 8-15% ENA and 68-79% p r o te in ,  

w hereas chrom atin  i s o la t e d  from th e  in te rp h a s e  c e l l  c o n ta in s  l e s s  ENA 

(3^% )»  p ro p o r t io n a te ly  more DNA (25%) and abou t 70% p ro te in  (Comings, 

1972).

When chrom atin  o f  an in te rp h a s e  c e l l  i s  observed  by l i g h t  

m icroscopy fo llo w in g  th e  a p p l ic a t io n  o f s p e c ia l  s ta in in g  te ch n iq u es  

(Comings, 1972), o r  i s  examined in  th e  e le c t r o n  m icroscope ( L i t ta u  e t  a l . . 

1964; Huxley and Zubay, 1961), i t  ap p ears  to  be d i f f e r e n t i a t e d  in to  two 

d is t in g u is h a b le  form s. The dense clumps o f  compact f i b r i l s  c o n s t i tu te  

condensed (o r  h e te ro —) chrom atin ; th e  d i f f u s e  re g io n s  o f lo o s e ly  ex tended  

f i la m e n ts  c o n s t i tu te  d if f u s e  (ex tended  o r  e u -)  ch rom atin . As th e  c e l l  

p roceeds to  m etaphase, th e  s t r u c tu r e  o f  th e  chrom atin  becomes more 

condensed than  in te rp h a se  h e te ro ch ro m a tin . The chrom atin  i s  o rg an ized  

to  form chromosomes, t h r o u ^  which th e  g e n e tic  m a te r ia ls  a re  e q u a lly  

d i s t r ib u te d  in to  th e  d a u ^ t e r  c e l l s .

The m acrom olecules which a re  a s s o c ia te d  w ith  DNA in  chrom atin  

a re  h is to n e  p ro te in s ,  n u c le a r  a c id ic  p ro te in s  and a  v a r i e ty  o f r i b o ­

n u c le ic  a c id s  (RNAs ) .  The n u c le a r  a c id ic  p ro te in s  in c lu d e  enzymes such 

a s  DNA-dependent ENA polym erase, and n o n -h is to n e  p ro te in  (NHP) c o n sid e red
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to  be in v o lv ed  in  m a in ta in in g  in t r a n u c le a r  s t r u c tu r e .  N a tiv e  chrom atin  

c o n ta in s ,  r e l a t i v e  to  h is to n e s  and MA, o n ly  sm all amounts o f  NHP and 

RNA. A lthough h e te ro ch ro m atin  and euchrom atin  do n o t d i f f e r  g r e a t ly  

i n  t h e i r  h is to n e  to  DNA r a t i o s  (Comings, 1967» P a lb t t a  e t  a l . . 1970), 

much h i ^ e r  p ro p o r tio n s  o f a c id ic  p ro te in s  ( A l f e r t ,  1958» Himes, 1967» 

Himes e t  a l . , 1969) and p h o sp h opro te in s (K Leinsm ith e t  a l . . 1966) a re  

found in  euchrom atin  th an  in  h e te ro c h ro m a tin . In  g e n e ra l ,  chrom atin  

c o n ta in s  ap p rox im ate ly  equal amounts o f  h is to n e s  and MA by w e i ^ t .

By c o n t r a s t ,  th e  c o n te n t o f NHP and RNA m o lecu les v a r ie s  c o n s id e ra b ly  

a cc o rd in g  to  th e  c e l l  type  and t i s s u e  so u rc e ; m e ta b o lic a l ly  in a c t iv e  

c e l l s  c o n ta in  l e s s ,  w h ile  a c t iv e  c e l l s  c o n ta in  m ore.

2 . G eneral p ro p e r t ie s  o f  h is to n e s

H is to n es  a re  b a s ic  n u c le a r  p ro te in s  w ith  a  h i ^  c o n te n t o f 

th e  b a s ic  amino a c id s  ly s in e  and a r g in in e .  They a re  bound to  th e  MA 

in  th e  n u c leu s  o f  most e u k a ry o tic  som atic  c e l l s .  A ccording to  t h e i r  

amino a c id  co m p o sitio n s, th e  f iv e  common h is to n e  f r a c t io n s  a re  ; v e ry  

l y s in e - r i c h  h is to n e  (H i) , s l i g h t l y  l y s in e - r i c h  h is to n e  (H2B), a rg in in e -  

and ly s in e - r i c h  h is to n e  (H2A), a rg in in e  - r i c h  h is to n e  (H3) and g ly c in e -  

and a r g in in e - r ic h  h is to n e  (H 4). The m ajor p ro p e r t ie s  o f  th e se  f r a c t io n s  

a re  w e ll c h a ra c te r iz e d  in  anim al t i s s u e s .  Table 1 i l l u s t r a t e s  some 

p r o p e r t ie s  o f each in d iv id u a l  h is to n e  f r a c t io n  as  w e ll a s  th e  nom enclature 

system s used  f o r  h is to n e  c l a s s i f i c a t i o n .

The amino a c id  sequences o f  h is to n e s  have been s tu d ie d  by 

s e v e ra l  r e s e a rc h e r s .  The com plete sequences o f  h is to n e s  H4 and H3 have 

been de term ined  in  v a r io u s  t i s s u e s ,  and th e  r e s u l t s  d em onstra ted  th e  

sequences to  be rem arkably  conserved  th rough  e v o lu tio n  (DeLange £ t  a l .  « 

1969a , 1969b ; Ogawa e t  a l . . 1969; S a u tiê re  e t  a l . . 1971a, 1971b). When 

th e  sequence o f H4 from pea s e e d lin g  was compared w ith  t h a t  o f  c a l f  thymus
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Table 1. Nomenclature of histones and some properties of histone fractions.

Main histone very lysine- arginine- and slightly arginine- glycine- and
fractions rich lysine-rich lysine-rich rich arginine-rich

Nomenclature VLR AL SLR AR GAR
commonly used FI F2a2 F2b F3 F2al

I Hbl Hb2 in IV

Nomenclature 
used in this text HI H2A H2B H3 H4

Molecular
weight

19,500
21,000 12,500 14,000 14,000 11,000

Approximate.
number of 
amino acid 212 129 125 135 102

residues

Moles of 
lysine (%) 26,8 10.2 16.0 10.0 10.8

Moles of 
arginine (%) 1.8 9.4 6.4 13.3 13.7

Lysine to 
arginine ratio 1 5,0 1.1 2.5 0.8 0.8

Basic to acidic 
ratio 4.6 1.4 1,9 1.6 2.5

*1. It was also the nomenclature system accepted by the participants of the Ciba Foundation 
Symposium in 1974.

2. data of Panyim and Chalkley (1971),

3. data of amino acid compositions are those of Johns (1971),



-  3 -

(DeLange e t  a l . . 1969a ) on ly  two c o n se rv a tiv e  amino a c id  s u b s t i t u t io n s  

were found : an  is o le u c in e  s u b s t i tu te d  f o r  a  v a l in e  a t  p o s i t io n  60 and 

an a rg in in e  f o r  a  ly s in e  a t  re s id u e  77* S im ila ry , th e  sequence o f  th e  

H5 h is to n e  from ch icken  e ry th ro c y te s  i s  h ig h ly  homologous to  th e  c a l f  

thymus H5 w ith  one c y s te in e  re p la c e d  by a  s e r in e  re s id u e  and o n ly  one 

o r  two o th e r  s u b s t i t u t io n s  (DeLange ^  a l . .  1972, 1973» B rand t and Van 

H o lt ,  1972) .  I n  carp  t e s t i s  H3, one c y s te in e  re s id u e  i s  re p la c e d  by a  

s e r in e  (Hooper e t  a l . . 1973)* The sequence i s  id e n t i c a l  to  c a l f  thymus 

H3 a t  a l l  o th e r  p o s i t io n s .  H is to n es  H2A, H2B, and HI a re  l e s s  c o n se rv a tiv e  

th a n  H3 and H4. A com parative s tu d y  o f  th e  amino a c id  sequence o f  H2A 

in  fo u r  anim al s p e c ie s  ( c a l f ,  r a t ,  t r o u t  and se a  u rc h in )  showed m ost o f 

th e  sequences to  be conserved ; th e  d i f f e r e n c e s  were lo c a te d  p r in c ip a l ly  

in  th e  N H g-term inal and COOH-terminal p a r t  o f  th e  m olecu les  (S a u tie re  

e t  a l . . 1973)* H istone  H2B h as  l i t t l e  sequence homology to  H4 (iw a i 

e t  a l . . 1970) ;  how ever, in  b o th  seq u en ces , th e re  i s  c lu s t e r in g  o f  b a s ic  

r e s id u e s  and th e  c e n tre  o f  th e  m olecule i s  l a r g e ly  hydrophob ic . The 

v a r i a t io n  o f  h is to n e  H2B in  mammals was found to  be lo c a te d  in  th e  

hydrophobic re g io n  (F ra n k lin  and Z w eid le r, 1977)* H is to n e  HI i s  th e  

m ost v a r ia b le  f r a c t io n  among a l l  th e  h is to n e s .  I t  shows s p e c ie s -  

s p e c i f i c  and t i s s u e - s p e c i f i c  d if f e r e n c e s  (K inkade, 1969» B u s tin  and C ole, 

1968) .  H istone  HI from most so u rces  was a ls o  found to  be composed o f 

s u b f ra c t io n s  (Kinkade and C ole, 1966a ,  1966b), some o f which r e s u l t  from 

s id e -c h a in  p h o sp h o ry la tio n  (BalhoVn e t  a l . . 1972; DeLange and Smi t h ,

1971) ,  some from sequence changes (H a ll and C ole, 1971)* The b a s ic  

r e s id u e s  o f h is to n e  HI a re  unevenly  d i s t r i b u t e d .  The COOH-terminal 

r e g io n , which c o n s is ts  la r g e ly  o f l y s y l ,  a la n y l  and p r o ly l  r e s id u e s ,  

i s  th e  most b a s ic  re g io n , w hereas a  l e s s  b a s ic  re g io n  i s  lo c a te d  n e a r 

to  th e  N H g-term inal. In  g e n e ra l ,  h is to n e  p ro te in s  c o n ta in  two w e ll
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d e f in e d  segm ents, ( i )  b a s ic  segm ents (b a s ic  re g io n s )  which a re  th e  

s i t e s  t h a t  i n t e r a c t  w ith  DNA th rough  e l e c t r o s t a t i c  io n ic  bonds to  form 

th e  p rim ary  s t r u c tu r e  o f  histone-DNA com plex; ( i i )  hydrophobic  segm ents 

( a p o la r  re g io n s )  which fav o u r h is to n e -h is to n e  in te r a c t io n ,  t h r o u ^  

hydrophobic  bonds to  form q u a te rn a ry  s t r u c tu r e  (Bar-Üi&y and C h alk ley ,

1972) .

In  a d d i t io n  to  th e  f iv e  common h is to n e  f r a c t i o n s ,  th e r e  a re  

a ls o  unique s p e c ie s  o f  h is to n e s  p re s e n t  i n  some t i s s u e s .  H is to n e  H5 

(P 2c, V ), a  l y s i n e -  and s e r in e - r i c h  h i s to n e ,  was found to  be e ry th ro c y te -  

s p e c i f i c  (H n il ic a ,  1964; T sa i and H n ic ic a , 1975)# H istone  H6 ( t ) ,  a  

l y s in e - r i c h  h i s to n e ,  was found in  rainbow  t r o u t  t e s t i s  (W igle and Dixon,

1971)# Three d i f f e r e n t  h is to n e  f r a c t io n s  were found in  r a t  t e s t i s  

(B ran so n .e t  a l . . 1975)# These t i s s u e - s p e c i f i c  h is to n e s  do n o t appear 

to  re p la c e  any o f  th e  common h is to n e s ,  b u t r a t h e r  occu r as  an a d d i t io n a l  

f r a c t i o n  in  p a r t i c u l a r  c e l l s .

3 . The m o lecu la r s t r u c tu r e  o f  chrom atin

S ince  h is to n e s  a re  c lo s e ly  a s s o c ia te d  w ith  DNA in  ch ro m atin , 

th e y  have been  though t o f  in  co n n ec tio n  w ith  gene c o n tro l  and th e  

s t a b i l i z a t i o n  o f  th e  f in e  s t r u c tu r e  o f ch ro m atin . D uring th e  p a s t  few 

y e a r s ,  th e  m o le c u la r  b a s is  o f  chrom atin  s t r u c tu r e  h as  been in te n s iv e ly  

s tu d ie d ,  and th e  model o f 'b ead s  on a  s t r i n g '  i s  now g e n e ra l ly  a cc e p ted . 

T his concep t a ro se  from th e  f in d in g  th a t  a t  l e a s t  50?  ̂ o f  th e  DNA in  

chrom atin  i s  r e s i s t a n t  to  n u c lea se  (C la rk  and F e ls e n f e ld ,  1971; Hewish 

and Burgoyne, 1973)# When n a tiv e  chrom atin  was examined in  th e  e le c t ro n  

m icroscope, i t  appeared to  show th a t  o v er la rg e  re g io n s  o f th e  sample 

th e re  were g lo b u la r  p a r t i c l e s  (V b o d ie s )  s tru n g  to g e th e r  l ik e  a  row o f 

beads (O lin s  and O lin s , 1973» 1974)# These p a r t i c l e s  were n o t changed
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i n  s i z e ,  h is to n e  c o n ten t and th e  p ro p e r ty  o f  r e s i s ta n c e  to  n u c le a s e ; 

th e  s t r u c tu r e  o f  chrom atin  i s  th e re fo re  proposed  to  be based  on a  

r e p e a t in g  u n i t  (K om berg , 1974; N o ll, 1974; Baldwin e t  a l . , 1975»

B a r r e t t ,  1976; Woodcock e t  a l . . 1976a).

The i s o l a t e d  V body (o r  nucleosom e) c o n ta in s  abou t 100,000 

d a l  to n s  o f  p ro te in  to g e th e r  w ith  a  u n i t  le n g th  o f  DNA, and i s  a  g lo b u la r  

s t r u c tu r e  80-100 A in  d iam e te r (Shaw e t  a l . . 1974)# The p r o te in s  have 

been  shown to  be h is to n e s .  Two m o lecu les  o f  H3 a s s o c ia te  w ith  2 m o lecu les  

o f  E4 to  form a  te tra m e r , and 2 m olecu les o f  H2A a s s o c ia te  w ith  2 

m o lecu les  o f  H2B to  form an o ligom er o r  a  s h o r t  polym er, w h ile  HI i s  

p re s e n t  as  a  monomer (K om berg  and Thomas, 1974; Thomas and K om berg ,

1975a, 1975b). These h is to n e  p ro te in s  ex cep t HI i n t e r a c t  w ith  each  

o th e r  t h r o u ^  th e  a p o la r  segm ents to  form an o c tam eric  p ro te in  c o re , 

and th e  b a s ic  segm ents i n t e r a c t  e l e c t r o s t a t i c a l l y  w ith  DNA w hich i s  

s u p e rc o ile d  on th e  o u ts id e  o f  th e  u n i t  (Baldw in e t  a l . . 1975)#

The le n g th  o f  DNA p e r nucleosom e v a r ie s  from s p e c ie s  to  s p e c ie s .  

In  h ig h e r  e u k a ry o te s , th e  le n g th  o f  DNA p e r  nucleosom e i s  v e ry  c lo se  to  

200 b a s e -p a ir s  (N o ll, 1974; Van Holde e t  a l . . 1974; K om berg, 1974;

B a r r e t t ,  1976). R ecen tly , Chambon and h i s  cow orkers (Compton _et a l . .

1976) have found t h a t  in  h i ^ e r  e u k a ry o te s , th e  nucleosom es o f  g e n e t i c a l ly  

dorm ant c e l l s  c o n ta in  more DNA, w hile  th o se  o f  c e l l s  from a c t i v e ly  

d iv id in g  t i s s u e s  c o n ta in  l e s s .  In  com parison w ith  th o se  in  h ig h e r  

e u k a ry o te s , th e  v a lu e  f o r  y e a s t  is abou t I 65 b a s e -p a ir s  (Thomas and 

F u rb e r , 1976), f o r  A sp e rg illu s  n id u la n s  15O b a s e - p a ir s  (M o rris , 1976a;

G o ff, 1976) ,  and f o r  N eurospora c ra s s a  I 70 b a s e - p a i r s  (N o ll, 1976).

However, in  a l l  th e  chrom atin  s tu d ie d  so f a r ,  i t  ap p ea rs  t h a t  th e  r e p e a t in g  

u n i t  o f  th e  p o r t io n  most r e s i s t a n t  to  m ic ro co cca l n u c lea se  alw ays h as 

140 b a s e - p a i r s .  T his i s  th e  le n g th  o f  DNA in v o lv e d  in  core  p a r t i c l e s .



— 6 —

w hich do n o t v a ry  among sp e c ie s  o r  from t i s s u e  to  t i s s u e  (Lohr ^  a l .  #

1977)* T his core  p a r t i c l e  c o n s is ts  o f an o c tam eric  p ro te in  co re  to g e th e r  

w ith  140 b a s e -p a ir s  o f MA, and i s  term ed th e  monomer. The v a r i a t io n  

in  r e p e a t  le n g th  o f  MA i s  p robab ly  a t t r i b u t a b l e  to  th e  sp a c e r  ( l i n k e r )  

re g io n  between co re  p a r t i c l e s  (N o ll, 1976; M o rris , 1976a, 1976b).

X -ray d i f f r a t i o n  s tu d ie s  have shown th a t  H1 i s  n o t re q u ire d  

f o r  th e  fo rm atio n  o f  the  monomer (M urray e t  a l . . 1970» R ich ard s  and 

P ardon, 1970). H is to n e  HI c o n ta in s  more th a n  25% ly s in e .  S t r u c tu r a l ly ,  

i t  c o n s is ts  o f  an a p o la r - r ic h  c e n t r a l  re g io n , a  s h o r t  N -te rm in a l end 

and a  v e ry , lo n g , b a s ic  C -te rm in a l end . HI m o lecu les i n t e r a c t  w ith  one 

a n o th e r  th rough  th e  a p o la r  re g io n , w h ile  th e  b a s ic  re g io n  i s  th e  main 

s i t e  a t  which th ey  i n t e r a c t  w ith  chrom atin-M A  (Chapman £ t  a l . . 1976).

I t  has  been shown th a t  H1 in t e r a c t s  w ith  MA a t  th e  l in k e r  re g io n s  o f 

a d ja c e n t monomers (L in d ig k e it  e t  a l . . 1974» B a r r e t t ,  1976; Thomas and 

K om berg , 1974; M o rris , 1976a). I f  th e  s iz e  o f  th e  DNA l in k e r  betw een 

nucleosom es i s  r e l a t e d  to  th e  number o f p o s i t iv e  charges in  th e  h is to n e s ,  

t h i s  in te r c o r e  l in k e r  re g io n  could v a ry  because d i f f e r e n t  k in d s  o f  H1 

a re  p re s e n t in  d i f f e r e n t  sp e c ie s  o r  t i s s u e s  (M o rris , 1976b; N o ll, 1976).

To summarize : chrom atin  i s  composed o f  a  s e r i e s  o f  th re a d s  

( o r  n u c le o f i la m e n ts ) ; each th re a d  i s  a  p ie c e  o f  n u d e o h is to n e  c o n ta in in g  

monomers (b ead s) s tru n g  to g e th e r  by s p a c e rs ;  w ith in  th e  monomer th e  DNA 

i s  su p e rc o ile d  over a  p ro te in  core c o n ta in in g  2 m olecu les o f  each o f 

h is to n e s  H2A, H2B, H3 and H4. In  th e  sp a c e r  re g io n  h is to n e  HI to g e th e r  

w ith  DNA p la y s  a  ro le  as  an in t e r c o r e - l i n k e r .  The le n g th  o f  DNA w ith in  

t h i s  'model* i s  c o n tra c te d  7 f o ld .

The s iz e  and d i s t r i b u t io n  o f  nucleosom es a re  found to  be s im i la r  

i n  extended and condensed chrom atin  (B ostock  and C h r i s t i e ,  1976). This 

a g re e s  w ith  th e  b iochem ica l f in d in g  th a t  th e  h istone-to-D N A  r a t i o  i s  

s im i la r  in  euchrom atin  and h e te ro ch ro m a tin . The h e te ro ch ro m atin  presum ably
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i s  th e  r e s u l t  o f  n u c le o f ila m e n ts  th a t  a re  condensed in to  a  s u p e rc o i l  

o r  s o le n o id a l s t r u c tu r e  (P inch  and K lug, 1976)* H is to n e  H1 i s  found 

to  he re q u ire d  f o r  the  s t a b i l i z a t i o n  o f t h i s  s o le n o id a l  s t r u c tu r e ,  and 

i t  i s  th e re fo re  assumed th a t  h is to n e  H1 p la y s  an im p o rtan t r o le  in  

m a in ta in in g  th e  secondary  c o n f ig u ra tio n  o f  ch ro m atin .

4 .  Gene e x p re ss io n  -  fu n c tio n s  o f  unm odified  h is to n e s  and n o n -h is to n e  

p ro te in s

The g e n e tic  in fo rm a tio n  o f  th e  l iv in g  c e l l s  i s  e x p re ssed  by 

th e  mechanism o f t r a n s c r ip t io n  and t r a n s l a t i o n .  The M A-coded in fo rm a tio n  

i s  t r a n s c r ib e d  in to  RNA, and then  t r a n s la t e d  to  s y n th e s iz e  s p e c i f i c  

p r o te in s .  The p ro p e rty  o f th e  s p e c i f i c  p ro te in  i s  de term ined  by th e  

in fo rm a tio n  c a r r ie d  by th e  RNA m o lecu le , which i s  t r a n s c r ib e d  from 

d i f f e r e n t i a l  re g io n s  o f  DNA acco rd in g  to  th e  c e l l  ty p e , c e l l - c y c le  s tag e  

and th e  phase o f  . developm ent. I t  i s  m ain ly  due to  th e  p re sen ce  o f  

such d i f f e r e n t i a l  gene a c t i v i t y  th a t  in d iv id u a l  l i v i n g  organism s can 

e x p re ss  t h e i r  s p e c i f ic  c h a r a c te r s .

When th e  DNA c o n te n ts  in  e u k a ry o tes  a re  compared w ith  th o se  

i n  p ro k a ry o te s  i t  i s  found th a t  e u k a ry o te s  c o n ta in  a  d ra m a tic a l ly  l a r g e r  

amount, and t h i s  amount i s  n o t c o r r e la te d  w ith  th e  e v o lu t io n a l  com plex ity . 

F or example , Euglena h a s  a lm ost as  much DNA as  man, and th e  low ly 

l iv e rw o r t  h as 18 tim es o u r complement o f  DNA. T h e re fo re , i t  i s  l i k e ly  

t h a t  some o f  th e  DNA in  th e  chrom atin  must be p re s e n t  as  ex cess  (Comings,

1972) ,  and each  in d iv id u a l  c e l l  a ch ie v e s  in  i t s  own way th e  su p p re ss io n  

o f  th e  t r a n s c r ip t io n  o f  such unused DNA.

In  1950, Stedman and Stedman f i r s t  su g g es ted  th a t  d i f f e r e n t i a l  

gene e x p re ss io n  o f eu k ary o tes  may be re g u la te d  by h is to n e s  th ro u g h  t h e i r  

m asking th e  chrom atin  DNA. Huang and Bonner ( 1962) in d ic a te d  th a t  DNA
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w hich i s  f u l l y  complexed w ith  h is to n e  i s  in a c t iv e  in  su p p o rtin g  DNA-

dependen t RNA s y n th e s is .  By add ing  th e  h is to n e  f r a c t io n  to  th e  DNA

in  v i t r o  o r  rem oving i t  from i s o la te d  n u c le i ,  th e y  concluded th a t  h is to n e s

su p p ress  th e  tem p la te  a c t i v i t y  o f  DNA in  n a t iv e  ch rom atin . A s im i la r

experim en t was perform ed on c a l f  thymus lym phocytes by A llf re y  £ t  a l .

( 1963)* They came to  th e  same c o n c lu s io n  abou t th e  in h ib i to r y  a c t i v i t y

o f  h is to n e ,  and supp o rted  th e  view th a t  th e  fu n c tio n  o f  the  h is to n e s  in

chrom atin  i s  to  r e s t r i c t  tho se  genes d e s ig n a te d  to  be i n a c t iv e .  80%

o f  th e  t o t a l  DNA in  th e  n a t iv e  ch rom atin  o f  pea  embryo la c k s  tem p la te

a c t i v i t y  (Huang and B onner, I 962) ;  s im i la r ly  90-95% o f  th e  DNA in  c a l f

thymus lym phocyte i s  n o t t r a n s c r ib a b le  (P au l and G ilm our, 1966a ) .  These

r e s t r i c t i o n s  o f  tem p la te  a v a i l a b i l i t y  a re  found to  be t i s s u e  o r  o rg an -

s p e c i f i c  (P au l and G ilm our, 1966b; Bonner e t  a l . . I 968 ; Smith e t  a l . ,

1969» S p e lsb e rg  and H n i l ic a ,  1970; B a r r e t t  e t  a l . , 1974). When the
this

h is to n e s  were added to  the  pure DNA, i t  su p p resse d  a l l  tem p la te
cxnd

a c t i v i t y ,  whièe i f  th e  h is to n e s  were added back  to  d e h is to n e d  ch rom atin , 

th e  te m p la te  a c t i v i t y  o f  t h i s  r e c o n s t i tu te d  ch rom atin  was s im i la r  to  

the  n a t iv e  ch rom atin . These r e s u l t s  su g g es t th a t  h is to n e s  a re  e s s e n t i a l  

f o r  r e s t r i c t i o n  o f  DNA q u a n t i t a t iv e ly ,  b u t th e re  i s  no ev idence  th a t  

t h e i r  r e p re s s io n  i s  t i s s u e - s p e c i f i c .  I t  i s  l i k e l y  th a t  th e  o th e r  m acro­

m olecu les remaining in  th e  d e h is to n e d  ch rom atin  a re  a c tu a l ly  p a r t i c ip a t in g  

th e  d i r e c t io n  o f  s p e c i f i c i t y  (G ilm our and P a u l, I 969» S p e lsb e rg  _et a l . . 

1971) .  Both n o n -h is to n e  p ro te in s  (G ilm our and P a u l, 1970* S p e lsb e rg  

and H n il ic a ,  1971) and RNA m olecu les (Huang and Huang, I 969 ) have been 

re p o r te d  to  be n e c e ssa ry  f o r  the  e x p re s s io n  o f  organ o r  t i s s u e - s p e c i f i c  

r e s t r i c t i o n .  In  g e n e ra l,  h is to n e s  because o f  t h e i r  sm all number, common 

f e a tu r e s  o f  s t r u c tu r e ,  and r e l a t i v e l y  l im ite d  h e te ro g e n e i ty ,  a re  co n sid e red  

to  be p r im a r ily  s t r u c t u r a l  p r o te in s ,  a lth o u g h  th e  p o s s i b i l i t y  th a t  th e y  

may have s p e c ia l  o r  g e n e ra l r e g u la to ry  fu n c tio n s  can n o t be ru le d  o u t.
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In  c o n t r a s t  to  th e  h is to n e  p r o te in s ,  th e re  a re  many more 

v a r i e t i e s  o f n o n -h is to n e  p r o te in s  in  th e  ch ro m a tin . The s p e c ie s  and 

q u a n t i ty  o f n o n -h is to n e  p ro te in s  in  ch rom atin  d i f f e r  c o n s id e ra b ly  w ith  

s p e c ie s ,  w ith  t i s s u e ,  and w ith  cell cy c le  s ta g e .  Changes o f  n o n -h is to n e  

p r o te in s  have been observed  d u rin g  c e l l  developm ent and p r o l i f e r a t i o n  

(jBhorjee and P ederson , 1972; G regor e t  a l . . 1974; Newman e t  a l . . 1976). 

R e c e n tly , Y oshida and S asak i (1977) have re p o r te d  on an in v e s t ig a t io n  

o f  chrom atin  te m p la te  a c t i v i t y  d u rin g  g e rm in a tio n  o f  w heat em bryos.

They found th a t  two sp e c ie s  o f  NTiP d e c re a se d  in  p a r a l l e l  w ith  th e  in c re a s e  

o f  tem p la te  a c t i v i t y ,  w hile  no change was observed  in  th e  number o f  

h is to n e  com ponents. P ark  e t  a l .  (1976) s tu d ie d  th e  in  v i t r o  t r a n s c r i p t i o n a l  

a c t i v i t y  o f  chrom atin  from HeLa c e l l s ,  and found th a t  S -phase chromosomal 

p r o te in s  enhanced th e  s p e c i f i c  t r a n s c r i p t io n  o f  h is to n e  genes on G 1-phase 

ch ro m atin . In  a  f r a c t io n a t io n  and r e c o n s t i tu t i o n  ex p erim en t, th e y  o b ta in e d  

ev idence th a t  S-phase chrom atin  c o n ta in s  a  n o n -h is to n e  p ro te in  which has  

th e  a b i l i t y  to  re n d e r  th e  h is to n e  genes a v a i la b le  f o r  t r a n s c r i p t i o n .  The 

d i f f e r e n c e  o f gene ex p re ss io n  in  d i f f e r e n t  cy c le  s ta g e s  i s  due to  th e  

absence o f  th e  Î HP in  G1-phase chrom atin  r a th e r  th a n  th e  p resen ce  o f  

some in h i b i to r  m olecule in  G 1-phase. T h e re fo re , i t  i s  l i k e l y  th a t  th e  

g e n e ra l t r a n s c r ip t io n a l  c o n tro l  mechanism i s  accom plished  by h i s to n e -  

n o n -h is to n e  p ro te in  i n t e r a c t io n .

In  s tu d ie s  on e ry th ro c y te  and r e t i c u lo c y te  ch ro m atin . Gadski 

and Chae (1976) d is s o c ia te d  the  chrom atin  in  2H MaCl-5M u re a , and an a ly zed  

th e  r e s u l t a n t  r e c o n s t i tu te d  chrom atin  on a c id -u re a  po lyacry lam id e  g e ls  

to  determ ine which h is to n e s  had bound to  th e  DNA, a s  w e ll a s  on SDS- 

p o lyacry lam ide  g e ls  to  d e term ine  which o f  th e  NHPs had bound. They found 

th a t  NHPs p o sse ss  a  wide range o f  b in d in g  c h a r a c t e r i s t i c s .  Those which 

b ind  to  f r e e  DNA a re  g e n e ra l ly  o f  low m o le c u la r  w eigh t and do n o t show 

sp e c ie s  s p e c i f i c i t y ,  w hile  o th e rs  which r e q u i r e  h is to n e s  f o r  com plete
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r e a s s o c ia t io n ,  must b in d  to  th e  chrom atin  complex, and may fu n c tio n  to  

d i r e c t  th e  s p e c i f i c i t y .  I t  i s  hoped t h a t  a  wide range su rvey  o f  t h i s  

k in d , w i l l  g ive  c lu e s  a s  to  which o f  th e  NHPs a re  re s p o n s ib le  f o r  c o n t r o l l in g  

th e  s p e c i f i c i t y  o f t r a n s c r ip t i o n ,  and how th e y  accom plish  t h i s  fu n c tio n .

5# R e la tio n s h ip  between chromosomal s t r u c tu r e  and fu n c tio n

There a re  a  number o f  o b se rv a tio n s  which a t t e s t  t h a t  th e  p h y s ic a l 

s t a t e  o f  th e  chrom atin  c o r r e la te s  c lo s e ly  w ith  i t s  b io s y n th e t ic  a c t i v i t y .

The g ia n t  chromosomes o f th e  s a l iv a r y  g lan d s  and o th e r  t i s s u e s  o f  D ip te ran  

in s e c t s  p o sse ss  c e r ta in  segm ents which undergo a  c h a r a c t e r i s t i c  'p u ffin g *  

a t  c e r ta in  s ta g e s  d u rin g  developm ent (Reermann, 1959). The 'p u f f s '  

re p re s e n t  sw e llin g s  o f  th o se  chromosomal re g io n s  which a re  th e  s i t e s  

o f  most in te n s iv e  RNA s y n th e s is  (P e l l in g ,  1964) .  A nother rem arkable  

in s ta n c e  i s  th e  'lam p b ru sh ' chromosome. Such chromosomes a re  c h a ra c te r iz e d  

by th e  p resence  o f  DNA-containing l a t e r a l  lo o p s . They o ccu r in  th e  

o o cy tes  o f  a  wide v a r i e ty  o f  a n im a ls , and in  th e  sperm ato cy tes  o f c e r ta in  

i n s e c t s .  A u to rad iog raph ic  ex p erim en ts  u s in g  ^H -u rid ine  have shown th a t  

th e  lo o p s  a re  s i t e s  o f in te n s iv e  RNA s y n th e s is  (G a ll and C a lla n , 1962) .

Both 'p u f f in g ' and ' lam pbrush ' fo rm atio n  in v o lv e  a  co n fo rm atio n a l change, 

from a  condensed s t r u c tu r e  to  an extended s t r u c tu r e ,  and i t  i s  the  

ex tended  re g io n s  which a re  th e  s i t e s  o f  in te n s iv e  RNA s y n th e s is .  A 

s im i la r  s i tu a t io n  i s  a lso  found in  in te rp h a s e  chrom atin  o f  mammalian c e l l s .  

Fo llow ing  th e  in c o rp o ra tio n  o f  ^ H -u r id in e , th e  a u to ra d io g ra p h ic  r e s u l t s  

showed th a t  heavy g ra in s  were lo c a l iz e d  over euch rom atin , and v e ry  few 

g ra in s  were lo c a l iz e d  over h e te ro  chrom atin  ( L i t t a u  e t  a l . . I 964 ) .  S ince 

bo th  euchrom atin  and h e te ro ch ro m atin  a re  based  on th e  same chrom atin  

su b u n its  b u t j u s t  d i f f e r  in  th e  second le v e l  co n fo rm atio n , i t  seems th a t  

th e  s t r u c tu r a l  m o d if ic a tio n  i s  c o r r e la te d  w ith  th e  b io lo g ic a l  fu n c tio n  

o f  ch rom atin .
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6 . H is to n e  m o d if ic a tio n s  and t h e i r  p o s s ib le  fu n c tio n s

Although th e  amino a c id  sequences o f  th e  h is to n e s  a re  ex trem ely

co n serv ed , a l l  h is to n e  p ro te in s  a re  su b je c te d  to  m o d if ic a tio n  by s id e -  

c h a in  s u b s t i t u t io n s .  These s u b s t i t u t io n s  r e s u l t  from p h o sp h o ry la tio n , 

a c é ty la t io n ,  m é th y la tio n , t h io l a t i o n  and r ib o s y la t io n .  S u b s t i tu t io n s  

a p p ea r to  be on th e  conserved  re g io n s  o f  th e  h is to n e s  and a t  s p e c i f i c  

s i t e s .  D if f e re n t  k in d s  o f  s u b s t i t u t io n  can o ccu r in  th e  same h is to n e ,  

and th e  same k in d  o f s u b s t i t u t io n  can happen a t  d i f f e r e n t  s i t e s ;  th e  

s u b s t i t u t io n  can be s in g le  o r  m u l t ip le .  F or exam ple, re s id u e  20 o f  h is to n e  

H4 i s  th e  on ly  ly s in e  N -m ethylated  in  c a l f  thymus (b o th  th e  monomethyl 

and d im ethy l d e r iv a t iv e s  a re  p re s e n t)  b u t t h i s  re s id u e  i s  n o t m e th y la ted  

in  pea s e e d lin g  h is to n e  H4 (DeLange e t  a l . . 1969a ,  1969b). L ysine 16

i s  th e  m ajor s i t e  o f  N -a c e ty la tio n  in  b o th  th e  pea and c a l f  h is to n e  H4

(DeLange e t  a l . . , I 968 , 1969a ,  1969b), b u t o th e r  s i t e s  a re  a ls o  a c e ty la te d  

(DeLange e t  a l , , 1969b; Wangh e t  a l . . 1972). In  t r o u t  t e s t i s  h is to n e  

H4 a s  many a s  fo u r  ly s in e s  may be a c e ty la te d  ( Candide and D ixon, 1971). 

R esidue 1 o f H4 may be 0 -p h o sp h o ry la ted  in  th e  t r o u t  m a te r ia l  (Sung and 

D ixon, 1970) and bo th  h i s t i d in e s  ( r e s id u e s  18 and 75) may be N -phosphory la ted  

(Sm ith  e t  a l . . 1973).

Any s id e -c h a in  m o d if ic a tio n  o f  h is to n e s  may change th e  s t r u c tu r e  

o f  ch rom atin  in  th o se  re g io n s  where th e se  d e r iv a t iv e s a r e  form ed. Some 

changes a f f e c t  a la rg e  p ro p o r tio n  o f  th e  h is to n e  m olecu les w hereas o th e rs  

a f f e c t  a  sm all p ro p o r tio n . These changes may co n seq u en tly  in f lu e n c e  th e  

p ro c e ss  o f  gene d e re p re s s io n  and r e p re s s io n ,  th e  b in d in g  o f  enzymes and 

o th e r  n o n -h is to n e  p r o te in s ,  and th e  i n i t i a t i o n  o f  RNA s y n th e s is .

M éth y la tio n  o f h is to n e s  m ain ly  o ccu rs  on th e  r e s id u e s  o f b a s ic  

amino a c id s ,  and p r e f e r e n t i a l l y  ap p ea rs  on a r g in in e - r ic h  h is to n e s .  The 

re a c t io n  i s  an i r r e v e r s ib le  p ro ce ss  which ta k e s  p lace  a f t e r  h is to n e  

s y n th e s is  i s  com pleted ( T idw ell e t  a l . . I 968) .  T his m o d if ic a tio n  does
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n o t c o r r e la te  w ith  an in c re a s e  in  DNA tem p la te  a v a i l a b i l i t y  f o r  RNA 

s y n th e s is  n o r w ith  th e  i n i t i a t i o n  o f  h is to n e ,  n o n -h is to n e  p r o te in s  o r  

DNA s y n th e s is .  I t  i s  su ggested  to  p la y  a  r o le  in  th e  co n d en sa tio n  o f  

chrom atin  (G ershey e t  a l . . 19^9» T id w ell e t  a l . . 1968).

The m o d if ic a tio n  o f h is to n e s  by th e  b in d in g  o f  ADP-ribose i s  

l e s s  w e ll known. However, B urzio  and Koide (1970, 1971) have shown th a t  

th e  complex r e s u l t i n g  from r ib o s y la t io n  o f  h is to n e s  i n h i b i t s  DNA s y n th e s is  

i n  r a t  l i v e r  b u t does n o t a f f e c t  th e  t r a n s c r ip t io n  o f ENA from DNA.

There a re  two ty p e s  o f  h is to n e  a c é ty la t io n s .  The N H ^-term inal 

a c é ty la t io n  o ccu rs  a t  s e r in e  ( r e s id u e  1) o f  h is to n e s  H4 and H2A ( P h i l l i p s ,  

1963, 1968) .  T h is r e a c t io n  i s  coupled  w ith  h is to n e  s y n th e s is  and ta k e s  

p la c e  in  th e  cy toplasm . ’ In te rn a l*  a c é ty la t io n  occu rs  a t  ly s in e  re s id u e s  

w ith in  p o ly p ep tid e  ch a in s  o f  a r g in in e - r ic h  h is to n e s  (DeLange ^  a l . .

1969a ,  I 97O; Gershey e t  a l . , I 968 ; V id a li  e t  a l . . I 968) a f t e r  th e  new ly- 

sy n th e s iz e d  h is to n e s  have e n te re d  th e  c e l l  n u c leu s  (Liew ^  a l . . 1970)*

The a c e ty l  groups in  th e  l i v e r  h is to n e s  o f  r a t s  have a  h a l f - l i f e  o f  abou t 

2 h o u rs , w h ile  th e  co rresp o n d in g  h a l f - l i v e s  o f  th e  p a re n t h is to n e s  a re  

abou t 100-200 ho u rs  (Byvoet and M o rris , 1971)• A c é ty la tio n  r e s u l t s  in  

a  d ecrease  in  th e  n e t  p o s i t iv e  charge on th e  b a s ic  p r o te in s .  T his would 

be expected  to  a l t e r  th e  a f f i n i t y  o f  h is to n e s  f o r  DNA. C onsequently , 

th e  f in e  s t r u c tu r e  o f  th e  chrom atin  would be changed, and presum ably 

t h i s  would in f lu e n c e  RNA s y n th e s is .  Evidence in  fav o u r o f  t h i s  i s  t h a t  

th e  ’extended* chrom atin  i s  shown to  be th e  most a c t iv e  s i t e  o f  a c é ty la t io n  

(A llf r e y  and M irsky, I 963 ; A llf r e y , I 964) ,  and o f  ENA s y n th e s is  (G a llw itz  

and S e k e r is ,  I 969)#

The change o f  t h i o l  groups to  disulpKide b r id g e s  v ia  o x id a tio n  

i s  one o f  th e  mechanisms which can a l t e r  th e  p h y s ic a l s ta te *  o f  h is to n e  

H3 and i t s  in te r a c t io n  w ith  o th e r  p ro te in  m o lecu le s . ^  v i t r o  DNA- 

dependent ENA s y n th e s is  i s  found to  be more re p re s s e d  by th e  o x id iz e d



-  13 -

(d isu lfh id e ) s t a t e  o f  H3 than  th e  reduced  ( t h i o l )  s t a t e  (H ilto n  and 

S tocken , 1966) .  In  th e  f i r s t  c e l l  cy c le  i n  f e r t i l i z e d  E chinus eggs,  

th e  p ro p o r tio n  o f  t h i o l  to  t h i o l  + disul^Aide in  a c id - s o lu b le  p r o te in s  

in c re a s e s  d u rin g  th e  DNA s y n th e t ic  p h ase , and th en  f a l l s  a s  th e  c e l l s  

e n te r  m ito s is  (Ord and S tocken , 1970)* T h is  i s  in  acco rd  w ith  th e  

o b s e rv a tio n s  t h a t  h is to n e  H3 o ccu rs  m ain ly  in  th e  reduced  monomeric 

form in  in te rp h a s e  chromosomes, b u t t h a t  i n  m etaphase chromosomes 

th e  t h i o l  g roups a re  o x id ized  and h is to n e  H3 i s  e i t h e r  po lym erized  

o r  complexed w ith  n o n -h is to n e  p ro te in s  th ro u g h  in te rp o ly p e p t id e  disulfW.de 

bonds (Sadgopal and Bonner, 1970)* C a lf  thymus ap p ears  to  have two 

m oles o f  c y s te in y l  r e s id u e s  p e r  h is to n e  H3 m o lecu le , and can be o x id iz e d  

to  form po lym ers, w h ile  pea bud c o n ta in s  on ly  one c y s te in y l  re s id u e  and 

can  on ly  form h is to n e  H3 dim ers (Fambrough and Bonner, I 968 ) .

H is to n e  p h o sp h o ry la tio n  h as been s tu d ie d  in  a  v a r i e ty  o f  t i s s u e s ,  

i n  mammalian c u l tu re  c e l l s ,  and in  n a tu r a l ly  synchronous c u l tu r e s  o f  

Physarum polycephalum  • P h o sp h o ry la tio n  h a s  been found to  o ccu r on
to

s e r in e  and th re o n in e  re s id u e s  and^take  p la ce  a t  a  v a r i e ty  o f  r e a c t io n  

s i t e s ,  which f a l l  s t r u c t u r a l l y  in to  th re e  d i s t i n c t  c la s s e s .

C la ss  1 com prises th e  p h o sp h o ry la tio n  s i t e s  on th e  hydroxy 

groups o f  th e  N -te rm in a l a c e ty l - s e r y l  r e s id u e s  o f  h is to n e s  H2A and H4*

T his  p h o sp h o ry la tio n  h as  been found in  re g e n e ra t in g  r a t  l i v e r  (Sung e t  a l . . 

1971) ,  and in  synchron ized  c u l tu re s  o f Chinese ham ster ovary  (CHO) 

c e l l s  (G urley  and W alte rs , 1973)*
A,

C la ss  2 ap p ears  to  be p h o sp h o ry la ted  o n ^ se ry l r e s id u e  o f 

homologous p e p tid e  sequences from h is to n e s  H2B, H3 and H6 o f  t r o u t  t e s t i s ,  

a l l  o f which a re  phosp h o ry la ted  to  a  r e l a t i v e l y  low l e v e l .  The homologous 

p e p tid e  o f t h i s  c la s s  in c lu d e s  a  common sequence o f  - a r g - l y s - s e r - .  I t  

i s  p a r t i c u l a r l y  in t e r e s t i n g  th a t  t h i s  p h o sp h o ry la tio n  i s  accom panied by 

e i t h e r  m é th y la tio n  o r a c é ty la t io n .  The ly s in e  a d ja c e n t to  s e r in e  i s
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m eth y la ted  on h is to n e  H3 (DeLange e t  a l . . 1972) and H6 (H un tley  and 

Dixon, 1972) ,  and i t  i s  a c e ty la te d  on H2B (Candido and Dixon, 1972).

S ince p h o sp h o ry la tio n  o f c la s s  1 and c la s s  2 c l e a r ly  occu r 

in  d i f f e r e n t  sequences, i t  i s  re a so n a b le  to  assume th a t  d i f f e r e n t  

p ro te in  phosphokinases a re  in v o lv ed  in  each c la s s  o f p h o sp h o ry la tio n . 

However, Louie e t  a l .  (1973) from th e  o b se rv a tio n  th a t  H2A and H4 o f  

c la s s  1 a re  p h o sp h o ry la ted  a t  d i f f e r e n t  r a t e s ,  have argued f o r  th e  p re sen ce  

o f  d i f f e r e n t  p ro te in  k in a se s  f o r  in d iv id u a l  h is to n e s .

C la ss  3 concerns th e  p h o sp h o ry la tio n  o f  h is to n e  H I. T his 

in c lu d e s  in te rp h a s e  p h o sp h o ry la tio n  and m etaphase p h o sp h o ry la tio n . The 

in te rp h a se  p h o sp h o ry la tio n  o ccu rs  in  n o n -d iv id in g  c e l l s ,  and i s  l im i te d  

to  1- 15% o f th e  t o t a l  HI m o lecu les . In  r a t  l i v e r ,  th e  p h o sp h o ry la tio n  

s i t e s  have been found to  be s e r in e  r e s id u e s  38 and 106 (Xangan ^  a l . . 

1971) .  The phosphokinase in v o lv ed  in  in te rp h a s e  p h o sp h o ry la tio n  i s  

c y c l ic  AMP (cAMP) dependent, and i s  re sp o n s iv e  to  th o se  hormones t h a t  

can in c re a s e  th e  i n t r a c e l l u l a r  c o n c e n tra tio n  o f  cAMP, such a s  a d re n a lin e  

and g lucagon (L ake, 1973a). T h is  in te rp h a s e  p h o sp h o ry la tio n  o f  HI o ccu rs  

most r a p id ly  in  S phase , and i s  su g g ested  to  be r e l a t e d  to  th e  d e p o s it io n  

o f th e  newly sy n th e s iz e d  HI on to  DNA (B alhom  e t  a l . . 1973? Louie and 

Dixon, 1973) .

The most s ig n i f i c a n t  p h o sp h o ry la tio n  o f  h is to n e s  i s  however 

th e  m etaphase p h o sp h o ry la tio n  o f  H I. T his p h o sp h o ry la tio n  o n ly  ap p ea rs  

in  d iv id in g  c e l l s ,  and i s  c o r r e la te d  w ith  th e  r a t e  o f  c e l l  d iv i s io n .  In  

s e v e ra l  t i s s u e s ,  in c lu d in g  d iv id in g  t r o u t  t e s t i s  sperm atogonia  and 

sp erm ato cy tes  (Louie and D ixon, 1972a, 1972b, 1973), re g e n e ra t in g  l i v e r ,  

hepatom a t i s s u e  c u ltu re  (HTC) c e l l s  (C h a lk ley  ejb a l . . 1973) a s  w e ll a s  

sy n ch ron ized  HeLa S-3 c e l l s  (Marks e t  a l . « 1973) and CHO c e l l s  (Lake 

and Salzman, 1972; Lake e t  a l . . 1972), up to  85% o f  h is to n e  HI m o lecu les  

a re  p h o sp h o ry la ted  a t  I -4  s i t e s .  T his e x te n s iv e  p h o sp h o ry la tio n  o f  HI
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i s  cAIlP independen t (Lake, 1973a)> and th e  s u b s t i t u t io n  o ccu rs  in  th e  

C -te n n in a l fragm ent ( r e s id u e s  108-212) o f  t r o u t  h is to n e  HI (Sung and 

Dixon, 1970; D u stin  and C ole, 1969).

The p h o sp h o ry la tio n  s t a r t s  in  sy n ch ro n ized  mammalian c e l l s  

in  c u l tu re  j u s t  b e fo re  S phase and rem ains h ig h  th r o u ^ o u t  u n t i l  i t  

f i n a l l y  f a l l s  s h a rp ly  a f t e r  m i to s is ,  w hereas th e  p h o sp h o ry la tio n  in  

Physarum o ccu rs  in  l a t e  G2 and f a l l s  a f t e r  m ito s is  (B radbury , 1974a).

On th e  whole, th e  phosphate c o n te n t o f  H1 i s  p o s i t iv e ly  c o r r e la te d  w ith  

th e  c e l l  r e p l i c a t io n  r a t e ,  and th e  maximum c o n te n t i s  a t  th e  tim e o f  

chromosome co n d en sa tio n . T his g ro ss  amount o f  th e  p h o sp h o ry la tio n  o f  

HI in  m etaphase i s  suggested  to  p la y  a  r o le  in  e i t h e r  th e  i n i t i a t i o n  

(L ake, 1973a, 1973b) o r  th e  m ain tenance (B radbury ^  a l . . 1973, 1974a) 

o f  chromosome co n d en sa tio n . T his h y p o th e s is  i s  su p p o rted  by the  

o b se rv a tio n  th a t  h e te ro lo g o u s  p re p a ra t io n s  o f  h is to n e  H1 phosphokinase 

can a c c e le r a te  th e  n a tu r a l ly  synchronous c u l tu re  o f  Physarum nolycephalum  

to  e n te r  th e  m ito s is  40 min e a r l i e r  th an  th e  c o n tro l  d id . B radbury a t  a l .  

( 1974b) th e re fo re  f u r th e r  su g g ested  th a t  th e  h is to n e  HI phosphokinase 

i s  th e  ’m ito t ic  t r i g g e r ' .

T his concep t o f m i to t ic  mechanism i s ,  how ever, c r i t i c i z e d  by 

s e v e ra l  r e s e a rc h e r e s .  Gorovsky and K eevert (1974, 1975) in d ic a te d  th a t  

HI i s  u n d e te c ta b le  in  the  m ic ro n u c le i in  TetraÜhymena p y rifo rm is  b u t 

th ey  proceed  n o rm ally  th rough  m ito t ic  d iv i s io n .  The m acronucle i which 

undergo a m ito t ic  d iv is io n ,  how ever, c o n ta in s  a  la rg e  amount o f  h is to n e  

H I, and th e  h is to n e  i s  e x te n s iv e ly  p h o sp h o ry la ted . F urtherm ore , T a n p h a ic h itr  

e t  a l .  ( 1976) showed th a t  m etaphase HTC c e l l s  can p roceed  th rough  normal 

chromosomal decondensation  in to  G1 under th e  c o n d itio n  where h is to n e  HI 

i s  hyperp h o sp h o ry la ted  in  th e  p resence  o f ZnClg. Such o b se rv a tio n s  

s tro n g ly  argue a g a in s t  th e  su g g es tio n  th a t  p h o sp h o ry la tio n  o f  H1 i s  an 

im p o rtan t s te p  in  th e  i n i t i a t i o n  o f m i to s is .  The p re c is e  fu n c tio n  o f
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t h i s  m assive p h o sp h o ry la tio n  o f  h is to n e  H1 th u s  s t i l l  rem ains to  be 

d e te rm in ed .

In  g e n e ra l ,  p h o sp h o ry la tio n  te n d s  to  reduce th e  n e t  p o s i t iv e  

charge o f  h is to n e  m o lecu les . T his m i ^ t  be expec ted  to  change th e  

com form ation o f th e  p ro te in  o r  to  le s s e n  i t s  b in d in g  a f f i n i t y  f o r  DNA. 

T h e re fo re , p h o sp h o ry la tio n  cou ld  a c t  ( i )  to  ’uncover* s p e c i f i c  genes 

which a re  re p re s s e d  by h is to n e  ; ( i i )  to  m odify th e  s t r u c tu r e  o f  chrom atin  

in  p re p a ra t io n  f o r  DNA s y n th e s is  and c e l l  d iv i s io n ;  o r  ( i i i )  i t  may a id  

in  th e  rem oval o f  th e  h is to n e s  from DNA to  f a c i l i t a t e  rep lacem en t by 

a n o th e r  type o f  p r o te in ;  and th e  fu n c tio n  o f  th e  h is to n e s  cou ld  

co n seq u en tly  be sw itched  from ’n e g a t iv e ’ to  ’p o s i t i v e ’ e f f e c t  in  term s 

o f  gene r e g u la t io n s .

7 . The n a tu re  o f  th e  p re s e n t in v e s t ig a t io n

The main o b je c t o f  th e  p re s e n t work was to  c h a r a c te r iz e  the  

h is to n e s  from c u ltu re d  c e l l s  o f  Acer p seu d o p la tan u s  L. and to  s tu d y  

t h e i r  b io s y n th e s is  th r o u ^ o u t  th e  c e l l - c y c l e .  A lthough h is to n e  b io ­

s y n th e s is  h as  been e x te n s iv e ly  s tu d ie d  s in c e  th e  e a r ly  1960s, most o f  

th e  r e p o r ts  a re  concerned w ith  anim al sy stem s. The d e riv e d  ’g e n e r a l ’ 

co n cep ts  cannot be accep ted  a s  a p p ly in g  to  a l l  e u k a ry o te s  u n le s s  th ey  

a re  a ls o  shown to  app ly  in  work w ith  h i ^ e r  p la n t  m a te r ia l .

As f a r  as  th e  cho ice  o f  m a te r ia l  f o r  such a  s tu d y  i s  concerned , 

n o t o n ly  do c u ltu re d  c e l l s  p ro v id e  m a te r ia l  s u i ta b le  f o r  s tan d a rd  a n a ly s is  

and e x tr a c t io n  p ro ced u res , b u t a lso  th e  grow th o f c u ltu re d  c e l l s  can be 

c o n tro l le d  to  y ie ld  uniform  c e l l  p o p u la tio n s  a t  h i ^  c e l l  d e n s i t i e s  and 

in  which a lm ost th e  whole o f th e  c e l l  p o p u la tio n  i s  c y c lin g . In  an im al 

system s, many re s e a rc h e rs  have c a r r ie d  o u t t h e i r  s tu d ie s  on mammalian 

c u ltu re d  c e l l s  and such s tu d ie s  have b ro u g h t o u t some im p o rtan t in fo rm a tio n  

a s  d e sc r ib e d  e a r l i e r .  H ith e r to ,  v e ry  few s tu d ie s  have been perform ed
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u s in g  p la n t  c u l tu re  c e l l s .  To my knowledge, o n ly  su sp en sio n  c u l tu r e  

c e l l s  o f  tobacco (CJhalkley and M aurer, 1965; Flamm and B i m s t i e l ,  I 964 ) 

and o f  c a r r o t  (G regor £ t  a l . . 1974) have been  used  f o r  s tu d y in g  chromosomal 

p r o te in s .  F urtherm ore , n e i th e r  o f  th e se  s tu d ie s  h a s  d e a l t  w ith  th e  

r e la t io n s h ip  between h is to n e  s y n th e s is  and c e l l - c y c le  s ta g e .

Suspension  c e l l s  o f Acer p seu d o p la tan u s L. can grow in  a  d e f in e d  

n u t r i e n t  medium w ith  h ig h  d iv id in g  p e rc e n ta g e s  (S tu a r t  and S t r e e t ,  1969), 

and th e  c u ltu re  can be synchron ized  by n i t r a t e  s ta r v a t io n  and re -g ro w th  

(K ing e t  a ^ ,  1975, 1974; Gould and S t r e e t ,  1975). P resum ably , t h i s  

su sp en sio n  c u l tu r e ,  e s p e c ia l ly  when i t  i s  sy n ch ro n ized , would be an id e a l  

system  f o r  s tu d y in g  th e  p re c is e  r e l a t io n s h ip  betw een th e  s y n th e s is  o f  

h is to n e s  and th a t  o f  MA.

P re v io u s ly  in  t h i s  la b o ra to ry ,  A. Gould had used  t h i s  c u l tu re  

system  to  c a r ry  o u t some p re lim in a ry  in v e s t ig a t io n s  on h is to n e  s y n th e s is .  

However, the  p re s e n t s tu d y  d i f f e r s  s ig n i f i c a n t ly  from th a t  i n i t i a t e d  

by Gould (1975) in  th a t  ( i )  we d e fin e d  h is to n e s  d i f f e r e n t l y  ( th e  ’h is to n e s*  

a s  e x tra c te d  by Gould d id  n o t exclude  b a s ic  p ro te in s  from so u rc e s  o th e r  

than  n u c le i ) ;  ( i i )  th e  h is to n e s  e x tra c te d  by G ould’s  p rocedure  were n o t 

c h a ra c te r iz e d  by s e p a ra tio n  on p o ly acry lam ide  g e l s .  Hence th e  e x t r a c t io n  

p ro ced u res  f o r  c u ltu re d  c e l l s  o f  Acer p seu d o p la tan u s  L. needed to  be 

c r i t i c a l l y  e s ta b l is h e d  and th e  sea rc h  f o r  h is to n e  e x t r a c t io n  m ethods 

was th e  i n i t i a l  s ta g e  o f  th e  p re s e n t s tu d y . These e x t r a c t io n  and 

c h a r a c te r iz a t io n  methods f o r  h is to n e s  were e s ta b l is h e d  u s in g  asynchronous 

c u l tu r e s .  The methods were th en  a p p lie d  to  th e  c u ltu re d  c e l l s  from b o th  

synchronous and asynchronous c u l tu r e s .  These experim en ts  aimed to  su rv ey  

th e  v a r ia t io n s  o f in d iv id u a l  h is to n e  f r a c t i o n s  a t  d i f f e r e n t  cy c le  s ta g e s  

o f  th e  c e l l s  : th e  c e l l  cycle  and th e  grow th cy c le  f o r  synchronous and 

asynchronous c u l tu r e s  r e s p e c t iv e ly .

R ad io iso to p e  l a b e l l in g  tech n iq u es  were a p p lie d  to  th e  synchronous
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c u l tu r e s  to  s tu d y  th e  r e la t io n s h ip s  between h is to n e  and DNA s y n th e s is ,  

and a  s im i la r  approach was a ls o  perform ed u s in g  th e  asynchronous c u l tu re s  

to  s tu d y  th e  e f f e c t  o f  hydroxyurea on th e  s y n th e s is  o f  a c id - s o lu b le  and 

a c id - in s o lu b le  p r o te in s .  A double l a b e l l i n g  tech n iq u e  concom itan t w ith  

a  ’pu lse*  and ’p u ls e -c h a s e ’ experim en t was c a r r ie d  o u t to  in v e s t ig a te  

th e  s i t e  o f  h is to n e  b io s y n th e s is .  !The c o n s id e ra b le  te c h n ic a l  problem s
a/

encount^ed in  t h i s  re s e a rc h  programme a re  in c lu d e d  and d is c u s s e d .
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1 • C u ltu re  te ch n iq u es

( a) O rig in  o f  c u l tu re

Acer p seu d o p la tan u s L# s t r a i n  AM was used a s  p la n t  m a te r ia l .  

I t  was s e le c te d  from th e  s to c k  su sp en sio n  c u l tu re s  o f  sycamore 

by A. Gould in  March 1972 (G ould, 1975). The o r ig in a l  c a l lu s  

from which th e  s to ck  c u l tu r e s  a re  d e r iv e d  was i n i t i a t e d  from stem 

cambium o f  Acer p seu d o p la tanus L, by Lamport (19&4) and was su p p lie d  

by Dr# D# H# N orthco te  (B io ch em istry  D epartm ent, U n iv e rs ity  o f  

Cambridge)#

(B) C lean ing  o f  c u ltu re  v e s s e ls

250 ml c o n ic a l f la s k s  were washed in  a  ’H ydrojet*  w asher 

(H e in ick e , Hollywood, F lo r id a )  u s in g  BHC 2008 d e te rg e n t  ( S a v i l le s  

H y d ro lo g ica l C o rp o ra tio n ) , and were r in s e d  in  ta p  w a te r , and then  

in  two changes o f  g la s s  d i s t i l l e d  w a te r . They were f i n a l l y  d r ie d  

in  an oven a t  100-120"C#

1- l i t r e  and 1 0 - l i t r e  c u l tu re  b o t t l e s ,  and th e  10 l i t r e  

synchronous c u ltu re  v e s s e l ,  were soaked in  chrom ic a c id  o v e m i ^ t ,  

r in s e d  w ith  ta p  w a te r th o ro u g h ly , and f i n a l l y  r in s e d  w ith  g la s s -  

d i s t i l l e d  w a ter and d r ie d  as  above.

(C) C u ltu re  medium

H e l le r ’ s  medium a s  m o d ified  by S tu a r t  and S t r e e t  (19&9) 

was used th r o u ^ o u t  th e  work re p o r te d  h e re . The medium was p rep ared  

from co n ce n tra te d  s to c k  s o lu t io n s  to  g ive  th e  f i n a l  c o n c e n tra t io n s . 

A ll chem icals used  were o f  a n a ly t ic a l  re a g e n t (A.R#) g ra d e . The 

d i s t i l l e d  w a te r used  was double d i s t i l l e d .  The com position  o f  

th e  m od ified  H e l le r ’s  medium i s  shown in  Table 2 .

(d ) M aintenance o f  s to ck  c u ltu re

3 l i t r e s  o f  H e l l e r ’s medium la c k in g  u re a  were p rep a red  

every  6 weeks. 57 ml a l iq u o ts  were d isp en sed  in to  250 ml c o n ic a l



Table 2 , Com position o f  H e l l e r ’ s  medium

Component F in a l  c o n c e n tra tio n
(mg 1 - 3

S to ck  con- 
c e n t r a t io n  
F in a l  con­
c e n t r a t io n  
i n  medium

KCX

MgSO^.THgO

NaNOj

NaHgPÔ .PHgO 

CaClg• 6HgO 

ZnSD^.THgO 

HjBOj

m so ..4H gO

CuSO^.^HgO

Kl

FeC1^.6HgO

t h i  amine •HCl

p a n to th e n ic  a c id

c h o lin e  c h lo r id e

m e s o - In o s ito l

c y s te in e  HCl

K Lnetin

2,4-D

su c ro se

u re a

750

250

600

130

110

1.0

1.0

0.1

0.0)
0.01

1.0

1.0

2.5

0.5

100

10

1 .25  

1.0 

2 ,0  X 10“̂ 

200

pH a d ju s te d  to  5 .2  b e fo re  a u to c la v in g

10

10

10

10

10

1000

1000

1000

1000

1000

1000

1000

1000

1000

100

added a s  s o l id  

100 

100

added a s  s o l i d

com m ercially  p re p a re d  

s t e r i l e  40% s o lu t io n  

(added  to  medium a f t e r  
a u to c la v in g )
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f l a s k s ,  and s t e r i l i z e d  a t  121®C f o r  15 min# J u s t  b e fo re  su b - 

c u l tu r in g ,  3 ml o f  d i lu te d  u re a  (40% f i l t e r - s t e r i l i z e d  s o lu t io n  

was d i lu te d  100X w ith  s t e r i l i z e d  d i s t i l l e d  w a te r)  was added to  

th e  medium, and t h i s  was in o c u la te d  w ith  10 ml o f a  14-day  o ld  

su spension  c u l tu r e . F la sk s  were then  s e a le d  w ith  2 l a y e r s  o f 

s t e r i l i z e d  aluminium f o i l ,  and were in c u b a ted  on a  h o r iz o n ta l  

r o ta r y  sh ak e r in  a  te m p e ra tu re -c o n tro lle d  room a t  25 ®C# The 

c u ltu re  room was i l lu m in a te d  c o n tin u o u s ly  w ith  w hite  f lu o r e s c e n t  

l i ^ t .  The s to c k  c u l tu re  was m a in ta in ed  by s u b c u ltu r in g  in  t h i s  

manner every  14 d ay s.

(E) L a rg e -sc a le  asynchronous c u l tu re s

A 1 l i t r e  c u l tu re  b o t t l e  and a  10 l i t r e  c u l tu re  b o t t l e  

c o n ta in in g  r e s p e c t iv e ly  500 ml and 5 l i t r e s  o f  S e l l e r ’s  medium 

were s t e r i l i z e d  a t  121 “C f o r  35 m in. S t e r i l i z e d  u re a  was added 

a s e p t i c a l ly  to  th e  coo l medium and th e  500 ml c u l tu re  was i n i t i a t e d  

by in o c u la t io n  w ith  a  14-day  o ld  s to c k  c u l tu re  (60 m l) . A fte r  

14 days’ in c u b a tio n  on th e  sh ak e r th e  500 ml c u l tu re  was used  to  

i n i t i a t e  th e  5 l i t r e  c u l tu re  ( in  th e  10 l i t r e  b o t t l e ) .  T h is  was 

th en  s e t  on a r o ta r y  sp in n e r  (S h o rt e t  a l . . I 969) ,  and spun 

c o n tin u o u s ly  in  th e  c u ltu re  room f o r  th e  re q u ire d  in c u b a tio n  p e rio d ,

(f ) Synchronous c u l tu re s

C e ll d iv is io n  synchrony was i n i t i a t e d  by in o c u la t in g  

s ta t io n a r y  phase c e l l s  o f Acer p seu d o p la tan u s  L# a t  low d e n s ity  

(2-5  X 10^ c e l l s  m l"^) in to  9 l i t r e s  o f  medium in  a  l a r g e - s c a le  

b a tch  c u l tu re  a p p a ra tu s  w ith  au to m atic  sam pling  assem bly . The 

system  has been d e sc r ib e d  by W ilson , King and S t r e e t  (1 9 7 1 ), and 

two photographs a re  rep roduced  h e re  from th a t  p u b l ic a t io n  (P la te  

1 and P la te  2. ) .  However, in  the  p re s e n t  work, a  10 l i t r e  c u ltu re



P la te  1 . The b a s ic ,  b a tch  c u l tu re  u n i t  used  f o r  synchronous 

su sp en sio n s  o f  Acer u seudoul a t  anus L.

Key:

A = a e r a to r

AO = a i r  o u t l e t

C = F la t - f la n g e  l i d  c l ip

CW = c o tto n  wool f i l t e r

P = m in ia tu re  a i r  l i n e  f i l t e r

GC =s g la s s ,  tem p era tu re  c o n tro l c o i l

IP  = in o c u la t io n  p o r t

S = m agnetic  b a r  s t i r r e r

SR = sample r e c e iv e r

SWL = s t e r i l e  w a te r l i n e

T = therm om eter

TCW = tem p era tu re  c o n tro l  w a ter l i n e
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P la te  2 . The au to m atic  sam pling assem bly

A. View o f  com plete assem bly 

Key:

AP = a i r  pump 

ES = empty so le n o id  v a lv e  

' LD = la tc h in g  dev ice

NV = n e e d le  v a lv e  f o r  au to m atic  

sample d e l iv e ry  

SO = sample o u t l e t  l in e  from 

n e e d le  v a lv e  

SR = sample r e c e iv e r  (manual 

sam pling)
B« Sample volume d e te c to r

SSL = s t e r i l e  s a l in e  
supp ly  l i n e  

SVB = sample volume

d e te c to r  e le c tro d e  

TCW as tem p era tu re  c o n tro l  

u n i t  

TT = tu r n ta b le  

WS = wash so le n o id  v a lv e

E s  e le c t ro d e s TC = te f lo n  cones

C. Exploded view  o f  s t a i n l e s s - s t e e l  v a lv e  u n i t  

EC = f l e x i b l e  cab le

R 1, 2 , 3 , 5 = s i l i c o n  ru b b e r ’0* r in g s
SO = sam ple o u t l e t
SSL = s t e r i l e  s a l in e  l i n e

W1 = s t a i n l e s s  s t e e l  w asher
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v e s s e l  was used in s te a d  o f  th e  s tan d a rd  5 l i t r e  v e s s e l .  T his 

was n e c e ssa ry  to  p ro v id e  th e  la rg e  q u a n t i ty  o f  c u l tu re  m a te r ia l  

re q u ire d  f o r  th e  a n a ly t i c a l  work to  be c a r r ie d  o u t.

The 10 l i t r e  b a tch  c u l tu re  v e s s e l  c o n ta in in g  9 l i t r e s  

o f H e l l e r ’s  medium ( la c k in g  u re a )  was s t e r i l i z e d  a t  121*0 f o r  

45 m in. 4*5 ml o f  u re a  (40% f i l t e r - s t e r i l i z e d  s o lu t io n ,  Oxoid 

l t d . )  was added a s e p t i c a l l y  to  th e  coo l s t e r i l i z e d  medium v ia  

th e  in o c u la t io n  p o r t  o f  th e  c u l tu r e  v e s s e l ,  and 3 f l a s k s  o f  2 8 - 

day o ld  s to c k  c u l tu r e s  (60 ml each ) were then  in tro d u c e d  in to  th e  

c u ltu re  v e s s e l  th rough  the  same in o c u la t io n  p o r t .  These in o c u la t io n s  

were c a r r ie d  ou t in  a  s t e r i l e  c a b in e t and r ig o ro u s  a s e p t ic  c o n d itio n  

was m a in ta in ed  a t  a l l  tim e s .

To e s tim a te  th e  c e l l  number in  th e  c u l tu r e ,  sam ples o f  

l e s s  th an  10 ml were c o l le c te d  a u to m a tic a lly  in to  a  t e s t  tube 

containing, 5 ml o f  10% chromium t r i o x id e .  Samples were c o l le c te d  

a t  p redeterm ined  tim e in t e r v a l s  a t  s e le c te d  p e rio d s  d u rin g  th e  

programiÿ)f grow th, and were m acera ted  and countai^ a s  d e sc r ib e d  l a t e r .

Samples o f  ov er 20 ml were c o l le c te d  m anually  t h r o u ^  th e  

sample r e c e iv e r .  The q u a n t i ty  ta k en  in  t h i s  way v a r ie d  from 

experim ent to  experim ent depending  upon th e  c e l l  c o n c e n tra tio n  

and th e  ex p erim en ta l purpose f o r  which the  sample was re q u ire d .

In  most c ases  2 -5  ml sam ples were removed from th e se  la rg e  sam ples 

f o r  c e l l  number e s t im a tio n .

2 . P aram eters f o r  c u l tu re  a n a ly s is

( a) C e ll number e s tim a tio n

The c e l l  co u n tin g  tech n iq u e  was based  upon th a t  o f K ing,

Cox, Fowler and S t r e e t  (1 9 7 4 ). The method was a s  fo llo w s :

(a )  Sample p re p a ra t io n
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( i )  2 -5  ml o f  s to c k  c u l tu re  was added to  an eq u a l volume o f 

10% (w /v) chromium tr io x id e  s o lu t io n  co n ta in ed  in  a  th ic k -  

w a lled  sample b o t t l e .  The b o t t l e  was h e a te d  in  a w a te r  

b a th  a t  70*0 (m acera tio n ) f o r  5-20 min depending on th e  

p h y s io lo g ic a l  s t a t e  o f th e  c e l l s .  A fte r  h e a tin g , th e  

sample b o t t l e  was c lo sed  w ith  a  screw  cap and shaken 

v ig o ro u s ly  on a f la s k - s h a k e r  (B a ird  and T a tlo c k , L t d . ) 

f o r  2-15 min depending upon th e  f r a g i l i t y  o f th e  c e l l s .

( ii)F ro m  a  synchronous c u l tu re  sam ples o f  5“9 ml were c o l le c te d  

a u to m a tic a lly  in to  5 ml o f  10%(w/v) chromium t r io x id e  

so lu tio n (c o n ta in e d  in  tu b es  c a l ib r a te d  to  15 m l). By 

making th e  volume o f  th e  m ix tu re  up to  th e  15 ml m ark,

th e  sample volume was c a lc u la te d .  • Samples were m acera ted  

and shaken a s  d e sc r ib e d  above. For c e r ta in  sam ples, 1-2 ml 

o f  50% (w /v) chromium t r io x id e  had to  be added to  improve 

c e l l  s e p a ra t io n .

(b ) C e ll co u n tin g

The t r e a te d  sample was d i lu te d  and p ip e t te d  in to  th e  w e lls  

o f  a  s p e c ia l  co u n tin g  s l i d e .  The volume o f  th e  co u n tin g  s l id e  

was such th a t  th e  a re a  o f each v iew ing  f i e l d  in  a  Watson 

M icrosystem  70 M icroscope (W. Watson and Sons, L td . ,  England) 

a t  m a g n if ic a tio n  XI00 corresponded to  0 .8  juil. E s tim a tio n  o f  

c e l l  number p e r  ml was made from c e l l  coun ts  o f  100 random 

f i e l d s .  The s tan d a rd  e r r o r  o f  th e  mean was a ls o  c a lc u la te d .

( b ) Measurement o f DNA c o n ten t by m icro d en sito m etry

C e lls  f o r  m i to t ic  index  and DNA c o n ten t measurement were 

f ix e d  in  50% (v /v )  fo rm ic a c id  to  d is p e r s e  s ta r c h  g ra in s  and to  

s o f te n  the  c e l l  w a l ls .  U su a lly , sam ples were f ix e d  a t  4**C fo r

2-3  weeks, and a l l  sam ples from the  same c u ltu re  were p ro cessed
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f o r  Peulgen s ta in in g  a t  th e  same tim e .

C e lls  were removed from f i x a t i v e ,  washed 3 tim es  w ith  

d i s t i l l e d  w a te r  (2 -3  min p e r  change), and then  su b m itted  to  

Feulgen  s ta in in g  ( H i l la r y ,  1939, 1940). The c e l l s  were n e x t 

h y d ro ly sed  f o r  e x a c tly  12 min in  1 N HCl a t  60 *C, and th en  spun 

down and r e  suspended in  b a s ic  fu c h s in  s o lu t io n  (M agenta b a s ic  

fu c h s in  c r y s t a l s ,  te c h n ic a l  Cl 42500. C at. No. 26120, BDH 

Chem icals L td .)  and a llow ed  to  s t a i n  f o r  2 h o u rs . The c e l l s  

were washed 3 tim es w ith  f r e s h ly  p rep a red  su lp h u r d io x id e  w a te r , 

w ith  f iv e  m inute changes, and f i n a l l y  suspended in  25^  ̂ (v /v )  

aqueous a c e t i c  a c id  p r io r  to  p re p a ra t io n  o f sq u ash es . Perm anent 

s l i d e s  were made and mounted w ith  G u rr’ s XAM n e u t r a l  m ounting 

medium (S e a r le  D ia g n o s tic , H i ^  Wycombe, Bucks; Conger and 

F a i r c h i ld ,  1953).

Densi tome t r i e  m easurem ents o f  Feulgen s ta in e d  n u c le i  were 

done on a  V ick ers  M85 scan n in g  m ic ro d en sito m ete r w ith  a  100X 

M icroplan  o i l  immersion o b je c t iv e .  A w avelength  o f  565 nm was u sed .

(C) A u to rad io g rap h ic  tech n iq u e

^H -thym idine (^H-dT) la b e l le d ,  ^H -ly sine  o r  ^H -arg in in e  

l a b e l le d  c e l l s  were f ix e d  in  50% (v /v )  fo rm ic a c id ,  and were 

h y d ro ly sed  and s ta in e d  in  b a s ic  fu c h s in  s o lu t io n  as  d e sc r ib e d  above. 

S ta in e d  c e l l s  were then  squashed on s l id e s  which had been c lean ed  

and co a ted  w ith  a  la y e r  o f  g e l a t i n .  The sam p le-b ea rin g  s l i d e s  

were th en  passed  down an a lc o h o l d i lu t io n  s e r ie s  from a b so lu te  

a lc o h o l to  95% a lc o h o l to  30Ç̂ a lc o h o l , and f i n a l l y  to  double 

d i s t i l l e d  w a te r . There was a  15 min in te r v a l  between su c c e ss iv e  

t r a n s f e r s .  Specimen s l id e s  were t r a n s f e r r e d  to  a  d a rk  room, and 

mounted w ith  Kodak F ine G rain  A u to rad iog raph ic  S tr ip p in g  P la te  

AR 10 under a  Kodak safe lam p . S lid e s  were s e t  in  a  ra c k  and a llow ed
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to  d ry  o v e m i ^ t  in  th e  d a rk  room. The whole s l id e  ra c k  was th en
L

r e ta in e d  in  a  box w ith  a  package o f  s ilic a  g e l .  The box was wrapped 

in  5 b la c k  p l a s t i c  b ag s, and s to re d  in  a  co ld  room f o r  exposure 

to  p ro ceed .

The e x te n t  o f  exposure was checked every  2 d ays, a f t e r

7 days in  th e  co ld  room, and dev elo p in g  a  s in g le  s l id e  each tim e

u n t i l  th e  t e s t i n g  s l id e  showed c le a r  d o ts  on th e  f i lm . S lid e s

were developed w ith  Kodak D-19 d ev e lo p e r f o r  7*5 min a t  16 %,
been

and f ix e d  w ith  U n ifix  f o r  5 m in. A fte r  the  s l id e s  washed

w ith  ta p  w a te r , d i s t i l l e d  w a te r  and th en  d r ie d ,  th ey  were examined 

under o i l  im m ersion u s in g  a  m icroscope to  sco re  th e  p e rcen tag e  

o f  n u c le i  w ith  s l i v e r  g ra in s  ( f o r  ^ H -d T la b e lle d  sam ples) o r  to  

observe  th e  d i s t r i b u t io n  o f  th e  s i l v e r  g ra in s  w ith in  th e  c e l l s  

( f o r  ^H -ly sine  o r  ^H -arg in in e  la b e l le d  sam p les).

3. I s o la t io n  o f  n u c le i

The p rocedure  d e sc r ib e d  below i s  th a t  developed as  d e sc r ib e d  

in  C hapter 3«

( a) R eagents

(a )  G rind ing  medium -  20 mM T ris-H C l, pH 7 .8 , 1 mI4 Mg a c e ta te ,

2 mM CaClg and J0% (v /v )  g ly c e ro l  -  s to re d  in  a  d e e p -fre e z e

a t  - 1 8 ®C.

(b ) D ilu tio n  b u f f e r  -  20 mM T ris-H C l, pH 7 .8 , 1 mi'd Mg a c e ta te ,

2 mM CaClg and 0.2^^ (v /v )  T r ito n  X-100 -  s to re d  in  a  r e f r i g e r a t o r

a t  4 ®C.

(c )  Washing medium -  3 p a r t s  o f  g r in d in g  medium p lu s  1 p a r t  o f 

d i lu t io n  b u f f e r  -  s to re d  in  a  r e f r i g e r a t o r  a t  4

(B) P re s e rv a tio n  o f  c u ltu re d  c e l l s  b e fo re  i s o la t io n  o f n u c le i

The su sp en sio n  c u l tu re  o f  Acer p seudop la tanus L. was f i l t e r e d
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t h r o u ^  nylon  c lo th ,  and th e  c e l l s  were washed tw ice  w ith  la rg e  

q u a n t i t i e s  o f  co ld  d i s t i l l e d  w a te r , d ra in e d  under vacuum, and 

weighed to  o b ta in  th e  f r e s h  w e i ^ t .  The c e l l s  were th en  suspended 

in  c h i l l e d  g r in d in g  medium a t  a  c o n c e n tra tio n  o f  0 ,2 5  S c e l l s  ml \  

The su sp en sio n  was s to re d  in  a  d e e p -fre e z e  a t  -18*0 u n t i l  re q u ire d  

f o r  th e  i s o l a t i o n  o f  n u c le i .

(C) I s o l a t i o n  o f  n u c le i

The above su spension  o f  c e l l s  was poured in to  a  g la s s  tube  

(2 .5  cm d i a . ) immersed in  an e th a n o l-d ry  ic e  b a th , and s t i r r e d  

g e n tly  w ith  a  therm om eter (BO 1704) u n t i l  th e  re a d in g  reach ed  

-2 0  ®C. The c e l l s  were th en  homogenized w ith  a  g la s s  P o t t e r -  

Elvehjem  hom ogenizer f i t t e d  w ith  a  l o o s e - f i t t i n g  te f lo n  p e s t le  

d r iv e n  by a  m echanical s t i r r e r .  Two up and down movements were 

a p p lie d  to  each su sp en sio n . O n e -th ird  volume o f  th e  co ld  d i lu t io n  

b u f f e r  was added to  th e  ru p tu re d  su sp en sio n , and i t  was th en  f i l t e r e d  

th rough  4 la y e r s  o f  M ira c lo th  (C albiochem ). The M ira c lo th  was 

s a tu r a te d  w ith  co ld  w ashing medium b e fo re  th e  f i l t r a t i o n  was s t a r t e d .  

The f i l t r a t e  was th e n  d i s t r ib u te d  in to  p r e - c h i l l e d  c e n tr ifu g e  

tu b e s  and c e n tr ifu g e d  a t  1 ,500 Xg f o r  JO min a t  0 *0 in  an MSE H i ^  

Speed 18 C e n tr ifu g e . The s u p e rn a ta n t was d isc a rd e d  and th e  n u c le i  

were sc rap ed  f r e e  from th e  u n d e rly in g  s ta r c h  g ra in s ,  suspended in  

w ashing medium, and c e n tr ifu g e d  a t  4 ,500  Xg f o r  15 m in. T h is 

c e n tr i f u g a t io n  was re p e a te d  tw ic e . The r e s u l t i n g  crude n u c le a r  

p e l l e t  was suspended in  10 ml o f  w ashing medium, la y e re d  onto  JO ml 

o f  g r in d in g  medium, and p u r i f i e d  by c e n tr i fu g a t io n  th rough  the  

g r in d in g  medium a t  11,000 Xg f o r  JO m in.
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4 . E x tra c t io n  o f  h is to n e s

( a) E x tra c t io n  w ith  CaClg and p r e c ip i t a t io n  w ith  TCA (CaCl^-TCA m ethod)

T his was by th e  method o f  Nohberg and Rusch ( 1969) .  The 

p u r i f ie d  n u c le a r  p e l l e t ,  c o n ta in in g  l e s s  th a n  500 ;ig DNA, was 

suspended in  12 ml o f  pre-warmed 1 M CaClg w ith  a  P o tte r -E lv e h j  em 

hom ogenizer, in c u b a ted  a t  85 *C f o r  10 min and th en  c h i l l e d  in  i c e  

( th e  h e a t in g  p ro c e ss  i s  to  i n h i b i t  p ro  te a s e  a c t i v i t y ) . The v is c o u s  

m ix tu re  was s t i r r e d  s lo w ly  on a  m agnetic  s t i r r e r  o v e m i ^ t  in  a

co ld  room. I t  was th en  spun a t  25 ,000 rpm f o r  20 min in  a  Beckman

LB-2 U l t r a c e n tr i f u g e ,  u s in g  a  60 T i r o t o r .  The s u p e rn a ta n t was 

removed and s to re d  on i c e .  The p e l l e t  was resu sp en d ed  in  J ml 

o f  co ld  1 M CaClg and c e n tr ifu g e d  ag a in  f o r  20 m in. The two CaClg 

so lu b le  f r a c t io n s  were b u lk ed , and 5 ml o f  100% (w /v) t r i c h l o r o ­

a c e t ic  a c id  (TCA) was added ( to  a  f i n a l  c o n c e n tra tio n  o f 25%

(w/v) TCA). A f te r  2 h o u rs  a t  0 *C th e  h is to n e s  were p e l le te d  by 

c e n tr i fu g a t io n  f o r  JO min a t  25 ,000 rpm in  a  Beckman LB-2 U l t r a ­

c e n tr ifu g e  u s in g  a  60 Ti r o to r .  The s u p e rn a ta n t was d is c a rd e d , 

and th e  p e l l e t  was sc rap ed  from th e  w a ll o f  th e  tube  in to  5 ml 

o f  co ld  25% TCA and c e n tr ifu g e d  f o r  a  f u r th e r  20 m in. The tu b e

was d ra in e d  and th e  f ib ro u s  p e l l e t  was suspended in  5OO ^  o f

0 .02  N Eg80^. The s lu r r y  was t r a n s f e r r e d  in to  1 cm d iam ete r 

V isk in g  tu b in g  and d ia ly s e d  o v e m i ^ t  in  a  co ld  room, a g a in s t  

0 .02 N HgSO^ ( 5OOX volum e, changed 2 -J  t im e s ) .  The c o n te n ts  o f  

th e  d i a ly s i s  tu b in g  were th en  spun a t  5 ,000 rpm f o r  5 min in  an 

MSE Bench C e n trifu g e  to  remove th e  in s o lu b le  f r a c t i o n .  The 

su p e rn a ta n t (h is to n e  f r a c t io n )  was s to re d  in  sm all specim en tu b e s  

in  a d e e p -fre e z e  u n t i l  re q u ire d  f o r  a n a ly s is .



-  27 -

(b ) E x tra c t io n  w ith  SgSO^ and p r e c ip i t a t i o n  w ith  e th a n o l (HgSO^- 

EtOH method)

T h is  was by th e  method o f  Fambrough and Bonner ( 1966) w ith  

some m o d if ic a t io n s . The p u r i f i e d  n u c le a r  p e l l e t ,  c o n ta in in g  l e s s  

th an  500 juig DNA, was suspended in  4 ml o f  O.4  N HgSO^ w ith  a  g la s s  

Po 11 e r -E l veh j  em hom ogenizer, and s t i r r e d  on a  m agnetic  s t i r r e r  in  

an ic e  b a th  f o r  1 h o u r . I t  was th en  spun a t  25,000 rpm f o r  JO min 

in  a  Beckman LB-2 U lt r a c e n tr i fu g e ,  u s in g  a  60 Ti r o to r .  The 

s u p e rn a ta n t was p ip e t te d  o u t and p u t a s id e  in  i c e ,  and th e  p e l l e t  

was washed w ith  2 ml o f  0 ,4  N ^ S O ^  and c e n tr ifu g e d  a g a in . The 

two su p e rn a ta n ts  were bulked  and 4 volumes o f  a b so lu te  e th an o l 

added and th e  h is to n e  a llow ed  to  p r e c ip i t a t e  a t  -18  *0 f o r  a t  l e a s t  

24 h o u rs . T h is was fo llow ed  by c e n t r i f u g a t io n  a t  25,000 rpm f o r  

JO m in. The p r e c ip i t a t e  (h is to n e  s u lp h a te )  was sc rap ed  from th e  

w a ll o f  th e  tube in to  J ml o f e th a n o l ,  and ag a in  c e n tr ifu g e d .

The h is to n e  sample was d ra in e d  o f  e th a n o l ,  and was d r ie d  in  a  

d e s ic c a to r .

In  o rd e r  to  de term ine  th e  r a t i o  o f  DNA to  h is to n e s ,  a

known p o r tio n  o f  n u c le a r  f r a c t io n  was w ithdraw n p r i o r  to  th e  l a s t

c e n tr i fu g a t io n  o f  th e  n u c le a r  p re p a ra t io n .  The DNA was e x tr a c te d  and
the

determ ined  as  d e sc rib e d  l a t e r  in  th e  M ethods. I f ^ h is to n e  sample was 

o b ta in e d  by th e  HgSO^-EtOH m ethod, i t  was f i r s t  d is so lv e d  in  0 .02  N 

HgSO^ and th e  c o n te n t was th en  determ ined  as  d e sc r ib e d  l a t e r .

5 . E x tra c tio n  o f  DNA and P ro te in

T his was by th e  method o f  S h o r t, Brown and S t r e e t  (1969).

A sample o f  ru p tu re d  su sp en sio n  o r  n u c le a r  f r a c t i o n  was suspended 

in  0 .3  N KOH, and in c u b a te d  a t  J7 "c o v e rn ig h t. A fte r  c o o lin g , the  

m ix tu re  was n e u tr a l iz e d  w ith  0.1 volume o f  J N HCl and 10 rain l a t e r
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an eq u a l volume o f  co ld  0 .5  N p e rc h lo r ic  a c id  (PCA) was added . The 

s o lu t io n  was mixed v ig o ro u s ly  and cooled  in  i c e ,  20 min l a t e r  th e  

sample was spun down in  a  MSE Super-M inor C e n tr ifu g e . The su p e rn a ta n t 

was d is c a rd e d  and th e  p e l l e t  was washed J tim es w ith  co ld  0 .2 5  N PCA, 

and f i n a l l y  suspended in  1 ml o f  0 .5  N PCA, in c u b a ted  a t  70°C f o r  

20 min, and th e n  coo led  in  i c e .  The hydro lyzed  MA was o b ta in e d  in  

th e  su p e rn a ta n t a f t e r  c e n tr i f u g a t io n  to  remove in s o lu b le  m a te r ia l .

The p e l l e t  was e x tra c te d  once more and th e  two s u p e rn a ta n ts  com bined, 

and t h i s  was r e f e r r e d  to  a s  e x t r a c ta b le  MA.

The rem ain in g  p e l l e t  a f t e r  MA e x t r a c t io n  was suspended 

in  1 N NaOH, e x tra c te d  tw ice  by b o i l in g  in  a  w a te r b a th  f o r  15 min ,  

c h i l le d  in  ic e  and th e n  c e n tr i fu g e d . The combined s u p e rn a ta n ts  a f t e r  

c e n tr i f u g a t io n  was r e f e r r e d  to  a s  e x tr a c ta b le  p r o te in .

6 . D e term in atio n  o f  MA c o n te n t

( a) By th e  i^lnhenvlamine re a g e n t

T his was by th e  method o f  Burton (1956) w ith  some 

m o d if ic a tio n s .

(a )  P re p a ra tio n  o f  s tan d a rd  MA s o lu tio n

A s to c k  s o lu t io n  o f  DNA c o n ta in in g  JOG jjg  p e r  ml was

p re p a red  as  fo llo w s . 7*5 mg o f  c a l f  thymus DNA was d is s o lv e d

in  20 ml o f  0 .5  N PCA. T h is  was h e a te d  a t  70 f o r  20 m in,

c h i l l e d  in  ic e  and made up to  25 ml w ith  0 .5  N PCA in  a

v o lu m e tric  f l a s k .  The s to c k  s o lu t io n  was th en  d i s t r i b u t e d

in to  sm all v i a l s  and k e p t in  a  r e f r i g e r a t o r .  One v i a l  o f

t h i s  s to c k  s o lu t io n  was used each tim e to  p rep a re  a  d i l u t i o n
-1s e r i e s  c o n ta in in g  15, JO, 50, 75 and 100 jug MA ml .

(b ) P re p a ra tio n  o f  d ipheny lam ine  re a g e n t

Diphenylam ine (1 .5  g) was d is so lv e d  in  100 ml o f  g l a c i a l
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a c e t ic  a c id ,  and 1 ,5  ml o f  c o n ce n tra te d  s u lp h u r ic  a c id  was 

th en  added, and th e  r e s u l t i n g  s o lu t io n  k e p t in  a  r e f r i g e r a t o r  

u n t i l  r e q u ire d  f o r  u s e . The re a g e n t was com pleted j u s t  b e fo re  

use  by add ing  1/200 volume o f 1.6% (w /v) aqueous ace ta ld eh y d e . 

The s to c k  o f  1.6% aqueous ace ta ld eh y d e  w asalso  s to re d  in  

th e  r e f r i g e r a t o r .

(c )  C olour r e a c t io n  and measurement

To 1 ml o f  DNA s ta n d a rd  s o lu t io n  o r  DNA-containing sample 

.was added 2 ml o f  d iphenylam ine re a g e n t ,  and mixed th o r o u ^ ly .  

The sample tu b es  were s e a le d  w ith  p a ra f ilm  (NESO) and in c u b a ted  

a t  30*0 f o r  16 h o u rs . The sam ples were th en  cooled  to  room 

te m p e ra tu re , and su b m itted  to  sp ec tro p h o to m etry  a t  570 nm and 

700 nm u s in g  a  Unicam SP 800 S p ec tro p h o to m ete r. A s ta n d a rd  

curve was drawn r e l a t i n g  th e  UNA c o n te n t to  E^qq (S h o rt

e t  a l . . 1969) ,  from which th e  UNA c o n te n t o f th e  sample was 

d e te rm in ed . A ty p ic a l  s tan d a rd  curve i s  shown in  P ig . 1.

(b ) By absorbance a t  260 nm and 280 nm

When th e  UNA c o n te n t o f  a  p a r t i c u l a r  sample was e s tim a te d  

to  be h ig h e r  th a n  100 jug m l " \  a sm all volume o f  th e  sample was 

w ithdraw n, d i lu te d  w ith  0 .5  N PGA and th e  absorbance a t  260 nm 

and 280 nm m easured w ith  an SP 800A U l t r a v io le t  S pectropho tom eter 

(Humphrey and K ellarm an, 1955). By u s in g  0 ,5  N PGA as  a  b lan k  

and th e  o p t ic a l  d e n s i t i e s  o f  s tan d a rd  c a l f  thymus UNA s o lu t io n s ,  

a  s tan d a rd  curve was drawn, from which th e  UNA c o n te n t o f  th e  sample 

was e s tim a te d . A ty p ic a l  s tan d a rd  curve i s  shown in  F ig , 2 .

Those sam ples w ith  h ig h  UNA co n ten t were a lso  determ ined  by th e  

<liphenylami,ne re a g e n t ,  a f t e r  p ro p e r d i lu t io n .



Figure 1

S tan d ard  curve f o r  UNA e s tim a tio n  by th e  diphenylam ine method#

A s e r i e s  o f  c a l f  thymus MA s ta n d a rd  s o lu t io n s  were p re p a red  in  

0 .5  N PGA, hy d ro ly zed  and r e a c te d  w ith  diphenylam ine re a g e n t 

(B u rto n , 1956), and th e  absorbance was m easured a t  590 nm and 

700 nm u s in g  a  Unicam SP 800 S p ec tro p h o to m ete r.

F ig u re  2

S tandard  curve f o r  MA e s tim a tio n  by UV sp ec tro p h o to m etry .

G alf thymus MA s ta n d a rd  s o lu t io n s  were p rep a red  in  0 .5  N PGA 

and th e  absorbance  a t  260 nm and 280 nm was m easured a g a in s t  

0 .5  N PGA, u s in g  an SP 800A U l t r a v io le t  S p ec tropho tom eter.
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7* D eterm in atio n  o f  p ro te in  c o n ten t

( a) By th e  *Folin  and C iocalteu :: Phenol* re a g e n t

T h is  was by th e  method o f  Lowry sü.* (1951 ) w ith  some 

m o d if ic a t io n s ,

(a )  P re p a ra tio n  o f  p ro te in  s ta n d a rd  s o lu t io n

C a lf  thymus h is to n e  (25 mg) was d is so lv e d  in  25 ml o f  

0,02  N EgSO^ in  a  v o lu m e tric  f l a s k  to  g iv e  a  c o n c e n tra tio n  

o f  1 ,0  mg ml , The s to c k  s o lu t io n  was d i s t r i b u t e d  in to  sm all 

v i a l s  and s to re d  in  a  r e f r i g e r a t o r .  The s to c k  s o lu t io n  was 

added 0 .02  N H^SO^, to  p re p a re  a  s e r i e s  o f  s ta n d a rd s , A 

s ta n d a rd  s o lu t io n  o f  bovine serum album in was a ls o  p rep a red  

a s  d e sc r ib e d  above, b u t u s in g  1 N NaOH in s te a d  o f  0 ,02  N 

EgSO^ a s  th e  s o lv e n t ,

(b ) P re p a ra tio n  o f  a lk a l in e  copper re a g e n t

The a lk a l in e  copper re a g e n t was p rep a red  from th e  fo llo w in g  

aqueous s o lu t io n s  :

( i )  2 , 68/0 (w /v) NaK t a r t r a t e  -  4 S^O — s to re d  in  a

r e f r i g e r a t o r

( i i )  1% (w /v) CuSO  ̂ . 5 EgO

( i i i )  2 ^  Nag CO ̂ -0 .1  N NaOE (4g  NaOE p lu s  20 g  anhydrous NagCO^ 

made to  1 l i t r e  w ith  d i s t i l l e d  w a te r ) .  Im m ediately

b e fo re  u se , 2 ml o f  s o lu t io n  ( i )  was mixed w ith  2 ml o f s o lu t io n

( i i ) ,  and th en  100 ml o f  th e  s o lu t io n  ( i i i )  was added,

(c )  *Folin  and C io c a l te u . Phenol* re a g e n t (Phenol r e a g e n t .  BPS)

T his was d i lu te d  w ith  an equal volume o f  d i s t i l l e d  w a ter 

j u s t  b e fo re  u s e ,

(d )  C olour r e a c t io n  p rocedure

To sam ples o f  20-50 jag o f  p ro te in  in  a  volume o f  0 ,2  ml 

was added 5 ml o f  a lk a l in e  copper re a g e n t.  The m ix tu re  was



-  51 -

shaken v ig o ro u s ly  and l e f t  to  s ta n d  a t  room tem p era tu re  f o r  

30 m in. 0 .5  ml o f  d i lu te d  Phenol re a g e n t was th en  added, 

mixed im m ediate ly  on a  W h irlim ix er, and s e t  a s id e  f o r  1 h o u r 

f o r  c o lo u r  developm ent. The sam ples were re a d  a t  750 run 

w ith  a  Unicam SP 800 S p ec tropho tom eter.

C a lf  thymus h is to n e  was used a s  a  s tan d a rd  when h is to n e  

sam ples were a n a ly zed , w h ile  bovine serum album in was u sed  

a s  a  s ta n d a rd  when t o t a l  p ro te in  and a c id ic  p ro te in  c o n te n ts  

were d e te rm in ed . % rp ica l s tan d a rd  cu rves a re  shown in  P ig . 3*

( b ) By absorbance a t  230 nm ( -  f o r  h is to n e s  on ly )

A c o n c e n tra tio n  a e r i e s  o f  c a l f  thymus h is to n e  was p re p a red  

in  0 .02  N HgSO^ and m easured a t  23O nm w ith  a  Unicam SP 800A 

U l t r a v io le t  S p ec tro p h o to m ete r. The h is to n e  sam ples were d is so lv e d  

in  0 ,02  N HgSO^ and m easured a s  d e sc r ib e d , A s ta n d a rd  curve was 

drawn from th e  o p t ic a l  d e n s i t i e s  o f  c a l f  thymus h is to n e s  (P ig , 4 ) ,  

from which th e  p ro te in  c o n te n t o f th e  h is to n e  sam ples was e s tim a te d . 

T h is  method i s  more a c c u ra te  th an  th e  Lowry method p rov ided  t h a t  

h is to n e  c o n te n t i s  h i ^ e r  th a n  100 /ig  ml \

8 , Amino a c id  a n a ly s is

Amino a c id  a n a ly s is  was perform ed acco rd in g  to  th e  method 

o f  Spackman e t  a l ,  (19 5 8 ), The h is to n e  sample was d is so lv e d  in  0 ,02  N 

H2SO4 , c e n tr ifu g e d  to  remove th e  in s o lu b le  f r a c t io n ,  and th e  c lea n  

s o lu t io n  was d r ie d  in  an Edwards f re e z e  d ry e r . The d r ie d  h is to n e  

sample was th en  d is so lv e d  in  0 ,5  ml o f  6 N HCl, and t r a n s f e r r e d  in to  

a  g la s s  tube ( l , 2  cm in n e r  d ia m e te r ) . The s o lu t io n  was f lu sh e d  w ith  

* n i tro g e n  gas f o r  2 min b e fo re  th e  tube  was s e a le d . The p ro te in  was 

hyd ro lyzed  by h e a tin g  th e  N ^ - f i l l e d  tu b e  in  an oven a t  110 f o r  24 

h o u rs . The tu b e  was th en  coo led  to  room tem p era tu re  and opened a t  

th e  to p  end. The h y d ro ly z a te  was d r ie d  in  a  d e s ic c a to r  under vacuum.



Figure 5

S tandard  curve f o r  p ro te in  e s tim a tio n  by th e  method o f  Lowry 

e t  a l .

Bovine serum album in s tan d a rd  s o lu t io n s  were p rep a red  in  1 N 

NaOH, and c a l f  thymus h is to n e  s ta n d a rd  s o lu t io n s  were p re p a red  

in  0 ,02  N HgSO^. The p ro te in  c o n te n ts  were th en  determ ined  by 

th e  method o f  Lowry jet a l . ( l 9 3 l ) .

F ig u re  4

S tandard  curve f o r  h is to n e  e s tim a tio n  by TJV sp ec tro p h o to m etry .

S tandard  c a l f  thymus h is to n e  s o lu t io n s  were p rep a red  in  0 .0 2  N 

SgSO^, and th e  absorbance  a t  230 nm was m easured a g a in s t  0 .0 2  N 

HgSO^, u s in g  an SP 800A U l t r a v io le t  S p ec tropho tom eter.
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d is so lv e d  in  1 ,5  ml o f  l i th iu m  c i t r a t e  b u f f e r  a t  pH 5 .0 , aiixed- - 

w ith  0 .1  jumole o f  th e  n ô n -p ro té in  amino a c id  n o r le u c in e  as an

e x te r n a l  s ta n d a rd , and an a ly sed  w ith  a  Technicon Autom atic A nalyzer.

A s ta n d a rd  amino a c id  m ix tu re  purchased  from Sigma Chemical Company 

was ru n  f o r  c a l i b r a t io n  purposes, and 1 .5  mg o f  c a l f  thymus h is to n e  

(com m ercial p ro d u c t. Sigma) was hyd ro ly zed  and an a ly zed  f o r  com parison. 

The au to m a tic  a n a ly z e r  was k in d ly  o p e ra ted  by Mr. M. P r a t t .

The a re a  occup ied  by each sample amino a c id  on th e  c h a r t  

was c a lc u la te d  by a  s ta n d a rd  method, and was co n v erted  in to  th e  

e q u iv a le n t jumelé by d iv id in g  by th e  occup ied  a re a  o f  th e  co rrespond ing  

s ta n d a rd  amino a c id .  Each amino a c id  was then  p re se n te d  as a  p e rcen tag e  

o f  th e  t o t a l  amino a c id  in  th e  p r o te in .

9 . E le c tro p h o re t ic  te ch n iq u es

( a) Chem icals 

Acrylam ide (BDH)

N ,N *-m ethyleneb isacry lam ide (B isac ry lam id e , BDH)

N ,N ,N *,N *-tetraraethylenediaraine (TEMED, Sigma)

Ammonium p e rsu lp h a te  (BDH)

(b ) A c id -u rea  p o v lacry lam ide  g e l e le c tro p h o r e s is

T h is was by th e  method o f  Panyim and C halk ley  (19&9$ w ith  

some m o d if ic a t io n s . The g e ls  were p rep a red  from th e  fo llo w in g  

s o lu t io n s  ;

S o lu tio n  A -  60% (w/v) acry lam ide  and 0.4% (w /v) b isac ry lam id e  

in  d i s t i l l e d  w a te r ; -  s to re d  in  a  brown b o t t l e  and 

in  th e  d a rk .

S o lu tio n  B -  45.2% (v /v )  g la c i a l  a c e t ic  a c id  and 4/0 (v /v )  TEMED 

in  d i s t i l l e d  w a te r ; -  s to re d  in  a  brown b o t t l e  and 

in  th e  d a rk .



“ 53 ~

S o lu tio n  C -  0.2% (w /v) ammonium p e rs u lp h a te  in  4*5 M u re a . T his 

was f r e s h ly  p rep a red  from c r y s t a l l i n e  ammonium 

p e rsu lp h a te  and a  s to c k  s o lu t io n  o f  7*5 M u re a .

9 cm g e ls  were p rep a red  in  11 cm long  g la s s  tu b e s  (0 .5 5  

cm in n e r  d ia m e te r ) . The c le a n  g e l tu b e s  were s e a le d  w ith  p a ra f ilm  

a t  t h e i r  low er ends an d  s e t  v e r t i c a l l y .  Gel s o lu t io n  f o r  8 tu b es  

was p rep a red  by m ixing 4 ml o f  s o lu t io n  A, 2 ml o f  s o lu t io n  B 

and 10 ml o f  s o lu t io n  C. The m ix tu re  was w e ll s t i r r e d ,  degassed  

and im m edia te ly  p ip e t te d  in to  th e  g e l  tu b es  to  g ive  9 cm o f g e l 

le n g th .  They were th en  o v e r la id  w ith  1 cm o f  iso b u td n o l 

(N e v il le ,  1971), and a llow ed  to  po lym erize a t  room te m p e ra tu re . 

P o ly m eriza tio n  took  abou t 30 min b u t th e  g e ls  were l e f t  f o r  a n o th e r 

l j  h o u rs  to  be su re  t h a t  th e  p o ly m e riz a tio n  was com plete . The 

g e ls  c o n ta in ed  15% (w /v) ac ry lam id e , 0.1% (w /v) b isac ry la m id e  and 

2 .5  M u re a .

The g e l s u r fa c e s  were washed w ith  d i s t i l l e d  w a te r and r in s e d  

w ith  ru n n in g  b u f f e r  and p re -e le c tro p h o re s e d . T h is i s  to  remove 

b a s ic  io n s  re q u ire d  f o r  p o ly m e riz a tio n  and a t  th e  same tim e to  

e q u i l ib r a te  th e  g e ls  w ith  ru n n in g  b u f f e r .  0 .9  N a c e t i c  a c id  a t  

pH 2 .65  was used as  ru n n in g  b u f f e r .  A drop o f sX-naphthyl re d  

(K o c h -L i^ t  L ab .) s o lu t io n  was a p p lie d  to  one g e l tube  to  a c t  as  

a  ru n n in g  in d ic a to r .  E le c tro p h o re s is  was c a r r ie d  o u t in  a  Shandon 

8 -p la c e  e le c tro p h o r e s is  a p p a ra tu s  w ith  250 ml ru n n in g  b u f f e r  in  

each com partm ent, and ru n  from anode to  cathode w ith  a  c o n s ta n t

c u r re n t  o f  2 raA p e r  g e l .  A fte r  ru n n in g  f o r  2 .5  h o u rs  a t  room
h(wi

tem p era tu re  th e  in d ic a to r  d y e /^ trav e lled  tw o - th ird s  o f  the  t o t a l  

g e l  le n g th .  The p re -e le c t r o p h o re s is  was th en  te rm in a te d  and th e  

h is to n e  sam ples were a p p lie d  to  th e  g e l s .  H is to n e  sam ples (up 

to  100 Jill) were suspended in  0 .02  N H^SO^ and 5 M u re a , mixed
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w ith  a  drop o f  m e th y l-g reen  s o lu t io n ,  and la y e re d  onto  th e  g e ls  

u s in g  a  V in p ip e tteC  Sample lo a d in g  was perform ed w ith o u t rem oval 

o f  th e  b u f f e r .  E le c tro p h o re s is  was th en  co n tin u ed  f o r  3 h o u rs , 

o r  u n t i l  th e  in d ic a to r  l i n e s  had m ig ra ted  to  ap p rox im ate ly  5 mm 

from th e  low er ends o f  th e  tu b e s . I f  s e p a ra t io n  o f h is to n e  H1 

s u b f ra c t io n s  was th e  aim , th e  d u ra tio n  o f  e le c tro p h o r e s is  was 

ex tended  to  8 h o u rs . A f te r  e le c t ro p h o r e s is  th e  tu b es  were immersed 

in  ic e d  w a te r  and th e  g e ls  removed by g e n t le  rimming w ith  a  f in e  

hypoderm ic n e e d le . The g e ls  were th en  s ta in e d  and d e s ta in e d  as 

d e sc r ib e d  below .

(C) SD S-polyacrylam ide g e l e le c tro p h o r e s is

T h is  was by th e  method o f  Laemmli (1970) w ith  some 

m o d if ic a t io n s . The g e ls  were p rep a red  from the  fo llo w in g  aqueous 

s o lu t io n s ;

S o lu tio n  A -  60% (w /v) acry lam ide  -  s to re d  in  a  brown b o t t l e  and 

in  th e  d a rk .

S o lu tio n  B -  1.6% (w /v) b isac ry la m id e  -  s to re d  in  a brown b o t t l e  

and in  th e  d a rk .

S o lu tio n  C -  0.4% (w /v) sodium dodecyl s u lp h a te  (SDS, sodium la u r y l  

s u lp h a te ) . - s to r e d  in  th e  d a rk .

S o lu tio n  B -  1 .5  M T r i s -HCl b u f f e r ,  pH 8 .8  -  s to re d  in  a  r e f r i g e r a t o r .

S o lu tio n  E -  0 .5  M T r i s -HCl b u f f e r ,  pH 6 .8  -  s to re d  in  a

r e f r i g e r a t o r .

8 cm s e p a ra t io n  g e ls  were p rep a red  in  11 cm lo n g  g la s s  

tu b e s . The g e l s o lu t io n  f o r  9 tu b e s  was p rep a red  by d is s o lv in g  

0,016  g o f  ammonium p e rsu lp h a te  in  2 ml d i s t i l l e d  w a te r , and add ing  

2 ml o f  s o lu t io n  B and 4 ml each o f  s o lu t io n s  A and D. The m ix tu re

was degassed  and 4 ml o f  s o lu t io n  C and 16 jnl o f  TMED ( Sigma)

were added and mixed w e l l .  The g e l s o lu t io n  was then  p ip e t te d



-  35 -

in to  tu b e s  to  g iv e  8 cm o f  g e l le n g th .  The g e ls  were a llow ed  

to  po lym erize  a s  d e sc r ib e d  in  s e c t io n  (b ) .  The s e p a ra t io n  g e ls  

c o n ta in ed  15% (w /v) ac ry lam id e , 0.2% (w /v) b isa c ry la m id e , 0.1%

(w /v) SBS and 0 .575 M T ris-H C l, pH 8 .8 .

A fte r  th e  s e p a ra t io n  g e ls  were com ple te ly  po lym erized ,

1 cm s ta c k in g  g e ls  were la y e re d  over them. The s ta c k in g  g e l 

s o lu t io n  was p rep a red  by d is s o lv in g  0.003  g o f ammonium p e rs u lp h a te  

in  1.04  ml o f  d i s t i l l e d  w a te r , and add ing  0 .8  ml each o f  s o lu t io n s  

E and C, 0 .16  ml o f  s o lu t io n  A, 0 .4  ml o f  s o lu t io n  B, and 3-2 Â l 

o f  TEMED. T h is g e l s o lu t io n  was la y e re d  on top  o f  th e  s e p a ra t io n  

g e ls  a f t e r t h e i r  s u r fa c e s  had been washed w ith  d i s t i l l e d  w a te r .

The s ta c k in g  g e ls  were allow ed to  po lym erize  under i s o b u ty r ic  a c id  

f o r  30 m in. They co n ta in ed  3% (w /v) a c ry lam id e , 0.2% (w /v) b i s ­

ac ry lam id e , 0.1% (w /v) SDS and 0 .125 M T ris-H C l, pH 6 .8 .

The s ta n d a rd  m o lecu la r w eight m arkers used were cy tochrom e-c 

( 11,700  d a l to n e ) ,  haem oglobin ( 15,500  d a l to n s )  and bovine serum 

album in (65 ,000  d a l to n s ) .

I f  th e  h is to n e  sample to  be examined was in  a c id  s o lu t io n ,  

th e  h is to n e  was p r e c ip i ta te d  by e th a n o l (80% f i n a l  c o n c e n tra t io n ) ,  

washed once w ith  e th a n o l and d r ie d  b e fo re  a n a ly s is .  Samples o f  

c a l f  thymus h is to n e ,  Acer h is to n e  and th e  s ta n d a rd  m arkers were 

in d iv id u a l ly  d is so lv e d  in  lo a d in g  b u f f e r  c o n ta in in g  10$6 (v /v )  

g ly c e r o l ,  5% (v /v )  2-m ercap to  e th a n o l , 2.3% (w /v) SDS and 0 .0625 M 

T ris-H C l, pH 6 .8 .  S tandard  m arkers were a p p lie d  as  a  m ix tu re , 

w hile  h is to n e  sam ples o f MS were a p p lie d  to  each g e l tu b e . A 

t r a c e  o f bromophenol b lu e  (BPB) was in c lu d e d  in  th e  sample s o lu t io n ,  

to  a c t  a s  a  ru n n in g  in d ic a to r .  A ll sam ples were a p p lie d  onto  

s e p a ra te  g e l tu b e s  and e le c tro p h o re se d , u s in g  a  ru n n in g  b u f f e r  o f

0.1% (w /v) SDS, 1 . 44% (w /v) g ly c in e  and 0.3% (w /v) T r is  a t  pH 8 . 3 .
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E le c tro p h o re s is  was c a r r ie d  o u t from cathode to  anode a t  room 

te m p e ra tu re , a t  2 mA p e r  g e l ,  and was co n tin u ed  f o r  3*5 h o u rs .

The g e ls  were then  removed from th e  tu b e s  a s  d e sc r ib e d  p re v io u s ly , 

and s ta in e d .

(d ) S ta in in g  and d e s ta in in g  o f  g e ls

G els were s ta in e d ,  in  th e  a p p ro p r ia te  s ta in in g  s o lu t io n s ,  

in  t e s t  tu b e s  o v e m i ^ t  a t  room te m p e ra tu re . D e s ta in in g , in  th e  

a p p ro p r ia te  d e s ta in in g  s o lu t io n s ,  was c a r r ie d  o u t in  c o n ic a l 

f l a s k s  shaken in  a  w a te r  b a th  a t  55**C. The d e s ta in in g  s o lu t io n s  

were changed f r e q u e n tly  u n t i l  th e  d e s ta in in g  p ro c e ss  was com plete. 

The com bination  o f  s ta in in g  and d e s ta in in g  s o lu t io n s  was as  fo llo w s ;

(a )  S ta in in g  s o lu t io n  -  0.1% (w /v) Ami do B lack  (n ap h th a len e  b la c k

12 B) in  45*5% m eth an o l, 9.1% a c e t ic  a c id .  

D e s ta in in g  s o lu t io n  -  45*5% m ethanol and 9>1% a c e t ic  a c id .

(b ) S ta in in g  s o lu t io n  -  0.25% (w /v) Coomassie B r i l l i a n t  Blue in

45.5% m ethano l, 9»1% a c e t ic  a c id .

D e s ta in in g  s o lu t io n  -  th e  same a s  ( a ) .

(c )  S ta in in g  s o lu t io n  -  0.1% (w /v) Amido B lack  and 0.0125% (w/v)

Ponceau S in  30% e th a n o l and 'J% a c e t ic  

a c id .

D e s ta in in g  s o lu t io n  -  40% e th a n o l .

(d ) S ta in in g  s o lu t io n  -  0.01% (w /v) Bromophenol Blue in  d i s t i l l e d

w a ter a t  pH 3 .0 .

D e s ta in in g  s o lu t io n  -  40% n -p ro p a n o l.

(E) Scanning o f  g e ls

G els a f t e r  d e s ta in in g  were t r a n s f e r r e d  to  a  q u a r tz  c o n ta in e r  

(0 .7  cm X 11 cm). The c o n ta in e r  was then f i l l e d  w ith  d e s ta in in g  

s o lu t io n ,  and lo c a te d  on a  g e l scann ing  a p p a ra tu s . Scanning was
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c a r r ie d  o u t in  a  Beckman S pec tropho tom eter Model 24. A wave­

le n g th  o f  615 nm was used f o r  g e ls  s ta in e d  w ith  Amido B lack ,

A w avelength  o f  370 nm was used f o r  a l l  o th e r  s ta in in g  p ro ced u res . 

( f )  S l ic in g  o f  g e ls

To m easure th e  d i s t r i b u t io n  o f r a d i o a c t i v i t i e s  a lo n g  th e  

g e l s ,  th e  g e ls  were fro ze n  in  an aluminium t r o u ^  on d ry  i c e ,  

and c u t in to  1 .0  mm s l i c e s  w ith  a  g e l - s l i c e r  ( th e  MICKLE la b o ra to ry  

E n g in ee rin g  C o .) . Each s l i c e  was then h e ld  in  a  p o ly carb o n ate  

c a p su le , and ig n i te d -  in  an Oxymat ( in te r te c h n iq u e ,  P l a i s e r ,  

P rance) p r io r  to  l i q u id  s c i n t i l l a t i o n  co u n tin g .

10. Experim ents w ith  r a d io is o to p e s

( a) R adiochem icals

A ll rad io ch em ica ls  were o b ta in e d  a s  aqueous s o lu t io n s  

from th e  R adiochem ical C en tre , Amersham, and s to re d  in  a  deep­

f re e z e  a t  - 2 5 *C. They were a s  fo llo w s ;

L - [4*5 - ( n ) l y s i n e  m on oh yd roch lorid e; s p e c i f i c  a c t i v i t y

—1 —1
18 Ci mmole , 1 mCi ml •

L - Cn-**^c3 ly s in e  m onohydrochloride; h igh  s p e c i f ic  a c t i v i t y ,

287 mCi mmole \  50 jaCi ml \

L- [u-^^C 3 a r g in in e  m on oh yd roch lorid e  ; h ig h  s p e c i f i c  a c t i v i t y ,

324 mCi m m o le" \ 50 juCi ml \

L -[5 -(n )-^H 3  try p to p h an , s p e c i f ic  a c t i v i t y  29 Ci mmole” \

1 mCi ml ^ .

L - [u-**^C 3 l e u c in e ;  s p e c i f i c  a c t i v i t y ,  324 mCi mmole” \  50 juCi m l"^. 

[me th y l-^ H  3 -th y m id in e  ; s p e c i f i c  a c t i v i t y  45 Ci mmole"**, 1 mCi m l"^. 

[ 5 - ^ s ] u r id in e ; s p e c i f i c  a c t i v i t y  29 Ci mmole” **, 1 raCi ml***.

The in c u b a tio n  c o n d itio n s  in v o lv ed  in  th e se  experim ents 

a re  d e sc rib e d  in  C hapter 5 .
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( b ) Experim ents on asynchronous c u l tu r e s

(a )  D eterm in a tio n  o f  r a d io is o to p e s  rem ain in g  in  th e  c u l tu re  medium

D u p lica te  sam ples were t r e a te d  as  fo llo w s : 2 ml su sp en sio n

was p ip e t te d  in to  a  c e n tr ifu g e  tu b e , and spun im m ediate ly  a t  

5 ,000 rpm f o r  3 min in  an MSE Bench C e n tr ifu g e . 0 .1  ml o f  

th e  s u p e rn a ta n t was removed from each tu b e , mixed and t r a n s f e r r e d  

in to  a  d isp o sa b le  s c i n t i l l a t i o n  v i a l .  10 ml o f  s c i n t i l l a t i o n  

f l u i d  was th e n  added and th e  m ix tu re  shaken w e ll and counted , 

a s  d e sc r ib e d  l a t e r .

(b ) D e term ination  o f ra d io is o to p e  u p tak e  by th e  c e l l s

The packed c e l l  volume a f t e r  c e n tr i f u g a t io n  o f  th e  sam ples 

d e sc r ib e d  above was re c o rd e d , th e  s u p e rn a ta n t removed and th e  

c e l l s  suspended in  4 ml o f  a  c u l tu r e  medium m o d ified  to  c o n ta in  

*cold* chem icals co rre sp o n d in g  to  th e  is o to p e s  u sed , b u t a t  

100X t h e i r  c o n c e n tra tio n . The r e s u l t i n g  c e l l  su sp en sio n  was 

s t i r r e d  w ith  a  W h irlim ix er, and th e  c e l l s  th en  c o l le c te d  on 

a  S a r to r io u s -m e m b ra n f ilte r  (25 mm d i a . , 1 .2  jti po re  s i z e ) .  The 

f i l t e r  had been p re -so ak ed  w ith  m o d ified  c u l tu re  medium. R apid 

f i l t r a t i o n  was ach ieved  w ith  a  f i l t e r  a p p a ra tu s , which could  

f i l t e r  4 sam ples s im u lta n eo u s ly . Samples were d ra in e d  under 

vacuum and th e  f i l t r a t e s  c o l le c te d  in  a  w aste r e c e iv e r .  A fte r  

w ashing 5 tim es w ith  'co ld *  medium, th e  sam p le -b ea rin g  f i l t e r s  

were fo ld ed  in to  c a p s u le s , ig n i t e d  in  th e  Oxymat and th e  

r a d io a c t i v i t y  was m easured, a s  d e sc r ib e d  l a t e r .  The ra d io ­

a c t i v i t y  o b ta in e d  from each sample was co n v erted  to  ra d io ­

a c t i v i t y  p e r  u n i t  packed c e l l  volum e, and th e  average  o f  th e  

c o rre c te d  r a d i o a c t i v i t i e s  from d u p lic a te  sam ples re c o rd ed .
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( c )  D e te rm in a tio n  o f  r a d io i s o to p e  in c o r p o r a t io n  i n t o  m acro­

m o le c u le s

D u p lic jesam p les  were tak en  from  c u ltu re d  su sp en sio n  a t  

each sam pling  tim e . 2 ml su sp en sio n  was p ip e t te d  in to  2 ml 

o f  10^6 ic e - c o ld  'co ld *  TCA*, l e f t  on ic e  f o r  a  p e r io d  o f  tim e , 

and th e n  c e n tr ifu g e d  to  o b ta in  th e  packed c e l l  volum e. The 

s u p e rn a ta n t was removed and th e  c e l l s  were r e  suspended in  

4 ml o f  ic e - c o ld  *cold* 5% TCA.

F or d e te rm in a tio n  o f  th e  in c o rp o ra tio n  in to  DNA, th e  c e l l s  

were c o l le c te d  on S a to r io u s  m e m b ra n filte rs , washed 5 tim es 

w ith  ic e - c o ld  'co ld *  3% TCA (4 ml each t im e ) . Samples were 

th en  counted a s  d e sc r ib e d  l a t e r .

F o r d e te rm in a tio n  o f  th e  in c o rp o ra t io n  in to  p ro te in ,  th e  

c e l l s  were washed tw ice  w ith  4 ml o f ic e - c o ld  *cold* 5% TCA, 

suspended in  2 ml o f  th e  same 3% TCA, and b o i le d  f o r  15 min 

to  h y d ro ly ze  th e  DNA. A fte r  c h i l l i n g  th e  sample in  i c e ,  c e l l s  

were c o l le c te d  on f i l t e r s  p re v io u s ly  s a tu r a te d  w ith  th e  i c e -  

co ld  *cold* 5% TCA, and th en  washed and counted  a s  d e sc rib e d  

l a t e r .

(d )  D o u b le - la b e l l in g  c o n co m ita n t w ith  a  p u ls e -c h a s e  e x p e rim en t

T h is  e x p e rim en t was p e rfo rm ed  to  s tu d y  th e  l o c a t io n  o f  

h i s to n e  b io s y n th e s i s .  The p ro c e d u re  was a s  fo llo w s  :

2 f la s k s  o f  7-<iay o ld  s to c k  c u l tu re  were bu lked  to g e th e r .  

The f l a s k  was l e f t  on a  bench u n t i l  th e  c e l l s  had s e t t l e d

*  The 'c o ld *  10% TCA c o n ta in e d  10%(w/v) TCA p lu s  *cold* compound 

a t  200X th e  c o n c e n tr a t io n  o f  th e  i s o to p e - l a b e l l e d  compound 

p r e s e n t  i n  th e  in c u b a te d  s u sp e n s io n . The 'c o ld *  5% TCA i s  ' 

h a l f - s t r e n g t h  'c o ld *  10% TCA
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( c ,  5 m in ). T w o-th ird s o f  th e  medium was th en  removed to  

in c re a s e  th e  c e l l  d e n s i ty  in  th e  su sp en sio n . T h is  c o n c e n tra te d  

c u l tu r e  su sp en sio n  c o n ta in ed  3 «56 X 10^ c e l l s  ml \  The 

d o u b le - la b e l l in g  m ix tu re  was p rep a red  by m ixing  40 >il o f  

^E -try p to p h an  w ith  370 jol o f  **^C-lysine, u s in g  a  m icro p ip e t t e .

F or th e  * p u lse -c h a se  * t r e a tm e n t, 200 jul o f  th e  double­

l a b e l l i n g  m ix tu re  was added to  25 ml o f th e  c o n c e n tra te d  

c u l tu r e  su sp en sio n , and th e  c u l tu re  shaken in  a  w a te r  b a th  

a t  2 5 ‘'C (the f i n a l  c o n c e n tra tio n  o f  ^ ^ C -ly sin e  was I . 3I X 

10"^M, and try p to p h an  was 2 .7 6  X 10*”̂ ) .  A f te r  5 min 

sh ak in g , 100 ml o f  f r e s h  'co ld *  c u l tu re  medium (H e lle r* s  

medium c o n ta in in g  2 X 10” ^  ly s in e  and 2 X 1 0 " try p to p h an ) 

was added and sh ak in g  co n tinued  f o r  a  f u r th e r  10 m in. 5 ml 

o f  th e  su sp en sio n  was then  p ip e t te d  in to  5 ml o f  ic e - c o ld  

*cold* c u l tu re  medium, and a  second 5 ml su sp en sio n  was 

p ip e t te d  in to  5 ml o f  ic e - c o ld  *cold* lOÇ̂o TCA (10% TCA 

c o n ta in in g  2 X 10”^M ly s in e  and 2 X 10“ ^M try p to p h a n ) . These 

two sam ples were k ep t on ic e  and were l a t e r  used f o r  d e te im in a tio n  

o f  t o t a l  up tak e  and in c o rp o ra t io n  in to  p r o te in .  Soon a f t e r  

t h i s  sam pling , th e  r e s t  o f th e  c u l tu re  was f i l t e r e d  th rough  

a  ny lon  c lo th ,  and th e  c e l l s  washed 3 tim es w ith  200 ml i c e -  

co ld  *cold* c u l tu re  medium, and f i n a l l y  suspended in  18 ml o f  

g r in d in g  medium f o r  n u c le a r  i s o l a t i o n .  These c e l l s  were 

f r a c t io n a te d  in to  cy top lasm ic  and n u c le a r  f r a c t io n s  as  d e sc rib e d  

below .

For th e  * pulse* tre a tm e n t, 200 ;nl o f  th e  d o u b le - la b e l le d  

m ix tu re  was added to  25 ml o f th e  c o n c e n tra te d  c u l tu re  

su sp en sio n . A f te r  5 min sh ak in g  a t  25 "*0, th e  in c u b a tio n  was
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s topped  by add ing  100 ml o f  i c e - c o ld  *cold* c u l tu r e  medium.

Two sam ples (each  5 m l) were ta k e n , an d  the* rem ain in g  c e l l s

were f i l t e r e d ,  washed and suspended in  18 ml o f  g r in d in g

medium as  d e sc r ib e d  above.

The f r a c t io n a t io n  o f  l a b e l le d  c e l l s  in to  cy to p lasm ic  and

n u c le a r  f r a c t io n s  was perform ed a s  fo llo w s : c e l l s  were

homogenized w ith  a  g la s s  Potter-K Lvehjem  hom ogenizer as

d e sc r ib e d  in  th e  Methods (p . 2 5 ) . To th e  ru p tu re d  suspension

was added 6 ml o f  d i lu t io n  b u f f e r ,  and 5 ml was w ithdraw n

f o r  d e te rm in a tio n  o f t o t a l  p ro te in  in c o rp o ra t io n . The r e s t

o f  th e  su spension  was f i l t e r e d  th rough  4 la y e r s  o f  Mi*@racloth,

and c e n tr ifu g e d  a t  4 ,500  Xg f o r  20 m in. The s u p e rn a ta n t

(cy to p la sm ic  f r a c t io n )  was p ip e t te d  in to  a  b e ak e r, and th e

p e l l e t  washed tw ice w ith  w ashing medium and f i n a l l y  suspended

in  5 ml o f w ashing medium to  g iv e  th e  n u c le a r  f r a c t i o n .

An equal volume o f  ic e - c o ld  'co ld *  10% TCA was added to

th e  t o t a l  n u c le a r  f r a c t io n  and to  7 ml o f  th e  cy to p lasm ic

f r a c t io n .  These, to g e th e r  w ith  o th e r  sam ples f o r  in c o rp o ra tio n

t e s t s ,  were l e f t  o v e rn ig h t in  a  r e f r i g e r a t o r ,  and were th en

t r e a te d  as  d e sc r ib e d  above in  ( c ) .

The sam ples taken  im m ediately  a f t e r  in c u b a tio n  f o r  uptake

d e te rm in a tio n  were t r e a te d  a s  d e sc r ib e d  in  ( b ) .

(e )  E f f e c t  o f  hydroxyurea on h is to n e  b io s y n th e s is

The c e l l  d e n s i ty  o f  a  7-d ay  o ld  s to c k  c u l tu re  was in c re a se d

by sed im en ta tio n  and d é c a n ta t io n , a s  d e sc r ib e d  in  (d )  above,
6 —1to  g iv e  a  susp en sio n  c o n ta in in g  1.36 X 10 c e l l s  m l" . T his 

su spension  was th en  in c u b a te d  w ith  ^^C -leu c in e  a t  a  f i n a l  

c o n c e n tra tio n  o f  0 .25  juCi m l" ( 6 .76  X 10" M) in  th e  p resence
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o f  d i f f e r e n t  c o n c e n tra tio n s  o f  hydroxyurea . The in c u b a tio n  

was c a r r ie d  o u t in  25 ml c o n ic a l f l a s k s .  25 p i  o f  ^^C- 

le u c in e  (50 juCi ml"**) and 250 jol o f  hydroxyurea ( a t  d i f f e r e n t  

c o n c e n tra t io n s )  were p ip e t te d  down th e  s id e s  o f  th e  f l a s k  

to  avo id  m ix ing , and th en  5 ml o f  c o n c e n tra te d  c u l tu re  

su sp en sio n  was in tro d u c e d  to  i n i t i a t e  th e  in c u b a t io n . A fte r  

sh ak in g  f o r  20 min in  a  w a te r  b a th  a t  25*0, 10 ml o f  ic e - c o ld  

H e l l e r 's  medium c o n ta in in g  2 X 10"^ M le u c in e  was added to  

th e  su sp en s io n . T r ip l i c a te  sam ples, each o f 4 m l, were tak en  

and added to  4 ml o f  ic e - c o ld  lÔ o TCA c o n ta in in g  2 X 10""'*’ M 

le u c in e .  The f i n a l  c o n c e n tra tio n s  o f  hydroxyurea in  th e  

c u l tu re  su sp en sio n  were 0 , 1 X 10"^M, 1 X 10"^M, 1 X 1 0 " ^ ,

1 X 1 0 "&  and 1 X 10"^-I.

Samples were l e f t  in  i c e  f o r  2 h o u rs  and th e  packed c e l l  

volume was re c o rd ed  f o r  each sample a f t e r  c e n t r i f u g a t io n .

The p e l l e t s  were each washed once w ith  4 ml o f  ic e -c o ld  'c o ld '

5% TCA, and were th en  suspended in  2 ml o f  'c o l d '  5% TCA.

The su sp en sio n s  were b o ile d  f o r  20 m in, c h i l l e d  in  ic e  f o r  

30 m in, and f i n a l l y  spun down in  a  bench c e n tr i f u g e .  The 

s u p e rn a ta n ts  were d is c a rd e d , and th e  p e l l e t s  o f  2 o f  th e  sample 

s e t s  were s e p a ra te ly  c o l le c te d  on S a to rio u s  m e m b ra n filte rs , 

and washed and counted  as  d e sc r ib e d  in  (c )  above. The 

rem ain ing  s e t  o f  sam ples was used to  determ ine  th e  in c o r ­

p o ra tio n  in to  n o n -b a s ic  (H C l-in so lu b le )  p r o te in s .  To do t h i s  

th e  sam ples were suspended in d iv id u a l ly  in  2 ml o f  0 .25  N

HCl c o n ta in in g  2 X 10""^ le u c in e ,  and l e f t  o v e rn ig h t in  a

r e f r i g e r a t o r .  The H C l-in so lu b le  f r a c t io n  was p e l le te d  by 

c e n t r i f u g a t io n ,  washed once w ith  0 .25  N HCl c o n ta in in g

2 X 10 ^ M le u c in e ,  and f i n a l l y  suspended in  ic e - c o ld  'c o ld '
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5% TCA* T h is  H C l-in so lu b le  p ro te in  was th en  c o l le c te d  and

counted* A ll r a d i o a c t i v i t i e s  were p re sen te d  as  counts p e r

m inute  (cpm) p e r  u n i t  packed c e l l  volume.

(c) Experim ents on synchronous c u l tu re s

(a )  B io sy n th e s is  o f  m acrom olecules

The c u l tu r e  su sp en sio n  was sampled every  2-6  ho u rs  once

th e  c e l l  d e n s ity  had reach ed  2 X 10^ c e l l s  ml \  About

500 ml o f  c u l tu r e  su sp en sio n  was h a rv e s te d  m anually  each tim e .

From t h i s  20 ml was tak en  f o r  th e  fo llo w in g  b io s y n th e t ic

t e s t s .  The b io sy n th e se s  o f  DNA, ENA, b a s ic  p ro te in  and non-

b a s ic  p ro te in  were d e te c te d  r e s p e c t iv e ly  by fo llo w in g  th e

in c o rp o ra tio n  o f  ^H -thym idine (^H -dx), ^H -u rid in e  (^H-U ) ,

^ H -ly s in e  (^ H - ly s ) , and ^H -tryp tophan  (^ H -trp ) in to  t h e i r

r e s p e c t iv e  m acrom olecules. T his was ach ieved  by in tro d u c in g

5 ml a l iq u o ts  o f  su sp en sio n  in to  s e p a ra te  25 ml c o n ic a l f la s k s

c o n ta in in g  3 p i  o f  ^H-dT, ^H-U , ^H -ly s , o r  ^ H -trp . The f i n a l

c o n c e n tra tio n  o f  ra d io is o to p e  in  su sp en sio n  was 1 pCi m l"^ .

A zero  tim e sample (1 m l) was tak en  from each f l a s k  and th en

th e  f l a s k s  w ere shaken in  a  w a te r b a th  a t  25*^0. A fte r  15 min

sh ak in g , d u p l ic a te  sam ples (each  1 m l) were ta k e n . The sam ples

were im m edia te ly  added to  1 ml o f  ic e - c o ld  'co ld*  10̂ 6 TCA

( 10% TCA c o n ta in in g  5 X 10*”̂  'c o ld '  compound co rresp o n d in g  
compound

to  th e  la b e l  l i n g - i n v o l v e d ) ,  and th e  in c o rp o ra t io n  in to  

th e  r e s p e c t iv e  m acrom olecules was de term in ed , as  d e sc r ib e d  in  

th e  Methods (p . 5 9 ). S ince th e se  in c o rp o ra t io n  t e s t s  were 

perform ed f r e q u e n t ly  d u rin g  th e  grow th o f  a  synchronous c u l tu r e ,  

th e  sam ples f o r  H -ly s  and H -trp  in c o rp o ra tio n  were n o t h e a te d  

to  remove n u c le ic  a c id ;  ( t h i s  was to  save tim e in  a  v e ry  heavy 

ex p erim en ta l s c h e d u le ) . The rem ain in g  2 ml o f  su spension  was
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shaken f o r  a  f u r th e r  15 min and th e  c e l l s  were spun down and 

f ix e d  in  50% form ic a c id .  These f ix e d  sam ples were s to re d  

in  a  r e f r i g e r a t o r  u n t i l  re q u ire d  f o r  a u to ra d io g ra p h ic  

p re p a ra t io n .

(h ) S p e c if ic  a c t i v i t y  o f  h is to n e  sy n th e s iz e d

^ E -ly s in e  (10 Ci mmole” \  1 mCi m l"^) was d i lu te d  10 tim es 

w ith  d i s t i l l e d  w a te r . 100 jul o f  t h i s  d i lu te d  ^H -lys was added 

to  100 ml o f  c e l l  su sp en sio n  tak en  from a  synchronous c u l tu r e .  

A fte r  sh ak in g  a t  25 *C f o r  1 h o u r, c e l l s  were h a rv e s te d  by 

f i l t r a t i o n  t h r o u ^  n y lo n  c lo th ,  washed 3 tim es w ith  a  t o t a l  

o f  400 ml ic e - c o ld  1 X 10"^ M ly s in e ,  and f i n a l l y  suspended 

in  15 ml o f  g r in d in g  medium. The c e l l s  were th en  s to re d  i n  

a  d e e p -fre e z e  u n t i l  r e q u ire d  f o r  a n a ly s is  ( th e  a c tu a l  volumes 

o f  c u l tu re  and is o to p e  s o lu t io n  were d i f f e r e n t  on d i f f e r e n t  

o ccas io n s  b u t th e  r a t i o  o f  th e  two always re m a ii^ th e  sam e).

The h is to n e s ^ e x tra c te d  from th e se  la b e l le d  c e l l s  and th e  

s p e c i f ic  a c t i v i t y  o f  th e  h is to n e  sy n th es iz ed  c a lc u la te d .

( d ) Measurement o f  r a d i o a c t i v i t i e s

(a )  R eagents

( i )  For m easuring  r a d io a c t i v i ty  o f  ^H, 1 .0  l i t r e  o f  th e

s c i n t i l l a t i o n  f l u i d  co n ta in ed  dioxane (700  m l) , to lu e n e  

(300  m l) , n ap h th a len e  (20 g) and Butyl-PBD (7 g ) .

( i i )  For m easuring  r a d io a c t i v i ty  o f  ^^C, 1 .0  l i t r e  o f  th e

s c i n t i l l a t i o n  f l u i d  c o n ta in ed  pheny lethy lam ine  (330  m l) , 

m ethanol (220 m l) , to lu en e  (4 OO m l), Butyl-PBD (7 g) 

and d i s t i l l e d  w a te r (50 m l) .

( i i i )  Washing f l u i d ,  which was r e q u ir e d  when sam ples were

ig n i t e d  in  an Oxymat ( in te r te c h n iq u e ,  P l a i s e r ,  P ra n c e ) .
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The w ashing b u f f e r  i s  a  m ix tu re  o f  m ethanol (660 m l) 

and to lu e n e  (340 m l) . The Oxymat i s  a  com m ercial v e rs io n  

o f  th e  P e te rso n  a p p a ra tu s  (P e te rs o n , Wagner, S e ig e l and 

N ixon, 1969) .

A ll r a d io a c t iv e  sam ples were r e ta in e d  i n  d isp o sa b le  

s c i n t i l l a t i o n  v i a l s  and counted  w ith  a  Beckman LS-100 

S c i n t i l l a t i o n  C ounter.

(b )  Methods

( i )  5O-2OO j i l  o f  l iq u id  sample was added to  10-20  ml o f  

s c i n t i l l a t i o n  f l u i d ,  mixed w e ll and cou n ted .

( i i )  Samples c o l le c te d  on f i l t e r  p ap e rs  were d r ie d  under an

in f r a - r e d  lamp, coo led  and counted  in  5 ml o f  s c i n t i l l a t i o n  

f l u i d .

( i i i )  Gel s l i c e s  were h e ld  in  p o ly ca rb o n a te  c a p su le s  (LEXAN R) 

and ig n itè d ; ' in  an 0%ymat, u s in g  th e  a p p ro p r ia te  

s c i n t i l l a t i o n  f l u i d .  In  some ex p erim en ts , l i q u id  sam ples 

and sam p le-b earin g  f i l t e r s  were a lso  ' i g ô i t s d  in  an 

Oxymat and coun ted . The p e rc e n ta g e s  o f  th e  re c o v e ry  and 

th e  memory were checked a lo n g  each s e t  o f sam ples. The 

reco v e ry  p ercen tag e  i s  alw ays over 92% w h ile  th e  memory 

i s  less^  than  2%.

The Beckman LS-100 S c i n t i l l a t i o n  C ounter gave 37*5% 

and 72 . 7% co u n tin g  e f f i c i e n c ie s  r e s p e c t iv e ly  f o r  and **̂ C 

when sam ples were counted in  th e  a p p ro p r ia te  f l u i d s .
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1 . In tro d u c t io n

The i n i t i a l  problem  in  th e  i s o l a t i o n  o f  th e  n u c le a r  p r o te in s  

i s  a s c e r ta in in g  th a t  th e y  come from th e  n u c le u s , and th a t  cy to p lasm ic  

p ro te in s  a re  n o t  p re s e n t  in  th e  p ro d u c ts  i s o l a t e d .  As f a r  a s  th e  

i s o l a t i o n  o f  n u c le a r  h is to n e  i s  concerned , e s p e c ia l  ca re  h a s  to  be 

e x e r te d  to  p re v e n t con tam ination  by cy to p lasm ic  c o n te n ts ,  which a re  

a ls o  a  source  o f  b a s ic  p r o te in s .  B u tle r ,  Cohn and Simson ( 1960) ,  

Crampton and Peterm ann (1959) and L e s le i  ( 196I )  have in d ic a te d  th a t  

microsomes o f  r a t  l i v e r  c o n ta in  p ro te in s  s im i la r  in  com position  to  

th e  h is to n e s  found in  th e  n u c le u s . E le c tro p h o re s is  a lso  shows th a t  

ribosom es and chromosomes from ch icken  l i v e r  c o n ta in  s im i la r  b a s ic  

p r o te in s  (L in d say , I 966) . The y ie ld  o f  b a s ic  p ro te in s  from microsomes 

o f  Physarum i s  6 tim es th a t  o f  th e  n u c le a r  h is to n e s  (Mohberg and Rusch, 

1970) .  B asic  rib o so m al p ro te in s  from f iv e  mammalian t i s s u e s  were found 

to  p o sse ss  s im i la r  e le c t r o p h o r e t ic  p a t te r n s ,  g iv in g  24 bands in  po ly ­

acry lam ide  g e ls  a t  pH 4 .5  (Low and Wool, 1967). P ro te in s  o b ta in e d  by 

a c id  e x t r a c t io n  o f  m ito ch o n d ria  (Z ah le r  e t  a l . . I 968 ; Mohberg and Rusch, 

1970) have been found to  i n t e r f e r e  w ith  e le c t r o p h o r e t ic  c h a r a c te r iz a t io n  

o f  h is to n e s .  M oreover, h is to n e s  and h i s to n e - l ik e  b a s ic  p r o te in s  a re  

found w id e ly  d i s t r i b u t e d  in  th e  Chinese h am ster ovary  c e l l s  ( Shepherd 

and N oland, I 968) .  A v e ry  pure chrom atin  o r  n u c le a r  p re p a ra t io n  was 

th e r e f o r e  co n sid e red  e s s e n t i a l  a s  s t a r t i n g  m a te r ia l  f o r  th e  i s o l a t i o n  

o f  an uncontam inated  n u c le a r  h is to n e  f r a c t i o n .

C hrom atin  p re p a re d  from  c a l f  thym us by th e  m ethod o f  Zubay 

and D oty (1959) c o n ta in s  p r o te i n s  o f  w hich more th a n  60% a r e  o f  

c y to p la sm ic  o r ig i n  (Jo h n  and F o r r e s t e r ,  I 969 ) .  These c y to p la sm ic  

p r o t e i n s  a re  assum ed to  have been  a d so rb ed  o n to  th e  ch ro m a tin  d u r in g  

i t s  e x t r a c t i o n  w ith  saline-E D T A . A l th o u ^  th e s e  c y to p la sm ic  p r o te in s



— 47 -

could  be removed by e x tr a c t io n  w ith  0 .3  N NaCl (Johns and F o r r e s te r ,

1969; S p e lsb e rg  and H n il ic a , 1971), th e  s tu d ie s  o f  W ilhelm, Groves and 

H h il ic a  (1972) in d ic a te  t h a t  0 .3  N NaCl a ls o  removes v a r ia b le  amounts 

o f  t i s s u e - s p e c i f i c  chromosomal p r o te in s .  Chrom atin p rep a red  from sea  

u rc h in  embryos by c e n tr i f u g a t io n  th rough  dense su c ro se , a s  d e sc r ib e d  

by Bonner e t  a l . (1 9 6 8 ). c o n ta in ed  cy to p lasm ic  p ro te in s  a cco u n tin g  f o r  

30% o f  i t s  t o t a l  n o n -h is to n e  p r o te in  ( H i l l ,  P o cc ia  and Doty, 1971).

The p resen ce  o f  cy to p lasm ic  m a te r ia l  in  chrom atin  p rep a red  by t h i s  method 

was a lso  d e te c te d  by an im m unological te ch n iq u e  (S e v a lje v ic , 1974) .

In  c o n t r a s t ,  i t  was found th a t  chrom atin  p re p a red  from p u r i f i e d  n u c le i  

c o n s is te n t ly  c o n ta in ed  a  v e ry  low le v e l  o f  cy to p lasm ic  co n tam in an ts , 

acco u n tin g  f o r  o n ly  5% o r  l e s s  o f  i t s  t o t a l  n o n -h is to n e  p ro te in  (B horjee  

and P ederson , 1972; Wilhelm e t  , 1972; A u g en lich t and B aserga , 1973).

A s e r i e s  o f  experim en ts  perform ed by T a ta , H am ilton and Cole (1972) 

compared th e  n a tu re  o f  th e  con tam inan ts on chrom atin  when d i f f e r e n t  

p re p a ra t io n  te ch n iq u es  were fo llo w ed . They found th a t  chrom atin  p rep a red  

from whole t i s s u e  o f  r a t  l i v e r  by th e  method o f  M arushige and Bonner 

( 1966) co n ta in ed  g ro ss  co n tam ination  d e riv e d  from cy to p lasm ic  membranes. 

The chrom atin  so p re p a red  a lso  p o sse ssed  a  h ig h  le v e l  o f  p ro te a se  

a c t i v i t y .  By c o n t r a s t ,  chrom atin  p rep ared  from n u c le i ,  e s p e c ia l ly  

n u c le i  which had been washed w ith  T r ito n  X-100 to  remove th e  n u c le a r  

membranes, was con tam inated  w ith  cy top lasm ic  m a te r ia l  to  a  much l e s s e r  

e x te n t ,  a s  judged b o th  from th e  a c t i v i t i e s  o f  m arker enzymes and th e  

p h o sp h o lip id  c o n te n t ( T a ta  e t  a l . . 1972). S im ila r  r e s u l t s  have been 

o b ta in ed  by o th e r  w orkers ( P h i l l i p s  and Jo h n s, 1959» H a u ss ie r  e t  a l . . 

1969; Harlow e t  a l . . 1972).

P re v io u s ly , chrom atin o f  Acer p seu d o n la tan u s h as  been e x tra c te d  

from whole c u ltu re d  c e l l s .  The c e l l s  were washed, suspended in  v a r io u s
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e x tr a c t io n  m edia, packed in  V isk in g  tu b in g  ( S c i e n t i f i c  In s tru m e n t C en tre , 

L td . ,  London) and fro ze n  in  l i q u id  n i t r o g e n . R u p tu rin g  o f  th e  c e l l s  

was ach ieved  by p re s s in g  th e  f ro z e n  c e l l s  a g a in s t  a  r a p id ly  re v o lv in g  

carborundum pad (Jen n in g s  and S t r e e t ,  1974). E x tra c tio n  m edia t e s t e d  

were s u c ro se -c o n ta in in g  m edia (Plamm e t  a l . . 1963; Bonner e t  a l . . 1968), 

hy p o to n ic  b u f f e r  (Monahan and H a ll ,  1973) and s ta n d a rd  s a l in e  c i t r a t e ,

SSC, (G ould, 1973) .  I t  was found th a t  a lth o u g h  th e  c e l l s  were 100% 

ru p tu re d , on ly  a  r e l a t i v e l y  sm all p o r t io n  o f  th e  c e l l u l a r  DNA c o n te n t 

was reco v ered  in  th e  crude ch ro m atin . For exam ple, w ith  SSC o n ly  6% 

o f  th e  DNA was reco v e red  in  th e  ch rom atin . M oreover, th e  b a s ic  p ro te in s  

p rep a red  from t h i s  chrom atin  by th e  a c id -e th a n o l  method c o n ta in ed  a  la rg e  

q u a n ti ty  o f  m a te r ia l  o th e r  than  h is to n e s ,  a s  shown by th e  r e l a t i v e l y  

sm all p ro p o r tio n  o f  th e  e x tra c te d  m a te r ia l  which co -m ig ra ted  w ith  c a l f  

thymus h is to n e  s ta n d a rd s  when e le c tro p h o re se d  on po lyacry lam ide  g e l s .

I t  seems th a t  w ith  c u ltu re d  c e l l s  o f  A cer, a s  in  most o th e r  c e l l s ,  th e  

con tam ination  o f  chrom atin  w ith  cy to p lasm ic  m a te r ia l  i s  a  m ajor h aza rd  

when chrom atin  i s  re co v ered  from whole c e l l s .  Such 's t r a i g h t  ch ro m a tin ' 

e x t r a c t io n  methods a re  in  f a c t  o n ly  to  be recommended f o r  th o se  c e l l  

ty p es  from which i t  i s  n o t f e a s ib le  to  p re p a re  p u r i f ie d  n u c le i .

The aim must th e re fo re  be to  o b ta in  n u c le i  in  h ig h  y ie ld  and 

p u r i ty  w ith  p re s e rv a tio n  o f  t h e i r  n a t iv e  s t r u c tu r e  and fu n c tio n . There 

a re  numerous e x tr a c t io n  p ro ced u res  d e sc r ib e d  in  th e  l i t e r a t u r e  which 

a re  used f o r  e x t r a c t io n  o f  n u c le i  from c e l l s  o r  t i s s u e s  o f  h ig h e r  an im als 

(Sm uckler e t  a l . . 1976). These have been developed f o r  p a r t i c u l a r  

exp erim en ta l system s. Thus, a  method s u i ta b le  f o r  l i v e r  may n o t be 

s u i ta b le  fo r  m uscle o r b r a in .  Each t i s s u e  and sp e c ie s  p re s e n ts  i t s  own 

problem s, and th e se  can be overcome o n ly  by t r i a l  and e r r o r .  In  a d d i t io n ,  

th e  toughness o f  th e  c e l l  w a ll and th e  p resen ce  o f la rg e  amounts o f 

s to ra g e  m a te r ia l  in  h ig h e r  p la n t  c e l l s  a re  problem s n o t g e n e ra l ly
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encoun tered  in  th e  i s o l a t i o n  o f  n u c le i  from anim al c e l l s .

Because o f  th e  fundam ental s t r u c t u r a l  d if f e r e n c e  between p la n t  

and anim al c e l l s ,  r e fe re n c e s  to  th e  i s o l a t i o n  o f  n u c le i  from h ig h e r  

p la n ts  a re  few in  c o n tr a s t  to  th e  g re a t  number o f  p ap ers  d e a lin g  w ith  

th e  i s o l a t i o n  o f  n u c le i  from anim al t i s s u e s .  The methods t h a t  have so 

f a r  been re p o r te d  f o r  th e  i s o l a t i o n  o f  p la n t  n u c le i  can be c l a s s i f i e d  

in to  4 groups : ( i )  in v o lv in g  enzyme tre a tm e n t p r io r  to  th e  i s o l a t i o n

o f  n u c le i  a s  f o r  onion  ro o ts  (Brown, 1955)f and r i c e  su sp en sio n  c e l l s  

(App and G ranados, 1974); ( i i )  Behrens* m ethod, which in v o lv ed  th e  

a p p l ic a t io n  o f  a  non-aqueous g r in d in g  medium, a s  f o r  wheat germ (S te m  

and M irsky , 1952) and p o lle n  o f  L ilium  lo n g if lo ru m  (S h e rid an , 1975)»

( i i i )  th e  use  o f  su c ro se -c o n ta in in g  g r in d in g  m edia, a s  f o r  wheat embryo 

(Jo h n sto n  e t  a l . . 1957), c u ltu re d  tobacco c e l l s  (Flamm e t  a l . . 19&5) 

and pea stem s ( B i r n s t i e l  e t  a l . . 19&2); and ( iv )  th e  use o f  gum a ra b ic  

and n -o c ty la lc o h o l c o n ta in in g  g r in d in g  medium, as  f o r  tobacco  le a v e s  

(K uehl, 1964) ,  r o o ts  o f  V ic ia  fa b a  (D ick , I 968) and c u ltu re d  tobacco  

and soybean c e l l s  (M atthysse and P h i l l ip s  j  I 969) .  Each method h a s  i t s  

own advantages and d isa d v a n ta g e s .

As f a r  a s  th e  p re s e n t  in v e s t ig a t io n  i s  concerned , th r e e  c r i t e r i a

must be met when a  method i s  s e le c te d  f o r  th e  i s o l a t i o n  o f  n u c le i  from

Acer c e l l s .  The method shou ld  (a )  in c lu d e  a  p re s e rv a tio n  s te p ,  to  r e t a i n

th e  r e p re s e n ta t iv e  sam ples a t  t h e i r  p a r t i c u l a r  c e l l - c y c le  s ta g e s  ; (b)

com prise a  sim ple i s o l a t i o n  p rocedure  and (c )  be a b le  to  produce a

rea so n a b le  y ie ld  and p u r i ty .  A g e n e ra l c o n s id e ra tio n  o f  th e  4 methods 
as , .

j u s t  m entioned is ^ fo llo w s  : ( i ;  th e  involvem ent o f  enzyme tre a tm e n t 

a p p a re n tly  does n o t f u l f i l l  c r i t e r io n  ( a ) ;  ( i i )  Behrens * method i s  

r a th e r  tim e consuming and th e  p u r i ty  o f  th e  n u c le i  i s  o f te n  u n s a t i s f a c to r y ,

i . e . ,  i t  does n o t meet th e  c r i t e r i a  (b ) and ( c ) ;  ( i i i )  th e  use o f  su c ro se -  

c o n ta in in g  medium can n o t y ie ld  i n t a c t  n u c le i  from Acer c e l l s  and ( iv )
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K uehl*s p rocedure  does n o t cover c r i t e r i o n  ( a ) .  T h e re fo re , i t  i s  

n e c e s sa ry  to  develop  an im proved i s o l a t i o n  method to  m eet th e  req u irem en ts .

2 . Advantages o f  p re s e rv in g  c e l l s  in  g ly c e r o l-c o n ta in in g  medium

Because i t  was p lanned  to  s tu d y  h is to n e  b io s y n th e s is  t h r o u ^  

th e  c e l l  c y c le , i t  was n e c e s sa ry  t h a t  sam ples o f  c e l l s  c o l le c te d  a t  each 

p a r t i c u l a r  s ta g e  o f  th e  c e l l  c y c le  be p re se rv e d  in  a  way which d id  n o t 

change t h e i r  p h y s ic a l  o r  b io chem ica l c h a r a c t e r i s t i c s .  In  g e n e ra l ,  th e  

r e p r e s e n ta t iv e  c e l l  sam ples can be q u ic k ly  fro ze n  in  l i q u id  n i t ro g e n  o r  

suspended in  v is c o u s  m edia and k ep t a t  subzero  tem p era tu res  (Sm uckler 

e t  a l . . 1976) .  The d isad v an tag e  o f  f r e e z in g  i s  t h e . fo rm atio n  o f  i c e -  

c r y s t a l  a r t i f a c t s ,  which have been found to  d e s tro y  th e  n u c le a r  s t r u c tu r e  

p r i o r  to  th e  i s o l a t i o n  o f  th e  n u c le i .  H is to n es  p rep a red  from fro z e n  

c a l f  thymus were found to  be l e s s  s ta b le  th a n  th o se  from f r e s h  m a te r ia l  

(N ee lin  and N e e lin , I 96O), b u t v isc o u s  m edia c o n ta in in g  g ly c e ro l  have
<K

been s u c c e s s fu l ly  used  fo r  p re s e rv in g  RNA polym erase from ̂ b a c te r ia l  

so u rce  (Nakamoto e t  a l . . 1964) .  There a re  a ls o  r e p o r ts  on p re s e rv in g  

n u c le i  in  g ly c e ro l-c o n ta in in g  m edia. Examples a re  th e  p re s e rv a tio n  o f  

th e  ch ick  o v id u c t n u c le i  in  30% g ly c e ro l  a t  -2 0  "C (McGuire and 0*M alley,

1968) and r a t  l i v e r  n u c le i  in  70% g ly c e ro l  a t  -20  ®C o r  - I 96 *0 (Read and 

M au ritzen , 1970). The s t r u c tu r e  and enzyme a c t i v i t y  o f  th e se  n u c le i  

were found r a th e r  s ta b le  under th e  co n d itio n s  employed. M oreover, chrom atin 

i s o l a t e d  from c a l f  thymus was found to  r e t a i n  i t s  n a t iv e  s t r u c tu r e  in  

60% g ly c e ro l  a t  -20  *C f o r  a  lo n g  p e rio d  ( G a r r e t t ,  1970»  and so lu b le  

n u c le o h is to n e  was s u c c e s s fu lly  s to re d  in  40% g ly c e ro l  a t  -20  *̂0 f o r  3 

months o r  more (Bonner e t  a l . . 19&8).

These f in d in g s  prompted a tte m p ts  to  p re se rv e  c u ltu re d  c e l l s  

o f  Acer p seudon la tanus L. in  a  g ly c e ro l-c o n ta in in g  medium. S ince a 

70% (v /v )  g ly c e ro l-c o n ta in in g  medium was l a t e r  developed as g r in d in g
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medium, i t  i s  th u s  a lso  used  as  th e  medium f o r  c e l l  p r e s e rv a t io n . The 

re p r e s e n ta t iv e  c e l l  sam ples were c o l le c te d  by f i l t r a t i o n  and then  

suspended in  th e  g r in d in g  medium and k ep t a t  -18  'C. When th e  ru p tu re d  

c e l l  su sp en s io n s  from such unfyezen  sam ples were compared w ith  th o se  

o b ta in e d  a f t e r  f r e e z in g  in  l i q u id  n itro g e n  i t  was found th a t  more i n t a c t  

n u c le i  w ere p re s e n t  in  th e  u n fro zen  sam ples. The h is to n e s  i s o la t e d  from 

c e l l s  which had been p re se rv e d  in  g r in d in g  medium a t  -18  ''C f o r  f iv e  months 

d id  n o t d i f f e r  in  t h e i r  c h a r a c t e r i s t i c s  on p o ly acry lam ide  g e ls  from th o se  

.o f  f r e s h ly  h a rv e s te d  c e l l s .  In  f a c t ,  i t  p roved e a s ie r  to  ru p tu re  c e l l s  

which had been p re se rv e d  f o r  a  p e r io d  a t  -18  *C.

3. Development o f  g r in d in g  medium

The g e n e ra l p rocedure  f o r  th e  i s o l a t i o n  o f  n u c le i  i s  to  b reak  

c e l l s  o f  a  g iven  sample and r e le a s e  t h e i r  c o n te n ts ,  w ith  th e  n u c le i  i n t a c t  

and u n a l te r e d ,  in to  a  s u i ta b le  medium, fo llo w ed  by th e  rem oval o f  d e b r is  

and co n tam in an ts . The com position  o f  th e  g r in d in g  medium p la y s  an 

im p o rtan t r o le  in  d e te rm in in g  th e  c h a ra c te r  o f  th e  homogenate and th e  

e x te n t to  which th e  o rg a n e lle s  rem ain u n a l te re d  in  s t r u c tu r e  and fu n c tio n . 

Media used  f o r  th e  i s o l a t i o n  o f  n u c le i  f a l l  in to  2 main groups : th o se  

in  w hich non-aqueous m edia a re  employed, and th o se  based on th e  use o f  

aqueous s o lu t io n s  o f  su cro se  o r  s a l t s .  The fo rm er m ethod, based  on 

Behrens* p rocedu re  (1932) and i t s  subsequen t m o d if ic a tio n s  (A llf re y  

e t  a l . , 1952; S ie b e r t ,  19&3) fa c e s  th e  p rim ary  problem o f  a ch ie v in g  

s a t i s f a c to r y  rem oval o f  cytoplasm  so th a t  th e re  i s  l i t t l e  o r  no adherence 

o f  cy to p lasm ic  components to  th e  n u c le i  (Maggio e t  a l . , 1963). When 

a p p lie d  to  wheat germ, which i s  r i c h  in  n u c le i ,  c o n s id e ra b le  cy top lasm ic  

con tam ination  p e r s i s t s  (S te m  and M irsky, 1952). With th e  aqueous m edia 

commonly used  f o r  n u c le a r  f r a c t io n a t io n s ,  th e  prim ary problem  i s  th a t  

most o f  p la n t  n u c le i  b reak  and d is p e r s e  t h e i r  c o n te n ts . Aqueous m edia
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a lso  te n d  to  r e s u l t  in  lo s s  from c e l l  o rg a n e l le s  o f  s o lu b le  components 

im p o rtan t to  c e l l  fu n c tio n  (A ntoni e t  1962; S ch n e id er, 1952).

However, rep lacem en t o f  th e  su c ro se  w ith  g ly c e ro l  makes th e  i s o la t io n  

o f  n u c le i  in  aqueous m edia s u p e r io r  to  i s o l a t i o n  w ith  o rg a n ic  s o lv e n ts .  

T reatm ent w ith  40% to  80% g ly c e ro l does n o t damage th e  m orpho log ica l 

appearance o f  a s c i t e s  tumour n u c le i  (A ntoni £ t  a l . . 1962). F u r th e r , 

i t  i n h i b i t s  th e  a c t i v i t i e s  o f  s e v e ra l  enzymes, such as  ENase (Bounce,

1955; S ch n e id e r , 1955) and p ro te a s e  (P h ilp o t  and S ta n ie r ,  1956; P h i l l i p s  

and Jo h n s , 1959). The in h ib i t i o n  o f  p ro te a se  i s  im p o rtan t s in c e  th e  

d e g ra d a tio n  o f  h is to n e s  by p r o te o ly s is  h as  been  co n sid e red  to  occu r 

d u rin g  n u c le a r  p re p a ra t io n  (Cram pton, 1959) and th e  tim e when most s e r io u s  

d e g ra d a tio n  o ccu rs  i s  a f t e r  th e  ru p tu re  o f  th e  c e l l s  and b e fo re  s e p a ra tio n  

o f  th e  h is to n e  from th e  d eo x y rib o n u c leo p ro te in  (S te llw ag en  e t  a l . . 1968).

The g ly c e ro l  medium a ls o  p re se rv e s  th e  e x t r a c t a b i l i t y  o f  n u c le o h is to n e  

from n u c le i  in  a  homogenate l e f t  f o r  s e v e ra l  h o u rs  a t  room te m p e ra tu re , 

th u s  s u g g e s tin g  i t  a lso  i n h i b i t s  DNase (P h ilp o t  and S ta n ie r ,  1956).

M oreover, th e  method u t i l i z i n g  g ly c e ro l  as  an i s o l a t i n g  medium re q u ir e s  

c o n s id e ra b ly  l e s s  tim e than  Behrens* m ethod, and i t  av o id s  f r e e z e -  

d ry in g . There i s  a ls o  ev idence th a t  g ly c e ro l  medium, u n lik e  o th e r  aqueous 

m edia, does n o t p e rm it lo s s  o f  p ro te in  o r  n u c le ic  a c id  from th e  n u c leu s  

(S ch n e id e r, 1952; Dallam e t  a l . . 1953). The c o n c e n tra tio n  o f  70% g ly c e ro l 

s e le c te d  f o r  th e  g r in d in g  medium re p re s e n ts  th e  h i p e s t  c o n c e n tra tio n  

which could  be m an ipu la ted  c o n v en ie n tly  under th e  c o n d itio n s  employed.

N u c le i p rep a red  in  'JOyo (v /v )  g ly c e ro l a lo n e , how ever, showed th e  fe a tu re s  

ty p ic a l  o f  f ix e d  n u c le i ,  in c lu d in g  condensed chrom atin  and n u c le a r  sh rin k a g e . 

To overcome t h i s  problem th e  in c lu s io n  o f d iv a le n t  c a t io n s  was found to  

be n e c e s sa ry . The r o le  o f  d iv a le n t  c a t io n s  in  m a in ta in in g  th e  i n t e g r i t y  

o f  n u c le i  (Jo h n sto n  e t  a l . , 1957» L bvtrup-R ein  and McEwen, I 966) ,  and

chromosomes (Naore e t  196I ;  Somers e t  a l . .  I 963 ) i s  w e ll documented,
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and i t  has been shown th a t  th e y  fu n c t io n ,  a t  l e a s t  in  p a r t ,  by 

f a c i l i t a t i n g  th e  in t e r a c t io n  o f  DNA and h is to n e  (Johns and F o r r e s te r ,  •

1969) .  Magnesium was found to  h e lp  m a in ta in  th e  n u c le a r  chrom atin  in  

a  c lo se -p ack ed  c o n d itio n  (K abat, I 967) .  Calcium a c t s  as a  n u c le a r  

s t a b i l i z e r ,  h a rd e n in g  th e  n u c le i  and hence p re v e n tin g  t h e i r  f u r th e r  

b re a k ag e . Low c o n c e n tra tio n s  o f  d iv a le n t  c a t io n s  have been used  to  

p re v e n t clum ping o f  r a t  l i v e r  n u c le i  ( P h i lp o t  and S ta n ie r ,  1956; Wang,

1961 ) .  A d e f ic ie n c y  o f  calcium  and magnesium in  th e  g r in d in g  medium 

h as  been re p o r te d  to  r e s u l t  in  chromosome breakage (S te f fe n so n , 1953»

1955) .  In  th e  absence o f  calc ium , th e re  i s  d is ru p t io n  o f  plasm a 

membranes and a s s o c ia te d  n u c le a r  d i s in te g r a t io n  (A v is , 1972). F u r th e r ,  

th e  tem p la te  a v a i l a b i l i t y  o f  n u c le a r  DNA h as  been found to  be enhanced 

when th e  n u c le i  a re  i s o l a t e d  in  th e  p re sen ce  o f  d iv a le n t  c a t io n s  (Waqar 

e t  a l . .  1971) .

In  ad d itio n  to  the  s ta b i l i z in g  agen ts (cadcium and magnesium), 

th e  pH o f  the g rin d in g  medium a lso  has an im portan t in flu en ce  on the 

n a tu re  o f c e l l  f ra c t io n a t io n .  A cidic media promote lo s s  o f  h is to n e  

d u rin g  th e  n u c le a r  i s o la t io n  (Dounce _et a l . . I 966) .  A s l i ^ t l y  a lk a lin e  

medium, however, y ie ld s  n u c le i th a t  r e ta in  fu n c tio n a l a c t iv i ty ,  and 

m orphological fe a tu re s  c lo se  to  the  s ta t e  in  s i t u  (Stouckler e t  a l . ,

1976) .  The b u f f e r in g  ag en t T r is  a lso  a c t s  as  an io n ic  s t a b i l i z e r .

G en e ra lly  sp eak in g , th e  ch o ice  o f  medium can o n ly  be made 

e m p ir ic a l ly , on th e  b a s is  o f  experim en ts which t e s t  th e  i s o la t e d  sub- 

c e l l u l a r  component f o r  r e te n t io n  o f  i t s  s t r u c tu r e  and fu n c tio n . R egarding  

th e  e s s e n t i a l  f a c to r s  b e in g  d is c u s se d , a  g r in d in g  medium c o n s is t in g  o f  

20 mM T r is - b u f f e r  a t  pH 7*8» 1 mM Mg a c e t a t e ,  2 mM CaClg and 70/6 (v /v )  

g ly c e ro l  was s e le c te d  f o r  th e  i s o l a t i o n  o f  n u c le i  from c u ltu re d  c e l l s  

o f  Acer p seu d o p la tan u s L.
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4 . Choice o f  a  method f o r  c e l l  ru p tu re

Anyone who a tte m p ts  th e  i s o la t io n  o f  n u c le i  im m ediate ly  

becomes aware o f  th e  d i f f i c u l t y  o f  b reak in g  th e  c e l l s  w h ils t  le a v in g  

th e  n u c le i  i n t a c t .  Each p la n t  c e l l  i s  su rrounded  by a  t o u ^  w a ll composed 

o f  c e l lu lo s e  and v a r io u s  o th e r  p o ly s a c c h a r id e s ;  a  tre a tm e n t v ig o ro u s  

e n o u ^  to  d is r u p t  t h i s  w a ll n o rm ally  a lso  d is r u p ts  th e  n u c le u s . The 

c e l l  hom ogenization  s te p  i s  w e ll known to  be th e  l e a s t  re p ro d u c ib le  p a r t  

o f  any c e l l  f r a c t io n a t io n  te c h n iq u e . Of th e  m echanical methods a v a i l a b le ,  

th e  P o tte r-E lv e h je m  hom ogenizer ap p ea rs  to  cause l e a s t  damage to  th e  

c e l l u l a r  com ponents. Using th e  s e le c te d  g r in d in g  medium, th e  c e l l  w a lls  

o f  c u ltu re d  Acer c e l l s  were found to  be co m p ara tiv e ly  e a s i ly  broken a t  

-20*0 w ith  a  P o tte r-E lv eh jem  hom ogenizer, w h i ls t  th e  n u c le a r  membrane 

was l e s s  e a s i ly  ru p tu re d  under th e  c o n d itio n s  employed. To determ ine 

th e  e x te n t  o f  c e l l  b reakage th e  ru p tu re d  su sp en sio n  was examined by 

m ixing w ith  an equal volume o f  e th id ium  brom ide (EB) and observi%  under 

UV l i ^ t  a lo n e  o r  s im u ltan eo u sly  w ith  low i n t e n s i t y  tu n g s te n  l i g h t .  By 

u s in g  EB a s  a  f lu o r e s c e n t  p ro b e , n u c le i  f lu o re s c e  a  b r i ^ t  o range-yellow  

c o lo u r (Hoffmann, 1975» Lawrence and Daune, 1976). F ig u re  5 shows th e  

appearance o f  i n t a c t  c e l l s  b e fo re  hom ogenization . Samples were added 

EB and photographed in  b r ig h t  tu n g s te n  l i g h t  (F ig . 5 a ) , and in  low in t e n s i t y  

tu n g s te n  l i g h t  p lu s  UV l i g h t  (F ig . 5%). The s tro n g  f lu o r e s c f in g  sp o ts  

shown in  F ig . 5b in d ic a te  th e  lo c a t io n  o f  n u c le i ;  th e se  sometimes do 

n o t ap p ear d i s t i n c t l y  in  an o rd in a ry  phase m icroscope image (F ig . 5 a ) .

T his f lu o r e s c e n t  probe i s  p a r t i c u l a r ly  e f f e c t iv e  fo r  th e  exam ination  o f  

n u c le i  w ith in  c e l l s  in  a  clump, a s  seen in  F ig . 5c. F ig u re  6 shows the  

appearance o f  a  ru p tu re d  suspension  a f t e r  hom ogenization w ith  2 com plete 

p a sse ss  in  a  P o tte r-E lv eh jem  hom ogenizer. The d is ru p te d  c e l l s  a re  n o t 

broken in to  sm all p ie c e s ,  b u t r a th e r  appear to  be s t r u c tu r a l l y  d i s to r te d



Figure 5

Phase c o n t r a s t  m icrographs o f  c u ltu re d  c e l l s  o f  

Acer p seu d o u la tan u s  L* in  g r in d in g  medium b e fo re  

homo gen i z a tio n

To th e  c e l l  su sp en sio n  was added an equal volume o f  eth id ium  

brom ide s o lu t io n  p r i o r  to  photography (a )  in  tu n g s te n  l i ^ t  

(X700), (b )  in  UV l i g h t  to g e th e r  w ith  low i n t e n s i t y  tu n g s ten  

l i ^ t  (X700), (c )  in  UV l i g h t  (X4?0).



Fig.  5

a.



Figure 6

Phase c o n tr a s t  m icrog raphs o f  th e  ru p tu re d  su sp en sio n  o f  

Acer p seu d o p la tan u s L#

The c e l l  su sp en sio n  was homogenized w ith  2 com plete s tro k e s  in  

a  g la s s  P o tte r-E lv eh jem  hom ogenizer. To th e  ru p tu re d  

s u sp a is io n  was added an eq u al volume o f  e th id ium  bromide 

s o lu tio n  p r i o r  to  photography (a )  in  TTV l i g h t  (XlOO),

(b )  in  UV l i g h t  (X280), (c )  in  tu n g s te n  l i ^ t  (X470)*



Fig.  6
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and f r e e d  o f  t h e i r  n u c le i .  The i n t a c t  n u c le i  a re  n o t bound w ith  

cy to p la sm ic  s lu r r y  b u t f l o a t  f r e e ly  o u ts id e  th e  c e l l s .  P ig . 6a shows 

th e  ru p tu re d  su sp en sio n  a t  low m a g n if ic a tio n . P ig s . 6b and 6c show, 

a t  h ig h e r  m a g n if ic a tio n , ru p tu re d  c e l l s  and th e  i n t a c t  f r e e  n u c le i .

P ig , 6c i s  an o rd in a ry  phase c o n tr a s t  view  w h ils t  P ig s . 6a and 6b have 

used EB a s  a  f lu o r e s c e n t  p ro b e . The a p p l ic a t io n  o f  2 com plete s t ro k e s  

to  th e  c e l l  su sp en sio n  o n ly  b reak s  abou t $0% o f  th e  c e l l s .  However, 

more p ro longed  hom ogenization  does n o t p roduce h ig h e r  y ie ld  o f  i n t a c t  

n u c le i .  Table 3 shows th a t  sam ples su b m itted  to  a  fo u r - s t ro k e  tre a tm e n t 

y ie ld e d  l e s s  i n t a c t  n u c le i  than  th e  same sample t r e a te d  w ith  o n ly  one 

s t ro k e ,  b u t t h a t  th e  h ig h e s t  y ie ld  o ccu rred  w ith  two s t r o k e s .

Table 3. E f fe c t  o f  number o f  s t ro k e s  in  a  g la s s  P o t t e r -

Elvehjem  hom ogenizer on r e le a s e  o f  i n t a c t  n u c le i  

from c u ltu re d  c e l l s  o f  Acer p seu d o p la tan u s  L.

S tro k es  a p p lie d  1 2 4

I n t a c t  n u c le i*  266 320 249

* The average  number o f  i n t a c t  n u c le i  in  te n  c o u n ts .

Each count r e p re s e n ts  th e  number o f  n u c le i  in  20 

f i e l d s  un d er a  phase c o n tr a s t  m ic ro sco p e . A ll s ta n d a rd  

e r r o r s  a re  l e s s  th an  10%.

Although n u c le a r  membranes a re  m o d era te ly  r e s i s t a n t  to  ru p tu re  

in  th e  g r in d in g  medium a t  -20  *C, th e  p ro lo n g a tio n  o f  th e  hom ogenization 

tim e means th a t  th o se  n u c le i  which a re  l ib e r a te d  e a r ly  in  th e  p rocedu re  

a re  them selves exposed to  sh e a r in g  fo r c e s .  In  o th e r  w ords, in c re a s e  

in  hom ogenization  tim e does a c tu a l ly  ru p tu re  more c e l l s ,  b u t a t  th e  same 

tim e th e re  i s  more d is ru p t io n  o f  th e  n u c le i  a lre a d y  r e le a s e d .
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The c e l l  c o n c e n tra tio n  was a lso  found to  a f f e c t  th e  y ie ld  

o f  n u c le i .  Too low a  c e l l  c o n c e n tra tio n  red u ces  n u c le a r  y ie ld  and 

r e q u ir e s  e x te n s io n  o f  th e  ru p tu re  p ro c e ss . S im ila r ly , a t  too  h i ^  

a  d e n s i ty  y ie ld  i s  red u ced ; 15% y ie ld  was reco rd ed  f o r  1 g  c e l l s  in  

2 ml g r in d in g  medium 20% f o r  1 g c e l l s  in  4 ml g r in d in g  medium. In  

th e  s ta n d a rd  p rocedu re  th e  l a t t e r  c o n c e n tra tio n  was adop ted .

5 . S e p a ra tio n  o f  n u c le i  from o th e r  c e l l u l a r  m a te r ia l

A f te r  hom ogenization th e  ru p tu re d  su sp en sio n  c o n ta in s  a  m ix tu re  

o f  whole c e l l s ,  broken c e l l s ,  i n t a c t  n u c le i ,  n u c le a r  fragm en ts  and 

cy to p lasm ic  c o n te n ts .  The h i ^  c o n c e n tra tio n  o f  g ly c e ro l  i n  th e  su sp en sio n  

impeded th e  s e p a ra t io n  o f  th e  n u c le i  from o th e r  con tam inan ts by 

c e n t r i f u g a t io n .  To overcome t h i s  problem , a  d i lu t io n  b u f f e r  was added 

to  th e  hom ogenate, th e re b y  re d u c in g  th e  g ly c e ro l  c o n c e n tra tio n  and a t  

th e  same tim e in tro d u c in g  T r ito n  X-100. \ T r ito n  X-100 has

f re q u e n tly  been used  to  remove cy to p lasm ic  rem nan ts, to  d e s tro y  c e l l  

membranes, and to  s t r i p  o f f  o u te r  n u c le a r  membranes (Hymer, 1965; L ^ v tru p - 

R ein , 1966 ; Roodyn, 1972; Smuckler e t  a l . . 1976)* To s e p a ra te  th e  n u c le i  

from th e  c e l l  d e b r is ,  th e  d i lu te d  ru p tu re d  suspension  was f i l t e r e d  th ro u g h  

4 la y e r s  o f  M i% racloth. T his e f f e c t iv e ly  removed whole c e l l s ,  broken 

c e l l s  and o th e r  la rg e  p ie c e s  o f  c e l l  d e b r is .  The f i l t r a t e  c o n ta in ed  

i n t a c t  n u c le i ,  s ta r c h  g ra in s  and cy top lasm ic  frag m en ts .

To remove cy top lasm ic  co n tam in a tio n  such a  f i l t r a t e  i s  no rm ally  

c e n tr ifu g e d  to  o b ta in  a  crude n u c le a r  p e l l e t ,  and t h i s  p e l l e t  i s  then  

washed re p e a te d ly  and p u r i f i e d .  The c e n tr i fu g a t io n  shou ld  be j u s t  

s u f f i c i e n t  to  sedim ent th e  n u c le i ,  w ith  a  minimum o f  sed im en ta tio n  o f  

o th e r  p a r t i c l e s .  In  th e  p re s e n t work w ith  52.5% g ly c e r o l ,  i t  was found 

th a t  a lm ost a l l  i n t a c t  n u c le i  were sedim ented a f t e r  c e n tr i f u g a t io n  a t  

1,500  Xg f o r  30 min in  an MSE High Speed 18 c e n tr i fu g e .  When th e
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su p e rn a ta n t was examined by phase c o n tr a s t  m icroscopy i t  was found to  

c o n ta in  no i n t a c t  n u c le i ,  b u t m ain ly  cy top lasm ic  g ra n u le s .

An experim ent was d esig n ed  to  in v e s t ig a te  th e  e f f e c t  o f  

g ly c e ro l  c o n c e n tra tio n  on th e  re c o v ery  o f  n u c le i .  T his was ex p re ssed  

a s  th e  p e rcen tag e  o f  DNA in  th e  i n i t i a l  f i l t r a t e  which was re c o v e re d  

in  th e  n u c le a r  p e l l e t  a f t e r  c e n t r i f u g a t io n .  The ex p erim en ta l p ro ced u re  

was as  fo llo w s . The ru p tu re d  su sp en sio n  o b ta in e d  from a  14-d ay  o ld  

asynchronous c u l tu re  was f i l t e r e d  and d iv id e d  in to  4 eq u al sam ples. 

Samples were then  t r e a te d  to  g iv e  d i f f e r e n t  f i n a l  g ly c e ro l  c o n c e n tra tio n s  

a s  fo llo w s  ;

(a )  i n i t i a l  f i l t r a t e  w ith o u t d i lu t io n  ( f i n a l  g ly c e ro l c o n c e n tra tio n  

i s  70%)

(b ) 1/3  volume o f  g r in d in g  medium was added ( f i n a l  g ly c e ro l  

c o n c e n tra tio n  i s  70 6̂)

(C) 1/3  volume o f  d i lu t io n  b u f f e r  was added ( f i n a l  g ly c e ro l  

c o n c e n tra tio n  i s  52.5%)

(D) 1 volume o f  d i lu t io n  b u f f e r  was added ( f i n a l  g ly c e ro l  

c o n c e n tra tio n  i s  35%).

The sam ples were mixed w e ll a f t e r  d i lu t io n  and then  c e n tr ifu g e d  a t  

4 ,250  Xg in  an MSE High Speed 18 c e n tr ifu g e  f o r  20 min. The n u c le a r  

p e l l e t s  o b ta in e d  were then  washed once w ith  washing b u f f e r s ,  w ith  t h e i r  

r e s p e c t iv e  g ly c e ro l  c o n c e n tra tio n s , p r io r  to  th e  second c e n t r i f u g a t io n .  

The fo llo w in g  re c o v e r ie s  o f  n u c le i  were o b ta in e d ; 64 . 5%» 24.2%, 81.7% 

and 66.2% f o r  sam ples o f  ( a ) ,  ( b ) ,  (c )  and (d ) r e s p e c t iv e ly .  These d a ta  

in d ic a te d  th a t  70% g ly c e ro l gave poor re co v ery  o f  th e  n u c le i ,  e s p e c ia l ly  

when th e  i n i t i a l  n u c le a r  c o n c e n tra tio n  was low . The n u c le i  were n o t 

s ta b le  i f  th e  g ly c e ro l  c o n c e n tra tio n  was too  low . They were s t a b i l i z e d  

b e t t e r  in  52.5% g ly c e ro l  than  in  35% g ly c e r o l .  C onsequently , n u c le i  

were su b seq u en tly  h a rv e s te d  and washed in  52.5% g ly c e r o l ,  to g e th e r  w ith
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o th e r  re a g e n ts ,  a s  d e sc r ib e d  in  th e  Methods (p . 2 4 ) . The u se  o f  52.5% 

g ly c e ro l  a g re e s  w ith  th e  f in d in g s  o f Antoni ( 1962) co n ce rn in g  th e  e f f e c t  

o f  g ly c e ro l  c o n c e n tra tio n  on th e  RNA, DNA and p ro te in  c o n te n ts  o f  a s c i t e s  

tumour c e l l s .  As th e  g ly c e ro l  c o n c e n tra tio n  was in c re a s e d  th e re  was 

no lo s s  o f  c e l l u l a r  DNA, b u t a t  about 40% g ly c e ro l  th e re  o c cu rred  a  

sh arp  lo s s  o f  RNA and p ro te in  which d id  n o t f u r th e r  in c re a s e  a t  h i ^ e r  

g ly c e ro l  c o n c e n tra tio n . T his lo s s  o f  RNA and p ro te in  was found to  be 

m ain ly  o f  cy to p lasm ic  o r ig in .  T h is  su g g e s ts  t h a t  th e  p re sen ce  o f  52.5% 

g ly c e ro l  in  my w ashing medium may a lso  fa v o u r rem oval o f  cy top lasm ic , 

co n tam in an ts .

A fte r  th e  n u c le a r  f r a c t io n  was washed th r e e  tim es  w ith  w ashing 

medium, th e  r e s u l t i n g  n u c le a r  p e l l e t  was resuspended  in  w ashing medium 

and p u r i f i e d  by c e n tr i fu g a t io n  th rough  g r in d in g  medium, a s  d e sc r ib e d  in  

th e  M ethods (p . 2 5 ). T his f i n a l  s te p  in  th e  n u c le a r  p re p a ra t io n  i s  to  

p u r i f y  f u r th e r  th e  n u c le a r  f r a c t i o n ,  and a t  th e  same tim e to  te rm in a te  

th e  exposure o f  n u c le i  to  the  T r ito n  X-100. S ince T r ito n  X-100 may cause 

r e le a s e  o f  lysosom al enzymes (Hyodo and Ono, 1970), and th e  exposure o f  

n u c le i  to  d e te rg e n ts  h a s  been re p o r te d  to  r e s u l t  in  a  p a r t i a l  s o lu b i l i z a t io n  

and lo s s  o f  bo th  b a s ic  and a c id ic  n u c le a r  p r o te in s  (G in z b i^ -T e itz  ^  a l . . 

1967; Johnson and H n il ic a ,  1970), i t  shou ld  be removed d u rin g  th e  f i n a l  

p u r i f i c a t i o n .  When th e  p u r i f i e d  n u c le i  were r e  suspended in  g r in d in g  

medium and examined by phase c o n t r a s t  m icroscopy u s in g  EB a s  a  f lu o r e s c e n t  

p ro b e , th e y  appeared  to  be m o rp h o lo g ica lly  i n t a c t  (P ig . 7 a ) .  The n u c le i  

were surrounded by many sh in y  p a r t i c l e s  which were c o n s id e red  to  be s ta r c h  

g ra in s  (T ig . 7 b ).

The i s o la te d  n u c le a r  f r a c t io n  a f t e r  b e in g  s to re d  a t  -18  *C f o r  

1 week s t i l l  posses^RN A  s y n th e s iz in g  a c t i v i t y .  An a l iq u o t  (IOO ju l) o f  

th e  n u c le a r  suspension  ( in  g r in d in g  medium) was in c u b a ted  w ith  100 u l  

o f  a  medium c o n ta in in g  th e  4 n u c le o s id e  t r ip h o s p h a te s ;  a f t e r  shalcing



Figure 7

Phase c o n tr a s t  m icrographs o f  i s o l a t e d  n u c le i  o f  Acer 

u seu d o p la taau s  L,

The i s o la t e d  n u c le i  were suspended in  g r in d in g  medium, 

and photographed (a )  in  U7 l i ^ t  fo llo w in g  a d d it io n  o f  

an equal volume o f  e th id ium  bromide s o lu t io n  (X320), 

(b ) in  tu n g s te n  l i ^ t  (X320).
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a t  30 "O f o r  15 min th e  in c o rp o ra te d  a c t i v i t y  was 6 pmoles ^H-UTP p e r  

10^ n u c le i ,  which i s  2 .5  tim es  t h a t  o b ta in e d  by Tautvydas (1971) f o r  

p ea  bud n u c le i  (S . J?ry, p e rso n a l com m unication) .

6 . C onclusion

In  g e n e ra l ,  th e  main d i f f i c u l t y  in  i s o l a t i n g  n u c le i  i s  th e  

r e l e a s e  o f  i n t a c t  n u c le i .  F o r c u l tu re d  c e l l s  o f  Acer p seu d o p la tan u s  L .,  

th e  cho ice  o f  g r in d in g  medium p la y s  a  v e ry  im p o rtan t r o le  in  th e  i s o l a t i n g  

p ro c e s s . I n t a c t  n u c le i  cou ld  n o t  be o b ta in e d  i f  th e  co n v en tio n a l 

aqueous g r in d in g  m edia were used  (B onner e t  a l . . I 968 ; Mohberg and Busch, 

1971 ; Flamm e t  a l . . 1963, Monahan and H a l l ,  1975)# I f ,  how ever, g ly c e r o l-  

c o n ta in in g  medium i s  u sed , th e  r e s u l t i n g  hom ogenate, w hether produced 

w ith  a  W aring b le n d e r , a  p e s t l e  and m o rta r  o r  a  P o tte r-E lv e h je m  hom ogenizer, 

does co n ta in  i n t a c t  n u c le i .  Of th e  th r e e  m ethods o f  hom ogen ization , 

u se  o f  th e  P o tte r-E lv eh jem  hom ogenizer cau ses  th e  l e a s t  damage to  th e  

n u c le i .  The e f f ic ie n c y  o f  hom ogenization  and r e le a s e  o f  i n t a c t  n u c le i  

i s ,  however, g e n e ra l ly  low . D oubling th e  hom ogenization  tim e in c re a s e s  

th e  p e rcen tag e  o f  c e l l  b reak ag e , b u t a t  th e  same tim e i t  a ls o  b re a k s  

th e  exposed f r e e  n u c le i  (T ab le  3 and A v is , 1972). T h e re fo re , i t  was 

d ec id ed  to  use  o n ly  two s t ro k e s  o f  th e  hom ogenizer d u rin g  each ru p tu re  

p ro c e s s . The g r in d in g  medium developed f o r  t h i s  n u c le a r  i s o l a t i o n  tech n iq u e  

c o n ta in s  20 mM T r is - b u f f e r  a t  pH 7*8, 1 mM Mg a c e ta te ,  2 mM GaClg and 

70% (v /v )  g ly c e r o l .  The f i n a l  n u c le a r  y ie ld  in  term s o f  DNA re c o v e ry  

i s  c o n s is te n t ly  about 20 p e rc e n t .  I f  a  la r g e  ntmibeir o f  n u c le i  i s  re q u ire d  

f o r  p re p a ra t iv e  p u rp o ses , th e  r e s id u e  a f t e r  f i l t r a t i o n  can be re su sp en d ed  

in  g r in d in g  medium and re-hom ogenized . The second homogenate i s  then  

combined w ith  th e  p rev io u s  homogenate «and th e  n u c le a r  p el l e t  i s  p re p a red
A

as d e sc r ib e d  in  th e  Methods (p .  2 5 ) . f r a c t io n
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The i s o l a t e d  n u c le i  o b ta in e d  by t h i s  method ap p ear to  r e t a i n

t h e i r  n a t iv e  p r o p e r t ie s  in  so f a r  as  th e y  ap p ear norm al in  shape w ith

v i s i b l e  n u c le o l i ,  a s  seen by phase m icroscopy . A fte r  b e in g  k e p t a t

-18*0 f o r  1 week th e  n u c le i  s t i l l  show ENA s y n th e s iz in g  a c t i v i t y .

However, i t  would be n e c e s sa ry  to  examine th e  n u c le a r  f r a c t io n  w ith  an

e le c t ro n  m icroscope to  confirm  t h a t  th e  n u c le i  were r e a l l y  i n t a c t .
f r a c t io n s

A lthough th e  n u c le a r  p o A trte  d id  n o t show s ig n i f i c a n t  co n tam in a tio n  

o th e r  th an  by s ta r c h  g ra in s ,  n u c le i  do o ccu r b o th  f r e e  and in  clum ps, 

and such clum ping ap p ears  to  r e s u l t  from co n tam ination  w ith  v e ry  sm all 

amounts o f  c e l l u l a r  frag m en ts . The clum ping problem  m ight be im proved 

by v a ry in g  th e  io n ic  s t r e n g th  o f  th e  i s o l a t i n g  medium (P h ilp o t  and 

S ta n ie r ,  1956). S ta rc h  g ra in s  were r a th e r  d i f f i c u l t  to  s e p a ra te  c le a n ly  

from n u c le i  by c e n t r i f u g a t io n .  F o r tu n a te ly , th e  p re sen ce  o f  s ta r c h  

g ra in s  does n o t i n t e r f e r e  w ith  th e  e x tr a c t io n  o f  h is to n e s .



CHAPTER 4

E x tra c tio n  and C h a ra c te r iz a t io n  o f  H is to n es

1. In tro d u c t io n

2 . E f f ic ie n c ie s  o f  d i f f e r e n t  h is to n e  e x tr a c t io n  m ethods 

3# C h a ra c te r iz a t io n  o f  Acer h is to n e s

( a) p o ly acry lam id e  g e l e le c t r o p h o r e t ic  p a t te r n

(b ) I d e n t i f i c a t i o n  o f  h is to n e  bands on p o ly acry lam id e  

g e l

(C) M olecu la r w e ig h ts  o f  th e  h is to n e  f r a c t io n s

( b ) Amino a c id  a n a ly s is  

4 ,  C onclusion
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1 . In tro d u c t io n

Although v a r io u s  methods have been d e sc r ib e d  f o r  th e  

p re p a ra t io n  o f  h is to n e s  ( P h i l l i p s ,  1962), th e y  can be grouped in to  

two ap p ro ach es. H is to n es  may be e x tra c te d  w ith  a c id  from c e l l  n u c le i  

o r  washed n u c le o p ro te in , o r  a l t e r n a t iv e ly ,  n u c le i  o r  n u c le o p ro te in  

may be d is s o c ia te d  in  s o lu t io n s  o f  h i ^  s a l t  c o n c e n tra tio n , and th e  

h is to n e  th en  s e p a ra te d  from th e  o th e r  components (m ain ly  DNA) o f  th e  

v isc o u s  s o lu t io n .  The a c id  e x t r a c t io n ,  stemming from t h e  e a r ly  

experim en ts  o f  K osse l, i s  g e n e ra l ly  ach ieved  w ith  0.1 to  0 .3  N HCl o r  

HgSO^. S ince n u c le ic  a c id  i s  in s o lu b le  in  th e  a c id ,  a  c le a r  s o lu t io n  

o f  h is to n e  i s  r e a d i ly  o b ta in e d  from which h is to n e  s a l t s  may be 

p r e c ip i t a t e d  w ith  e th a n o l o r  ace to n e  (B ijv o e t ,  1957; P h i l l i p s ,  1962; 

Pambrough and Bonner, 1966; O liv e r  and Sommer, 1972). Thus, t h i s  i s  

c o n s id e red  a s  a  v e ry  conven ien t method i f  a  v e ry  pure  n u c le o h is to n e  

o r  a  pure  n u c le a r  f r a c t io n  i s  a v a i la b le  (Bonner e t  a l . . 1968; P h i l l i p s ,  

1962 ; M urray, 1965) and hence co n tam in atio n  w ith  b a s ic  p r o te in s  o f  

cy to p lasm ic  o r ig in  i s  m inim ized. The a c id  e x tr a c t io n  a lso  e l im in a te s  

p o s s ib le  p r o te o ly t ic  d eg rad a tio n  o f  h is to n e s .  A v a r ie ty  o f  s a l t s  have 

been used  in  th e  second method. Based on th e  o b se rv a tio n  th a t  1 M 

CaClg d is s o c ia te s  th e  RNA and b a s ic  p ro te in  o f  brome g ra s s  mas a ie  v i r u s  

(Yamazake and K aesberg, I 963) ,  Mohberg and Rusch ( I 969) developed  a 

method to  e x t r a c t  h is to n e s  from Physarum n u c le i  by tre a tm e n t o f  th e  

n u c le i  w ith  1 M OaClg, fo llow ed  by p r e c ip i t a t io n  o f  th e  h is to n e  from 

th e  CaClg so lu b le  f r a c t io n  w ith  TCA. These in v e s t ig a to r s  o b ta in e d  h i ^  

y ie ld s  o f  h is to n e s  and a lso  found th a t  h is to n e s  p rep ared  in  t h i s  way 

were l e s s  con tam inated  by o th e r  p r o te in s .

Both e le c t r o p h o r e t ic  and chem ical s tu d ie s  on h is to n e s  dem onstra te  

th a t  th e re  a re  f iv e  main h is to n e  f r a c t io n s  in  most e u k a ry o tic  t i s s u e s .
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By p o ly acry lam id e  g e l e le c tro p h o r e s is  (Panyim and CJhalkley, I 969 ) ,  

th e  f iv e  main f r a c t io n s  o f  c a l f  thymus h is to n e s  a re  th e  f a s t e s t  moving 

hand o f  H4, fo llow ed  by th e  t r i p l e t  o f  bands o f  H2A, H2B and H5, and 

th e  s lo w es t moving band o f  H1 •

H is to n es  a re  o f  l im ite d  h e te ro g e n e ity . S t r ik in g  s i m i l a r i t i e s  

have been observed  between p la n t  and c a l f  thymus h is to n e s  (P am ly o u ^  

and Bonner, 1966, 1969, S p ik e r, 1971)• The p rim ary  s t r u c tu r e s  o f  th e  

h is to n e s  o th e r  than  HI a re  co n sid e red  to  have been h i ^ l y  conserved  

d u rin g  e v o lu tio n  (DeLange and Sm ith, 1971? Panyim e t  a l . , 1971 )• Only 

2% o f  th e  r e s id u e s  f o r  H4 in  pea h is to n e s  d i f f e r e d  from th a t  o f  th e  

c a l f  thymus h is to n e s  (DeLange e t  a l . , 1969a), and 35̂6 o f  th e  re s id u e s  

f o r  H3 in  ch icken  e ry th ro c y te s  d i f f e r e d  from th a t  o f  th e  c a l f  thymus 

h is to n e s  (DeLange e t  a l . . 1972, 1975» B randt and Van H o lt, 1972). Both 

H3 and H4 show c o n s is te n t  m o b i l i t ie s  in  p o lyacry lam ide  g e l  no m a tte r  

from what so u rces  th ey  a re  i s o l a t e d  (Panyim e t  a l . . 1 9 7 l) , Among 

v e r te b r a te  h is to n e s  an a ly zed , h is to n e s  H2A and H2B a lso  m ig ra te  w ith  

c o n s ta n t m o b i l i t i e s  in  p o lyacry lam ide  g e l  w ith in  a  g iven  c la s s  o f  an im als 

and a  d e f in i t e  t r e n d  i s  d is c e r n ib le  as  one p ro g re s se s  tow ards th e  

mammals; H2B becomes p ro g re s s iv e ly  slow er and H2A p ro g re s s iv e ly  f a s t e r  

moving. HI h is to n e s  v a r ie d  c o n s id e ra b ly  in  t h e i r  e le c t r o p h o r e t ic  

h e te ro g e n e ity  and m o b il i ty ,  in d ic a t in g  s u b s ta n t ia l  changes in  th e  p rim ary  

s t r u c tu r e  o f  t h i s  f r a c t io n  d u rin g  e v o lu tio n  (Panyim e t  a l . . 1971).

H1 h is to n e s  were a lso  found to  be t i s s u e  and sp e c ie s  s p e c i f ic  (Kinkade 

and C ole, 1966a , 1966b; B u stin  and C ole, 1968, 1969; K inkade, I 969 , 

DeLange and Sm ith, 1971).
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2 . E f f ic ie n c ie s  o f  d i f f e r e n t  h is to n e  e x t r a c t io n  methods

Three e x tr a c t io n  m ethods were compared in  th e  p re s e n t study#

The p u r i f i e d  n u c le i  o b ta in e d  a s  d e sc rib e d  in  th e  Methods (p . 25) were 

t r e a te d  a s  fo llo w s ;

( a) The n u c le i  were d is s o c ia te d  w ith  1 M CaClg, and th en  th e  h is to n e s  

were p r e c ip i t a t e d  w ith  TCA a s  d e sc r ib e d  in  th e  Methods (p . 2 6 ) .

(B) The n u c le i  were e x tra c te d  w ith  0 .4  N HgSO^, and th e  h is to n e s  were 

p r e c ip i t a t e d  w ith  e th an o l a s  d e sc r ib e d  in  th e  Methods (p . 2 7 ).

(c) A method which combined (a )  and ( b ) .  The n u c le i  were e x tra c te d  

w ith  0 .4  N HgSO^, by m agnetic  s t i r r i n g  in  a  co ld  room o v e m i ^ t ,  

and then  th e  h is to n e s  were p r e c ip i t a t e d  w ith  TCA as  method ( a ) .

U sing 1 M CaClg to  d is s o c ia te  th e  h is to n e s  and IKA from Acer 

n u c le i ,  th e  UV spectrum  o f  th e  CaClg s o lu b le  f r a c t io n  showed th e  p re sen ce  

o f  DNA, w h ile  i f  H^SO^ was used  in s te a d ,  th e  H^SO^ s o lu b le  f r a c t io n  d id  

n o t show a peak a t  260 nm (F ig . 8 ) .  However, a l l  BNA-free h is to n e  

sam ples showed UV s p e c tra  s im i la r  to  th a t  o f  c a l f  thymus h is to n e  

(P ig . 9 ) .

Method (a )  i s  t h a t  o f  Mohberg and Rusch (1 9 ^9 ), employed f o r  

e x t r a c t in g  h is to n e s  from Physarum n u c le i .  Prom t h e i r  experim en t, th ey  

found th a t  calc ium  c h lo r id e  p e n e tr a te s  n u c le a r  membranes more e a s i ly  

than  does m in e ra l a c id , and th a t  th e  p r e c ip i t a t io n  o f  h is to n e  w ith  TCA 

, i s  s u p e r io r  to  t h a t  w ith  e th a n o l . Calcium c h lo r id e  causes th e  Acer 

n u c le i  to  sw e ll a s  d e sc rib e d  by Mohberg (1969); however, t h e i r  method 

d id  n o t e x t r a c t  maximum y ie ld s  o f  h is to n e  from Acer n u c le i ,  th e  y ie ld  

v a ry in g  from 6CP/o to  95% o f  t h a t  o f  method ( b ) .  -Method ( b ) ,  which in v o lv e s  

th e  p r e c ip i t a t io n  o f  h is to n e s  w ith  e th a n o l , was th e  most e f f i c i e n t  method 

o f  th e  th r e e ,  and y ie ld e d  1.13 jug h is to n e  p e r  ;ug o f  DNA. Method (c) 
y ie ld e d  on ly  about '̂ CP/o o f  t h a t  o f  method ( b ) .



Figure 8

U lt r a v io le t  a b so rp tio n  s p e c t r a  o f  CaClg and H^SO^ so lu b le  

f r a c t io n s  p re p a red  from n u c le i  o f  Acer p seu d o p la tan u s L.

Acer n u c le i  were e x tr a c te d  w ith  e i t h e r  1 M CaOlg o r  0 .4  N 

HgSO^ as  d e sc r ib e d  in  th e  t e x t .  The OaClg so lu b le  f r a c t io n  

was scanned a g a in s t  1 M CaClg ( l ) ,  and th e  so lu b le

f r a c t io n  was scanned a g a in s t  0 .4  N Eg 80^ ( 2 ) ,  u s in g  a Uni cam 

SP 800 U l t r a v io le t  S pec tropho tom eter.
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Figure 9

U lt r a v io le t  a b so rp tio n  s p e c tra  o f  th e  e x tra c te d  Acer h is to n e  

sam ples and th e  c a l f  thymus h is to n e s .

Acer h is to n e s  were e x tra c te d  u s in g  CaCl^-TCA ( l ) ,  H^SO^-EtOH (2 ) 

and SgSO^-TOA ( 5) a s  d e sc rib e d  in  th e  t e x t ;  c a l f  thymus h is to n e s  

(4 ) were pu rchased  ftrom Sigma Chemical Company. A ll h is to n e  

sam ples were d is so lv e d  in  0.02 N Eg 60^ and scanned w ith  a  Uni cam 

SP 800 U l t r a v io le t  S pectropho tom eter, u s in g  0 .02  N H^SO^ s o lu t io n  

a s  b la n k .



Fig.  9

0 ' 8 -

o
c
CX5I..-
<

220 260 280 300
W a v e l e n g t h  (nm)



— 64 “

In  g e n e ra l ,  th e  main d isad v an tag e  o f  th e  s a l t  d is s o c ia t io n  

methods i s  th a t  h is to n e s  te n d  to  ag g reg a te  above pH 4 (D avison ^  a l . . 

1954) and t h i s  may s e r io u s ly  i n t e r f e r e  w ith  any subsequen t f r a c t io n a t io n  

p ro c e d u re . However, th e  r e s u l t  o f  th e  p re s e n t  in v e s t ig a t io n  su g g es ts  

t h a t  th e  y ie ld  and th e  p u r i ty  o f  th e  e x tr a c te d  h is to n e s  a re  r a th e r  

dependent upon th e  methods used f o r  th e  p r e c ip i t a t io n  and th e  re c o v e ry  

o f  h is to n e s .  S ince TCA h as been re p o r te d  to  re c o v e r  h is to n e s  from 

aqueous s o lu t io n s  a lm ost q u a n t i t a t iv e ly  (H n il ic a ,  1972), and s e r io u s  

lo s s e s  o f  h is to n e s  d u rin g  d ia ly s i s  in  a c id  s o lu t io n  have been re p o r te d  

by many in v e s t ig a to r s  (B u tle r  e t  a l . , 1954; Bakay e t  a l . , 1957; Luck 

e t  a l . . 1958 ; S m ill ie  e t  a l . . 1958; N eelin  and N e e lin , 196O; Crampton 

e t  a l . t 1957; P h i l l i p s ,  1962) ,  i t  can be su g g es ted  th a t  i t  i s  th e  d i a ly s i s  

p ro c e ss  which le a d s  to  lo s s  o f  h is to n e ,  e s p e c ia l ly  when w orking w ith  

sm all s c a le  sam ples. The v a r ia t io n  o f  60^ to  95% by method (a )  cou ld  

be due to  d if f e r e n c e s  in  th e  d u ra tio n  o f  d i a l y s i s ,  and th e  y ie ld  o f  

30% by method (c) was p ro b ab ly  due to  th e  sm all amount o f  m a te r ia l  u sed .

The e x tr a c t io n  methods a lso  a f f e c t  th e  p u r i ty  o f  th e  r e s u l t i n g  

h is to n e s .  In  p o ly acry lam ide  g e l e le c t ro p h o r e s is  a l l  h is to n e  sam ples 

p re s e n te d  f iv e  m ajor bands (P ig . 10 and P ig . I I ) .  However, th e  

appearance o f  h is to n e  bands on th e  g e ls  d i f f e r e d  depending  upon th e  

method used  f o r  t h e i r  e x t r a c t io n .  H is to n es  p rep a red  by th e  HgSO^-EtOH 

method e x h ib i t  v e ry  sharp  bands w hereas h is to n e  sam ples p re p a red  by 

th e  o th e r  two methods occasionally  p re s e n t t a i l i n g  prob lem s. The a c id  

e x tr a c t io n  a s  d e sc r ib e d  in  th e  Methods (p . 27) i s  sim ple and e f f i c i e n t ,  

and th e  h is to n e s  s e p a ra te  in  a  more c o n s is te n t ly  s a t i s f a c to r y  manner 

on p o ly acry lam id e  g e l s .  However, in  th e  f i r s t  p a r t  o f  th e  work on ly  

th e  CaClg-TCA method was u sed , and s in c e  th e  h is to n e s  so o b ta in e d  a lso  

p re se n te d  re a so n a b ly  re p ro d u c ib le  p a t te r n s  on p o ly acry lam id e  g e l s ,  and



Figure 10

P hotograph o f  th e  a c id -u re a  p o lyacry lam ide  g e l e lec tz ro p h o re tic  

p a t te r n s  o f  Acer h is to n e s  o b ta in e d  by d i f f e r e n t  e x t r a c t io n  m ethods

H isto n e  sam ples each c o n ta in in g  c . 20 pgf e x tra c te d  from Acer 

n u c le i  by m ethods in v o lv in g  CaClg-TCA ( r i ^ t ) ,  HgSO^-EtOH (c e n tr e )  

and HgSO^-TCA ( l e f t ) ,  w ere e le c tro p h o re se d  on a c id -u re a  p o ly ­

acry lam ide  g e l s .  These g e ls  were s ta in e d  w ith  M i do B lack 

and photographed a f t e r  de s ta in in g .  The bands were numbered 

from th e  anode to  th e  cathode end.
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Figure 11

M icro d en sito m ete r t r a c in g s  o f  th e  g e ls  i l l u s t r a t e d  in  F ig . 10,

H istone  sam ples were th o se  o b ta in e d  u s in g  CaClg-TCA ( a ) ,

(b ) and H^SO^-TOA ( c ) .  G els were scanned a t  

615 nm w ith  a  Beckman S pectropho tom eter Model 24 .
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th e  y i e ld  was re a so n a b ly  h i ^ ,  b o th  th e  CaClg-TCA and th e  HgSO^-EtOH 

m ethods were employed f o r  h is to n e  e x tr a c t io n  in  th e  fo llo w in g  ex p erim en ts .

3* C h a ra c te r iz a t io n  o f  Acer h is to n e s

( a) P o lyacry lam ide  g e l e le c t r o p h o r e t ic  p a t te r n

P o lyacry lam ide  g e l e le c t ro p h o r e s is  o f f e r s  th e  advantage 

o f  speed , s im p l ic i ty ,  h ig h  r e s o lu t io n  and h ig h  s e n s i t i v i t y  f o r  

c h a r a c te r iz a t io n  o f  p ro te in  m o lecu les . S ince th e  tra n s p a r e n t  

p o ly acry lam id e  g e l d is p la y s  th e  f u l l  p a th  o f  s ta in e d  p ro te in  

zones, e f f e c t iv e  an a ly se s  can be o b ta in e d  w ith  sam ples c o n ta in in g  

o n e - te n th  o r  l e s s  o f  th e  p ro te in  re q u ire d  f o r  s ta r c h  g e l e l e c t r o ­

p h o re s is .  F u rtherm ore , p o ly acry lam id e  g e l seems to  r e t a in  

d e f in e d  banding  o f  sm all p o ly p e p tid e s , d e g ra d a tio n  p ro d u c ts , and 

h is to n e  a g g re g a te s  as  w e ll a s  a u th e n t ic  components.

P o lyacry lam ide  g e l e le c tro p h o r e s is  was in tro d u c e d  by 

R e is fe ld  e t  a l .  ( 1962) f o r  c a t io n ic  p ro te in s  a n a ly s is .  The 

te ch n iq u e  was f i r s t  u sed  by C ru ft ( I 964) f o r  h is to n e  a n a ly s is .

T h is  m ethod, in  v a r io u s  m o d if ic a tio n s , was then  employed by a 

g r e a t  number o f  in v e s t ig a to r s  to  s tu d y  th e  h e te ro g e n e ity , t i s s u e  

s p e c i f i c i t y ,  m etabolism  and ^  v ivo  m o d if ic a tio n s  o f  h is to n e s .  

However, th e  i d e n t i f i c a t i o n  o f  t ru e  h is to n e s  was i n t e r f e r e d  

w ith  by th e  p resen ce  o f  h is to n e  a g g re g a te s  when e le c tro p h o r e s is  

was c a r r ie d  o u t a t  n e a r ly  n e u t r a l  pH v a lu e s ;  under th e se  c o n d itio n s  

h is to n e  a g g re g a tio n  can produce m u lt ip le  p ro te in  bands, which 

can be e rro n e o u s ly  in te r p r e te d  a s  t i s s u e  o r  sp e c ie s  s p e c i f ic  

com ponents. To overcome t h i s  problem , th e  method was m od ified  

by d e c re a s in g  th e  pH o f  th e  e le c t r o p h o r e t ic  b u f f e r  (Jo h n s, 1967a ) ,  

and in c o rp o ra t in g  co n ce n tra te d  u re a  in  th e  g e l and sample b u f f e r s
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(Pambrough e t  a l . , I 968 ; Panyim and C halk ley , 1969k; Panyim and 

Ch^lkley, 1969$ . Panyim and C halk ley  (19694 a lso  found th a t  p re ­

e le c t ro p h o r e s is  ( p .33) could  f u r th e r  improve th e  r e s o lu t io n  o f  

h is to n e  b ands. By u s in g  th e  e le c t r o p h o r e t ic  tech n iq u e  d e sc rib e d  

in  th e  Methods ( p . 34 ), th e  e le c t r o p h o r e t ic  p a t te r n  o f  Acer h is to n e s

resem bled  th a t  o f  c a l f  thymus (P ig . 12 and P ig . I 3 ) ,  Seven bands

o f  Acer h is to n e s  were fo u n d ; th e  m ajo r bands a re  th e  f a s t e s t  

moving band 7 , fo llow ed  by * t r i p l e t  bands* 6 , 5 , and 4 , and th e

s lo w est moving band 2 . Bands 6 and 7 co-mi g ra te  w ith  H3 and H4

o f  c a l f  thymus h is to n e s  r e s p e c t iv e ly ,  which i s  expected  a s  th ey  

a re  h ig h ly  e v o lu t io n a r i ly  conserved  h is to n e s  (Panyim and C halk ley , 

1971) .  M inor bands 1 and 3 appeared  u n iq u e ly  in  Acer h is to n e s .

The rem ain in g  m inor bands l a ,  1b, 2a  and 2b sometimes showed on 

e le c t ro p h o r e s is  in  h is to n e s  o b ta in e d  by a c id  e x tr a c t io n  (P ig . 10 ).

The m ic ro d en sito m ete r t r a c in g  o f  Acer h is to n e s  on a c id -  

u re a  p o ly acry lam ide  g e ls  showed v e ry  sharp  peaks (P ig . 1 3 ), 

su g g e s tin g  t h a t  th e  Acer h is to n e s  a re  o f  v e ry  l im i te d  h e te r o ­

g e n e ity ;  a  s im i la r  l im i te d  h e te ro g e n e ity  has a lso  been re p o r te d  

f o r  pea-bud (Pambrough and Bonner, I 969) and v e r te b r a te  h is to n e  

(Panyim e t  a l . . 1971).

(b ) I d e n t i f i c a t i o n  o f  h is to n e  bands on po lyacry lam ide  g e l

To c h a r a c te r iz e  a  new h is to n e  sample on p o lyacry lam ide  g e l 

one can ap p ly  a  w e ll c h a ra c te r iz e d  h is to n e  sample to  compare th e  

m o b i l i t ie s  o f  th e  bands. However, th e  h is to n e s  i s o la t e d  from 

d i f f e r e n t  so u rces  have m inor d i f f e r e n c e s  in  t h e i r  amino a c id  

com position  which can cause s l i g h t  v a r ia t io n s  in  t h e i r  e l e c t r o ­

p h o re t ic  m o b ili ty  (Panyim e t  a l . . 1971). F urtherm ore , some p ro te in s  

t h o u ^  b e in g  d i s s im i l i a r  in  t h e i r  amino a c id  com position , have th e  

same m o b i l i t i e s .  To h e lp  overcome th e se  problem s, one can use



Figure 12

Comparison o f  e le c t r o p h o r e t ic  p a t te r n s  o f  Acer and c a l f  

thymus h is to n e s

Acer h is to n e s  were o b ta in e d  from n u c le i  by th e  HgSO^-EtOH 

m ethod, and c a l f  thymus h is to n e s  were pu rchased  from Sigma 

Chemical Company, H is to n e  sam ples were lo ad ed  on s e p a ra te  

a c id - u re a  p o ly acry lam id e  g e ls  and e le c tro p h o re s e d . P ro te in  

f r a c t io n s  were s ta in e d  w ith  Anido B lack .

R i^ t - h a n d  g e l  -  c a l f  thymus h is to n e s .  H is to n e  f r a c t io n s  

a re  c l a s s i f i e d  a cco rd in g  to  Panyim and 

C halk ley  (19694 

L e ft-h an d  g e l  -  Acer h is to n e s .  H is to n e  f r a c t io n s  a re  

numbered from anode to  ca th o d e .
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Figure 15.

M icro d e n s ito m e te r  t r a c in g s  o f  th e  g e ls  i l l u s t r a t e d  in  F ig . 12.

G els were scanned a t  615 nm w ith  a  Beckman S pectropho tom eter 

Model 24# Samples a re  (a )  c a l f  thymus h is to n e s  and (b ) Acer 

h is to n e s .  The band ing  c l a s s i f i c a t i o n  i s  th e  same a s  in  

F ig . 12.
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v a r io u s  s ta in in g  te c h n iq u e s . For exam ple, Coomassie B r i l l i a n t  

B lue s t a in s  H2B o f  c a l f  thymus h is to n e  v io le t - b lu e  and th e  o th e r  

h is to n e s  f a i n t  b lu e . M ido  B lack s t a i n s  every  h is to n e  band b lu e  

b u t to  d i f f e r e n t  i n t e n s i t i e s ,  and i f  th e  g e l i s  m a in ta in ed  in  

th e  d e s ta in in g  s o lu tio n  f o r  a  lo n g e r  p e r io d , th e  a r g in in e - r ic h  

h is to n e s  become b lu e -g re e n  and th e  ly s in e - r ic h  h is to n e s  become 

g rey  a s  shown in  î l g .  14 where th e  g e l was k ep t in  th e  d e s ta in in g  

s o lu t io n  f o r  20 months b e fo re  b e in g  photographed . In  1974,

B a r r e t t  and Johns developed a  d i f f e r e n t i a l  s ta in in g  tech n iq u e  

to  d is c r im in a te  a rg in in e - r ic h  and ly s in e - r i c h  h is to n e s  u s in g  a 

m ix tu re  o f  0.59^ Aljparine B lack and 0.0125% Ponceau S which s ta in e d  

ly s in e - r i c h  h is to n e s  HI and H2B re d  and th e  o th e r  f r a c t io n s  b lu e .

A m o d if ic a tio n  o f  t h i s  tech n iq u e  was used  in  i d e n t i f i c a t i o n  o f  

Acer h is to n e s  by re p la c in g  0.5% A liz a r in e  B lack w ith  0.1% Ami do 

B lack . T his s ta in e d  th e  f iv e  m ajor f r a c t io n s  o f  c a l f  thymus 

h is to n e s  in  5 d i f f e r e n t  c o lo u rs ; H I, ro sy  p in k ; H5, l i g h t  v i o l e t ;  

H2B, p u rp le ; H2A, deep b lu e  g reen ; and H4, v i o l e t .  A co lo u r 

photograph i s  shown in  F ig . 15» where th re e  s e t s  o f  g e ls  a re  

a rran g ed  w ith  c a l f  thymus h is to n e s  a l t e r n a t in g  w ith  Acer h is to n e s ,  

and th e  p a i r s  s ta in e d  r e s p e c t iv e ly  w ith  Amide B lack , Coomassie 

B r i l l i a n t  Blue and th e  m ix tu re  o f  M id o  B lack and Ponceau S y 

re a d in g  from r ig h t  to  l e f t .  Based on th e  s p e c i f ic  s ta in in g  

c h a r a c t e r i s t i c s  to g e th e r  w ith  th e  com parison o f  th o se  o f  c a l f  

thymus sam ples, th e  f iv e  m ajor f r a c t io n s  o f Acer h is to n e s  were 

c l a s s i f i e d  a s  2 (H i) , 4 (H2A), 5 (H2B), 6 (H5) and 7 (H 4). The 

unique minor bands 1 and 5 s t a in  a s  a rg in in e - r ic h  and ly s in e - r i c h  

p ro te in s  r e s p e c t iv e ly .  The rem ain in g  m inor bands a re  too vague 

to  p re s e n t c le a r  c o lo u rs . A ll th e  m ajor bands o f  th e  Acer h is to n e s



Figure 14

C olour re sp o n se  o f  Acer hi s to n e s  on p o ly acry lam ide  g e l 

which were s ta in e d  w ith  Ami do B lack  and were m a in ta in ed  

in  th e  d e s ta in in g  s o lu t io n  f o r  a  p e r io d  o f  tim e

Acer h is to n e s  o b ta in e d  from n u c le i  by th e  CaOlg-TCA method 

were c h a r a c te r iz e d  by a c id - u re a  po ly acry lam id e  g e l 

e le c t r o p h o r e s is .  The g e l  was s ta in e d  w ith  Ami do B lack , 

d e s ta in e d  and s to re d  i n  th e  d e s ta in in g  s o lu t io n  f o r  20 months 

b e fo re  b e in g  pho tog raphed .



F i g ,  U

— 1 

— 2

— 3 
— A 
— 5 
— 6
— 7



Figure 15.

Colour photograph  o f  Acer and c a l f  thymus h is to n e s  on a c id -  

u re a  p o ly acry lam ide  g e l s ,  showing th e  c o lo u r  o f  h is to n e  

f r a c t io n s  in  re sp o n se  to  th re e  d i f f e r e n t  k in d s  o f  s ta in in g  

te c h n iq u e .

G els were s ta in e d  w ith  (a )  m ix tu re  o f  Ami do B lack and Ponceau S,

(b ) Coomassie B r i l l i a n t  B lue and (c )  Ami do B lack . L e ft-h an d  g e l 

o f  each p a i r  : Acer h is to n e s ;  r ig h t-h a n d  : c a l f  thymus h is to n e s .
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co rrespond  to  th e  c o lo u rs  o f  th o se  o f  c a l f  thymus ex cep t H2A. 
a

I t  ap p ea red ^ p in k ish  r a t h e r  th an  b lu is h  o r  b lu e  g reen  c o lo u r , 

su g g e s tin g  t h a t  H2A o f  Acer c o n ta in s  l e s s  a rg in in e  th an  th a t  

o f  c a l f  thymus.

A nother m ethod d e v e lo p e d  by B a r r e t t  and Johns in  1973 i s  

a  d i f f e r e n t i a l  d e s t a in in g  te c h n iq u e  w hich  w ash es o u t H I, H2A,

H2B and le a v e s  o n ly  th e  a r g in in e - r ic h  h is to n e s  H3 and H4. When 

t h i s  method was a p p lie d  to  Acer h is to n e  sam ples, i t  ag a in  p o in te d  

to  f r a c t io n s  6 and 7 as  b e in g  a r g in in e - r ic h  h is to n e s .  However, 

owing to  th e  s ta in in g  and d e s ta in in g  p ro c e s s , th e  g e l became 

sw o llen , and th u s  i t  i s  n o t p o s s ib le  to  l i n e  i t  up w ith  o th e r  

g e ls  f o r  m o b il i ty  com parison. A ll th e  s ta in in g  and d e s ta in in g  

te ch n iq u es  a re  d e sc r ib e d  in  d e t a i l  in  th e  Methods (p . 3^)*

S ince th e  whole h is to n e s  o f  Acer were e x tra c te d  from n u c le i  

d i r e c t l y ,  n o n -h is to n e  p r o te in s  w ith  a  r e l a t i v e l y  h ig h  c o n ten t o f  

b a s ic  amino a c id s  would a lso  be e x tr a c te d ,  and th o se  o f  low 

m o lecu la r w e ig h ts  cou ld  a lso  m ig ra te  in to  th e  same g e l used  f o r  

h is to n e  a n a ly s is .  Among th e  m inor bands o f  Acer h is to n e s ,  band 1 

cou ld  be one o f  th e  n o n -h is to n e  p r o te in s  which p o sse sse s  a  r e l a t i v e l y  

h ig h  c o n ten t o f  a rg in in e  b ecau se , f i r s t l y ,  th e  p ro p o r tio n  o f  

band 1 to  t o t a l  h is to n e  v a r ie d  from experim ent to  experim en t, 

and seco n d ly , th e  m o b il i ty  o f  band 1 i s  much slow er even than  

HI (band 2 ) .  Bands l a  and 1b cou ld  a lso  be a c id  e x tra c ta b le  

n o n -h is to n e  p r o te in s ,  w h ile  bands 2 a , 2b and 3 could  be a g g re g a tio n s  

o f  one o r  more o f  th e  m ajor h is to n e s .  I t  i s  a lso  p o s s ib le  th a t  

a l l  m inor bands a re  n u c le o la r  p re c u rso rs  o f  ribosom es f o r  th ey  

a re  p a r t i a l l y  a c id  s o lu b le  p r o te in s .  N e v e r th e le s s , none o f  th e se  

m inor bands i n t e r f e r e s  w ith  th e  f iv e  m ajor bands. In  c o n tra s t
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w ith  t h a t  o f  c a l f  thymus, H3 o f  Acer h as  o n ly  one band w hile  

c a l f  thymus p re s e n ts  bo th  reduced  and o x id iz e d  forms (F ig , 12 

and F ig , I 3) .  T h is  su g g es ts  t h a t  H3 o f  Acer i s  p ro b ab ly  l ik e  

th a t  o f  o th e r  p la n ts  and c o n ta in s  o n ly  one c y s te in y l  re s id u e  

(Panyim e t  a l . , 1971), w hereas abou t 8O96 o f  th e  c a l f  thymus H3 

c o n s is ts  o f  m olecu les w ith  two c y s te in y l  r e s id u e s  and th u s  has 

h i ^ e r  p o t e n t i a l i t y  to  form dim ers o r  polym ers (M arz lu ff _et a l . .

1972).
(c) M olecu lar w eigh ts o f  th e  h is to n e  f r a c t io n s

The d e te rg e n t sodium dodecyl su lp h a te  (SDS, sodium la u ry l  

su lp h a te )  b in d s  to  p ro te in  in  a  c o n s ta n t r a t i o  and produces 

complexes w ith  c o n s ta n t charge p e r  u n i t  m ass. The r e s u l t i n g  

complex i s  ro d -sh ap ed , i t s  le n g th  v a ry in g  u n iq u e ly  w ith  th e  

p o ly p e p tid e  m o lecu la r w eight (R eynolds and T anford , 1970a, 1970b; 

P i t t - R iv e r s  e t  a l , . I 968) .  T h e re fo re , p ro te in s  d is so lv e d  in  

h ig h  c o n c e n tra tio n s  o f  SDS e x h ib i t  e le c t r o p h o r e t ic  m o b i l i t ie s  

in  po lyacry lam ide  g e ls  which a re  a  d i r e c t  fu n c tio n  o f  t h e i r  sub­

u n i t  m o lecu la r w eigh ts  (S hap iro  ^  a l . . 19&7; Weber and Osborn, 

1969).

The m o lecu lar w eight o f  a  p ro te in  under in v e s t ig a t io n  can 

be c a lc u la te d  by com paring i t s  e le c t r o p h o r e t ic  m o b ili ty  w ith  th a t  

o f  a  p ro te in  s tan d a rd  o f  known m o lecu la r w e ig h t. However, to  

u t i l i z e  SDS-gel e le c tro p h o r e s is  f o r  d e te rm in in g  th e  m o lecu lar 

w eight o f  h is to n e s ,  Panyim and C halk ley  (1971) d e c la re d  th a t  i t  

i s  n e c e ssa ry  to  c o n s tru c t  a  m o lecu la r w e ig h t-ra o b ility  s ta n d a rd  

curve based  on known m o lecu la r w e i ^ t s  o f  h is to n e s  because th e  

o v e r - a l l  n e g a tiv e  charge on th e  SD S-histone complex i s  reduced  

by th e  h ig h  p o s i t iv e  charge on th e  h is to n e s .  T here fo re  t h i s
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curve d i f f e r s  somewhat from th e  s ta n d a rd  curve fo r  n o n -h a s ic  

p r o te in s .  T his p ro p o sa l on th e  e f f e c t  o f  charge on SDS m o lecu la r 

w eight d e te rm in a tio n s  i s  in  agreem ent w ith  r e p o r ts  o f  Tung and 

K night ( 1971) and CJohen and G otchel (1971 )#

The SDS-gel e le c t r o p h o r e t ic  p a t te r n s  o f  Acer h is to n e s ,  

d i f f e r e n t i a l l y  s ta in e d  as  d e sc r ib e d  in  th e  Methods (p , 36) ,  

to g e th e r  w ith  s ta n d a rd  p ro te in  m arkers and c a l f  thymus h is to n e s ,  

a re  shown in  F ig , 16, T h e ir  m icro den s i  tome t e r  t r a c in g s  a re  shown 

in  F ig , 17. C a l ib ra t io n  l i n e s  were d e riv e d  from m o lecu la r w eigh t 

m arkers as  w e ll a s  c a l f  thymus h is to n e s  as  sho^vn in  F ig , 18,

These two s ta n d a rd  cu rves a re  c o n s id e ra b ly  d i f f e r e n t ;  th e y  a re  

b o th  l i n e a r  b u t th e y  d i f f e r  s i g n i f i c a n t ly  in  s lo p e  and in t e r c e p t s .  

When m o lecu la r w e igh ts  o f  c a l f  thymus h is to n e s  were c a lc u la te d  

b ased  on th e  c a l ib r a t io n  l i n e  o f  s ta n d a rd  p ro te in  m ark ers , t h e i r  

m o lecu la r w e ig h ts  came o u t as  HI=29,500 and 32,300  (two sub­

f r a c t io n s ) ,  H3=H2B=14,450, H2A=14,000 and H4=11 ,900 . These v a lu e s , 

e s p e c ia l ly  th a t  o f  H I, a re  abnorm ally  h i ^ .  The c a lc u la t io n  o f  

th e  m o lecu la r w eigh ts  o f  th e  Acer h is to n e s  was th e re fo re  based  

on th e  c a l ib r a t io n  l i n e  d e riv e d  from c a l f  thymus h is to n e s ,  and 

gave th e  v a lu e s  shown in  Table 4 .

HI o f  c a l f  thymus i s  d iv id ed  in to  2 m o lecu la r w eigh t s e t s ,  

d i f f e r in g  by about 600 d a l to n s . W hile th e re  i s  o n ly  one HI band 

in  A cer, i t s  m o lecu lar w eight i s  h ig h e r  than  th a t  o f  c a l f  thymus.

The m o lecu la r w eigh ts  o f  b o th  H2A and H2B in  Acer a re  a lso  h ig h e r  

th an  th o se  o f  c a l f  thymus. These a lso  co in c id e  w ith  t h e i r  m o b i l i t ie s  

i n  a c id -u re a  p o ly acry lam ide  g e l e le c t r o p h o r e s is .  Both H3 and 

H4 a re  v i r t u a l l y  id e n t i c a l  in  Acer and c a l f  thymus h is to n e s .



Figure 16

C olour pho tograph  o f  Acer h is to n e s ,  c a l f  thymus h is to n e s  

and m arker p ro te in s  on SDS po lyacry lam ide  g e ls

Gel sam ples a re  c a l f  thymus h is to n e s  ( r ig h t)m a rk e r  p r o te in s  

(c e n tre )  and Acer h is to n e s  ( l e f t ) .  They were s ta in e d  w ith  

a  m ix tu re  o f  Ami do B lack  and Ponceau S#
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Figure 17

M icro d en s ito m e te r t r a c in g s  o f  th e  g e ls  i l l u s t r a t e d  in  

F ig . 16.

Gel sam ples a re  (a )  s tan d a rd  p ro te in  m arkers, (b ) c a l f  thymus 

h is to n e s  and (c )  Acer h is to n e s .  G els were scanned a t  570 nm 

w ith  a  Unicam SP 800 U l t r a v io le t  S pectropho tom eter Model 24.
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Figure 18

C a lib ra t io n  l i n e s  f o r  m o lecu la r w eigh t m arker o f  p r o te in s  

and c a l f  thymus h is to n e s .

M ix tu res o f  p ro te in  m arkers c o n ta in in g  ( i )  cy tochrom e-c, 

haem oglobin and bovine serum album in, and ( i i )  c a l f  thymus 

h is to n e s  were e le c tro p h o re se d  on SDS p o ly acry lam id e  g e ls .  

The r e l a t i v e  m o b il i ty  o f  each p ro te in  f r a c t io n  was m easured 

and p lo t te d  a g a in s t  th e  lo g a r ith m ic  v a lu e  o f  i t s  m o lecu la r 

w e ig h t.
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Table 4* Comparison o f  m olecular w eights o f c a l f  thymus

h is to n e s  (Panylm e t  a l . . 1971 ) and Acer h is to n e s

H1 H3 H2B H2A H4

c a l f  thymus 20,400
21,000 12,800* 12,800* 12,500 11,000

Acer 24,500 12,800 15,300 13,500 11,000

* t h i s  m o lecu la r w eigh t v a lu e  was o b ta in e d  from th e  c a l i b r a t i o n  

l i n e  based  on c a l f  thymus H I, H2A and H4. The m o le c u la r  

w e i ^ t  o f  H2B and H5 quo ted  by Panyim e t  a l .  (1971 ) was 

14,000.

( d) Amino a c id  a n a ly s is

The amino a c id  com position  o f  th e  i s o l a t e d  h is to n e  w i l l  

g iv e  a  g e n e ra l in d ic a t io n  o f  th e  p u r i ty  o f  th e  h i  s to n e . Acer 

and c a l f  thymus h is to n e s  were compared by a n a ly s is  w ith  a  

Technicon Autom atic A nalyzer as  d e sc r ib e d  in  th e  Methods (p . 31 )•

The Acer h is to n e s  were e x tra c te d  from n u c le i  by th e  CaClg-TCA 

m ethod, w h ile  th e  c a l f  thymus h is to n e s  were purchased  from Sigma 

Chemical Company. T able 5 p re s e n ts  the  amino a c id  com position  

o f  th e  t o t a l  h is to n e s  o f  Acer p se u d o u la ta n u s . c a l f  thym us. V ic ia  

r o o t ,  L ilium  l e a f ,  and wheat germ. Column 1 i s  th e  d a ta  o f  

Crampton e t  a l .  (1 9 5 7 ), columns 2 and 3 a re  th e  p re s e n t e x p e rim en ta l 

d a ta , and columns 4 , 5 , and 6 a re  d a ta  o f  Dick ( 1968) ,  S heridan  

and S te m  (19&7) and Johns and B u tle r  ( I 962 ) r e s p e c t iv e ly .

Although a l l  the  p ro te in s  are  in  most re sp e c ts  s im ila r ,  the  

h is to n e s  o f  p la n t o r ig in  a re  c lo se ly  a lik e  in  th a t  they  a l l  have 

a lower a rg in in e  con ten t than th e  c a l f  thymus h is to n e . Prom the 

co lour response o f  each f ra c t io n  o f the  Acer h is to n e s  on po ly -



Table 5. Amino acid analysis of whole histones from various

sources (as moles per 100 moles of total amino acids).

calf thymus calf thymus Acer Vicia roots Lily leaf wheat germ
(Crampton (experimental (experimental (Dick, 1968) (Sheridan (Johns and 
e ta l., 1957) data) data) and Stem, Butler, 1962)

1967)

Aspartic acid 5.3 4.7 6.6 6.7 4.7 4.4

Glutamic acid 8.5 6.9 6.4 8.2 7.9 8.6

Threonine 5.6 . 5.4 5.3 5.5 4.7 5.4

Serine 5.3 5.8 6.3 6.0 4.5 4.9

Proline 5.0 5.9 7.4 5.4 7.2 5.1

Glycine 8.6 8.2 7.8 8.4 7.7 8.1

Alanine 13.2 15.3 13.5 12.7 12.6 15.5

Valine 6.2 6.6 7.4 6.2 7.2 5.5

Methionine 1.1 0.7 0.12 0.6 0.8 -

Isoleucine 4.3 4.2 5.5 4.6 5.4 -

Leucine 7.9 7.5 7.0 7.1 8.4 12.3

Tyrosine 2.6 2.2 1.9 1.6 3.1 1.7

Phenylalanine 1.9 1.5 1.1 2.3 3.2 2.2

Histidine 2.0 1.7 1.7 1.9 1.1 1.5

Lysine 13.5 15.6 15.9 15.9 15.0 17.6

Arginine 8.9 7.7 6.0 6.6 6.6 7.5

Basic/acidic 1.8 2.0 1.7 1.6 1.7 2.0

Lysine/arginine 1.5 2.0 2.6 2.4 2.4 2.4

No corrections were made for hydrolytic losses.
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acry lam ide  g e l  (d is c u sse d  e a r l i e r ) ,  th e  low c o n te n t o f  a rg in in e  in  

th e  t o t a l  - Acer h is to n e s  seems to  be due to  th e  low c o n te n t o f  a rg in in e  

in  H2A r a t h e r  than  any o th e r  f r a c t i o n s .  To su p p o rt t h i s  id e a ,  a n a ly s is  

o f  each f r a c t io n  i s  n e c e s sa ry , b u t would r e q u i r e  a  l a r g e r  q u a n t i ty  o f  

h is to n e s  th an  was a v a i la b le ,

4* C onclusion

The y ie ld  and th e  p u r i ty  o f  Acer h is to n e s  e x tr a c te d  from th e  

n u c le a r  f r a c t io n  i s  dependent on th e  methods employed. The HgSO^-EtOH 

method y ie ld s  1 .13 P-S o f  h is to n e  p e r  jog o f  IKA, w hereas m ethods in v o lv in g  

p r e c ip i t a t io n  o f  h is to n e s  w ith  TCA a re  l e s s  e f f i c i e n t .  The r a t i o  o f  

MA to  h is to n e  p ro te in  to  n o n -h is to n e  p ro te in  in  Acer n u c le i  i s  1 .0  :

1 .13 : 0 .7 8 . A ll th e  h is to n e  sam ples p re s e n t  ty p ic a l  h is to n e  p a t te r n s  

on po ly acry lam id e  g e l s .  The s e p a ra tio n  o f  th e  ' t r i p l e t  b an d s ' i s  b e t t e r  

observed  by eye th an  by scan n in g . The Acer h is to n e s  e x tra c te d  by th e  

H^SO^-EtOH method show v e ry  sharp  bands on th e  g e l s ,  i n d ic a t in g  th a t  

th e  r e s u l t i n g  h is to n e s  a re  l im i te d  in  a g g re g a tio n , and th a t  th e  in d iv id u a l  

f r a c t io n s  a re  homogeneous (F ig . 10 and F ig . 1 1 ).

The Acer h is to n e  f r a c t io n s  were c h a r a c te r iz e d  by com paring 

t h e i r  m o b i l i t ie s  w ith  th o se  o f  f r a c t io n s  o f  c a l f  thymus (pu rch ased  from 

Sigma Chemical Company), and a lso  by t h e i r  re sp o n se  to  d i f f e r e n t  s ta in in g  

te c h n iq u e s . The d i f f e r e n t i a l  s t a in  developed by B a r r e t t  and Johns 

( 1974) was m od ified  to  c o n ta in  0.1% Ami do B lack  and 0,0125% Ponceau S 

wliich dyes th e  f iv e  m ajor h is to n e  f r a c t io n s  o f  c a l f  thymus in  5 d i f f e r e n t  

c o lo u rs ;  and th e  c o lo u r re sp o n se  seemed to  c o r r e la te  w ith  th e  c o n ten t 

o f  b a s ic  amino a c id s .  The m ajor f r a c t io n s  o f  Acer h is to n e s  were i d e n t i f i e d  

a s  H I, H2A, H2B, H3 and H4 from anode end to  cathode end on an a c id -  

u re a  p o ly acry lam ide  g e l .

The m o lecu la r w e ig h ts  o f  Acer h is to n e s  a re  HI =24,500, H2A=

13 , 500 , H2B=13,300, H3=12,800 and H4=11 ,0 0 0 . Both H3 and H4 have th e
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same m o lecu la r w eigh ts  a s  th o se  from c a l f  thymus, w h ile  th e  m o lecu la r 

w e ig h ts  o f  Acer h is to n e s  H2A, H2B and H1 a re  h ig h e r  than  th o s e  o f  c a l f  

thym us. The o rd e r  o f  th e  Acer t r i p l e t  bands on a c id -u re a  g e ls  ag rees  

w ith  t h e i r  m o lecu la r w e ig h ts  m easured by SBS-gel e le c t r o p h o r e s is .

The r e s u l t s  o f  amino a c id  a n a ly s is  in d ic a te d  th a t  Acer h is to n e s  

c o n ta in  22^4 o f  b a s ic  amino a c id s .  As w ith  h is to n e  o f  o th e r  p la n t  so u rc e s , 

th e  a rg in in e  c o n te n t o f  Acer h is to n e s  i s  low er than  th a t  o f  c a l f  thymus 

h is to n e s  (T ab le  5)* S ince th e  H2A o f  Acer g iv e s^ p in k ish  r a t h e r  than  th e  

b lu e  green  c o lo u r  as  t h a t  o f  c a l f  thymus w ith  th e  d i f f e r e n t i a l  s t a i n ,  

th e  low a rg in in e  c o n ten t o f  t o t a l  Acer h is to n e  i s  p ro b ab ly  l a r g e ly  due 

to  a  v e ry  low a rg in in e  c o n te n t in  i t s  ÏÏ2A.
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1. In tro d u c tio n

P ro te in  s y n th e s is  i s  g e n e ra l ly  accep ted  to  o ccu r on cy to p lasm ic  

p o ly ribosom es, b u t th e re  i s  c o n s id e ra b le  u n c e r ta in ty  as  to  w hether 

p ro te in  s y n th e s is  a lso  o ccu rs  in  th e  n u c le u s . Owing to  th e  lo c a l i z a t io n  

o f  h is to n e s  in  th e  ch rom atin , th e  c e l l  n u c leu s  m ight appear to  be a  

lo g ic a l  lo c a t io n  f o r  h is to n e  s y n th e s is .  A llf r e y  e t  a l .  (1955, 1957) 

f i r s t  dem onstrated  th e  in c o rp o ra tio n  o f  l a b e l l e d  amino a c id s  in to  h is to n e s  

by i s o l a t e d  c a l f  thymus n u c le i .  F u r th e r  s tu d ie s  on i s o l a t e d  n u c le i  o f  

pea  stem s ( B i m s t i e l  ^  a l . . I 962) and c u ltu re d  tobacco  c e l l s  (Plamm 

and B i m s t i e l ,  1964) dem onstra ted  th a t  h is to n e s  were s y n th e s iz e d  in  th e  

n u c le o lu s  ( - i )  and th en  m ig ra ted  in to  th e  nucleop lasm . T his c o n c lu s io n
14was drawn from k in e t i c  s tu d ie s  o f  in c o rp o ra tio n  o f  C-amino a c id s  in to  

th e  v a r io u s  p ro te in  f r a c t io n s  o f  d i f f e r e n t  n u c le a r  com ponents. Laval 

and B o u te i l le  (1975) in c u b a ted  T r ito n  X-100 washed r a t  l i v e r  n u c le i  w ith  

r a d io a c t iv e  amino a c id s ,  and showed by au to rad io g rap h y  th a t  th e re  was 

about th re e  tim es a s  much in c o rp o ra t io n  in to  th e  n u c le o l i  a s  in to  th e  

r e s t  o f  th e  n u c le u s . There i s  a n o th e r  r e p o r t  o f  amino a c id  in c o rp o ra tio n  

in to  i s o l a t e d  n u c le i  from r a t  l i v e r  (R endi, I 96O), and a lso  HeLa c e l l s  

(Bach and Johnson , I 967) .  However, th e  p u r i ty  o f  i s o l a t e d  n u c le i  i s  

alw ays q u e s tio n a b le . In  o rd e r  to  remove any cy top lasm ic  ribosom es 

co n tam in a tin g  i s o l a t e d  n u c le i ,  McCarthy £ t  a l .  (19^6) t r e a t e d i h e i r  i s o la te d  

r a t  l i v e r  n u c le i  w ith  EDTA and r ib o n u c le a s e , and found th a t  th e  ribosom es 

which cou ld  su b seq u en tly  b e - re le a s e d  from such n u c le i  were a s  e f f e c t iv e  

a s  cy to p lasm ic  ribosom es in  p ro te in  s y n th e s is .  Such re le a s e d  n u c le a r  

ribosom es were in s e n s i t iv e  to  DNase, b u t s e n s i t iv e  to  RNase and purom ycin. 

They were c o n s id e red  to  be 'p r e c u r s o r s ' o f  th e  cy to p lasm ic  ribosom es 

(Plamm and B i m s t i e l ,  19^4; McCarthy e t  a l . , 19^6), and to  be o n ly  s l i g h t ly  

in v o lv ed  in  amino a c id  in c o rp o ra tio n  w h ile  w ith in  th e  n u c le i  (McCarthy
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e t  a l . , 1966) .  I f  t h i s  i n t e r p r e t a t i o n  i s  j u s t i f i e d ,  i t  may be re a so n a b le  

to  c o n s id e r  t h a t  o f  a l l  th e  system s th a t  have been s tu d ie d , o n ly  th e  

thymus n u c leu s  may be a  v a l id  example o f  an i s o l a t e d  n u c leu s  in  which 

s ig n i f i c a n t  p ro te in  s y n th e s is  can o c cu r . The c a l f  thymus n u c leu s  i s  

an u n u s a lly  la rg e  one f o r  a  som atic  c e l l ,  occupying  abou t tw o - th ird s  

o f  th e  volume o f  th e  c e l l  (n u c le i  o f  most c e l l s  o n ly  occupy 2 to  20 

p e rc e n t o f  th e  c e l l  volum e), and th e re fo re  i t  i s  j u s t  p o s s ib le  th a t  

in  such a  c e l l ,  many nom ally cy to p lasm ic  a c t i v i t i e s  o ccu r w ith in  th e  

n u c le u s .

Bloch and h i s  a s s o c ia te s  ( 196O, 1965, I 964) ,  w orking w ith  

g ra ssh o p p er sperm, o b ta in e d  th e  f i r s t  ev idence  su g g e s tin g  cy to p lasm ic  

s y n th e s is  o f  b a s ic  p r o te in s  which became a s s o c ia te d  w ith  th e  MA, fo llo w in g

in c o rp o ra tio n  o f  ^ E -a rg in in e , by an in  s i t u  a u to ra d io g ra p h ic  te c h n iq u e .
3

The i n i t i a l  in c o rp o ra t io n  o f  E -a rg in in e  was shown to  occu r in  th e  RNA- 

c o n ta in in g  la y e r  o f  cytoplasm  su rro u n d in g  th e  n u c leu s  ; o n ly  l a t e r  was 

t h i s  r a d io a c t i v i t y  found accum m ulating on th e  MA in  th e  n u c le u s , 

in d ic a t in g  a  t r a n s f e r  o f  a r g in in e - r ic h  p r o te in s ,  sy n th e s iz e d  in  th e  

cy toplasm , in to  th e  n u c le u s . The most co nv incing  dem o n stra tio n  o f  th e  

lo cu s  o f  h is to n e  s y n th e s is  comes from t h e  work o f  Robbins and Bo run  ( 1967) 

and Bo ru n  e t  a l .  ( I 967) u s in g  synch ron ized  HeLa c e l l  c u l tu r e s .  By 

c a r e f u l ly  c o n tro l le d  p u lse -c h a se  experim en ts w ith  try p to p h an  and 

^ H -ly s in e , th e y  found th a t  th e  in c o rp o ra t io n  o f  r a d io a c t i v i t y  in to  

h is to n e s  o n ly  o c cu rred  d u rin g  th e  S p e r io d , and in v o lv ed  a  c la s s  o f  

sm all cy to p lasm ic  polysom es (s -p o ly so m es) . These polysom es co n ta in ed  

7-9S ENA as  w e ll a s  h i  s to n e - l ik e  p o ly p e p tid e s . During th e  ensu ing  

chase th e  r a d io a c t i v i ty  appeared  in  th e  H C l-so lu b le  (h is to n e )  f r a c t io n  

o f  th e  n u c le i .  Nemer and L indsay  ( 1969) o b ta in e d  ev idence  th a t  th e  

s-polysom es o f  e a r ly  sea  u rc h in  embryos a re  p ro b ab ly  th e  main s i t e  o f
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chromosomal h is to n e  s y n th e s is .  Based on d i r e c t  o b se rv a tio n  o f  th e  

in c o rp o ra t io n  o f  l a b e l le d  p re c u rso r  in to  M A -asso c ia te d  p r o te in s  by 

au to ra d io g ra p h y , on th e  s o l u b i l i t y  o f  l a b e l le d  p r o te in s  in  a c id ,  and 

on r a d io a c t i v i t y  a n a ly s is  o f  p o ly p e p tid e s  sy n th e s iz e d  in  v i t r o  in  th e  

p re sen ce  o f  ^^C -ly sin e  and try p to p h a n , jKedes and G ross (1969) 

concluded t h a t , i n  e a r ly  s e a  u rc h in  embryos, h is to n e s  a re  sy n th e s iz e d  

in  th e  cy toplasm  and t r a n s f e r r e d  r a p id ly  in to  th e  n u c leu s .

Im p ress iv e  ev idence f o r  cy to p la sm ic  s y n th e s is  o f  h is to n e s  

h a s  been o b ta in e d  in  work w ith  i s o l a t e d  polysom es. G a llw itz  and M u elle r 

( 1969a , 1969b , 1969c , 1970) i s o l a t e d  a  c la s s  o f  polysomes from 

m i to t i c a l ly  a c t iv e  HeLa c e l l s  which cou ld  assem ble h is to n e - l ik e  p o ly -  - 

p e p tid e s  in  v i t r o . The newly s y n th e s iz e d  p r o te in s  c o -e le c tro p h o re se d  

w ith  h is to n e s  in  p o lyacry lam ide  g e l and t h e i r  appearance was found 

s t r i c t l y  coupled  w ith  a c t iv e  DNA r e p l i c a t i o n .  The cy to p lasm ic  s y n th e s is  

o f  h is to n e s  was su p ported  by th e  ev idence  o f  p ro te in  m ig ra tio n  between 

cytoplasm  and n u c le u s , as  ex em p lified  by r e p o r ts  o f  G o ld s te in  and 

P r e s c o t t  ( 1967) ,  Z e tte rb e rg  ( 1966a , 1966b) and K roeger e t  a l . ( l9 6 5 ) .

A r e la t io n s h ip  betw een th e  m ig ra tio n  r a t e  and th e  m o lecu la r 

w eigh t o f  p r o te in s  was dem onstrated  by P a in e  and P e ld h e rr  (.1972). They 

in je c te d  la b e l le d  p ro te in s  o f  d i f f e r e n t  m o lecu la r w eigh ts  in to  th e  

cytoplasm  o f  cockroach o o cy tes  and t r a c e d  th e  m ig ra tio n  o f  th e  in je c te d  

m o lecu les  in to  th e  n u c le u s ; th e y  o bserved  th a t  p r o te in s  o f  low m o lecu la r 

w eigh t ( 20 , 000 ) moved r a p id ly  in to  th e  n u c le u s , w h i ls t  th o se  o f  m oderate 

o r  h ig h  m o lecu la r w eight (4 0 , 000) moved in to  th e  n u c leu s  s low ly  and even 

a f t e r  5 h o u rs  th e  n u c le a r  c o n c e n tra tio n s  o f  th o se  p ro te in s  were s t i l l  

f a r  below th e  cy top lasm ic  l e v e l s .

The s i t e  o f  h is to n e  s y n th e s is  i s  s t i l l  ambiguous a lth o u g h  

c le a r ly ,  in  some c a se s , th e  ev idence  fa v o u rs  th e  view  th a t  a t  l e a s t  

some o f  i t  i s  made o u ts id e  th e  n u c le u s . In  c o n tr a s t  th e re  i s  a lso  r a th e r
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co n v in c in g  ev idence  t h a t ,  in  thym ocytes, th e  n u c leu s  i s  a  s i t e  o f  

p r o te in  s y n th e s is .  There i s  a lso  a  mass o f  d a ta  su g g es tin g  th a t  

th e  n u c le i  o f  o th e r  c e l l  ty p e s  a lso  sy n th es ize  p r o te in .

A l th o u ^  a l l  h is to n e  f r a c t io n s  a re  sy n th e s iz e d  a t  t h e i r  

maximum r a t e s  d u rin g  th e  peak  o f  MA s y n th e s is  (S  p h a se ) , th e  r e la t io n s h ip  

betw een th e s e  two ev en ts  i s  s t i l l  c o n t r o v e r s ia l .  C oncurrent s y n th e s is  

o f  h is to n e  and MA has  been re p o r te d  in  t i s s u e s  o f  l i v e r  and mouse 

f i b r o b la s t s  (B loch and Godman, 1955)» i n  E u n lo te s  eurytom as ( P r e s c o t t ,  

1966) ,  and in  HeLa c e l l s  and Chinese h am ste r c e l l s  i n  t i s s u e  c u l tu r e  

(McClure and H h il ic a ,  1970? Robbins and Bo ru n , I 967)* I n h ib i t io n  o f  

MA s y n th e s is  by hydroxyurea in  HeLa c e l l s  in  v ivo  re n d e red  su b seq u en tly  

i s o l a t e d  m icrosom es in c a p a b le  o f  h is to n e  s y n th e s is  in  v i t r o  (G a llw itz  

and M u e lle r , 1969c ) .  The e f f e c t  o f  purom ycin and 5 -f ln o ro -d e o x y - 

u r id in e  on onion  ro o t  t i p  m e r is te n s  su g g es ted  th a t  c o n tin u a tio n  o f  

MA s y n th e s is  i s  dependent on a  c o n cu rren t p ro te in  s y n th e s is ,  b u t h is to n e  

s y n th e s is  can p ro ceed  a t  a  norm al r a t e  u n d er c o n d itio n s  in  which MA 

s y n th e s is  i s  in h ib i t e d  (B loch e t  a l . , 19&7? FLaram and B i m s t i e l ,  1964) .

In  HeLa c e l l s  s y n th e s is  o f  o n ly  p a r t  o f  th e  h is to n e  f r a c t io n s  ap p ea rs  

to  be dependent on co n cu rren t MA s y n th e s is  (Sadgopal and Bonner, I 969)? 

d i f f e r e n t  h is to n e  f r a c t io n s  d i f f e r  in  t h e i r  d eg rees  o f  dependence on 

th e  s y n th e s is  o f  MA (C halk ley  and M aurer, 1965) .  H is to n es  th u s  may 

be d iv id e d  in to  two c la s s e s ,  th o se  which a re  re p la c e d  ( tu rn o v e r )  in  

c e l l s ,  and a re  sy n th e s iz e d  in d e p en d e n tly  o f  MA r e p l i c a t io n ;  and th o se  

which do n o t tu rn  o v e r a t  a l l ,  o r  tu rn  o v e r  v e ry  s lo w ly , and a re  

sy n th e s iz e d  o n ly  d u rin g  MA r e p l i c a t i o n .

2 . K in e tic  s tu d ie s  on th e  in c o rp o ra tio n  o f  ^ ^ C -ly sin e  and a rg in in e  

in to  p r o te in s

The Acer su spension  c u l tu re s  which a re  r o u t in e ly  su b c u ltu re d
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and grown u n d er th e  co n d itio n s  d e sc r ib e d  in  th e  Methods (p . 19) have 

a  growth curve as  shown in  P ig . 19. The l i n e a r  phase c e l l s  a re  those* 

c e l l s  which have grown f o r  5 to  7 days, and were u s u a lly  u sed  f o r  s tu d y in g  

h is to n e  b io s y n th e s is .  In  o rd e r  to  p ro v id e  such ra p id ly  d iv id in g  c e l l s  

in  a  h ig h  c o n c e n tra tio n , th e  c e l l  d e n s i ty  o f  7 -day  o ld  c u l tu re  was 

in c re a s e d  by sed im en ta tio n  and d é c a n ta tio n  as  d e sc r ib e d  in  th e  Methods 

(p . 5 8 ). For s tu d y  o f  ^^C -ly sin e  in c o rp o ra t io n , 60 ml o f  such a  

co n c e n tra te d  c u l tu re  suspension  (1 .9 4  X 10^ c e l l s  ml ^) was t r a n s f e r r e d  

to  a  c lean  c o n ic a l f l a s k  (250 m l), and to  t h i s  was added 200 jo l o f  

^"^0-ly s in e  (287 mCi mmole” \  50 JLiCi ml  ̂) to  g iv e  a  c e l l  su sp en sio n  

c o n ta in in g  ly s in e  a t  5 .8  X 10 ^ M, and a t  0 ,1 7  pOi ml \  S im ila r ly  

200 / i l  o f  ^^C -a rg in in e  (524 mOi mmole **,50 pCi ml ^) was added to  56 ml 

o f  c o n c e n tra te d  c u l tu re  suspension  ( l .6 8  X 10^ c e l l s  ml **) to  g iv e  a 

f i n a l  c o n c e n tra tio n  o f  ^^C -arg in in e  o f  5 .5  X 10 ^ M, 0 .18  pCi ml \

These two experim en ts were perform ed a t  d i f f e r e n t  tim es b u t w ith  th e  

same p ro ced u re  as  fo llo w s . The c u l tu re  f l a s k  was in cu b a ted  by shak ing  

in  a  w a te r b a th  a t  25*0. Four r e p l i c a t e  sam ples ( l  ml each) were taken  

from th e  in c u b a tin g  suspension  a t  i n t e r v a l s  d u rin g  a p e rio d  o f  120 m in. 

Samples were then t r e a te d  a s  d e sc rib e d  in  th e  Methods ( p .58-59) fo r  

d e te rm in in g  th e  r a d io is o to p e s  remaining in  th e  c u l tu re  medium a f t e r  

in c u b a tio n , th e  up take  by th e  c e l l s  and th e  in c o rp o ra tio n  in to  t o t a l  

p r o te in s .  A ll sam ples were then  ig n i t e d  in  an Oxymat and counted w ith  

a  Beckman LS-100 S c i n t i l l a t i o n  C ounter ( p .4 5 ) . S ince th e  p la n t  c e l l  

suspension  i s  n o t a s  f in e  as  a  b a c t e r i a l  su sp en sio n , sam ples taken  w ith  

th e  same au to m atic  sy r in g e  p ip e t te  o r  F in - p ip e t te  (d is p o s ib le  t i p s  were 

cu t a t  th e  end to  produce a w ider a p e r tu re  f o r  sam pling p u rp o ses) do 

n o t alw ays g iv e  th e  same q u a n t i ty  o f  sample m a te r ia l ;  i t  was th e re fo re  

n e c e ssa ry  to  co n v ert th e  r e s u l t i n g  r a d io a c t i v i ty  o f  each sample to  a 

v a lu e  p e r  u n i t  packed c e l l  volum e. F ig . 20 p re s e n ts  th e  av erage  v a lu e



Figure 19

Growth curve o f  asynchronous suspension  c u l tu re  o f  Acer 

p seu d o n la tan u s  L. su b cu ltu red  ro u t in e ly  in to  H e l l e r 's  medium.

S u b cu ltu re  was made by t r a n s f e r r in g  14-day o ld  s to c k  c u l tu re  

in to  f r e s h  H e l l e r 's  medium and th e  c u l tu re s  were shaken on 

a  r o ta r y  sh ak e r in  a tem peratu re  c o n tro l le d  room as d e sc rib e d  

in  th e  t e x t ,  A c u ltu re  f l a s k  was s a c r i f i c e d  a t  i n t e r v a l s  f o r  

c e l l  sam pling . C e ll d e n s i t ie s  were determ ined  as d e sc rib e d  

in  th e  t e x t ,  and t h e i r  s tan d a rd  e r ro r s  were a lso  c a lc u la te d .
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Figure 20

Total uptake of ^^C-arginine and ^"^C-lysine, and th e ir  incorporation  

in to  p ro te in s  by an a c tiv e ly  d iv id ing  suspension of Acer 

pseudoplatanus L.

To 56 ml o f concentrated 7-day old suspension cu ltu re  ( I . 6 8 X 10^ 

c e l ls  ml was added 200 p i  of arg in ine (324 mCi mmole~\

50 /iCi ml ^) , and to 60 ml o f concentrated 7-day old suspension 

c u ltu re  ( 1.94 X 10^ c e l ls  ml” ^) was added 200 jliI o f ^^C-lysine 

(287 wCi mmole , 50 ^Oi ml" ) . Incubation was ca rried  out in  

250 ml conical f la sk  by shaking a t  25*0. Samples were taken a t 

in te rv a ls  during a period of 120 min. The uptake of the la b e lle d  

amino acid and the incorporation  of the la b e lle d  amino acid  in to  

to ta l  p ro te in  was determined. The remaining isotope in  the 

incubation medium was also  measured.

(a) cu ltu red  c e lls  incubated with ^^C-arginine

(b) cu ltu red  c e l ls  incubated with ^^C-lysine

( #---------# ) the remaining iso tope in  the cu ltu re  medium

( O—  O ) uptake by the c e lls

( Ù---------Ù ) incorporation  in to  p ro te in s .

v e r t ic a l  ax is  -  cpm per 2 ml sample.
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o f  th e  r e p l i c a t e  sam ples w ith  t h e i r  r a d i o a c t i v i t i e s  so c o r re c te d . A 

s im i la r  p a t te r n  was observ ed  w ith  ly s in e  and w ith  a rg in in e .  Both F ig .

20a and F ig . 20b i l l u s t r a t e  v e ry  r a p id  lo s s  o f  l a b e l le d  amino a c id s  

from th e  c u l tu r e  medium. T h is  presum ably  i s  due to  a  p h y s ic a l  a d so rp tio n  

o f  th e  l a b e l le d  amino a c id s  onto  th e  c e l l  w a l ls .  The la b e l le d  amino 

a c id s  were soon tak en  up by th e  c e l l s  and reach ed  t h e i r  maximum u p tak e  

in  60 min w ith  74% e f f ic ie n c y  f o r  ^ ^ C -ly sin e  and in  40 min w ith  89.7% 

e f f ic ie n c y  f o r  ^ ^ C -a rg in in e . F o llow ing  u p tak e  b o th  la b e l le d  amino a c id s  

were d e te c te d  i n  th e  hot-TCA in s o lu b le  m a te r ia l  (p ro te in s ) . .  The maximum 

in c o rp o ra t io n  was a t  52.8% e f f ic ie n c y  f o r  ^ ^ C -ly sin e  in  50 min and a t  

82.9% e f f ic ie n c y  in  40 min f o r  a rg in in e .  Both up take  and in c o rp o ra t io n  

d ec rea sed  w ith  f u r th e r  in c u b a t io n . T h is  may be due to  th e  tu rn o v e r  o f  

th e  r a d io a c t iv e  p ro te in s  d u rin g  lo n g  term  in c u b a t io n . Both ^ ^ C -ly sin e  

and a rg in in e  w i l l  be in c o rp o ra te d  in to  a l l  s o r t s  o f  p ro te in  in  th e  

c e l l s  and a lth o u g h  h is to n e s  a re  r i c h  in  th e se  b a s ic  amino a c id s ,  th ey  

have th e  s lo w est tu rn o v e r  r a t e s  o f  a l l  th e  p ro te in  f r a c t io n s  (P ih a  e t  a l . . 

1966) so t h a t  in c o rp o ra tio n  in to  o th e r  p r o te in s  such a s  n o n -h is to n e  

p r o te in s  and b a s ic  ribosoraal p ro te in s  w i l l  be r e l a t i v e l y  h i ^  owing to  

t h e i r  h i ^  tu rn o v e r  r a t e s .

5 . In c o rp o ra tio n  o f  ^ H -ly sin e  and ^^C -a rg in in e  in to  h is to n e  p r o te in s

S ince ly s in e  and a rg in in e  a re  commonly found in  a l l  p r o te in s ,  

i t  i s  i n t e r e s t i n g  to  know how e f f i c i e n t l y  th e se  la b e l le d  amino a c id s  

a re  in c o rp o ra te d  in to  h is to n e  p r o te in s .  Flamm and B i m s t i e l  ( 1964) ,  

in  ag re« n en t w ith  o th e r s ,  in d ic a te d  th a t  th e  in c o rp o ra tio n  o f  ^ ^ C -ly s in e  

in to  th e  h is to n e  p r o te in s  in  c u ltu re d  tobacco c e l l s  i s  much s lo w er th an  

i t s  in c o rp o ra t io n  in to  th e  r e s id u a l  (n o n -h is to n e  p r o te in s )  f r a c t i o n .

In  s tu d y in g  th e  in c o rp o ra tio n  o f  th e se  la b e l le d  amino a c id s  in to  th e  

n u c le a r  p r o te in s  o f  i s o l a t e d  c a l f  thymus n u c le i  i t  was found th a t  non-
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h is to n e  n u c le a r  p ro te in s  became n e a r ly  10 tim es a s  r a d io a c t iv e  a s  

h is to n e s  (R eid  and Cole, I 964 ; R eid  e t  a l . » I 968 ) .  An experim ent was 

th e re fo re  perform ed to  compare th e  in c o rp o ra t io n  e f f i c i e n c i e s  o f  l a b e l l e d  

ly s in e  and a rg in in e  in to  h is to n e  p r o te in s  in  c u ltu re d  Acer c e l l s .  A 

la b e l le d  amino a c id  m ix tu re  c o n ta in in g  20 p i  o f  ^^C -arg in in e  and 10 ja l 

o f  ^ E -ly s in e  was added to  100 ml o f  7 -d ay  o ld  s to c k  c u l tu re  (9 .1 2  X 10^ 

c e l l s  m l"^ ) , and in c u b a ted  b y  sh ak in g  in  a  w a te r b a th  a t  25 *C. The 

c o n c e n tra tio n s  o f  ^^C -a rg in in e  and ^ E -ly s in e  in  th e  c u l tu re  susp en sio n  

were r e s p e c t iv e ly  5.1 X 10"^M, 0.01 jtiCi ml  ̂ and 5*56 X 10~^ M, 0.1 

jaCi ml” **. D u p lic a te  sam ples (2 ml each ) were taken  a f t e r  20 min f o r  

m easurement o f  in c o rp o ra tio n  in to  t o t a l  p r o te in ,  w h ile  th e  rem ain in g  

c u l tu re  was l e f t  shak ing  f o r  a  t o t a l  2 h o u rs . C e lls  were h a rv e s te d  

a f t e r  in c u b a tio n  and from th e se  th e  h is to n e  p r o te in s  were e x tr a c te d .  

Sample c e l l s  taken  a f t e r  20 min o f  in c u b a tio n  were found to  have 

in c o rp o ra te d  ^"^C-arginine w ith  78.6% e f f ic ie n c y  and ^ E -ly s in e  w ith  

54.4% e f f ic ie n c y .  T h e ir  r a d i o a c t i v i t i e s  were 2 .5  X 10^ cpm and 9.1 X 

10^ cpm r e s p e c t iv e ly  f o r  ^^C and ^E and th e  r a t i o  o f  ^^C to  ^E was 1 

to  5 . 64 . Counts o f  627 cpm and 5430 cpm were p re s e n t  r e s p e c t iv e ly  f o r  

**̂ C and ^E in  a  100 jul sample o f  th e  e x tr a c te d  h is to n e  g iv in g  1 to  

5.47  f o r  th e  r a t i o  o f  **̂ C to  ^E. T h is  su g g es ts  t h a t  th e  in c o rp o ra t io n  

o f  ^ E -ly s in e  in to  h is to n e  p ro te in s  i s  more e f f i c i e n t  than  th a t  o f  

^"^C -arginine, a lthough  th e  l a t t e r  shows h ig h e r  e f f ic ie n c y  o f  in c o r ­

p o ra tio n  in to  t o t a l  p ro te in .

F u r th e r  in v e s t ig a t io n  o f  th e  in c o rp o ra t io n  o f  l a b e l l e d  ly s in e  

and a rg in in e  in to  th e  h is to n e  f r a c t io n s  was c a r r ie d  o u t by s e p a ra t in g  

th e  double l a b e l le d  h is to n e s  on a c id - u re a  po lyacry lam ide  g e l .  The 

p o s i t io n s  o f  th e  m ajor bands on th e  g e l  were re c o rd ed  a f t e r  s ta in in g  

and d e s ta in in g .  T his g e l was then  c u t in to  1 .0  mm s l i c e s  w ith  th e



-  81 -

MICKLE g e l - s l i c e r  (p . 57)» and. th e  s l i c e s  were ig n i t e d  and counted  

as  d e sc r ib e d  in  th e  Methods (p . 4 5 ) . F ig . 21 i l l u s t r a t e s  th e  d i s t r ib u t io n  

o f  th e  ra d io  a c t i v i t y  between th e  g e l s l i c e s  b o th  f o r  ^ ^C -a rg in in e  and 

^ E - ly s in e . The d a ta  f o r  ^^C -arg in in e  show e x te n s iv e  in c o rp o ra t io n  in to  

E2B, m oderate in c o rp o ra tio n  in to  E2A, E5 and E4 and no d e te c ta b le  

in c o rp o ra t io n  in to  E l • The d a ta  p re s e n te d  f o r  ^ E -ly s in e  su g g es t th a t  

th e  b io s y n th e s is  o f  Acer h is to n e  i s  s im ila r  to  t h a t  o f  W alker c a rc in o ­

sarcom a (H h il ic a  and Busch, 1965» Ohly e t  a l . , 1967)* The ^ E -ly s in e  

was in c o rp o ra te d  in to  E5 most a c t iv e ly ,  E2B was n e x t to  E5 in  le v e l  o f  

in c o rp o ra t io n ,  w h ile  in c o rp o ra tio n  in to  H2A was a t  an in te rm e d ia te  r a t e  

and th e  in c o rp o ra t io n  in to  El and E4 was l e a s t  a c t iv e .  S im ila r  d i f f e r e n t i a l  

b io s y n th e s is  o f  h is to n e  f r a c t io n s  h as  a lso  been observed  in  l i v e r  and 

hepatom a by I r v in  and a s s o c ia te s  (H olbrook e t  a l . . I960 , 1962; Evans 

e t  a l . . 1962 ; C halk ley  and M aurer, 1965). A lthough th e  in d iv id u a l  h is to n e  

f r a c t io n s  o th e r  than  El appear to  be p re s e n t  in  equal amounts in  th e  

n u c le u s , i t  seems th a t  t h e i r  b io s y n th e t ic  r a t e s  a re  d i f f e r e n t .  The 

p re s e n t  s tu d y  in d ic a te d  th a t  th e  v e ry  a r g in in e - r ic h  h is to n e  E5 in c o r ­

p o ra te d  l a b e l le d  ly s in e  most a c t iv e ly  and in c o rp o ra te d  a rg in in e  a t  o n ly  

a  m oderate r a t e  (p o s s ib ly  su g g es tin g  th e  p re sen ce  o f  a  la rg e  a rg in in e  

p o o l) ,  w hereas th e  v e ry  ly s in e - r i c h  h is to n e  El in c o rp o ra te d  la b e l le d  

ly s in e  v e ry  slow ly  and showed no a rg in in e  in c o rp o ra tio n  (s u g g e s tin g  th a t  

v e ry  l i t t l e  o f  t h i s  h is to n e  was sy n th e s iz e d  d u rin g  th e  t e s t  p e r io d  o f  

2 h o u rs ) .  The r e s u l t  a lso  in d ic a te d  th a t  ly s in e  i s  more a c t i v e ly  

in c o rp o ra te d  than  a rg in in e  in to  h is to n e  p r o te in s .

4 . C e l lu la r  lo c a l iz a t io n  o f  h is to n e  s y n th e s is

When c u l tu r e d  A cer c e l l s  a f t e r  p u ls in g  f o r  5 min w ith  l a b e l l e d  

l y s in e  o r  a r g in in e  w ere f ix e d ,  a u to ra d io g ra p h y  showed r a d io i s o to p e  

d i s t r i b u t e d  f a i r l y  e v e n ly  w ith in  th e  c e l l s ,  and n o t  c l e a r l y  lo c a l i z e d



Figure 21

D is tr ib u tio n  o f  la b e l le d  a c id -so lu b le  p ro te in s  on a c id -  

u re a  polyacrylam ide g e l .

Seven-day o ld  s to ck  c u ltu re  (lOO ml, 9.12 X 10^ c e l l s  ml” ^) 

was incu b ated  w ith  a m ixture o f  **^C-arginine and ^H -lysine 

fo r  a p e rio d  o f 2 hours by shaking a t  25 *C. The f in a l  

c o n cen tra tio n s  o f a rg in in e  and ^H -lysine were re s p e c tiv e ly  

5.1 X 10“®M, 0.01 pCi ml"** and 5.56 X 10”^ M, 0.1 ;iGi ml"**.

H istones e x tra c te d  from th ese  la b e l le d  c e l l s  were c h a ra c te r iz e d  

on a c id -u re a  polyacrylam ide g e ls .  The h is to n e  p a tte rn  i s  p resen ted  

between p r o f i l e s  (a ) and (b ) . The g e l s l i c e s  ( l  mm th ic k )  were 

combusted in  an Oxymat, and th e i r  r a d io a c t iv i t i e s  were reco rded  

re s p e c tiv e ly  f o r  **"^C-arginine (a) and ^K -lysine (b ) .

v e r t i c a l  ax is  -  cpm per 1 mm gel s l i c e .
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(G ould, 1975 and my own o b s e rv a tio n ) .  T his approach i s  th e r e f o r e  n o t 

cap ab le  o f  e s ta b l i s h in g  th e  s i t e  o f  h is to n e  s y n th e s is .  However, s in ce  

h is to n e s  c o n ta in  no try p to p h an  b u t a re  r ic h  in  b a s ic  amino a c id s ,  th e  

s y n th e s is  o f  h is to n e s  can be d is t in g u is h e d  from th a t  o f  o th e r  p r o te in s  

by fe e d in g  th e  c e l l s  w ith  la b e l le d  ly s in e  p lu s  a  d i f f e r e n t  k in d  o f  

l a b e l l i n g  o f  try p to p h an . To in v e s t ig a te  th e  lo c a t io n  o f  h is to n e  s y n th e s is  

in  c u ltu re d  c e l l s  o f  Acer p seu d o p la tan u s  L. a  m ix tu re  o f  ^"^C-lysine and 

^H -tryp tophan  was a p p lie d  to  th e  l i n e a r  phase c e l l s ,  and b o th  'p u lse*  

and 'p u lse -c h a se *  experim en ts were c a r r ie d  o u t .  In  o rd e r  to  av o id  th e  

com plex ity  o f  th e  tu rn o v e r  problem  d u rin g  in c u b a t io n , th e  experim en t 

was co n fin ed  to  a  s h o r t  in c u b a tio n  p e r io d . The 'p u lse*  t r e a t e d  c e l l s  

were in c u b a te d  w ith  th e  la b e l le d  m ix tu re  f o r  5 min w h ile  th e  'p u l s e -  

chase * t r e a te d  c e l l s  were chased w ith  * cold'm edium  ( H e l l e r 's  medium p lu s  

ly s in e  and try p to p h an ) f o r  10 min a f t e r  t h i s  5 min p u ls e . These t r e a te d  

c e l l s  were th en  f r a c t io n a te d  in to  n u c le a r  and cy top lasm ic  f r a c t i o n s ,  

and t h e i r  p r o te in s  were p r e c ip i t a t e d  and coun ted . The d e ta i le d  p rocedu re  

was d e sc r ib e d  in  th e  Methods ( p .3 9 -4 1 ) , Table 6 i l l u s t r a t e s  th e  in c o r ­

p o ra tio n  o f  ^"^C-lysine and ^H -tryptophan in to  p ro te in s  in  d i f f e r e n t  

f r a c t io n s  o f  'p u lsed *  and 'p u lse -ch ased *  c e l l s .  S ince i t  i s  th e  r a t i o  

o f  ^ '^C -lysine to  ^H -tryptophan in c o rp o ra te d  in to  th e  p ro te in s  which 

should  be analyzed  f o r  th e  p re s e n t  ex p erim en ta l p u rpose , th e  r a d io ­

a c t i v i t i e s  p re se n te d  f o r  th e  d i f f e r e n t  c e l l  f r a c t io n s  have n o t been 

co n v erted  in to  v a lu e s  p e r  u n i t  b iom ass. The r e s u l t  shows th a t  th e  

in c o rp o ra t io n  o f  ^^C -ly sin e  and ^H -tryp tophan  in to  t o t a l  p r o te in ,  

cy to p lasm ic  p ro te in  and n u c le a r  p ro te in  o f  th e  'p u lsed*  c e l l s  i s  \d .th in  

a  to  ^H r a t i o  range o f  to  3*6. However, th e  cy to p lasm ic  p ro te in  

p o sse sse s  a  h ig h e r  r a t i o  than  does th e  n u c le a r  p r o te in .  By c o n t r a s t ,  

in  th e  'p u lse -ch ased *  c e l l s  th e  r a t i o  o f  to  in  n u c le a r  p ro te in  i s
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more than  tw ice  th a t  o f  th e  cy to p lasm ic  p r o te in s ;  presum ably t h i s  i s  

due to  th e  t r a n s p o r t  o f  h is to n e s  ( p r o te in s  w ith  a  v e ry  h i ^  r a t i o  o f  

^ ^ C -ly sin e  to  try p to p h an ) from t h e  cytoplasm  in to  th e  n u c leu s  d u rin g  

th e  chase p e r io d . Both 'p u ls e d ' and 'p u ls e -c h a s e d ' c e l l s  had r a t i o s  o f  

to  in  th e  t o t a l  c e l l  p ro te in  between th o se  o f  cy to p lasm ic  p ro te in  

and n u c le a r  p ro te in  a s  p re d ic te d .  T h is  r e s u l t  i s  in  agreem ent w ith  th e  

work o f  Bobbins and Borm  (196?) on HeLa c e l l s .  As many in v e s t ig a to r s  

have re p o r te d  on th e  m ig ra tio n  o f  low m o lecu la r w eight p r o te in s  from 

th e  cytoplasm  to  th e  n u c leu s  (se e  in tr o d u c t io n  o f  t h i s  C h a p te r) , th e  

h is to n e s  o f  c u ltu re d  Acer c e l l s  a re  p re d ic te d  to  be syn thesi;aed  in  th e  

cytoplasm  and then  r a p id ly  t r a n s p o r te d  in to  n u c le u s .

5. E f fe c t  o f  hydroxyurea on h is to n e  b io s y n th e s is

One way o f  s tu d y in g  th e  c o u p lin g  between th e  s y n th e s is  o f  

d i f f e r e n t  m acrom olecules i s  to  u se  s p e c i f ic  i n h i b i t o r s .  H ydroxyurea 

(HU) i s  a s p e c i f ic  i n h i b i t o r  o f  MA s y n th e s is  ^  v ivo  (Y arb ro , 19^7)#

I t  h a s  been re p o r te d  to  have no in f lu e n c e  on ENA and p ro te in  b io s y n th e s is  

ex cep t h is to n e  b io s y n th e s is  (Y arbro e t  a l . . 1965» Rosenkranz e t  a l . .

1965 , 1967) '  G a llw itz  and M u elle r ( 1969c ) , in  s tu d ie s  on HeLa c e l l  

m icrosom es, have found th a t  HU a t  5 X 10"*  ̂ M b locked  INA s y n th e s is  and 

th a t  t h i s  r e s u l te d  in  te rm in a tio n  o f  h is to n e  s y n th e s is  w ith in  ^0 min.

They proposed  th a t  th e  h is to n e  mRNA i s  s y n th e s is e d  d u rin g  DNA s y n th e s is ,  

and th a t  th e  u t i l i z a t i o n  o f  th e  ENA f o r  t r a n s la t io n  in  th e  cytoplasm  

i s  p ro b ab ly  a c t iv a te d  by a IN A-dep en den t  mechanism. To u n d ertak e  a 

co u p lin g  in v e s t ig a t io n  o f  t h i s  k in d  w ith  c u ltu re d  Acer su spension  c e l l s ,  

th e  e f f e c t  o f  th e  c o n c e n tra tio n  o f  HU on p ro te in  b io s y n th e s is  vivo 

was f i r s t  s tu d ie d . The experim ent was perform ed by in c u b a t in g  5 ml o f  

c o n c e n tra te d  7-day o ld  Acer c e l l s  ( l  .36  X 10^ c e l l s  ml  ̂) w ith  25 ;ul o f
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^^C -leu c in e  (324 mCi mmole” **, 50 MOi ml” **) in  th e  p re sen ce  o f  d i f f e r e n t  

c o n c e n tra tio n s  o f  HU, The f i n a l  c o n c e n tra tio n  o f  ^^C -leuc ine  in  th e  

c e l l  su spension  was 6 .76  X 10”  M, 0 .25  MOi ml , and th e  d i f f e r e n t  

c o n c e n tra tio n s  o f  HU were 1 .0  X 10 ^ M, 1 .0  X 10 ^ M, 1 ,0  X 10 ^ M,

1 .0  X 10 and 1 .0  X 10” ^ M. A c o n tro l f l a s k  c o n ta in in g  d i s t i l l e d  

w a te r  in s te a d  o f  HU was a lso  in c lu d e d  in  th e  exp erim en t. Both HU and 

**^C-leucine were f i r s t  p ip e t te d  in to  25 ml c o n ic a l f l a s k s ,  and th e  

in c u b a tio n  was i n i t i a t e d  by add ing  c u l tu r e  su sp en sio n  in to  th e  f l a s k  

and sh ak in g  in  a  w a te r b a th  a t  25*0. The in c u b a tio n  was s topped  by 

add ing  10 ml o f  ic e - c o ld  'co ld *  H e l l e r 's  medium a f t e r  20 min sh ak in g . 

Im m ediately  t r i p l i c a t e  sam ples (each  4 ml) were p ip e t te d  in to  ic e - c o ld  

' c o ld ' 10̂ 0 TCA to  g iv e  3 s e t s  o f  sam ples f o r  each d i f f e r e n t  c o n c e n tra tio n  

o f  HU. Two s e t s  o f  th e se  sam ples were used  f o r  d e te rm in a tio n  o f  th e  

r a d io a c t i v i t y  o f  t h e i r  t o t a l  p r o te in ,  w h ile  th e  3 rd  s e t  was e x tra c te d  

w ith  0 ,25  N HCl, and then  th e  rem ain ing  a c id  in s o lu b le  f r a c t io n s  were 

c o l le c te d  on membrane f i l t e r s  and t h e i r  r a d i o a c t i v i t i e s  were m easured 

( d e t a i l  in  p . 4 1 -4 3 ) .

Both P ig , 22 and Table 7  i l l u s t r a t e  th e  e f f e c t  o f  HU on th e  

s y n th e s is  o f  t o t a l  p ro te in ,  b a s ic  p ro te in  (H C l-so lu b le  p ro te in )  and 

n o n -b a s ic  p ro te in  (H C l-in so lu b le  p ro te in )  in  c u ltu re d  Acer c e l l s .  There 

o c cu rred  a  s u b s ta n t ia l  d e c lin e  in  th e  s y n th e s is  o f  b a s ic  p ro te in  a t  

low c o n c e n tra tio n s  o f  HU, The in c o rp o ra t io n  o f  **‘̂ C -leu c in e  a t  1 .0  X 

10 ^ M and 1 .0  X 10” ^ M HU was r e s p e c t iv e ly  56 , 6% and 11.6% o f  th e  

c o n tro l  v a lu e ; t h i s  d e c lin e , however, d id  n o t  c o n tin u e  w ith  th e  in c re a s e  

o f  EU c o n c e n tra tio n . T his r e s u l t  su g g es ts  t h a t  th e re  a re  a t  l e a s t  two 

c la s s e s  o f  b a s ic  p ro te in s  in  Acer c e l l s  in  te im s o f  t h e i r  s e n s i t i v i t i e s  

to  HU; th o se  whose s y n th e s is  i s  v e ry  s e n s i t iv e  to  HU and th o se  whose 

s y n th e s is  i s  r e s i s t a n t  to  HU. Hydroxyurea in  te rm s o f  i t s  e f f e c t  on



Figure 22

I n h ib i t io n  o f  th e  s y n th e s is  o f  t o t a l  p ro te in  and n o n -b a s ic  p ro te in  

in  an a c t iv e ly  d iv id in g  su spension  o f  Acer p seu d o p la tan u s  L. by 

d i f f e r e n t  c o n c e n tra tio n  o f  hydroxyurea .

C o n cen tra ted  7-day o ld  Acer su sp en sio n  (5 m l, 1 ,36  X 10^ c e l l s  

ml” ”*) was in c u b a te d  w ith  25 u l  o f  ^ ^ C -leu c in e  (324 mCi mmole ”*,

50 ^ C i m l” ^ ) and 250 / i l  o f  hydroxyurea  a t  d i f f e r e n t  c o n c e n tra tio n s . 

In c u b a tio n  was c a r r ie d  o u t in  25 ml c o n ic a l f l a s k s  w ith  sh ak in g  a t  

25*0 f o r  20 m in, and th e  in c o rp o ra tio n  o f  ”*"^C-leucine in to  t o t a l  

p ro te in  and n o n -b a s ic  p ro te in  was m easured.

( # - .......  -a ) in c o rp o ra tio n  in to  t o t a l  p ro te in

( A---------A ) in c o rp o ra tio n  in to  n o n -b a s ic  p ro te in

v e r t i c a l  a x is  -  cpm p e r  4 ml sample ( a f t e r  d i lu t io n  a s  d e sc rib e d  in  th e  te x t) ,
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th e  s y n th e s is  o f  n o n -h a s ic  p ro te in  can he c l a s s i f i e d  in to  5 c o n c e n tra tio n
-6groups : a  low c o n c e n tra tio n  such as  1 .0  X 10" M h as no e f f e c t  a t  a l l ,  

a  m oderate c o n c e n tra tio n  such as  1 ,0  X 10*"  ̂ M o r  1 .0  X 10"4 14 i n h i b i t s -  

s y n th e s is  to  64% o f  th e  c o n tro l  v a lu e , and h i ^ e r  c o n c e n tra tio n s  such 

a s  1 .0  X 10"^ M o r  1 .0  X 10” ^ M in te n s ly  and p ro g re s s iv e ly  i n h i b i t s  

th e  s y n th e s is .  T h is r e s u l t  i s  n o t  in  agreem ent w ith  th o se  o f  o th e r  

system s : p ro te in  s y n th e s is  in  Acer c e l l s  ap p ears  to  be h y p e r s e n s t i t iv e  

to  HU. Rosenkranz and Levy ( 1965) in d ic a te d  th a t  hydroxyurea  h a s  a  

b a c t e r i o s t a t i c  r a t h e r  than  a  b a c t e r i c id a l  e f f e c t ;  i t  r e q u i r e s  3 X 10~^ M 

f o r  i n h ib i t i o n  o f  IÎÎA s y n th e s is  and more than  0 .2  M i s  r e q u ire d  f o r  a  

s im i la r  e f f e c t  on p ro te in  s y n th e s is .  However, th e  p re s e n t  r e s u l t  

co n cern in g  th e  e f f e c t  on p ro te in  s y n th e s is  i s  co n v in c in g  in  so f a r  a s  

a l l  r e p l i c a t e  sam ples gave re p ro d u c ib le  d a ta  and th e  i n h ib i t i o n  p a t te r n s  

f o r  t o t a l  p ro te in  and f o r  n o n -b a s ic  p ro te in  c o in c id ed .

A lthough HU h as  been u sed  to  induce  c e l l  d iv is io n  synchrony in  à  

su spension  c u l tu re  o f  Haplopappus g r a c i l i s  (E rik s so n , 1966) ,  and to  s tu d y  

th e  e f f e c t  on n u c le ic  a c id  s y n th e s is  in  V ic ia , n e i th e r  o f  th e s e  s tu d ie s  

was concerned w ith  th e  e f f e c t  on p ro te in  s y n th e s is .  I t  has been re p o r te d  

by S in c la i r  ( 1965) th a t  c u ltu re d  mammalian c e l l s  which a re  a c t i v e ly  

s y n th e s iz in g  HI A (S phase) a re  l e t h a l l y  damaged when exposed to  HU; i f  

th e  m a jo r ity  o f  th e  l i n e a r  phase Acer c e l l s  s tu d ie d  w ere s y n th e s iz in g  

IMA, t h i s  could  account f o r  t h e i r  p a r t i c u l a r  s e n s i t i v i t y  to  HU.

A s im i la r  experim ent was a lso  perform ed to  s tu d y  th e  e f f e c t  

o f  HU on DNA s y n th e s is .  U n fo rtu n a te ly , th e  r e s u l t  showed th a t  ^H- 

thym id ine was n o t even in c o rp o ra te d  in  d e te c ta b le  amounts in to  IMA in  

th e  c o n tro l sam ple. I f  a  new s to c k  o f  ^H -thym idine had been u sed , 

in h ib i t i o n  by HU o f  IMA s y n th e s is  m ight have been o b ta in e d , and th e  b a s ic  

p r o te in  o f  Acer c e l l s  could  then  have been co n sid e red  to  be o f  two
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c la s s e s  a s  d e sc rib e d  by C halk ley  and M aurer (19^5) : th o se  whose 

s y n th e s is  i s  s e n s i t iv e  to  HU and coupled  w ith  IMA r e p l i c a t i o n ,  and 

th o se  whose s y n th e s is  i s  r e s i s t a n t  to  HU and in d ependen t o f  IMA 

r e p l i c a t i o n .

I f  s u f f i c i e n t  tim e had been a v a i la b le  i t  would have been 

i n t e r e s t i n g  to  r e p e a t  th e se  ex p erim en ts , and choose a  p a r t i c u l a r  

c o n c e n tra tio n  o f  HU to  in v e s t ig a te  i t s  e f f e c t  on th e  s y n th e s is  o f  

in d iv id u a l  h is to n e  p ro te in s  and n o n -b a s ic  p ro te in s  so t h a t  th e  r e la t io n s h ip  

between t h e i r  s y n th e s is  and th a t  o f  IMA could  be c o n s id e re d .

6 . B io sy n th e s is  o f  h is to n e s  d u rin g  th e  growth cy c le

D uring th e  e a r ly  s ta g e  o f  t h i s  p r o je c t ,  th e  r a t i o  o f  IMA to  

h is to n e  in  th e  n u c leu s  as  w e ll a s  th e  h is to n e  p a t te r n s  on p o ly acry lam id e  

g e ls  was. examined in  c e l l s  a t  d i f f e r e n t  s ta g e s  d u rin g  t h e i r  grow th in  

b a tch  c u l tu r e .  T his in c lu d e d  c e l l s  in  e x p o n e n tia l p h ase , l i n e a r  p h ase , 

e a r ly  s ta t io n a r y  phase and l a t e  s ta t io n a r y  p h ase . C u ltu re s  were grown 

in  a  1 l i t r e  c u l tu re  b o t t l e  o r  a  10 l i t r e  c u l tu r e  b o t t l e  to  p ro v id e  a  

la rg e  q u a n t i ty  o f  c e l l s  a t  th e  same growth s ta g e .  These c u l tu r e s  were 

i n i t i a t e d  from 14-day o ld  s to c k  c u l tu r e s  a s  d e sc r ib e d  in  th e  Methods 

(p . 2 0 ) . Both th e  e x p o n e n tia l phase c e l l s  and th e  l i n e a r  phase c e l l s  

were c o l le c te d  from 5 - l i t r e  su spension  c u l tu r e s  which were grown in  

1 0 - l i t r e  b o t t l e s  f o r  5 days and 8 days r e s p e c t iv e ly .  The e a r ly  and 

l a t e  s ta t io n a r y  phase c e l l s  were h a rv e s te d  from 500 ml su spension  

c u l tu re s  which were grown in  1 - l i t r e  b o tt le s  f o r  14 days and 28 days 

r e s p e c t iv e ly .  C e lls  a f t e r  h a rv e s t  by f i l t r a t i o n  were u sed  to  i s o l a t e  

n u c le i .  A p o r tio n  o f  th e  i s o l a t e d  n u c le a r  f r a c t io n  was w ithdrawn f o r  

IMA d e te rm in a tio n , w h ile  th e  rem ain in g  n u c le a r  f r a c t io n  was e x tr a c te d  

f o r  h is to n e s  by th e  CaCl^-TCA m ethod, and th e  h is to n e s  were de term ined
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by^Lowry m ethod. The r e s u l t  showed th a t  th e  r a t i o s  o f  h is to n e  to  IMA 

a re  O.76 , 0 . 86 , 0 ,95  and 0.93  f o r  c e l l s  o f  e x p o n e n tia l p h ase , l i n e a r  

p h ase , e a r ly  s ta t io n a r y  phase and l a t e  s ta t io n a r y  phase r e s p e c t iv e ly .

The IMA c o n te n t o f  th e  re s id u e s  a f t e r  h is to n e  e x tra c t io n  (a  combined 

m ix tu re  o f  C aC l^ -in so lu b le  f r a c t io n  and 0 ,02  N 8 0 ^ - in so lu b le  f r a c t io n )  

were a lso  de term in ed . However, v a lu e s  o n ly  4^/0 to  55% o f  th o se  c a lc u la te d  

from th e  u n tre a te d  n u c le a r  f r a c t io n s  were o b ta in e d .

H is to n es  e x tra c te d  from-these c e l l s  were c h a ra c te r iz e d  on a c id -  

u re a  p o ly acry lam id e  g e ls  and t h e i r  e le c t r o p h o r e t ic  p a t te r n s  a re  shown in  

F ig . 23 . H is to n e  sam ples a re  s im i la r  in  term s o f  t h e i r  band ing  p a t te r n s  

on po ly acry lam id e  g e ls  excep t f o r  th e  sample o f  8 -day  cells .where H4 was 

m iss in g . S ince th e  p lan  a t  t h a t  tim e was to  i s o l a t e  n u c le i  n o t o n ly  

f o r  h is to n e  e x tr a c t io n  b u t a lso  f o r  chrom atin  tem p la te  a v a i l a b i l i t y  

s tu d ie s ,  a l l  s t a r t i n g  m a te r ia ls  were on a f a i r l y  la rg e  s c a le ,  p a r t i c u l a r l y  

th e  sample o f  8-day  c e l l s ,  which re q u ire d  5 ho u rs  to  com plete th e  ru p tu re  

p ro c e ss  f o r  th e  180 g f r e s h  w eigh t o f  c e l l s .  The m iss in g  H4 in  t h i s  

sample may be due to  p ro te o ly s is  o c c u rr in g  w h ile  th e  n u c le i  were s t i l l  

in  th e  ru p tu re  su sp en sio n . I t  must be p o in te d  o u t t h a t  th e se  sam ples o f  

c e l l s ,  because o f  t h e i r  la rg e  q u a n t i ty ,  cou ld  o n ly  be e x tra c te d  one 

sample a  day, and th e  d u ra tio n  o f  d ia ly s i s  was n o t s t r i c t l y  c o n tro l le d  

so t h a t  th e  v a r ia t io n  o f  h is to n e  to  IMA r a t i o s  p re se n te d  may n o t  be th e  

t r u e  v a lu e s . The e le c t r o p h o r e t ic  p a t te r n s  seemed to  be unchanging .

Since th e  in v e s t ig a t io n  was then  d i r e c te d  to  work on 

synchronous c u l tu r e s ,  t h i s  experim ent was n o t re p e a te d .



Figure 25

E le c tro p h o re t ic  p a t te r n s  o f  h is to n e s  e x tra c te d  from c u ltu re d  

c e l l s  o f  Acer p seu d o n la tan u s L. a t  d i f f e r e n t  grow th s ta g e s .

Acer h is to n e s  were o b ta in e d  from n u c le i  by th e  CaClg-TCA 

m ethod, and c a l f  thymus h is to n e s  were purchased  from Sigma 

Cühemical Company. H is to n es  were c h a ra c te r iz e d  on a c id -u re a  

p o ly acry lam ide  g e ls  and s ta in e d  w ith  Anido B lack . The sam ple 

g e ls  (from  l e f t )  a re  c a l f  thymus h is to n e s  (20 ;ug), and Acer 

h is to n e s  o f  e x p o n e n tia l phase c e l l s  (21 jug), l i n e a r  phase c e l l s  

(32  ;ag), e a r ly  s ta t io n a r y  phase c e l l s  (16 jug) and l a t e  s ta t io n a r y  

phase c e l l s  (32 jug).
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7 . B io sy n th e s is  o f  h is to n e s  d u rin g  th e  c e l l  cy c le

As m entioned e a r l i e r  in  t h i s  C hap ter, when asynchronous 

su spension  c u l tu r e s  o f  Acer p seu d o p la tan u s  L, were p u lsed  w ith  la b e l le d  

ly s in e  o r  a rg in in e  f o r  s h o r t  p e r io d s , th e  a u to ra d io g ra p h ic  r e s u l t s  showed 

th a t  s i l v e r  g ra in s  g e n e ra l ly  appeared  in  a l l  c e l l s .  This i s  in  agreem ent 

w ith  th e  o b se rv a tio n  by Gould (1975)» and su g g es ts  th a t  b a s ic  p ro te in s  

a re  sy n th e s iz e d  th ro u g h o u t th e  c e l l  c y c le .  S ince i t  i s  im p o ss ib le  to  

c o r r e la te  th e  cy tochem ical and a u to ra d io g ra p h ic  m easurem ents w ith  th e  

b io s y n th e s is  and tu rn o v e r  o f  th e  in d iv id u a l  h is to n e  f r a c t io n s ,  an a tte m p t 

was made to  pu rsu e  t h i s  in v e s t ig a t io n  b io c h em ica lly .

Suspension  c u l tu re s  o f  Acer p seu d o p la tan u s  L. have been 

s u c c e s s fu l ly  synch ron ized  by n i t r a t e  s ta r v a t io n  and re -g ro w th  in  a  4 -  

l i t r e  b a tch  c u l tu r e  (K ing, e t  a l . . 1973» 1974; Gould and S t r e e t ,  1975).

I t  would be an id e a l  to  use  synchronous c u l tu re s  f o r  s tu d y in g  th e  tem poral 

r e la t io n s h ip  between s y n th e s is  o f  IMA and h is to n e s .  An experim en t had 

been perform ed by Kbvacsand Gould (G ould, 1975) in v o lv in g  e x t r a c t io n  o f  

h is to n e s  and UNA d u rin g  in te rp h a se  in  synchronously  d iv id in g  c u l tu r e s .

They concluded th a t  th e re  i s  no ev idences f o r  th e  c o -o rd in a te d  s y n th e s is  

o f  th e se  two macromo 1 e c u la r  f r a c t io n s .  However, th e  e x tr a c ta b le  h is to n e  

f r a c t io n  th e y  o b ta in e d  cou ld  n o t be c h a ra c te r iz e d  on th e  p o ly acry lam id e  

g e l  which p e rm its  th e  s e p a ra tio n  o f  c a l f  thymus h is to n e s  in to  t h e i r  

f r a c t i o n s .  Thus, i t  was n e c e ssa ry  to  r e - in v e s t ig a t e  t h i s  problem  u s in g  

a p p ro p r ia te  m ethods.

On account o f  th e  p ropertîe5of th e  c u l tu re  c e l l s  and th e  

te ch n iq u es  a v a i la b le  a t  t h i s  moment, i t  i s  n e c e ssa ry  th a t  each 

r e p r e s e n ta t iv e  sample c o n ta in s  a t  l e a s t  1 .5  X 10 c e l l s  ( th u s  p ro v id in g  

n o t  l e s s  than  100 jog o f  h is to n e  f o r  chem ical a n a ly s i s ) .  A sample o f  

t h i s  s iz e  i s  n e c e s sa ry  because o f  th e  low IMA c o n te n t o f  Acer c e l ls
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(2c value= 5-6  X 10“ g ) ,  th e  low e f f ic ie n c y  o f  th e  i s o l a t i o n  o f  n u c le i

(20% o f  th e  t o t a l  c e l l  p o p u la tio n )  and th e  v a r ia b le  e f f ic ie n c y  o f  h is to n e  

e x tr a c t io n  (60-100^ o f  th e  i s o la t e d  n u c le a r  f r a c t i o n ) .  The synchronous 

c u l tu re  system  was th e re fo re  m o d ified  by u s in g  a  1 0 .0 - l i t r e  c u l tu re  

v e s s e l  in s te a d  o f  th e  s ta n d a rd  5 . 0 - l i t r e  v e s s e l .  C e ll d iv is io n  synchrony 

was i n i t i a t e d  by t r a n s f e r r in g  5 f l a s k s  (60 ml c u l tu re  p e r  f la s k )  o f  

s ta t io n a r y  phase Acer p seu d o p la tan u s  c e l l s  (28 -day  o ld  s to c k  c u l tu re )  

in to  9*0 l i t r e s  o f  H e lle r* s  medium. E ig h t c u l tu r e s  o f  t h i s  k in d  were 

e s ta b l is h e d  a s  d e sc rib e d  in  th e  Methods (p . 20-21) d u rin g  th e  p re s e n t 

exp erim en ta l work. The f a t e s  o f  th e se  c u l tu r e s  were :

C u ltu re  I .  became asynchronous a f t e r  2 c e l l  c y c le s .

C u ltu re  I I ,  was asynchronous from th e  b eg in n in g .

C u ltu re  I I I .  con tam inated  a f t e r  160 hours* in c u b a tio n .

C u ltu re  IV . p roceeded  th rough  3 c e l l  c y c le s  synch ronously .

C u ltu re  V. d id  n o t grow.

^C u ltu re  V I. appeared  to  p roceed  t h r o u ^  5 c e l l  c y c le s  synch ronously .

C u ltu re  V II . p roceeded  th rough  5 c e l l  c y c le s  synchronously  and

then  became asynchronous.

C u ltu re  V I I I .  p roceeded  th rough  5 c e l l  c y c le s  synch ronously ,

*The au to m atic  sam pling system  was n o t o p e ra t in g  p ro p e r ly  d u rin g  190- 

280 h r s ;  so t h a t  th e  incom ple te  d a ta  d id  n o t s a t i s f a c t o r i l y  dem onstrate  

th e  ap p aren t 5 c e l l  c y c le s .

The growth p a t te r n s  ( in  term s o f  c e l l  number) o f  th e  synchronous 

c u l tu re s  IV , V II, and V III a re  i l l u s t r a t e d  in  P ig . 24 by p lo t t i n g  log^Q 

o f  c e l l  number d a ta  a g a in s t  in c u b a tio n  tim e . The f r a c t io n s  o f  th e  t o t a l  

c e l l  p o p u la tio n s  which d iv id e d  a t  each b u r s t  o f  c y to k in e s is  and th e  

in te rp h a s e  in t e r v a l s  between th o se  b u r s ts  a re  shown in  Table 8 . A lthough 

c e l l  numbers showed d i s t i n c t  s te p -u p s , th e  d u ra tio n  o f  c y c le  tim es was



Figure 24

C ell number cu rves o f  synchronous c u l tu re s  IV , V II and V I I I .

The c u l tu r e s  were i n i t i a t e d  by in o c u la t in g  3 f l a s k s  o f  28-day  

o ld  s to c k  c u l tu r e s  o f  Acer p seu d o p la tan u s  L. in to  9 .0  l i t r e s  

o f  H e lle r* s  medium (c o n ta in e d  in  a  10 .0  l i t r e  c u l tu re  v e s s e l ) .  

C e ll numbers ( A ) were counted  d u rin g  th e  p ro g re s s  o f  g row th . 

The symbol ( O ) in d ic a te s  th e  tim es a t  which sam ples were tak en  

f o r  chem ical a n a ly s is .
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Table 8, Fraction of the cells dividing (%) at each burst of cytokinesis 

(A), and the time intervals (B) between steps for the growth 

curves illustrated in Fig. 24.

(A) Fraction of cell division (%

plateaux

culture P I P2 P3 P4 P5

IV 101 120 79.5 - -

v n 57.7 71.4 7 0 .7 86.9 95 .2

v n i 86.9 79.0 83.2 89.9 91.9

(B) Duration of intervals (hours)

plateaux

culture lag P I P2 P3 P4 P5

IV 200 110 42 - - -

VII 136 38 46 38 37 37

v n i 164 34 54 36 90
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random. T h is  made i t  v e ry  d i f f i c u l t  to  o b ta in  sam ples co rre sp o n d in g
an

to  th e  s e q u e n t ia l  phases o f  th e  c e l l  c y c le . In  o rd e r  to  o b ta in ^ ad eq u a te  

number o f  c e l l s  f o r  h is to n e  e x tr a c t io n  and a t  th e  same tim e to  avoid  

rem oving too  la r g e  a  volume o f  c u l tu re  su spension  a t  each sam pling , 

sam ples were n o t  taken  u n t i l  th e  c e l l  d e n s i ty  had reach ed  a to u t  2 ,0  X 

10^ c e l l s  ml” "*. T h e re fo re , sam ples were w ithdrawn from and

P ^-P ^ , a s  shown in  P ig , 24, f o r  c u l tu r e s  IV , V II and V III  r e s p e c t iv e ly .

Two s e t s  o f  sam ples were c o l le c te d  from c u l tu re  V I I I ,  One 

s e t  o f  sam ples was in c u b a ted  w ith  thym idine f o r  1 h o u r. These la b e l le d  

c e l l s  were th en  u sed  f o r  a u to ra d io g ra p h ic  a n a ly s is  a s  w e ll as  f o r  

s tu d y in g  th e  a c t i v i t y  o f  MA s y n th e s is  ( in  term s o f  th e  s p e c i f i c  a c t i v i t y  

o f  MA b e in g  s y n th e s is e d ) .  U n fo r tu n a te ly , th e se  two s e t s  o f  d a ta  d id  

n o t  c o in c id e  w ith  each o th e r  (D ata  o f  th e  s p e c i f ic  a c t i v i t i e s  o f  MA 

were p ro v id ed  by Dr, B, S t r a t to n ) ,  None o f  th e  sam ples was proved to  

be unam biguously in  a  synch ron ized  S p h ase . The o th e r  s e t  o f  sample 

c e l l s  was in c u b a te d  w ith  ^H -ly sin e  f o r  1 h o u r, in  an a ttem p t to  compare 

th e  s p e c i f ic  a c t i v i t i e s  o f  each h is to n e  f r a c t io n  a t  i n t e r v a l s  d u rin g  

in te r p h a s e .  I t  was v e ry  d is a p p o in tin g  to  f in d  th a t  th e  in c o rp o ra t io n  

e f f i c i e n c i e s  were too low to  a llo w  f r a c t io n a t io n  and to  m easure th e  

r a d i o a c t i v i t y  o f  each f r a c t i o n .  However, th e  d a ta  f o r  s p e c i f i c  a c t i v i t i e s  

o f  th e  t o t a l  h is to n e s  in d ic a te  t h a t  h is to n e s  a re  sy n th e s iz e d  th roughou t 

th e  c e l l  c y c le .  Table 9 i l l u s t r a t e s  th e se  d a ta . The h is to n e  sam ples 

( e x t r a c te d  by th e  H^SO^-EtOH method) were e le c tro p h o re se d  on a c id -u re a  

p o ly acry lam id e  g e ls ,  and th e  g e ls  were scanned a f t e r  s ta in in g  and de- 

s ta in in g .  P ig , 25 i l l u s t r a t e s  th e  m ic ro d en sito m e te r t r a c in g s  o f  th o se  

g e l s .  A ll m ajo r f r a c t io n s  o f  h is to n e s  p re se n te d  sharp  peaks on th e  

g e l s .  T h e ir  band ing  p a t te r n s  were s im i la r  b u t th e  r a t i o  o f  HI to  H4

*P s ta n d s  f o r  p la te a u .
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Figure 25

M icro d en sito m ete r t r a c in g s  o f  h is to n e s  e x tra c te d  from 

sam ples o f  synchronous c u l tu r e  V I I I .

H is to n es  o b ta in e d .b y  th e  HgSO^-EtOH method from sam ples 

2 , 3f 4 , 5 , 6 , 7 and 8 o f  synchronous c u l tu re  V III  were 

c h a r a c te r iz e d  on a c id -u re a  po ly acry lam id e  g e ls  and scanned 

a t  615 nm w ith  a  Beckman ^ e c tro p h o to m e te r  Model 24.
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v a r ie d  (T ab le  1 0 ).

Samples o f  c u l tu r e  VII were analyzed  by c e l l - c o u n ts  ( l l g .

2 4 ) t au to ra d io g ra p h y , m i to t i c  in d ex  and th e  f r a c t io n  o f  c e l l s  w ith  

G2-INA c o n te n t . The d a ta  fo r  th e  l a s t  two p a ram ete rs  were p ro v id ed  

by Dr, L, W ithers  who used  th e  same c u l tu r e  f o r  f r e e z e -p r e s e rv a t io n  

s tu d ie s .  Those d a ta  ex cep t c e l l  d e n s i ty  a re  i l l u s t r a t e d  in  P ig , 26,

From th e  a n a ly s is  o f  th e se  d a ta , th e  sam ples c o l le c te d  from C u ltu re  

V II were c l a s s i f i e d  a s  sample 1=*M*, sam pl^*G 1*, sam p le3 = 'S ', sample 

4=*S*, sample 5=*S-G2’ , sample 6=*G2* and sample 8=*M*. A l th o u ^  

sample 4 may n o t  be p r e c i s e ly  a t  th e  peak o f  S p h ase , i t  seemed to  

be around th e  peak , f o r  i t  was a c t iv e ly  s y n th e s iz in g  DtTA, The b io ­

s y n th e t ic  a c t i v i t i e s  o f  m acrom olecules f o r  th o se  sam ples were a lso

s tu d ie d .  The sampled c e l l s  were in c u b a te d  r e s p e c t iv e ly  w ith  thym id ine , 

5 5 5H -u r id in e , E - ly s in e  and H -try p to p h an  as d e sc r ib e d  in  th e  Methods 

(p . 4 3 ) f i î i  an a tte m p t to  in v e s t ig a te  th e  b io s y n th e s is  o f  INA, ENA, 

b a s ic  p r o te in  and n o n -b a s ic  p ro te in  r e s p e c t iv e ly .  F ig , 27 dem o n stra tes  

th e  in c o rp o ra t io n  p a t te r n s  o b ta in e d  f o r  th e  in d iv id u a l  m acrom olecules.

The d u ra tio n  o f  S phase acco rd in g  to  th e  in c o rp o ra t io n  p a t te r n  

o f  ^H -thym idine was about 7 h o u rs  : i t  s t a r t e d  b e fo re  sample 3 and ended 

by sample 5> and th e  in c o rp o ra t io n  was h i p e s t  in  sample 4 . Both ^H-

u r id in e  and ^ E -ly s in e  were in c o rp o ra te d  b e fo re  S p hase , and th e  maximum

5 3in c o rp o ra t io n s  corresponded  to  t h a t  o f  E -thym id ine . In  c o n t r a s t ,  E -

try p to p h an  was found to  be a c t iv e ly  in c o rp o ra te d  in  a l l  p h ases  excep t

S p h ase . The appearance of" th e  m inor peak o f  ^E -thym idine in c o rp o ra t io n

a f t e r  S phase may su g g es t t h a t  th e  c u l tu re  was n o t p e r f e c t ly  sy n ch ro n ized .

The same c e l l  sam ples o f  c u l tu re  V II were a lso  e x tra c te d  by

th e  CaClg-TCA method and th e  h is to n e s  were c h a ra c te r iz e d  on a c id -u re a

po ly acry lam id e  g e ls .  F ig , 28 i l l u s t r a t e s  th e  m icro den s i  to m e te r t r a c in g s



Figure 26

P aram e te rs  f o r  a s s e s s in g  c e l l - c y c l e  s ta g e  o f  sam ples from 

synchronous c u l tu r e  V II.

Two s e t s  o f  sam ples were c o l le c te d  from th e  c u l tu r e  d u rin g  

P^-P^. One s e t  o f  sam ples was p rep a red  f o r  m ic ro d e n s ito m e tr ie  

a n a ly s is  : 300 n u c le i  were sco red  from each sample f o r  t h e i r  

DMA c o n te n ts ,  from which th e  p e rc e n ta g e  o f n u c le i  w ith  th e

G2 n^A c o n te n t was c a lc u la te d  ( û 6 ) ,  The same sam ple-

s l i d e s  were a lso  sco red  f o r  m i to t ic  in d ex  ( # --------- #  ) .  The

o th e r  s e t  o f  sam ples was in c u b a te d  w ith  ^H -thym idine and 

p ro c e sse d  f o r  a u to ra d io g ra p h ic  a n a ly s is  o f  th e  p e rc e n ta g e  o f

la b e l le d  n u c le i  ( O O ) .  D ata f o r  m i to t i c  in d ex  and f r a c t io n

o f  l a b e l le d  n u c le i  were based  on th e  exam ination  o f  1000 n u c le i  

p e r  sam ple.

Samples c o l le c te d  f o r  chem ical a n a ly s is  a re  numbered a lo n g  th e  

m i to t ic  in d ex  cu rv e .

G : c y to k in e s is .
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Figure 27

B io sy n th e s is  o f  m acrom olecules by c e l l s  sam pled d u rin g  in te rp h a s e  

o f  synchronous c u l tu re  V II ,

The b io s y n th e s is  o f  MA, ENA, b a s ic  p ro te in  and n o n -b a s ic  p ro te in

were d e te c te d  r e s p e c t iv e ly  by in c u b a tio n  o f  5 ml c u l tu re  su spension
5 3 3 5w ith  5 jiil o f  E -thym id ine , H -u r id in e , E - ly s in e  and E -try p to p h an

a t  25 *C, Samples were taken  a t  zero  tim e and a f t e r  15 min in c u b a t io n .

The in c o rp o ra t io n  o f  each la b e l le d  compound in to  macromo l e  c u l es

was d e te rm in ed , and th e  t r u e  in c o rp o ra tio n  was o b ta in e d  by

s u b tr a c t in g  th e  r a d io a c t i v i ty  m easured f o r  th e  co rre sp o n d in g  zero

tim e sam ple.

In  o rd e r  to  p re s e n t th e se  in c o rp o ra tio n  p a t te r n s  in  a  c le a r  form ,

5 5th e  in c o rp o ra t io n  cu rves f o r  E -u r id in e  and E - ly s in e  a re  p lo t te d  

w ith  1000 cpm a s  background,

( A----------- A ) ^H -u rid in e  in c o rp o ra tio n

( # -----------#  ) ^ E -ly s in e  in c o rp o ra t io n

( Û------------A ) ^E -thym idine in c o rp o ra tio n

( O----------- O ) ^E -tryp tophan  in c o rp o ra t io n

AYi's -  cp m  S«x)Tvpic.
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KLgure 28

M icro d en sito m e te r t r a c in g s  o f  h is to n e s  e x tra c te d  from c e l l s  

sampled d u rin g  in te rp h a s e  o f  synchronous c u l tu r e  V II .

H is to n es  e x tra c te d  by th e  CaClg-TCA method from sam ples 1,

2 , 3f 4f 5f 6 and 8 o f  synchronous c u l tu re  VII were c h a ra c te r iz e d  

on a c id -u re a  po lyacry lam ide  g e ls  and scanned a t  615 nm w ith  a  

Beckman S pectropho tom eter Model 24 .
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o f  th e  r e s u l t i n g  g e l s .  The d i f f e r e n c e s  ob serv ed  betw een th e se  scann ing  

p a t te r n s  l i e  in  th e  h e te ro g e n e ity  o f  H4 and in  th e  r a t i o  o f  HI to  H4. 

A l th o u ^  th e  h e te ro g e n e ity  o f  H4 cou ld  be due to  th e  e x tr a c t io n  method 

employed as  d is c u s se d  in  th e  p re v io u s  C h ap ter, i t  cou ld  a lso  be a  

r e f l e c t i o n  o f  th e  sam ples p e r  s e . because a l l  th e se  b a tch  sam ples were 

e x tra c te d  a t  th e  same tim e w ith  th e  same p ro c e d u re . M o d if ic a tio n  o f  

h is to n e  such a s  a c é ty la t io n  and p h o sp h o ry la tio n  could  r e s u l t  in  th e  

h e te ro g e n e ity  o f  h is to n e  bands; i f  so , th e  m o d if ic a tio n  o f  H4 seems 

m ain ly  to  occu r in  S phase o f  th e  c e l l  c y c le . I t  would be i n t e r e s t i n g  

to  know what s o r t  o f  m o d if ic a tio n  a c tu a l ly  happens and i t s  fu n c tio n  in  

r e l a t i o n  to  p ro g re s s  t h r o u ^  th e  c y c le .

F or th o se  sam ples c o l le c te d  from c u l tu re  17 th e  h is to n e s  were 

e x tra c te d  by th e  CaCl^-TCA method and c h a ra c te r iz e d  on a c id -u re a  p o ly ­

acry lam ide  g e ls .  T h is a lso  showed v a r i a t io n  in  th e  r a t i o  o f  H1 to  H4 

amongst th e  sam ples.

The h is to n e  f r a c t io n a t io n  was q u a n t i f ie d  by m easuring  th e  

occup ied  a re a s  on expanded m icro d e n s ito m e te r  t r a c in g s  and e x p re ss in g  

each f r a c t io n  as  a  p e rcen tag e  o f  th e  t o t a l  h is to n e .  Table 10 shows 

th e  p e rc en ta g e s  o f  th e  h is to n e  f r a c t io n s  f o r  sam ples o f  c u ltu re s  IV,

711 and 7 I I I .  The v a r ia t io n s  in  HI and H4 a re  c o n s id e ra b le . The r a t i o  

o f  H1 to  H2A+H2B+H3 to  H4 i s  12.7^6.75%  to  11.31^5.0%  to  11.1+9.27%, 

and th e  r a t i o  o f  HI to  H4 v a r ie s  from 0 .59  to  4 ,0 .  S ince th e  bands o f  

H2A, H2B and H3 a re  c lo se  to g e th e r  on po ly acry lam id e  g e ls  t h e i r  in d iv id u a l  

a re a s  cou ld  n o t be c a lc u la te d ,  and th u s  th r e e  f r a c t io n s  a re  ex p ressed  

a s  one.

H is to n e  sam ples o f  c u l tu r e s  711 and 7 I I I  were a lso  examined 

f o r  p o s s ib le  m o d if ic a tio n  o f H I. The t o t a l  h is to n e s  were e le c tro p h o re se d  

on a c id -u re a  po lyacry lam ide  g e l  f o r  8 h o u rs  to  a llow  b e t t e r  s e p a ra t io n



Table 10. Ratio changes of histone fractions amongst histone samples

extracted from cells during interphases of synchronous cultures.

histone fraction

culture , 
no. .

sample
no. HI H2A+H2B

4H3 H4 H1/H4

1 11.2 85.4 5.9 1.8

3 15.7 72.5 11.4 1.38

IV 4 12.5 78.2 9.3 1.35

5 11.7 75.2 13.1 0.89

2 23.7 63.5 12.8 1.85

3 14.1 70.4 15.6 0.9

4 10.1 75.7 14.2 0.71

vm 5 13.6 83.0 3.4 4.0

6 16.6 71.4 12.0 1.38

7 12.4 79.3 8.3 1.49

8 10.0 80.1 9.9 1.01

M 1 8.07 83.9 8.07 1.00

G1 2 12.2 71.1 16.7 0.73

s 3 12.9 74.2 12.8 1.01

v n  g 4 10.5 71.6 17.9 0.59

S-G2 5- 14.8 77.9 8.04 1.84

G2 6 11.3 74.4 14.3 0.79

M 8 7.08 86.1 6.79 1.04

average 12.7 + 6.75% 76.4 + 3. 11.0 + 9.27%
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o f  H1 and i t s  m o d if ic a t io n s . The r e s u l t i n g  e le c t r o p h o r e t ic  p a t te r n s  

dem onstrated  no ap p aren t d if f e r e n c e  between sam ples. The scann ing  

p a t te r n  o f  H1 a re  shown in  F ig , 29 w ith  sam ples 6 and 7 o f  c u l tu re  

V III a s  exam ples. These g e ls  were scanned a t  12 ,7  X h o r iz o n ta l  s c a le  

expansion , and asym m etric m ic ro d en sito m e te r t r a c in g s  were o b ta in e d . 

S ince th e  t r a i l i n g  appeared  to  be on th e  anode end, i t  can be suggested  

t h a t  H1 h as  s u b f ra c t io n s  which m ig ra te  slow er th an  th e  main f r a c t io n .  

The s u b f ra c t io n  may com prise m e th y la ted , a c e ty la te d  o r  p h o sp h o ry la ted  

d e r iv a t iv e s  o f  th e  main H I, I f  so , th ey  o n ly  accoun t f o r  a  v e ry  sm all 

p e rcen tag e  o f  th e  main f r a c t io n  ( i t  does n o t  even appear a s  a  sh o u ld e r 

o f  th e  main El peak on an expanded m ic ro d en s ito m ete r t r a c in g )  ; 

a l t e r n a t iv e ly  th e re  cou ld  be no m o d if ic a tio n  and th e  asymmetry be due 

to  't a i l i n g *  on th e  g e l o f  a  s in g le  HI s p e c ie s . The sm oothness o f  th e  

t r a c in g  p erhaps fav o u rs  th e  l a t t e r  i n t e r p r e t a t i o n .  T h is  r e s u l t  i s  

d i f f e r e n t  from th a t  o f  anim al system s and Physarum a s  d e sc r ib e d  in  

C hapter 1; i t  i s  a lso  d i f f e r e n t  from th a t  o f  c u ltu re d  e x p la n ts  from 

Jeru sa lem  a r t ic h o k e  ( S t r a t to n ,  1976), where a t  l e a s t  2 d i s t i n c t  bands 

m ig ra ted  s low er than  th e  main HI in  a u x in - t r e a te d  c u ltu re d  e x p la n ts , 

and even th e  c o n tro l  e x p la n ts  showed obv ious h e te ro g e n e ity  o f  H I, I t  

i s  th e re fo re  assumed th a t  Acer h i  s to n e s  a re  r a t h e r  homogeneous, and 

t h a t  any m o d if ic a tio n s  o f  H1 account f o r  a  v e ry  sm all p e rcen tag e  o f  

th e  t o t a l  H1,



Figure 29

M icro d en sito m e te r t r a c in g s  o f  h i  s to n e  H I, w ith  sample 6 and 

7 o f  synchronous c u l tu re  V III  a s  exam ples.

H is to n e  sam ples were e le c tro p h o re se d  on a c id -u re a  poly­

acry lam ide  g e ls  f o r  8 h o u rs . G els were s ta in e d  w ith  

Anido B lack and scanned a f t e r  b e in g  d e s ta in e d . Scanning 

was c a r r ie d  o u t in  a  Beckman S pectropho tom eter Model 24 

w ith  a  h o r iz o n ta l  s c a le  expansion  o f  12.7X.
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8 , C onclusion

Both la b e l le d  ly s in e  and a rg in in e  were a c t iv e ly  in c o rp o ra te d  

in to  p r o te in s  o f  Acer suspension  c e l l s .  D uring th e  in c u b a t io n , th e  

l a b e l l e d  amino a c id s  were r a p id ly  adso rbed  onto  th e  c e l l s ,  and soon 

tak en  up and in c o rp o ra te d  in to  p r o te in s .  "Ehe maximum in c o rp o ra tio n  

was a t  32 . 8̂ 0 e f f ic ie n c y  f o r  ^^C -ly sin e  in  30 min and a t  82.9% e f f ic ie n c y  

in  40 min f o r  ^ ^ C -a rg in in e . Both up tak e  and in c o rp o ra t io n  d ecrea sed  

w ith  f u r th e r  in c u b a t io n ;  t h i s  i s  p o s s ib ly  due to  th e  tu rn o v e r  o f  l a b e l le d  

n o n -h is to n e  p r o te in s  and b a s ic  p r o te in s  o f  th e  ribosom es.

L a b e lle d  ly s in e  was found to  be more s u i ta b le  than  a rg in in e  

f o r  s tu d y in g  h is to n e  b io s y n th e s is  owing to  i t s  h i ^  e f f ic ie n c y  o f  

in c o rp o ra t io n  in to  h is to n e  p r o te in s .  The in c o rp o ra t io n  o f  ^ E -ly s in e  

in to  Acer h is to n e  was s im i la r  to  th a t  o f  W alker carc inosarcom a (H n il ic a  

and Busch, 19&3; Ohly e t  a l . , 196?)* ^E-Lysine was in c o rp o ra te d  most 

a c t iv e ly  in to  E3, fo llow ed  by E2B and E2A, and l e a s t  a c t iv e ly  in to  E1 

and E4, in d ic a t in g  t h a t ,  in  Acer c e l l s ,  th e  b io s y n th e t ic  r a t e  o f  each 

h is to n e  f r a c t io n  i s  d i f f e r e n t .

A m ix tu re  o f  ^^C -ly sin e  and ^E -tryp tophan  was a p p lie d  to  an 

asynchronous 7 -day  o ld  c u l tu re  in  *p u ls e ’ and ’p u lse -ch ase*  ex p erim en ts , . 

a f t e r  which th e  c e l l s  were f r a c t io n a te d  in to  n u c le a r  and cy to p lasm ic  

f r a c t i o n s ,  and th e  r a d io a c t i v i ty  p re s e n t  in  t h e  p ro te in  o f  th e se  

f r a c t io n s  was m easured. I t  was found th a t  in  ’p u ls e -c h a s e d ’ c e l l s  

th e  to  ^E r a t i o  in  n u c le a r  p ro te in  was more th an  tw ice  t h a t  o f  th e  

cy to p lasm ic  p r o te in ,  w h ile  in  ’p u ls e d ’ c e l l s  th e  to  ^E r a t i o  i s  

s l i ^ t l y  h ig h e r  in  cy top lasm ic  p ro te in  than  in  n u c le a r  p r o te in .  The 

ev idence th e r e f o r e  fav o u rs  th e  id e a  th a t  Acer h is to n e s  a re  s y n th e s is e d  

in  th e  cy toplasm  and a re  then  r a p id ly  t r a n s p o r te d  in to  th e  n u c le u s .

To in v e s t ig a te  th e  r e la t io n s h ip  between th e  s y n th e s is  o f
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h is to n e  and t h a t  o f  IWA i n  A cer c e l l s ,  s t u d i e s  w ere p e rfo rm ed  on b o th  

asy n ch ro n o u s and synch ronous c u l t u r e s .  When th e  INA s y n th e s i s  i n h i b i t o r ,  

h y d ro x y u re a , was added to  th e  7 -d ay  o ld  asy n ch ro n o u s  c u l t u r e ,  i t  was 

found  t h a t  s y n th e s i s  o f  th e  m a jo r i ty  o f  th e  b a s ic  p r o t e i n s  was v e ry  

s e n s i t i v e  to  i n h i b i t i o n  by h y d ro x y u re a , w h ile  a b o u t 11% o f  th e  t o t a l  

b a s ic  p r o te in  was r e s i s t a n t .  A f te r  in c o r p o r a t io n  o f  ^ H - ly s in e  i n to  

in te r p h a s e  c e l l s  o f  sy nch ronous c u l tu r e  V I I I ,  th e  s p e c i f i c  r a d i o a c t i v i t y  

o f  h i s to n e s  was ab o u t th e  same i n  a l l  th e  sam ples exam ined. The 

in c o rp o r a t io n  p a t t e r n  o b ta in e d  from  sam p les  o f  synch ro n o u s c u l tu r e  

V II showed t h a t  in c o rp o r a t io n  o f  ^ H - ly s in e  o c c u r re d  b e fo re  DNA s y n th e s is  

and re a c h e d  th e  maximum r a t e  d u r in g  IN A s y n th e s i s .  A ll th e s e  d a ta  su g g e s t 

t h a t ,  in  A cer c e l l s ,  th e  h i s to n e s  can be d iv id e d  in t o  two c l a s s e s  : 

th o s e  whose s y n th e s is  i s  d ependen t on IttTA s y n th e s i s  and th o s e  whose 

s y n th e s is  i s  in d e p e n d e n t o f  INA s y n th e s i s .

Amongst th e  e ig h t  c u l tu re s  s e t  up in  hope o f  synchrony, h a l f  

o f  them showed c e l l  number s te p -u p s . H is to n e  sam ples were e x tra c te d  

from in te rp h a s e  c e l l s  o f  c u l tu re s  IV, V II and V I I I ,  and c h a ra c te r iz e d  

on a c id -u re a  po lyacry lam ide  g e ls ;  none o f  them showed d e v ia n t banding  

p a t te r n s .  N e v e r th e le s s , th e  r a t i o  o f  HI to  H4 v a r ie d  from 0 ,59  to  4 .0  

(T able 10 ). The r a t i o  o f  HI to  H2A-iH2B-fH3 to  H4 was 12.7+6.75% to  

77 . 5725. 09% to  11. 1+9 . 27̂ 0 (T ab le  IO ), H is to n e  H4 a lso  p re s e n te d  h e te ro ­

g e n e ity  in  sam ples taken  from S phase o f  c u l tu r e  V II . However, i t  i s  

s t i l l  n o t c le a r  w hether t h i s  i s  caused by th e  method used  f o r  e x tr a c t io n  

o r  a  t r u e  r e f l e c t io n  o f  th e  sam ples p e r  s e .

A g e n e ra l  c h a r a c t e r i s t i c  o f  A cer h i s to n e s  i s  th e  hom ogeneity  

o f  each  f r a c t i o n  a s  shown on p o ly a c ry la m id e  g e l s .  A cer h i s to n e s ,  

e s p e c i a l l y  when th e y  a r e  e x t r a c te d  by th e  H^SO^-EtOH m ethod , alw ays 

p r e s e n t  v e ry  sh a rp  bands on th e  g e l s .  H is to n e  HI a f t e r  8 h o u r s ’
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e le c tro p h o r e s is  does n o t show any d i s t i n c t  sub f r a c t io n  s .  However, a l l  

H1 sam ples examined have been shown to  p o sse ss  s im i la r  asym m etric 

p a t te r n s  on expanded m ic ro d en sito m e te r t r a c in g s .  T h is cou ld  su g g est 

t h a t  H1 h as  s lo w er-m ig ra tin g  s u b f ra c t io n s  which occu r in  v e ry  sm all 

am ounts; a l t e r n a t iv e ly  th e re  cou ld  be no m o d if ic a tio n  and th e  asymmetry 

be due to  ' t a i l i n g '  on th e  g e l o f  a  s in g le  H1 s p e c ie s .



CHAPTER 6

G eneral D iscussion
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To in v e s t ig a te  th e  b io s y n th e s is  o f  h is to n e s  in  c u l tu re d  

c e l l s  o f  Acer p seudonl a t  anus L ,,  th e  i s o l a t i o n  and c h a r a c te r iz a t io n  

o f  h is to n e s  was f i r s t  developed and e s ta b l is h e d .  S ince h is to n e s  

e x tra c te d  d i r e c t l y  from c e l l s  were found to  be h e a v ily  con tam inated , 

i t  was decided  to  i s o l a t e  n u c le i  p r i o r  to  h is to n e  e x t r a c t io n .  The 

g r in d in g  medium developed a s  d e sc r ib e d  in  C hapter 3 f o r  th e  n u c le a r  

i s o l a t i o n  c o n ta in s  20 mM T r is - b u f f e r  a t  pH 7*8, 1 mM Mg a c e ta te ,  2 mM 

CaClg and 70% (v /v )  g ly c e r o l .  C u ltu re d  c e l l s  suspended in  t h i s  g r in d in g  

medium, a t  -t8*C  f o r  5 m onths, were found to  r e t a i n  t h e i r  c h a r a c t e r i s t i c  

h is to n e  p a t te r n  a s  re v e a le d  on po ly acry lam id e  g e l s .  When th e  c e l l s  

were cooled  to  -20  *C in  g r in d in g  medium and ru p tu re d  w ith  a  g la s s  

Potter-K Lvehjem  hom ogenizer, th e  c e l l  w a lls  were co m p ara tiv e ly  e a s i ly  

and p r e f e r e n t i a l l y  ru p tu re d ; most o f  th e  n u c le a r  membranes rem ained 

i n t a c t .  I t  was a lso  found th a t  th e  c e l l  w a lls  were ru p tu re d  b u t n o t 

broken in to  sm all p ie c e s  and th a t  th e  n u c le i  were re le a s e d  in to  th e  

medium, i n t a c t  and f r e e  from cy top lasm ic  s lu r r y ;  t h i s  made th e  p u r i f i c a t io n  

o f  n u c le i  l e s s  com plicated  th an  in  o th e r  system s such as  t h a t  u s in g  

a non-aqueous medium f o r  th e  i s o l a t i o n  o f  r a t  l i v e r  n u c le i  (M aggie,

1963).

The e s ta b l is h e d  n u c le a r  i s o l a t i o n  te ch n iq u e  g a v e ( in  term s o f

IN A reco v ery ) a  y ie ld  o f  about 20% o f  th e  n u c le i .  With asyn chronously

c u ltu re d  c e l l s  th e  y ie ld  was s im i la r  no m a tte r  what th e  grow th s tag e

o f  th e  c u l tu r e ,  su g g e s tin g  th a t  th e  i s o la t io n  tech n iq u e  does n o t ju s t

r e le a s e  n u c le i  o f  a  p a r t i c u l a r  c e l l - c y c le  s ta g e , a lth o u g h  t h i s  has to

be confirm ed by m icro den s i  tome t r i e  a n a ly s is .  The n u c le a r  f r a c t io n s
a

so p rep a red  c o n ta in ed  no ap p aren t con tam ination  o th e r  than  slj^ch g ra in s ,  

th e re b y  p e rm itt in g  th e  i s o l a t i o n  o f  n u c le a r  h is to n e s  f r e e  from cy top lasm ic  

co n tam in a tio n . The n u c le a r  f r a c t io n  s to re d  in  th e  g r in d in g  medium a t
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-1 8  ®C f o r  1 week h as  a lso  been shown to  r e t a i n  ENA s y n th e s is in g  a c t i v i t y ,  

which im p lie s  th a t  th e  b io s y n th e t ic  a c t i v i t i e s  o f  Acer n u c le i  cou ld  be 

s tu d ie d  ^  v i t r o .

D esp ite  th e  d i f f i c u l t y  a r i s i n g  d u rin g  hom ogenization  ( th e  

g r in d in g  medium became v e ry  v is c o u s  a t  -20*C and was r a t h e r  d i f f i c u l t  

to  h an d le  w h ile  hom ogenizing), th e  i s o l a t i o n  p rocedure  i s  s im p le , and 

g iv e s  a  re a so n ab ly  pure  n u c le a r  f r a c t i o n .  F u r th e r  improvement on th e  

te ch n iq u e  should  aim to  in c re a s e  th e  n u c le a r  y ie ld ,  and to  overcome 

th e  problem  o f  n u c le a r  clum ping. T h is  cou ld  p ro b ab ly  be ach iev ed  sim ply  

by changing  th e  c o n c e n tra tio n  o f  th e  components in  th e  g r in d in g  medium. 

Such i s o l a t e d  n u c le i  would be used  f o r  a n a ly s is  o f  th e  n o n -h is to n e  

p r o te in s ,  and in  v i t r o  s tu d ie s  on DMA, ENA and p o s s ib ly  p r o te in  s y n th e s is .

S ince g ly c e r o l-c o n ta in in g  media, have th e  ad van tages o f  ( i )  

p re s e rv in g  c e l l s  a t  subzero tem peratu res w ith o u t s o l id i f y in g  them, ( i i )  

rem oving th e  cy to p lasm ic  con tam inan ts  from t h e  n u c le i ,  ( i i i )  r e t a in in g  

th e  s t r u c tu r e  and th e  enzyme a c t i v i t y  o f  th e  n u c le i  and ( iv )  n o t 

i n t e r f e r s i n g  w ith  enzym atic a s s a y s , th e  u se  o f  g ly c e ro l-c o n ta in in g  

m edia f o r  n u c le a r  i s o l a t i o n  ap p ea rs  w orthy o f  more a t t e n t io n  by c e l l  

b io l o g i s t s .  To my knowledge, no s im i la r  te ch n iq u e  h a s  p re v io u s ly  been 

developed  f o r  n u c le a r  i s o l a t i o n  from p la n t  m a te r ia l .  The tech n iq u e  

developed  f o r  Acer suspension  c e l l s  h a s  a lso  proved s a t i s f a c t o r y  in  

sp in ach  su spension  c e l l s .  I t  would be o f  i n t e r e s t  to  t e s t  t h i s  tech n iq u e  

on o th e r  p la n t  so u rc e s . S ince in d iv id u a l  c e l l  ty p e s  do sometimes 

p re s e n t  p a r t i c u l a r  prob lem s, c e r ta in  m o d if ic a tio n s  o f  th e  b a s ic  p rocedure  

may be n e c e s sa ry  f o r  i t s  more e x te n s iv e  u s e .

Of th e  th re e  m ethods t e s t e d  f o r  e x t r a c t io n  o f  Acer h is to n e s  

from th e  n u c le a r  f r a c t io n ,  th e  SgSO^-EtOH method gave 100^6 e x tr a c t io n  

e f f ic ie n c y ,  and th e  e x tra c te d  h is to n e s  were l e s s  ag g reg a ted  th an  th o se
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o b ta in e d  by o th e r  m ethods (a s  shown on po ly acry lam id e  g e l s ) ,  w h ile  

m ethods in v o lv in g  p r e c ip i t a t io n  o f  h is to n e s  w ith  TCA were l e s s  e f f i c i e n t .  

N e v e r th e le s s , a l l  Acer h is to n e  sam ples p re s e n t  ty p ic a l  h is to n e  e le c t r o ­

p h o re t ic  p a t t e r n s  on a c id -u re a  po ly acry lam id e  g e l s .  Of th e  seven m ajor 

bands o f  Acer h is to n e s ,  bands 6 and 7 co-mi g r a te  on bo th  a c id -u re a  and 

SDS g e ls  w ith  c a l f  thymus H3 and H4 r e s p e c t iv e ly ;  t h i s  p ro v es  again  

t h a t  H3 and H4 a re  e v o lu t io n a r i ly  conserved .

A d i f f e r e n t i a l  s t a in in g  method was developed f o r  i d e n t i f i c a t i o n  

o f  th e  h is to n e  f r a c t io n s  on po ly acry lam id e  g e l s .  T h is i s  a  m o d if ic a tio n  

o f  th a t  o f  B a r r e t t  and John (1974) who found th a t  th e  b a s is  f o r  th e  

d i f f e r e n t i a l  s ta in in g  i s  th e  r a t i o  o f  ly s in e  to  a rg in in e .  W ith t h e i r  

s ta in in g  m ethod, th ey  found th a t  th e  ly s in e - r i c h  h is to n e s  (HI and H2B) 

s t a i n  r e d ,  i^diile th e  a r g in in e - r ic h  h is to n e s  (H3 and H4) a s  w e ll a s  th e  

in te rm e d ia te  f r a c t io n  (H2A) s t a in  b lu e . The s ta in in g  s o lu t io n  h as  been 

m o d ified  f o r  th e  p re s e n t  purpose by re p la c in g  0.5% A liz a r in e  B lack w ith

0.1% Anido B lack , and h a s  been shown to  s ta in  in d iv id u a l  h is to n e  f r a c t io n s  

d i f f e r e n t  c o lo u rs .  The ly s in e - r ic h  h is to n e s  became re d d is h , th e  a rg in in e -  

r i c h  h is to n e s  v i o l e t ,  and th e  H2A b lu is h .  The c a l f  thymus h is to n e s  a re  

s ta in e d  a s  fo llo w s  ; H I, ro sy  p in k ; H3, l i g h t  v i o l e t ;  H2B, p u rp le ;  H2A, 

deep b lu e  g re e n ; and H4, v i o l e t .  The d if f e r e n c e s  in  c o lo u rs  o b ta in e d  

on th e  g e l  a re  b e t t e r  seen  by eye th an  th e y  a re  re co rd ed  by co lo u r 

p ho to g rap h y .

By com paring th e  m o b i l i t ie s  and re sp o n se s  to  d i f f e r e n t  s ta in in g  

c o n d it io n s  w ith  th o se  o f  c a l f  thymus h is to n e s ,  th e  f iv e  m ajo r Acer h is to n e s  

w ere i d e n t i f i e d  as band 2= H I, band 4= H2A, band 5 = H2B, band 6 = H3 

and  band 7 = H4. Bands 1 and 3 a re  i d e n t i f i e d  a s  r e l a t i v e l y  a rg in in e -  

r i c h  and ly s in e - r i c h  p ro te in s  r e s p e c t iv e ly ,  and appear to  be unique 

A cer h i s to n e s .
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The r e s u l t s  o f  amino a c id  a n a ly s is  show th a t  t o t a l  Acer 

h is to n e s  a re  s im i la r  to  those  from o th e r  p la n t  so u rc e s , c o n ta in in g  a  

low er a rg in in e  c o n te n t than  th o se  o f  c a l f  thymus. The Acer h is to n e s  

c o n ta in  22% o f  b a s ic  amino a c id s ,  and th e  r a t i o  o f  ly s in e  to  a rg in in e  

i s  2 .6  compared to  2 .0  f o r  c a l f  thym us. S ince th e  c o lo u r  re sp o n se  o f  

a l l  m ajo r Acer h is to n e  f r a c t io n s  o th e r  th an  H2A co rrespond  to  th o se  

o f  c a l f  thymus, and th e  H2A showed a  p in k is h  r a th e r  than  p u rp l i s h  o r  

b lu is h  c o lo u r , i t  can be su g g ested  t h a t  th e  low c o n te n t o f  a rg in in e  in  

th e  t o t a l  Acer h is to n e s  i s  p ro b ab ly  due to  a  low c o n te n t o f  a rg in in e  

in  th e  H2A r a th e r  than  in  th e  o th e r  f r a c t i o n s .  T h is t e n ta t iv e  co n c lu sio n  

shou ld  be te s t e d  by amino a c id  a n a ly s is  o f  th e  in d iv id u a l  f r a c t i o n s .

T h is  experim ent cou ld  be c a r r ie d  o u t by p re p a r in g  and h y d ro ly z in g  th e  

in d iv id u a l  h is to n e  f r a c t io n s  acco rd in g  to  th e  method o f  Houston (1971)> 

b u t would r e q u ire  a  la rg e  q u a n t i ty  o f  Acer h is to n e  ( c .8 .0  mg). Each 

hy d ro ly zed  p ro te in  would th en  be an alyzed  f o r  th e  amino a c id  com position  

and compared w ith  th a t  o f  th e  co rresp o n d in g  c a l f  thymus p r o te in .

The m o d ified  d i f f e r e n t i a l  s t a in in g  te ch n iq u e  w ith o u t f u r th e r  

improvement i s  a lre a d y  v e ry  u s e f u l  f o r  i d e n t i f i c a t i o n  o f  a  new h is to n e  

sou rce  on p o ly acry lam ide  g e ls .  However, i t  would be w orthw hile  to  

i n v e s t ig a te  th e  b a s is  o f  t h i s  m od ified  m ethod. By ru n n in g  a  number o f  

p r o te in s  on th e  g e l ,  th e  r e la t io n s h ip  between c o lo u r  fo rm atio n  and th e  

m ajor amino a c id  com position  o f  th e  p ro te in s  cou ld  p o s s ib ly  be e s ta b l is h e d . 

I f  so , t h i s  method cou ld  become v e ry  u s e fu l  and v e ry  im p o rtan t f o r  a l l  

k in d s  o f  p ro te in  i d e n t i f i c a t i o n .  P o lyacry lam ide  g e l e le c t ro p h o r e s is  

i s  so f a r  th e  most sim ple and s e n s i t iv e  method o f  p ro te in  f r a c t io n a t io n  

( a  10-20 jng sample o f  p ro te in  i s  s u f f i c i e n t ) ,  an d ,co u p led  w ith  th e  

d i f f e r e n t i a l  s t a in in g  te c h n iq u e , th e  g e ls  would p ro v id e  in fo rm a tio n  f o r  

each p ro te in  such as  : ( i )  th e  r e l a t i v e  charge o r  m o lecu la r w e ig h t, ( i i )  

i t s  approxim ate c o n c e n tra tio n  and ( i i i )  i t s  r e l a t i v e  amino a c id  com position .
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I d e n t i f i c a t i o n  o f  p ro te in s  such a s  h is to n e s  i s  b ased  on th e  r a t i o  o f  

ly s in e  to  a rg in in e , and hence th e  c o lo u r  resp o n se  a f t e r  d i f f e r e n t i a l  

s t a in in g  indeed  en ab le s  each f r a c t io n  on th e  g e l to  be c h a ra c te r iz e d .

A f u r th e r  a p p l ic a t io n  o f  po ly acry lam id e  g e l  e le c tro p h o r e s is  

in  h is to n e  s tu d ie s  would be th e  ru n n in g  o f  h is to n e  sam ples on lo n g e r  

g e ls  (such  as  25 cm lo n g ) , so t h a t  th e  s u b f ra c t io n s  o f  th e  m ajo r h is to n e s  

co u ld  p o s s ib ly  be more e f f e c t iv e ly  s e p a ra te d . T h is  m i ^ t  be f u r th e r  

im proved by a  tw o-d im ensional g e l  e le c t ro p h o r e s is  a s  developed by 

0*F a r r e l l  (1975).

By u s in g  m ix tu res  o f  ^ ^ C -ly s in e  and ^H -tryptophan in  'p u lse*  

and 'p u ls e -c h a s e ' ex p erim en ts , Acer h is to n e s  can be shown to  be sy n th e s iz e d  

in  th e  cytoplasm  and then  r a p id ly  t r a n s p o r te d  in to  th e  n u c le u s . I t  

would be o f  i n t e r e s t  to  in v e s t ig a te  th e  e x a c t lo c a t io n  o f  h is to n e  

s y n th e s is  in  cy toplasm . D ire c t o b se rv a tio n  cou ld  be ach ieved  by p u ls in g  

slow -grow ing c u ltu re d  c e l l s  w ith  l a b e l le d  ly s in e  and examining th e  c e l l s  

in  th e  e le c tro n  m icroscope a s  w e ll a s  by au to rsid iography . I t  cou ld  a lso  

be c a r r ie d  o u t by i s o la t io n  o f  cy to p lasm ic  o rg a n e l le s  a f t e r  th e  c e l l s  

have been in c u b a ted  w ith  th e  l a b e l le d  m ix tu re . The experim ent shou ld  

th en  aim to  f in d  th e  o rg a n e lle  which c o n ta in s  p r o te in s  w ith  a  h ig h  r a t i o  

o f  ^ ^ C -ly sin e  to  ^H -tryp tophan , and to  c h a r a c te r iz e  th e  p ro te in s  so 

l a b e l l e d .  S ince i t  i s  h is to n e  s y n th e s is  which i s  i n t e r e s t i n g  a t  t h i s  

moment, th e  la b e l le d  p ro te in  should  be e x tra c te d  and proved to  be h is to n e ;  

th e  e s ta b l is h e d  c h a r a c te r iz a t io n  method f o r  Acer h is to n e s  would be 

a p p lic a b le  f o r  t h i s  p u rpose .

The b io s y n th e s is  o f  in d iv id u a l  h is to n e s  h a s  been shown to

proceed  a t  d i f f e r e n t  r a t e s  i n  c u ltu re d  Acer c e l l s .  When ^H -ly s in e  was

fe d  to  th e  asynchronous c u ltu re d  c e l l s ,  th e  most a c t iv e  in c o rp o ra tio n
and

was in to  H3, fo llow ed  by H2B /^E2A; l e a s t  a c t iv e  in c o rp o ra tio n  was in to
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SI and H4« I t  would be i n t e r e s t i n g  to  u n d e rta k e  s im i la r  s tu d ie s  w ith  

synchronously  d iv id in g  c e l l s ,  to  in v e s t ig a te  th e  r e la t io n s h ip  betw een 

th e  s y n th e s is  o f  in d iv id u a l  h is to n e  f r a c t io n s  and th e  c e l l - c y c le  s ta g e s .  

T his experim ent was a ttem p ted  on c u l tu re  V I I I ,  b u t i t  was n o t s u c c e s s fu l  

owing to  th e  low in c o rp o ra t io n  e f f ic ie n c y  o f  ^ E -ly s in e  in to  h is to n e s  

and because th e  c e l l - c y c le  s ta g e s  o f  th e  sam ples were n o t c l e a r ly  

i d e n t i f i e d .  T h e re fo re , whenever a  synchronous c u l tu re  becomes a v a i l a b le ,  

t h i s  experim ent shou ld  be re p e a te d .

D uring th e  p re s e n t  in v e s t ig a t io n s ,  th e  m ost d i f f i c u l t  

experim en ts were th o se  in v o lv in g  c u l tu r e s  d esig n ed  to  show d iv is io n  

ach ieved  by r e le a s e  from p r i o r  n i t r a t e  s ta r v a t io n  ( t h r o u ^  w hich c e l l s  

a re  a r r e s te d  e x c lu s iv e ly  in  G1 p h a se ) . D uring re -g ro w th  th e  s ta rv e d  

c e l l s  may p ro ceed  to  d iv id e  in  synchrony. However, th e  synchrony- 

c o n t r o l l in g  mechanism in  t h i s  system  i s  s t i l l  f a r  from b e in g  p ro p e r ly  

u n d e rs to o d , and th e  p u z z lin g  f e a tu r e s  observed  by King (1975) and Gould 

( 1975) ,  such a s  u n p re d ic ta b le  la g  p h ase , v a ry in g  in te rp h a s e  d u ra tio n  

and sharp  synchrony-decay  have been en co u n te red  in  a  more e x ag g e ra ted  

form than  in  e a r l i e r  work. T h is may be due to  th e  lo n g  term  m ain tenance 

o f  th e  su spension  r e s u l t i n g  in  lo s s  o f  u n ifo rm ity  i n  th e  s to c k  c u l tu r e .  

S ince suspension  c u ltu re d  Acer c e l l s  have a  tendency  to  develop  

an eup lo idy  and p o ly p lo id y  (G ould, 1975), i t  i s  p o s s ib le  th a t  th e  g e n e tic  

com position  o f  th e  p re s e n t  s to c k  c u l tu re  d i f f e r s  from th a t  o r i g i n a l l y  

i n i t i a t e d  ( t h i s  was however n o t exam ined), and was re s p o n s ib le  f o r  th e  

la c k  o f  w e ll d e f in e d  and p e r s i s t e n t  synchrony.

Anongst th e  8 c u l tu r e s  s e t  up f o r  synchrony i n i t i a t i o n  p u rp o se s , 

h a l f  o f  them showed d iv is io n  synchrony. However, n o t on ly  d id  th e  grow th 

r a t e  v a ry  between s e p a ra te  c u l tu r e s ,  b u t w ith in  th e  same c u l tu r e  th e  

d u ra tio n  o f  th e  p la te a u x  o f  c e l l  number a lso  v a r ie d .  The in te rp h a s e
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sam ples f o r  chem ical and c e l l - c y c le  s ta g e  a n a ly s is  were th u s  w ithdrawn 

from th e  c u l tu r e s  a t  tim es which cou ld  n o t  be p r e c is e ly  r e l a t e d  to  th e  

c e l l  c y c le , and th e  sam ples d id  n o t th e r e f o r e  n e c e s s a ^  in c lu d e  a l l  

th e  c e l l - c y c le  s ta g e s .

The work on synchronous c u l tu r e s  aimed to  in v e s t ig a te  th e  

r e la t io n s h ip  between h is to n e  s y n th e s is  (a s  w e ll a s  h is to n e  m o d if ic a tio n s )  

and c e l l - c y c le  s ta g e s . The r e s u l t s  show th a t  h is to n e s  a re  sy n th e s iz e d  

th r o u ^ o u t  th e  c e l l  c y c le  b u t t h a t  th e  maximum r a t e  o ccu rs  a t  S phase .

I n  th e  18 h is to n e  sam ples e x tra c te d  from in te rp h a s e s  o f  3 synchronous 

c u l tu r e s ,  none o f  them showed d e v ia n t e le c t r o p h o r e t ic  p a t te r n s  on po ly ­

acry lam ide  g e l s ,  n o r  d id  th e se  sam ples a f t e r  b e in g  e le c tro p h o re s e d  f o r  

8 h o u rs  show s u b f ra c t io n s  o f  H I. However, a l l  HI sam ples e x h ib i t  a  

s im i la r  asym m etric p a t te r n  on th e  expanded m icro den s i  tome t e r  t r a c in g s ,  

su g g e s tin g  t h a t  th e  asymmetry cou ld  be due to  ' t a i l i n g *  on th e  g e l o f  

a  s in g le  HI s p e c ie s ;  a l t e r n a t iv e ly  , th e  HI cou ld  have d e r iv a t iv e s  

which m ig ra te  slow er th an  th e  main HI on p o ly acry lam ide  g e l s .  S ince 

th e se  d e r iv a t iv e s  seemed to  r e p re s e n t  a  v e ry  sm all amount o f  th e  t o t a l  

H I, th e  com plete s e p a ra tio n  o f  HI and i t s  d e r iv a t iv e s  i s  p ro b ab ly  d i f f i c u l t

to  a ch ie v e . However i t  shou ld  be p o s s ib le  to  d e te c t  th e  d e r iv a t iv e s  i f

52th e y  have tak en  up is o to p e s  such a s  P -phosphate  f o r  p h o sp h o ry la ted  

d e r iv a t iv e s ,  and sod ium -^^C -ace tate  f o r  a c e ty la te d  d e r iv a t iv e s .  S im ila r  

in c o rp o ra t io n  experim en ts could  a lso  be a p p lie d  to  o th e r  ty p e s  o f  

m o d if ic a tio n  on o th e r  h is to n e  f r a c t i o n s .  For t h i s  pu rp o se , th e  h is to n e  

sam ples would have to  be run  on lo n g  g e l tu b es  so th a t  th e  d e r iv a t iv e s  

cou ld  be s e p a ra te d  from th e  main h is to n e s .

To in v e s t ig a te  th e  r e la t io n s h ip s  betw een th e  o ccu rren ce  o f  

h is to n e  m o d if ic a tio n  and th e  c e l l - c y c le  s ta g e , experim en ts  have to  be 

perform ed on synchronous c u l tu r e s  and would re q u ir e  th e  problem  o f



- 104 -

re p ro d u c ib le  i n i t i a t i o n  o f  synchronous c u l tu r e s  to  be so lv e d . A 

synchrony system  m i ^ t  a l t e r n a t iv e ly  be in d u ced  by m e ta b o lic  i n h i b i t o r s .  

Hydroxyurea seems to  be v e ry  e f f e c t iv e  on th e  s y n th e s is  o f  m acrom olecules 

i n  Acer c e l l s ,  and i t  h a s  a lso  been re p o r te d  to  induce  c e l l  d iv is io n  

synchrony in  su spension  c u l tu re s  o f  Haplonapuus g r a c i l i s  (E rik s so n ,

1966) .  A new su spension  c u l tu re  l i n e  i n i t i a t e d  from Acer c a l l u s  t i s s u e  

cou ld  p o s s ib ly  p ro v id e  a  uniform  c e l l  p o p u la tio n , which would show th e  

e x c e l le n t  synchrony e a r l i e r  dem onstra ted  in  th e  AM l in e  u sed  by Gould 

and S t r e e t  (1975).

B esid es  th e  work on synchronous c u l tu r e s ,  th e re  a re  s t i l l  

s e v e ra l i n t e r e s t i n g  experim en ts which cou ld  be done on asynchronous 

c u l tu r e s .  These in c lu d e ;

( 1) ENA s y n th e s is  by i s o l a t e d  c e l l  n u c l e i —  The in c o rp o ra t io n  o f  

ENA p re c u rso rs  in to  ENA m o lecu les  in  re sp o n se  to  p la n t  hormones 

o r  m e ta b o lic  i n h i b i t o r s .

( 2 ) The e f f e c t s  o f  added h is to n e s  on n u c le a r  ENA s y n th e s is  in  v i t r o  

—  In d iv id u a l  h is to n e s  cou ld  be i s o l a t e d  from c e l l s  and added

to  th e  i s o l a t e d  n u c le i  to  examine t h e i r  e f f e c t s  on ENA s y n th e s is .

( 3 ) S tim u la tio n  o f  ENA s y n th e s is  by s e le c t iv e  h is to n e  re m o v a l----

H is to n es  could  be s e le c t iv e ly  removed from chrom atin  by e i t h e r  

s a l t s  o r  enzymes; th e  e f f e c t  o f  t h i s  rem oval on ENA s y n th e s is  

would then  be in v e s t ig a te d .

(4 ) The e f f e c t  o f  h is to n e s  on ENA polym erase a c t i v i t y  The INA-

dependent ENA polym erase cou ld  be p re p a red  from n u c le i ,  and th e  

e f f e c t  o f  h is to n e s  on t h i s  enzyme a c t i v i t y  would be exam ined.

( 5 ) The e f f e c t  o f  m o d ified  h is to n e s  on ENA s y n th e s iz in g  a c t i v i t y  —

H istone  m o d if ic a tio n s  such a s  a c é ty la t io n  cou ld  be c a r r ie d  o u t 

ch em ica lly  on th e  i s o l a t e d  h is to n e  f r a c t io n s  (R e id , 1951), and
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th e  m o d ified  h is to n e s  added to  th e  ENA polym erase system  to  

examine t h e i r  e f f e c t  on ENA s y n th e s is .

The p re s e n t  in v e s t ig a t io n  m ust th e r e f o r e  be seen a s  th e  

b e g in n in g  o f  a  more com prehensive p r o je c t .  S ince  th e  te n p ta t io n  in  

such an in v e s t ig a t io n  i s  to  i n t e r p r e t  o b s e rv a tio n s  in  th e  l i ^ t  o f  

co n cep ts  developed from work w ith  anim al so u rc e s , f u r th e r  experim en ts 

s im i la r  to  th o se  d esigned  h e re  f o r  Acer su sp en sio n  c e l l s  shou ld  a lso  

be  a p p lie d  to  o th e r  p la n t  m a te r ia ls  to  e s ta b l i s h  th e  g e ie r a l  n a tu re , 

o f  th e  r e s u l t s  f o r  h ig h e r  p la n t  c e l l s .
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ABSTRACT

A new te c h n iq u e  h a s  been  d e v e lo p e d  f o r  th e  i s o l a t i o n  o f  n u c l e i  
from  su sp e n s io n  c u l tu r e  c e l l s  o f  A cer p s e u d o n la ta n u s  L. T h is  te c h n iq u e  
in v o lv e s  th e  u s e  o f  a  g ly c e r o l - c o n ta in in g  g r in d in g  medium a t  -2 0  *0. The 
w hole i s o l a t i o n  p ro c e s s  i s  s im p le  and  c o n s i s t e n t l y  pix)duces a b o u t 20Ç̂  
n u c l e a r  y i e l d  iv ith  r e a s o n a b le  p u r i t y .

H is to n e  e x t r a c t io n  from  t h i s  n u c l e a r  f r a c t i o n  by  th e  H^SO . -  
E ton m ethod i s  s u p e r io r  to  o th e r  m ethods exam ined . The e x t r a c te d  Ader 
h i s to n e s  e x h i b i t  a  t y p i c a l  h i s to n e  p a t t e r n  on p o ly a c ry la m id e  g e l s ,  and 
th e  m a jo r  f r a c t i o n s  a r c  i d e n t i f i e d  a s  H I, E2A, H2B, H3 and H4 ( i n  sequence  
from  th e  anode to  th e  ca th o d e  end on th e  g e l )  ; t h e i r  m o le c u la r  w e ig h ts  
a re  r e s p e c t iv e l y  2 4 ,5 0 0 , 1 5 ,5 0 0 , 1 5 ,5 0 0 , 12 ,800  and  1 1 ,0 0 0 , B oth  th e  
H5 and H4 h is to n e s  o f  Acer c e l l s  a re  i d e n t i c a l  w ith  th o s e  o f  c a l f  thym us 
i n  te rm s  o f  t h e i r  m o b i l i t i e s  on a c id - u r e a  and  SDS g e l s .  I d e n t i f i c a t i o n  
o f  th e  A cer h i s to n e  f r a c t i o n s  h a s  been  a s s i s t e d  by a  new ly  d ev e lo p ed  
d i f f e r e n t i a l  s t a i n i n g  m ethod w hich s t a i n  s_  th e .  5 m a jo r  h i  s to n e  f r a c t i o n s   ̂
o f  c a l f  thym us in  5 d i f f e r e n t  c o lo u r s .

The t o t a l  e x t r a c te d  A cer h i s to n e  f r a c t i o n  c o n ta in s  22% o f  
b a s ic  amino a c id s ,  and th e  r a t i o  o f  ly s in e  to  a r g in in e  " is  2 ,6  w hicïi i s  
h i ^ e r  th a n  t h a t  f o r  c a l f  thym us and i s  p ro b a b ly  due to  th e  low  c o n te n t  
o f  a r g in in e  i n  A cer H2A.

The A cer h i s to n e s  have  been  shown to  be  s y n th e s iz e d  i n  th e  
cy to p lasm  and th e n  t r a n s p o r te d  i n t o  th e  n u c le u s .  The s y n th e s i s  o c c u r s  
th ro u g h o u t th e  c e l l  c y c le  b u t  r e a c h s  i t s  maximum r a t e  w h ile  KTA i s  b e in g  
s y n th e s iz e d .  H is to n e  sam ples o b ta in e d  from  b o th  asy n ch ro n o u s  and  * 
sy n ch ro n o u s c u l tu r e s  a t  in te ip /’a l s  d u r in g  th e  p ro g re s s  o f  t h e i r  g row th  
show u n ifo im  e l e c t r o p h o r e t i c  ^ p a tte rn s  on th e  g e l s ,  s u g g e s t in g  t h a t  th e  
A cer h i s to n e s  a re  g e n e r a l ly  hom ogeneous and  t h a t  any m o d i f ic a t io n  o f  
th e  h i s to n e s  p ro b a b ly  a f f e c t s  o n ly  a  v e ry  sm a ll p r o p o r t io n  o f  th e  t o t a l  
h i s to n e s .  The p o s s ib le  e x is te n c e  o f  such  m o d if ie d  h i s to n e  d e r iv a t iv e s  
and  t h e i r  f u n c t io n s  rem a in s  to  b e  i n v e s t i g a t e d .  D i r e c t io n s  a lo n g  w hich 
th e  p r e s e n t  s tu d i e s  c o u ld  be d ev e lo p ed  a r e  d is c u s s e d .


