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Differentiation and regeneration (claw formation) of remainder pieces after culture in starved adult hosts 

EXPERIENTIA 29/5 

Culture time in Age of larval 
starved adults hosts (h) 
(days) 

n Coxa Troehanter Femur Claw formation (%) 

0 105 18 14.9 ~ 2.3 10.1 :~ 1.9 101.7 4- 11.5 0 
2 105 9 10.9 ~ 4.2 6.0 _u 2.8 53.0 4- 23.2 0 
4 105 9 10.7 =t= 4.8 6.4 4- 3.1 62.5 4- 20.9 0 
8 105 9 4.4 4- 3.9 2.3 4- 2.7 17.7 4- 13.6 0 
8 72 9 10.7 4- 6.3 7.8 4- 5.1 78.4 4- 35.4 33 

Average number of bristles in Coxa, Trochanter and Femur. 

of t he  cases  t h e  t i s sue  h a d  r egene ra t ed  inc lud ing  t he  claw 
and  t h e  br is t le  n u m b e r  in t he  p r o x i m a l  s e g m e n t s  was  t he  
s a m e  as in controls .  

W e  can  conc lude  t h a t  r egene ra t i on  is d e p e n d e n t  on 
pro l i fe ra t ion  wh ich  is i nh ib i t ed  in sugar - fed  flies. I n  suc h  
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hos t s  t he  i m p l a n t s  become  smal l e r  b u t  t he  d a m a g e  is 
r epa i rab le  8. 

Zusammen/assung. F r a g m e n t e  v o n  Be in ima g ina l s c he i -  
ben  regener ie ren  n icht ,  w e n n  sic in r e s t r i k t i v  ern&hrten  
W i r t c n  k u l t i v i e r t  werden,  wo P ro l i f e r a t ion  u n t e r d r i i e k t  
wird.  Die R e g e n e r a t i o n s h e m m u n g  is t  reversibeI ,  da  solehe 
F r a g m e n t e  in g u t  e r n g h r t e n  W i r t s l a r v e n  n o r m a l  regene-  
r ieren.  
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H i s t o n e s  f r o m  the  R e d  A l g a ,  Rhodymenia palmata ~. 
W h i l e  i t  is clear t h a t  his tories  of t h e  t y p e  m o s t  fu l ly  

cha rac t e r i zed  in calf t h y m u s  are f ound  on ly  in euca ryo tes ,  
it  is b e c o m i n g  a p p a r e n t  t h a t  no t  all e n c a r y o t e s  possess  
s uch  h i s t o n es  ~-5. Th i s  ra ises  a n u m b e r  of ques t ions .  A t  
wh ich  s t age  in t h e  d e v e l o p m e n t  of l iv ing  o r g a n i s m s  did 
h i s t ones  ap p ea r  ? Pr ior  to  t h i s  s tage,  did o the r  p r o t e i n s  
fulfil  t he i r  role in re la t ion  to t h e  s t r u c t u r e  a n d  p roper t i e s  
of c h r o m a t i n  ? If so, m h a t  is t he  n a t u r e  of t hese  p ro t e ins  ? 

I t  is t h o u g h t  t h a t  d e v e l o p m e n t  of a t yp i ca l  nuc l ea r  
enve lope  occur red  in t he  t r a n s i t i o n  f rom the  b lue -g reen  
a lgae  to  t h e  red  algae ~. Therefore ,  it  s e emed  adv i sab l e  to  
e x a m i n e  a m e m b e r  of t h e  red  a lgae  in an  in i t ia l  a t t e m p t  
to  an swer  t h e se  ques t ions .  Because  of i ts  r e a d y  ava i lab i l i ty ,  
Rhodymenia palmata (L.) Grey.  s was  chosen.  

Materials and methods. Calf t h y m u s  histories,  s t a n d a r d  
p ro t e ins  a n d  2 -deoxy-adenos ine  were o b t a i n e d  f rom the  
S i g m a  L o n d o n  Chemica l  Co. L td .  All o the r  r e a g e n t s  used  
were of A n a l a r  g rade  where -eve r  possible.  

F r e s h  s am p le s  of t h e  a lga  were col lected f rom the  coas t  
of E a s t  L o t h i a n  a n d  h o m o g e n i z e d  in dis t i l led wa t e r  by  
two  p a s sag es  t h r o u g h  a 25 ml  c a p a c i t y  X-p res s  (Biotec 

Table I. Relative amounts of protein obtained by pH titration 

pH Protein obtained (mg) 

2.8 93.4 
2.1 9.3 
1.8 16.0 
1.3 10.5 
1.0 6.9 

Ltd. ) .  Fo l lowing  th is ,  p ro t e ins  were e x t r a c t e d  f rom the  
h o m o g e n a t e  b y  3 t e c h n i q u e s  n o r m a l l y  used  to o b t a i n  
historic% viz. serial  p H  t i t r a t i o n  7, d i rect  acid e x t r a c t i o n  
w i t h  0.25 M su lphu r i c  acid fol lowing r e m o v a l  of r i bosoma l  
p ro t e ins  a t  p H  2.8, a nd  d i f fe ren t ia l  sa l t  e x t r a c t i o n  s 

D N A  was  e s t i m a t e d  b y  t h e  d i p h e n y l a m i n e  r eac t ion  9 
fol lowing e x t r a c t i o n  b y  t he  m e t h o d  of SCH~IDT a nd  
THANNHAUSER 1~ P r o t e i n  w a s  m e a s u r e d  in e x t r a c t s  by  
t he  m e t h o d  of WARBURG a nd  CHRISTIAN 11. P ro t e in  b o u n d  
p h o s p h a t e  was  d e t e r m i n e d  b y  t he  m e t h o d  of AMES 12. 
A m i n o - a c i d  a na ly s i s  was  carr ied  ou t  on a Te c hn i c on  
A u t o - A n a l y s e r  fol lowing h y d r o l y s i s  of t he  p ro t e ins  in 
5.65 M hyd roc h lo r i c  ac id  for 24 h a t  105~ 

P o l y a c r y l a m i d e  gel e lec t rophores i s  was  e i ther  as descr ib-  
ed b y  JOHNS la for h i s tones ;  or as descr ibed  by  WEBER 
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a n d  OSBORN 14 us ing  sod ium dodecy l  su lpha te ,  to  p e r m i t  
s e p a r a t i o n  solely on t h e  bas is  of molecu la r  size. 

Results. Tab le  I shows t he  we igh t s  of t h e  f r ac t ions  
o b t a i n e d  b y  serial  ex t r ac t ion .  I t  is a p p a r e n t  t h a t  t h e  
f rac t ions  wh ich  should  c o n t a i n  h is tones ,  i.e. a t  p H  2.1 
a n d  below, co l lec t ive ly  c o n t a i n  a l m o s t  ha l f  as m u c h  
p r o t e i n  as is f ound  in t he  p u t a t i v e  r i bosoma l  a n d  soluble  
f r ac t ion  o b t a i n e d  a t  pt-I 2.8. I t  was found  t h a t  none  of 
these  f r ac t ions  would  e n t e r  a c r y l a m i d e  gels u n d e r  t he  
cond i t ions  sugges ted  b y  JoHNs 1~ for  a n a l y z i n g  his tones ,  
even  w h e n  t h e  a c r y l a m i d e  c o n c e n t r a t i o n  was  r educed  to 
5% and  pI-I of t he  buf fe r  lowered to 1.5. However ,  sod ium 
dodecy l  su lpha t e  e lec t rophores i s  i n d i c a t e d  t h a t  all  t h e  
f r ac t ions  c o n t a i n e d  one p r o t e i n  or closely r e l a t ed  group  of 
p ro te ins .  One s o m e w h a t  diffuse b a n d  was o b t a i n e d  w i t h  a 

Table II. Amino-acid analysis of total 'histone' fraction 

Amino % of total 

Lys 3.8 

Arg 3.1 

His 3.1 

Asp 7.6 

Glu 12.2 

Ser 5.9 

Thr 3.8 

Ala 10.6 

Val 10.4 

llu 7.3 

Leu 2.0 

Met 0.0 

Phe 8.4 

Tyr 3.5 

Try 5.7 

Pro 0.0 

Gly 12.6 

Cys 0.0 

Amounts of amino-acids are expressed as moles per 100 moles of 
total recoverd amino-acids; no corrections are applied for hydrolytic 
losses of any of the amino-acids. 

Table III. Correlation in amount of 'histone' and degree of phos- 
phorylation with activity of tissues 

'Histone': DNA ng Phosphate]mg 
'histone' 

Non-raeristematic tissue 12.0:1 2.1 

Meristematie tissue 6.4:1 4.9 

m o b i l i t y  co r re spond ing  to  a molecu la r  we igh t  of 18,000. 
To ta l  ' h i s tone '  e x t r a c t s  b y  b o t h  t he  acid e x t r a c t i o n  a n d  
sa l t  e x t r a c t i o n  t echn iques  gave  t he  same  resul t .  I n  add i -  
t ion,  t h e  r a t i o  of 'h is tor ic '  to  D N A  (w/w) in b o t h  these  cases 
was a l m o s t  t h e  same,  11.1 to 1 for t he  acid ex t rac t ,  11.5 
to 1 for t h e  sa l t  ex t rac t .  

The  amino -ac id  ana lys i s  of t he  t o t a l  ' h i s t one '  f r ac t ion  
o b t a i n e d  b y  sa l t  e x t r a c t i o n  is shown  in Tab le  I I .  The  
c o n t e n t  of lys ine  a n d  a rg in ine  is m u c h  lower t h a n  in  calf  
t h y m u s  histories whi le  t h a t  of p h e n y l a l a n i n e  a n d  t y ro s ine  
is h igher .  T r y p t o p h a n e  is p r e s e n t  in  app rec i ab l e  a m o u n t .  
The  absence  of m e t h i o n i n e  a n d  cys te ine  is c o m m o n  to  
m o s t  h is tones .  The  absence  of p ro l ine  m a y  also be  noted .  
The  ca lcu la ted  m i n i m u m  molecu la r  w i g h t  f rom th i s  ana lys i s  
is 6,662 r o u g h l y  a t h i r d  of t h a t  i n d i c a t e d  b y  s o d i u m  
dodecy l  s u l p h a t e  e lec t rophores is .  

Since t h e r e  is ev idence  t h a t  c h r o m a t i n  of h i g h  t e m p l a t e  
a c t i v i t y  has  a lower  h i s t one  to  D N A  ra t i o  t h a n  c h r o m a t i n  
of low t e m p l a t e  a c t i v i t y  15, t he  ' h i s t one '  to  D N A  ra t io  
was d e t e r m i n e d  in m e r i s t e m a t i c  and  n o n - m e r i s t e m a t i c  
t i ssues  of R. palmata. The  resu l t s  are s h o w n  in  T a b l e  I I I  
t o g e t h e r  w i t h  t h e  p r o t e i n - b o u n d  p h o s p h a t e  c o n t e n t  of t h e  
2 ' h i s t one '  p r epa ra t i ons .  

Discussion. The  e x t r a c t i o n  m e t h o d s  used are s t a n d a r d  
m e t h o d s  for  o b t a i n i n g  histories.  Otherwise ,  t h e  p ro t e in s  
o b t a i n e d  re semble  histories of h i g h e r  euca ryo te s  chemica l ly  
on ly  in t he  absence  of m e t h i o n i n e  a n d  cys te ine  and  in  
t h e i r  co r re l a t ion  w i t h  D N A  in b o t h  t h e  acid a n d  sa l t  
ex t rac t ions ,  t h o u g h  t h e  a m o u n t  r e l a t i ve  to  D N A  is m u c h  
h i g h e r  t h a n  is t he  case w i t h  t he  well  de f ined  h i s tones  1~ 
Func t iona l l y ,  t hese  p ro t e in s  r e semble  histories  in  be ing  
p r e sen t  in  la rger  a m o u n t s  r e l a t ive  to  D N A  in non -  
m e r i s t e m a t i c  t issue, where  t e m p l a t e  a c t i v i t y  is small ,  
t h a n  in m e r i s t e m a t i c  t issue,  where  t e m p l a t e  a c t i v i t y  is 
greater .  The  lower p h o s p h o r y l a t i o n  of t he  p r o t e i n  f rom 
the  n o n - m e r i s t e m a t i c  t i ssue  m a y  also be  s ign i f i can t  in  t h i s  
respec t  s ince p h o s p h o r y l a t i o n  of histories is t h o u g h t  to  
cor re la te  w i t h  gene unmask ing l~ .  

Cons ider ing  these  resu l t s  in  c o n j u n c t i o n  w i t h  those  of 
s imi la r  s tud ies  on  yeas t  1-a a n d  dinofiagel la tes~,  we 
conc lude  t h a t  h i s tones  of t he  calf t h y m u s  t y p e  evo lved  
app rec i ab ly  l a t e r  t h a n  d id  t he  nucleus.  I f  th i s  is so, we are 
lef t  w i t h  t he  ques t ion  of t he  r e l a t i onsh ip  of t h e  p ro t e in s  
cons idered  here  to  t he  calf t h y m u s  histories.  The  resu l t s  
sugges t  t h a t  t he re  m a y  be  f u n c t i o n a l  r e s emb lances  b u t  
t he  amino -ac id  ana lys i s  shows more  di f ferences  t h a n  
s imilar i t ies .  Conce ivab ly  t he re  m a y  be  r e l a t ive ly  smal l  
f u n c t i o n a l  p a r t s  of these  molecules  wh ich  are inden t iea l .  
Only  d e t e r m i n a t i o n  of t he  p r i m a r y  s t r u c t u r e s  of these  
p ro t e in s  will r evea l  w h e t h e r  t h i s  is so or no t  1~. 

Rdsumd. Pro t6 ines  ou t  6t6 ex t r a i t e s  de l ' a lgue  rouge  
Rhodymenia palmata, pal" les m 6 t h o d e s  n o r m a l e m e n t  
ut i l is6es p o u r  tes h is tones .  Ces p ro t6 ines  d i f f6ren t  des 
h i s tones  du  t h y m u s  de veau  d ' u n e  fapon marqu6e ,  ma t s  
elles ou t  des s imi lar i t6s  fonct ionel les .  
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