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[where ~o, ~'t, ~oo are  r e spec t ive ly  t he  r e l a t ive  viscosi t ies  
i m m e d i a t e l y  a f te r  i r rad ia t ion  (t = 0), a t  t i m e  t and  in- 
f ini ty]  thus  a l lowing the  eva lua t i on  of t he  in i t ia l  loss and 
the  e x p e r i m e n t a l  r a te  c o n s t a n t  gove rn ing  the  decay.  
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Fig. 3.-Irradiation of aqueous solutions of D.N.A. (0.1% w/v) with 
X-rays (200 kV) in the presence of oxygen (1 atm). Release of in- 

organic phe~phate on hydrolysis (90°C; pH 6-8). 
Total dose = 3-56 × 104 rep. 

All  these  obse rva t ions  are no t  incons i s ten t  w i th  the  
a s s u m p t ion  t h a t  i r r ad ia t ion  in the  presence of o x y g e n  
leads in p a r t  to a r a n d o m  labi l i sa t ion  of cer ta in  bonds 
in the  po lynuc leo t ide  cha in  (e.g. c a rbon -phospha t e  
l inkages) which  m a y  then  undergo  slow hyd ro ly t i c  c leav-  
age resu l t ing  in a pos t - i r r ad ia t ion  v iscos i ty  loss. In  the  
absence of oxygen ,  however ,  i t  appears  t h a t  on ly  im- 
m ed i a t e  f rac ture  of the  cha in  t akes  place,  th is  mani fes t -  
ing i tself  in the  h igh  in i t ia l  v iscos i ty  loss. 

I n  o rder  to  ob t a in  s o m e  fu r the r  ins ight  in to  the  
chemica l  n a t u r e  of  the  a f t e r  effect ,  i nves t iga t ions  have  
been  car r ied  o u t  on aqueous  solut ions  of some ribo- 
nucleot ides .  I n  par t icu la r ,  i t  has  been  found  t ha t ,  in 
add i t ion  to  f o r m a t i o n  of inorgan ic  p h o s p h a t e  on i r radia-  
t ion,  hydro lys i s  a t  25°C leads to  t he  p roduc t ion  of 
fu r the r  a m o u n t s  of phospha t e  a t  a measu rab l e  ra te .  This  
hydrolys is ,  which  can  be a t t r i b u t e d  to  the  fo rma t ion  of 

l a b i l e  p h o s p h a t e  c o m p o u n d s  dur ing  i r radia t ion ,  was 
found  to  be of f irst  o rder  over  t he  whole  range  of p H  
(0.5-13.0) and  also exh ib i t ed  a charac te r i s t i c  va r i a t ion  
wi th  p H .  The  ra te  and the  e x t e n t  of p h o s p h a t e  release 
was unaf fec ted  af ter  f reeze-drying.  Hence ,  here  again  i t  
is a p p a r e n t  t h a t  this  process  does no t  invo lve  secondary  
ox ida t ions  b y  h y d r o g e n  peroxide .  The  p H - v a r i a t i o n  of 

t h e  ra te  c o n s t a n t  of the  hydro lys i s  reac t ion  suggests  
t h a t  t he  lab i l i ty  of t he  nuc leo t ide  is p r o b a b l y  due to  the  
fo rma t ion  of an  a c t i v a t i n g  ca rbony l  g roup  in t he  sugar  
c o m p o n e n t  1. W h e n  the  i r rad ia t ions  were  car r ied  o u t  in 
the  absence of oxygen ,  some labi le  phospha t e s  were  st i l l  
fo rmed,  t h o u g h  to  a smal le r  e x t e n t ;  t he  ra te  c o n s t a n t  of 
t he  hydro lys i s  was iden t ica l  wi th  t h a t  found in t he  
o x y g e n a t e d  solut ions.  

1 A. DESJOBERT, Thesis (Paris 1951); Bull. Soe. Chim. 111, 809 
(1947). - D. E, KOSItLAND, J. Amer. Chem. Soc. 74, 2286 (1952). 

S imi la r  e x p e r i m e n t s  w i t h  D .N.A.  a n d  also wi th  
r ibonucle ic  acid  solu t ions  have  also shown some in ter -  
es t ing  features .  Very  l i t t le  pos t - i r r ad ia t ion  phospha t e  
release could  be observed  a t  25°C;  th is  resu l t  is no t  
u n e x p e c t e d  since cha in  fission, fol lowing ox ida t ive  a t t a c k  
on a sugar  c o m p o n e n t  which  is in i t i a l ly  diesterif ied,  
would  invo lve  the  fo rma t ion  of a phospho-monoes te r ,  
e x c e p t  when  a t t a c k  occurs  a t  an end group.  On hydro-  
lysis a t  90°C, however ,  the  yield of p h o s p h a t e  release 
f rom nucleic  acids was increased to  m a n y  t imes  the  
ini t ia l  va lue ;  th is  hydro lys i s  was acid and base-ca ta lysed  
and  e x h i b i t e d  a c o m p l e x  k ine t ic  behav iour .  A typ ica l  
hydro lys i s  c u r v e  for an  i r r ad ia t ed  D.N.A.  so lu t ion  is 
shown in Fig .  3. 

These  obse rva t ions  d e m o n s t r a t e  c lear ly  t he  presence 
of labi le  p h o s p h a t e  bonds  in i r r ad ia ted  solu t ions  of 
nucleic  acids. 

A ful l  r epor t  of  th is  w o r k  is in course  of p repara t ion .  

We are indebted to Professor R. SIGNER (Berne) for samples of 
D.N.A. Our thanks are due to the Northern Council of the British 
Empire Cancer Campaign and to the Rockefeller Foundation for 
financial support. 

M, DAXIELS, G. SCHOLES, and 
J.  WEis s  

University o/Durham, King's College, Newcastle-upon- 
Tyne, l, February 28, 1955. 

Zusammen/assung 
Die ~,Virkung yon  R 6 n t g e n s t r a h l e n  (200 kV) auf  

w~isserige L6sungen  yon  Nukleins~turen und  Nuk leo t iden  
wurde  u n t e r  be~onderer  ]3erf icksichtigung des Einf lusses  
yon  m o l e k u l a r e m  Sauers tof f  und  Wasse r s to f f supe roxyd  
un te r such t .  Der  so gefundene ,  nach  der  Bes t r ah lung  ein- 
se tzende  Abfa l l  d e r  Viskosi t~t  yon  D .N .A . -L6sungen  
(after-effect)  k a n n a l s  H y d r o l y s e  der  du rch  die Bes t rah -  
lung  labi l i s ier ten  K o h l e n s t o f f - P h o s p h a t - B i n d u n g e n  an-  
gesehen werden.  U n t e r s u c h u n g e n  fiber die H y d r o l y s e  
yon  bes t r ah l t en  Nuk leo t iden ,  -P .N .A. -  und  D.N.A. -  
L6sungen  s t e h e n  in v o l l e m  E i n k l a n g  mi t  obiger  An-  
nahme .  

Living Smears from Endosperm 

Studies  on the  e n d o s p e r m  in vivo 1 show c lear ly  t h a t  i t  
is exce l l en t  ma te r i a l  for e x p e r i m e n t a l  researches  on 
mitos is  in t h e  l iv ing  cell. 

The  a d v a n t a g e s  of e n d o s p e r m  in compar i son  with  
o the r  p l an t  ma te r i a l  a re  g r ea t :  t he  course of mitosis  is 
m u c h  b e t t e r  v is ib le  t h a n  in o the r  t i ssues ,  t he  lack  of 
cellulose walls  al lows no t  on ly  be t t e r  pene t r a t i on  of 
chemica t subs t ances ,  bu t  also po la r iza t ion  and micrurg i -  
cal s tudies.  I t  seems p robab le  t h a t  i t  m a y  be used as a 
mod i f i ca t ion  of t he  AUium t es t  in vivo. A m o n g  genera  
s t ud i ed  so far :  Iris, Leucojum, Haemanthus, Clivia and  
Colchicum appea red  to  be the  best, a l t hough  Ornithoga- 
lure, Zephyranthes, Helianthus and Daphne genera  are  
also v e r y  sui table .  A longer  list wi th  some m e t h o d i c a l  
notes  is g iven  e lsewhere  ~. I t  is e v i d e n t  t h a t  the  endo-  
s p e r m  of some  species appea red  to  be m u c h  b e t t e r  t h a n  
t h a t  of others ,  e.g. AUium cepa, Vicia [aba and  Secale 
cereale are  no t  su i tab le  a t  all.  H o w e v e r ,  h u n d r e d s  o f  
p lan t s  are  exce l l en t - so  t h a t  t he  ma te r i a l  w i th  t h e  e x a c t  
p roper t ies  r equ i r ed  so far  as c h r o m o s o m e  d imens ions ,  

1 A. BAJER, Acta Soc. Bot. Poloniae Z2, ~67 (1953). - A. BAJER 
and J. MOL~-BAJER, Acta Soc. Bot. Poloniae 23, 69 (1954). - A. 
BAJER, Acta Soc. Bot. Poloniae 23, 383 (1954). 

g A. BAJER and J. MOL~-BAJ~R, Acta Soc. Bot. Poloniae 23, 89 
0954). 
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t h e i r  n u m b e r ,  d u r a t i o n  of mi tos i s ,  etc. ,  a re  c o n c e r n e d ,  
m a y  be chosen .  

- V R  

~-GB 
Fig. 1A .-Cross section of two cover slips and the holder and B of the 
chamber for observations of endosperm in vivo. Above A the top 
view of cover-slips with the pressed out endosperm. VR vaseline ring, 
LCS large cover slip (~4 x 32 mm), SCS small cover slip (24 x 24 mm), 
A layers of agar, LG liquid paraffin (instead of liquid paraffin hot 
vaseline may be used), E endosperin with different quantity of liquid 
surrounding it, H metal holder to which cover slips are fixed with 
the vaseline VGB glass bottom. N.B.: A andE (agar and endosperm 

layers) are not drawn to scale. Actually they are much thinner. 

T h e  g r e a t  va lue  of e n d o s p e r m  is in t h e  m e t h o d  of 
h a n d l i n g  it, w h i c h  is s imp le  a n d  quick .  3 -6  weeks  a f t e r  
po l l i na t i on ,  a c c o r d i n g  to  t h e  species,  t h e  e n d o s p e r m  is 
in  a s u i t a b l e  s t age  of d e v e l o p m e n t ,  and ,  if t h e  p l a n t  
m a t e r i a l  is p r o p e r l y  c u l t i v a t e d ,  m a y  b e  a v a i l a b l e  for  
s eve ra l  m o n t h s  in  t h e  y e a r  e.g. Clivia a n d  Haemanthus. 
T h e  p r e p a r a t i o n  is m a d e  in t h e  fo l lowing  w a y  : on  a large  
c l ean  cove r  slip a 1-2  m m  t h i c k  vase l ine  r e c t a n g l e  or  r i ng  
of a b o u t  2 c m  d i a m e t e r  is m a d e  a n d  t h e n  t h e  a r ea  ins ide  
t h e  r i n g  is s m e a r e d  w i t h  h o t  a g a r  w i t h  t h e  p r o p e r  s u g a r  
c o n c e n t r a t i o n .  T h e  e n d o s p e r m  is t h e n  p r e s s e d  o u t  w i t h  
a s m a l l  q u a n t i t y  of l iqu id  s u r r o u n d i n g  it  o n t o  t he  a g a r  to  
fo rm a t h i n  h a n g i n g  d r o p  a n d  t h e  whole  is c o v e r e d  w i t h  
t h e  s econd  c o v e r  sl ip also s m e a r e d  w i t h  agar .  The  o n l y  
r e a s o n  for  t h e  a g a r  on  t h e  s econd  c o v e r  s l ip  is t o  p r e v e n t  
t h e  e v a p o r a t i o n  of t h e  l i qu id  s u r r o u n d i n g  t h e  e n d o s p e r m .  
T h e  edges  of t h e  two  cove r  s l ips  are  sea led  w i t h  t h e  h o t  
vase l ine  or l iqu id  p a r a f f i n e  (Fig. 1). I f  a n  i n v e r t e d  mic ro -  
scope  is n o t  used,  t he  whole  p r e p a r a t i o n  is i n v e r t e d  a n d  
m o u n t e d  on  a s u i t a b l y  c u t  m e t a l  ho lde r ,  2 - 3  m m  t h i c k .  
T h e  l a r g e s t  m i c r o s c o p e  m a g n i f i c a t i o n s  m a y  be  used  
w i t h o u t  d i f f i cu l ty .  A g a r  0-4-0.5  % a n d  glucose  3-4-5 %, 
d e p e n d i n g  on t he  species,  is su i t ab le .  The  d i f fe rences  of 
0 ,5% glucose  c o n c e n t r a t i o n  a re  i m p o r t a n t ,  a n d  t h e  
s u i t a b l e  one  is f o u n d  e x p e r i m e n t a l l y .  I f  t h e  h a n g i n g  d r o p  
is v e r y  t h i n  t h e  e n d o s p e r m  beg ins  t o  f l a t t e n  a n d  t h e  
degree  of t h i s  p rocess  d e p e n d s  on  t h e  a m o u n t  of  t h e  
p r e s s e d - o u t  e n d o s p e r m .  L i v i n g  cells a n d  m i t o t i c  sp ind les  
m a y  be f l a t t e n e d  a l m o s t  to  c h r o m o s o m e  t h i c k n e s s ,  and ,  
a l t h o u g h  t h e y  look l ike smea r s ,  t h i s  does  no t  check  t he  
c o n t i n u a t i o n  p rocess  of t h e  cell d iv i s ion  (Fig. 2). I t  is 
e v i d e n t  t h a t  too  seve re  f l a t t e n i n g  leads  to  d i s t u r b a n c e s  
a n d  to  d e a t h .  T h e  longer  t h e  p rocess  of  mi tos is ,  t h e  
s lower  s h o u l d  be  t h e  p rocess  of f l a t t e n i n g ,  i.e. i t  s h o u l d  
l a s t  1 -4  h d e p e n d i n g  on  t h e  species.  

T h e  s a m e  r e su l t s  as in t h e  a b o v e - d e s c r i b e d  two  c o v e r  
s l ip  m e t h o d  are  o b t a i n e d  if a specia l  c h a m b e r  w i t h  a glass  
b o t t o m  is used (Fig. 1). O x y g e n  a t m o s p h e r e  used  
p r e v i o u s l y  x seems  to be u n n e c e s s a r y .  Some  o b s e r v a t i o n s  
sugges t ,  howeve r ,  t h a t  o x y g e n  as wel l  as l i gh t  m a y  in-  
f luence  t h e  mi tos i s  in e n d o s p e r m ,  e spec ia l ly  t h e  pro-  

Fig. 2.-Anaphase in flattened cell of Leuco]um aestivum. Chromo- 
somes are arranged ahnost in one layer. Phase contrast illumination. 

phase ,  e.g. s t r o n g  l i g h t  s t ops  t h e  p r o p h a s e s  of Haemanthus 
a n d  u s u a l l y  all s t ages  of Crambe. P r o b a b l y  t h e r e  is also 
a co r r e l a t i o n  b e t w e e n  l i gh t  a n d  o x y g en .  T h e  a b o v e -  
m e n t i o n e d  dif f icul t ies ,  h o w e v e r ,  a rose  o n l y  in  a few 
s u b j e c t s .  Th i s  m e t h o d  gives  good  r e s u l t s  for  m o s t  of t h e  
species  i n v e s t i g a t e d  so far .  T h e  m e t h o d ,  w h i c h  h a s  b e e n  
i m p r o v e d  d u r i n g  t h e  l a s t  few years ,  sugges t s  o p t i m i s t i c  
p rospec t s .  A s h o r t  t i m e  ago, t h e  a u t h o r  wro t e  1: " . . , t h e  
m a i n  de fec t  of H a e m a n t h u s  e n d o s p e r m  is t h a t  t h e  
n o r m a l  course  of mi tos i s  c a n  be  o b s e r v e d  o n l y  for  a s h o r t  
t i m e  (usua l ly  6 h) a f t e r  p r e p a r a t i o n - a n d  m o s t  cells die 
in p r o p h a s e . "  N o w  cells e n t e r i n g  a n d  f i n i s h i n g  t h e  n o r m a l  
course  of mi tos i s  more  t h a n  60 h a f t e r  p r e p a r a t i o n  h a v e  
been  o b s e r v e d  a n d  m o s t  p r o b a b l y  t h i s  t i m e  would  be  
longer  if s te r i le  c o n d i t i o n s  cou ld  be  a t t a i n e d .  T h e  a u t h o r  
is d e e p l y  c o n v i n c e d  t h a t  f u r t h e r  i m p r o v e m e n t  of t h i s  
m e t h o d  is poss ib le ,  e v e n  to  a p o i n t  whe re  cell t i s sue  
c u l t u r e s  h a v i n g  t h e  p r o p e r t i e s  of a n i m a l  t i s sue  cu l tu re ,  
i.e. c r e e p i n g  a n d  g ro w i n g  in one  layer ,  will  be o b t a i n e d  
f r o m  e n d o s p e r m .  

A. BAJER 

Laboratory o/]~lant Physiology,.[agellonian University, 
53, Grodzha, Cracow, Poland, February 2G, IPg5. 

Zusammen]assung 

E i n e  e i n f a c h e  M e t h o d e  w i rd  b e s c h r i e b e n ,  we lche  die 
B e o b a c h t u n g  d e r  E n d o s p e r m m i t o s e  in vivo e r l a u b t .  Da-  
be i  is t  es m6gl ich ,  l e b e n d e  M i t o s e s p i n d e l n  s t a r k  a b z u -  
p l a t t e n  u n d  so d en  w e i t e r e n  A b l a u f  des T e i l u n g s p r o -  
zesses in a l l en  E i n z e l h e i t e n  zu ve r fo lgen .  

1 A. BAJER, Acta Soc. Bot, Poloniae 23, 383 (1954). 1 A. BAJER, Acta Soe. Bot. Poloniae 22, 475 (1953). 


