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genus is AT-f ich e, 3) it  is located per ipher ica l ly  in the  
ch romocen te r s  6, and 4) is no t  comple te ly  ident ica l  w i th  
t he  satel l i te  D N A  frac t ion  8. The satel l i te  D N A  is com- 
posed of 2 componen t s ,  which are re i te ra ted  respec t ive ly  
2.2 • 105 and  1.4 • 105 t imes  1~ This is, w i th  respec t  to  t he  
condi t ions  of hybr id iza t ion  no t  enough to yield the  silver 
grain n u m b e r  as shown in the  figure. In addi t ion,  these 
re i te ra t ion  values  m a y  represen t  an over -es t imat ion ,  be- 
cause t h e y  were ob ta ined  t h rough  analysis  of the  DNA 
ex t r ac t ed  f rom nuclei  regardless  of the i r  c o n t e n t  of 
ampl i f ied  DNA.  W i t h o u t  knowing the  genome organiza-  
t ion  in Cymbid ium,  it is diff icult  to say  w h a t  k ind  of 
D N A  is amplif ied.  At  p re sen t  we know t h a t  it  is a AT-r ich  
f rac t ion  and  probably, a repe t i t ive  sequence (because of 
its locat ion in he te rochromat in ) .  
The func t iona l  significance of the  ampl i f ica t ion  of AT- 
r ich  D N A  in somat ic  nuclei of Cymbid ium is no t  ye t  
clear. W i t h  respec t  to  a hypo thes i s  p u t  forward  earlier n ,  
i t  m a y  be argued t h a t  th is  ' la teral  re i t e ra t ion '  m u s t  sub- 

s t i tu te  for too low ' t a n d e m  re i te ra t ion '  dur ing  the  evolu- 
t ion of non-cod ing  DNA, which  is p ro b ab l y  involved in 
the  contro l  of gene ac t iv i ty  and  cy tod i f fe ren t ia t ion  1~. 
A similar  i n t e rp re t a t i on  h a s  r ecen t ly  been given for the  
ampl i f ica t ion  of in t e rmed ia te ly  repe t i t ive  D N A  in chicken 
cart i lage cell d i f ferent ia t ion  13 and  is ve ry  l ikely to  app ly  
to  the  s i tua t ion  in Cymbid ium,  as p h y t o h o r m o n e - c o n -  
trol led changes  in the  ampl i f ica t ion  process  are accom- 
panied  by  s ignif icant  changes  in morphogenes i s  5. 
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S u m m a r y .  Effec ts  of T-rays on the  DNA-choles te ro l  complex  have  been  s tudied.  Rad ia t ion- induced  changes  are found 
and  compared  wi th  those  on DNA-dye  or drug complexes .  

The effects  or T-rays on the  complexes  of DNA wi th  
mul t i fer ious  dyes  and drugs  2, 3 have  been s tudied.  I t  has  
been  known  t h a t  cholesterol ,  which is a lipid, is complexed  
w i t h  DNA. Moreover  s teroid  ho rmone*  binds  to  cy to-  
p lasmic  recep tor  prote ins .  To inves t iga te  the  effects  on the  
complex  wi th  an agen t  (with probable  d i f ferent  b inding  
mechanism) ,  dissimilar  to  t h a t  of earl ier  studies2, 3, the  
effects  of ~-rays on the  DNA-choles te ro l  complex,  fo rmed 
under  var ied  condi t ions  have  been  s tudied  spec t ropho to -  
metr ical ly .  
Mater ia l s  and methods. High ly  po lymer ized  calf t h y m u s  
D N A  (Sigma), as sod ium salt, cholesterol  (Merck) and  
for so lven t  0.01 M Tris-HCl buffer  a t  pH-7 .4  ~, found  free 
f rom impa r t i ng  rad ia t ion  effects  were used, unless o ther -  
wise specified. Uti l iz ing the  p r o p e r t y  of s l ight  * solubil i ty 
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Effect of T-rays on DNA-cholesterol Complex. A-cholesterol; B- 
reference; C - 9 • 10 -5 M DNA + cholesterol; D-solution of C + 
9000 R. E - Solution of C + 15,000 R. 

of cholesterol  in water ,  solut ions in wa te r  and  by  the  same 
me t h o d  in Tris-HCl buffer  were made :  • 5 mg  of choles- 
terol  was s t i r red  wi th  100 ml of w a t e r  or buffer  and  hea ted  
for 10 rain on wa te r -ba th .  P a r t  of the  sample  did no t  
dissolve and  was f i l tered off. For  verif icat ion,  p a r t  of the  
f i l t ra te  was evapo ra t ed  to  d ryness  on w a t e r - b a t h ;  the  
residues were dissolved in chloroform,  and  presence of 
cholesterol  was conf i rmed by  L i eb e rman -Bu rcha rd  
react ion.  Cholesterol  solut ion of a rb i t r a ry  concent ra t ion ,  
hav ing  OD (stated later),  was t h u s  p repa red  in buffer  to 
use as p a r e n t  solution.  The s p e c t r u m  of the  p a r e n t  solu- 
t ion,  mixed  w i t h  equal  vo lume of the  solvent ,  served as 
reference,  and t h a t  wi th  equal  vo lumes  of D N A  and the  
p a r en t  solut ions as control .  All measuremen t s ,  including 
control ,  were carr ied ou t  be tween  200 and 250 nm,  using 
the  concen t r a t ion  of reference.  Fo r  t e s t  samples,  equal  
vo lumes  of 1.5 • 10 -5 M, 3 • 10 -5 M, 6 • 10 .5 M, 9 • 10 -5 
M, 12 • 10 -5 M and  18 x 10 -s M D N A  and p a r e n t  solutions 
were mixed.  The complexes  fo rmed  af ter  incuba t ion  a t  
room t e m p e r a t u r e  for 30 min  were i r rad ia ted  to  d i f ferent  
doses, in CS 137 source a t  a dose ra te  of 245 R / m i n ;  for the  
slow ox ida t ion  7 of cholesterol ,  in presence  of air and  light, 
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f resh  so lu t ions  were used w i t h  p recau t ions  and  af te r -  
effects  were n o t  measured .  All  e x p e r i m e n t s  conce rn ing  
each  set  were car r ied  ou t  f rom t he  same  stock.  T he  p a r e n t  
S tock  for all se ts  showed  s imi la r  op t ica l  dens i ty .  Hi lger  
s p e c t r o p h o t o m e t e r  a n d  1 cm q u a r t z  c u v e t t e s  were used. 
Changes  are e s t i m a t e d  aga i n s t  reference  spect ra .  
Results and discussion. The  p a r e n t  so lu t ion  in buffer  
d i sp lays  an  OD of 0.150 in p e a k  a t  220 n m  a n d  t h a t  in 
w a t e r  of 0.263 in peak  a t  215 nm,  showing  no  o t h e r  peak.  
The  d i s p l a c e m e n t  of t he  p e a k  ind ica tes  t he  s t a t e  of the  
molecule  3 in  d i f f e ren t  m e d i u m .  
The  complexes  of 1.5 • 10 -5 M also w i t h  3 • 10 -5 M D N A  
show increases  of 0.3 a n d  0.6 u n i t  r e spec t ive ly  in peak .  
The  peaks  increased  f u r t h e r  on i r r ad i a t i on  to  6000 R and  
9000 R. The  complex  w i t h  6 • 10 -5 M D N A  shows increase  
of 1.1 u n i t  in peak ,  s t a n d i n g  above  t h a t  of t he  p a r e n t  
so lu t ion  b y  0.5 un i t .  On i r r ad i a t i on  to 9000 R a n d  15,000 
R t h e  p e a k  rises f a r t h e r  sys temat i ca l ly .  T he  complex  
w i t h  9 • 10 -5 M D N A  (figure) exh ib i t s  a n  increase  of 1.7 
u n i t  in  peak ,  s t a n d i n g  above  t h a t  of t he  p a r e n t  so lu t ion  
b y  0.75 un i t .  A t  doses of 9000 R a n d  15,000 R, t h e  p e a k  
shows s y s t e m a t i c  rise. T he  complex  w i t h  12 N 10 -6 M 
D N A  exh ib i t s  a n  increase  of 2.2 u n i t  in peak ,  s t a n d i n g  
a b o v e  t h a t  of t he  p a r e n t  so lu t ion  b y  1.1. un i t .  On i r ra-  
d i a t i o n  to 6000 R a n d  9000 R no c h a n g e  occurs.  A t  a dose 
of 15,000 R, t he  p e a k  increased.  T he  increase  is less t h a n  
t h e  coun t e r  cases of the  i r r ad i a t ed  complexes  of 6 • 10-5M 
a n d  9 • 10 .5 MDNA.  The  complex  of 18 • 10 .6 M D N A  
shows s imi lar  increase  of 3 u n i t s  in peak ,  s t a n d i n g  above  
t h a t  of t he  p a r e n t  so lu t ion  b y  2 uni ts .  On i r r ad i a t i on  to  
9000 R a n d  15,000 R, i t  exh ib i t s  no  effect. In  no case was 
t he  p e a k  sh i f t ed  f rom 220 nm.  

The  t y p e  of complex  seems to  be s imi la r  a t  all  concen t r a -  
t ions  of DNA,  since t h e  rise in p e a k  is p r o p o r t i o n a l  to  
D N A  con ten t .  I t  i nd ica tes  a single t y p e  of b i n d i n g  
m e c h a n i s m ,  ac t ing  in all  cases. I n  compar i son ,  t h e  mech-  
anism",10 var ies  w i t h  D N A  c o n t e n t  in m a n y  Cases w i t h  
dyes  and  d rugs  2, 3. R a d i a t i o n  effect  on t he  p r e s e n t  com- 
plexes  var ies  w i t h  D N A  con ten t .  The  increase  in effect  
beg ins  a t  lower D N A  con ten t ,  a t t a i n s  t he  m a x i m u m  a t  
i n t e r m e d i a t e  D N A  c o n t e n t  a n d  min imises  a t  h ighe r  D N A  
con ten t .  I n  m o s t  cases of dyes  2, 3 a n d  drugs,  p r o n o u n c e d  
r a d i a t i o n  effect  occur red  w i t h  low D N A  con ten t .  I n  t he  
p r e sen t  cases, r a d i a t i o n  increased  t he  b ind ing ,  as indi-  
ca ted  b y  t he  rise in  peaks .  S imi lar  increased  b i n d i n g  was 
n o t e d  in m a n y  cases w i t h  dyes  2, 3 and  drugs.  The  obser-  
v a t i o n s  could  n o t  be exp la ined  a t  th i s  stage.  No change  
was n o t e d  in t he  p a r e n t  solut ion,  w h e n  i r r a d i a t e d  to  
9000 R ;  A r o u n d  220 n m  D N A  s p e c t r u m  also does no t  
c o n t r i b u t e  s ign i f i can t ly  t owards  t h e  obse rved  changes ,  
w h e n  checked.  F u r t h e r m o r e ,  the  peaks  of the  complexes  
w i t h  1.5 • 10 -5 M a n d  3 x 10 -5 M DNA,  are be low t h a t  
of t he  p a r e n t  so lu t ion  a n d  above  t h a t  of t he  reference,  
i n d i c a t i n g  no  add i t i ve  effect  due  to DNA.  The  obse rved  
rise in  t he  spec t ra  of t h e  complexes  t h u s  appea r s  to  be  
due  to  r a d i a t i o n  effects  on t he  complexes .  
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Summary. A s t u d y  of t he  effects  of t he  l a n t h a n i d e  series of ions on  t o a d  ske le ta l  muscle  f ibres  reveals  t h a t  t h e y  a) 
i n h i b i t  t h e  t w i t c h  response,  b) e x h i b i t  a m a r k e d  d e p e n d e n c e  on  ionic radius ,  a n d  c) a p p a r e n t l y  exe r t  t he i r  effects  on  t he  
sa rco lemma.  

The  l a n t h a n i d e  ions h a v e  been  used to i nves t i ga t e  Ca(II)  
b i n d i n g  in biological  m e m b r a n e s  2 a n d  t h e y  a p p a r e n t l y  
exe r t  t h e i r  effect  b y  d isp lac ing  Ca(II) .  E v i d e n c e  suggests  
t h a t  t h e y  do  n o t  pass  t h r o u g h  cell m e m b r a n e s  3 such  as 
ske le ta l  musc le  sa rco lemma4,  5 or even  i so la ted  sarco-  
p la smic  r e t i c u l u m  vesicles e. L a n t h a n i d e  ionic rad ius -  
d e p e n d e n t  Ca -d i sp l acemen t  effects h a v e  been  obse rved  
for  s m o o t h  muscle  c o n t r a c t i o n  7, convers ion  of t r y p s i n o g e n  
to  t r y p s i n  s, a c t i v a t i o n  of p r o t h r o m b i n  o a n d  a c t i v a t i o n  of 
~-amylase10,11. However ,  some s tudies  us ing  muscle  
f ibres  fai led to  d e t e c t  a n y  such  d e p e n d e n c e  12. 
W e  dissected  3-5 f ibres  of s emi t end inosus  f rom Bufo  
m a r i n u s  in a Hepes -buf fe red  Ringers  so lu t ion  (NaC1 
115 mM, KC1 2.5 mM, CaC13 1.8 mM, Hepes  5 mM, p H  7.0). 
T w i t c h  responses  were r ecorded  13 eve ry  6 sec. Supra -  
m a x i m a l  s t imul i  were used. F ibres  showing  more  t h a n  
10% r e d u c t i o n  in t en s i on  a t  t he  end  of a series of t e s t s  
were d iscarded.  Tes t  so lu t ions  were rep laced  b y  f lush ing  
t h e  b a t h  (3 ml) w i t h  60 m l  of t h e  n e x t  solut ion.  L a n t h a -  
n ide  ions were d issolved a n d  t h e i r  c o n c e n t r a t i o n s  were 
d e t e r m i n e d  as descr ibed  p rev ious ly  e. 

EHect o] lanthanide ions on the twitch response. The  con- 
c e n t r a t i o n - d e p e n d e n c e  of t he  t w i t c h  response  w i t h  
E r ( I I I )  exh ib i t s  (figure 1) a s h a r p  i nh ib i t i on  w i t h  a 50% 
effect ive  E r ( I I I )  c o n c e n t r a t i o n  of 0.28 mM. Th i s  5 0 %  
p o i n t  was  d e t e r m i n e d  a t  leas t  twice  for each  of t he  12 
l a n t k a n i d e  ions tes ted .  I n  eve ry  case, t he  decl ine in t he  
t w i t c h  t en s ion  was c o m p l e t e d  w i t h i n  30 sec a f t e r  t he  
so lu t ion  change .  The  i n h i b i t o r y  effects  were comple t e ly  
reversed  in a b o u t  t he  same  t i m e  (figure 2). The  same  
resu l t s  were o b t a i n e d  us ing  e i the r  increas ing  or dec reas ing  
c o n c e n t r a t i o n s  of t he  l a n t h a n i d e  ions. 
F igure  3 i l lus t ra tes  t he  r e l a t i onsh ip  be tween  t he  concen-  
t r a t i o n  of l a n t h a n i d e  ions r equ i red  to  p roduce  50% 
i n h i b i t i o n  of t he  t w i t c h  response  a n d  t he  c rys t a l  ionic 
r ad ius  1, of those  ions. These  radi i  are  based  on a coord ina-  
t i on  n u m b e r  of 8 wh ich  appea r s  to  be  a p p r o p r i a t e  u n d e r  
t he  e x p e r i m e n t a l  cond i t ions  emp loyed  here  15. The  open  
circles r ep re sen t  s epa ra t e  e x p e r i m e n t s  and  the  l ine jo ins  
t h e  m e a n s  of these  da t a .  T h e  o u t s t a n d i n g  fea tu re  of th i s  
cu rve  is t he  s h a r p  p e a k  o b t a i n e d  w i t h  T m ( I I I ) ,  E r ( I I I )  
a n d  H o ( I I I ) ,  wh ich  cen t r e  on an  ionic rad ius  of 100 pm.  


