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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.  
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I o n s  w i t h  r ad i i  o n l y  a f ew  p m  l a r g e r  o r  s m a l l e r  a r e  s u b -  
s t a n t i a l l y  m o r e  e f f e c t i v e  i n h i b i t o r s  o f  t h e  t w i t c h  t e n s i o n .  
T h e  p e a k  c o i n c i d e s  p r e c i s e l y  w i t h  t h e  ion ic  r a d i u s  o f  6 
c o o r d i n a t e  Ca(II) ,4. T h i s  is  s i g n i f i c a n t  b e c a u s e  Ca(II) h a s  
b e e n  s h o w n  to  be  n e c e s s a r y  fo r  t h e  m a i n t e n a n c e  of  t h e  
r e s t i n g  m e m b r a n e  p o t e n t i a l  a n d  for  t h e  p r o p a g a t i o n  of  
t h e  a c t i o n  p o t e n t i a l  ]e 
Electron microscopy. W e  h a v e  a l r e a d y  s h o w n  t h a t  G d ( I I I )  
is a n  e f f e c t i v e  t r a c e r  e l e m e n t  in  e l e c t r o n  m i c r o s c o p y  e. 
W e  t h e r e f o r e  u s e d  G d ( I I I )  to  d e t e r m i n e  w h e t h e r  i t  c o u l d  
p e n e t r a t e  t h e  s a r c o l e m m a .  F i b r e s  we re  i n c u b a t e d  w i t h  
2.5 m M  G d ( I I I )  fo r  5 - 1 0  m i n ,  w a s h e d  b r i e f l y  w i t h  R i n -  
g e r s  s o l u t i o n  c o n t a i n i n g  3 m M  i n o r g a n i c  p h o s p h a t e  w h i c h  
r e s u l t e d  in  t h e  f o r m a t i o n  o f  i n s o l u b l e  G d P O  4. F i b r e s  w e r e  
t h e n  f i x e d  in  2 %  g l u t a r a l d e h y d e ,  d e h y d r a t e d  a n d  e m -  
b e d d e d  17. D e p o s i t s  o f  G d ( I I I )  w e r e  o b s e r v e d  o n  t h e  o u t -  
s ide  o f  t h e  s a r c o l e m m a  a n d  w i t h i n  i t s  a s s o c i a t e d  c a v e o l a e  
b u t  n o n e  w e r e  s e e n  w i t h i n  t h e  f ib re .  W h e n  t h e  s a r c o -  
l e m m a  w a s  e x p e r i m e n t a l l y  d a m a g e d  b y  f i x a t i o n  w i t h  
g l u t a r a l d e h y d e  p r i o r  t o  i n c u b a t i o n  w i t h  G d ( I I I ) ,  t h e  
e l e c t r o n  d e n s e  G d ( I I I )  d e p o s i t s  w e r e  s e e n  b o t h  i n s i d e  a n d  
o u t s i d e  t h e  m u s c l e  f ib res .  W e  t h e r e f o r e  c o n c l u d e  t h a t  
u n l e s s  t h e  s a r c o l e m m a  is d a m a g e d ,  i t  is i m p e r m e a b l e  t o  
a d ( I I I ) .  
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Fig. 1. The effect of ~ncreasing concentrations of Er(III) on the twitch 
response of a bundle of 3 toad semitendinosus fibres. 50% inhibition 
is achieved with 0.28 mM Er(III). 
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Fig. 2. The effects of 80 {zM Nd(III) in Ringers solution (A) on the 
twitch response of 4 semitendinosus muscle fibres. Note the uniform 
inhibition of twitch immediately following the disturbance caused by  
changing the bath solution. Recovery of twitch after return to normal 
Ringers conditions (B) is complete. 

Discussion.  T h e s e  d a t a  a re  c o n s i s t e n t  w i t h  t h e  o b s e r v a -  
t i o n s  o f  o t h e r s  3, 5, 6 t h a t  t h e  l a n t h a n i d e  i o n s  do  n o t  p e n e -  
t r a t e  i n t a c t  cel l  m e m b r a n e s .  T h e  d a t a  p r e s e n t e d  a b o v e  
i n d i c a t e d  t h a t  e v e n  t h o u g h  t h e  s a r c o l e m m a  is  s e l e c t i v e l y  
a f f e c t e d  b y  i o n s  w h o s e  r a d i i  a r e  a p p r o x i m a t e l y  100 p m  
( T m  = 99;  H o  = 102 p m ) ,  t h e  t r i v a l e n t  l a n t h a n i d e  i o n s  
i n h i b i t  w h i l e  b i v a l e n t  Ca ( I I )  is n e e d e d  fo r  e x c i t a t i o n .  
P r e s u m a b l y  t h e r e f o r e ,  t h e  s a r c o l e m m a  is s e n s i t i v e  t o  t h e  
i n c r e a s e d  c h a r g e  d e n s i t y  of  t h e  l a n t h a n i d e  ions .  A d d i -  
t i o n a l l y ,  we  h a v e  c a r r i e d  o u t  e x p e r i m e n t s  o n  g l y c e r i n a t e d  
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for the lanthanide ions. 
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Fig. 3. Plot of the concentration of lanthanide ion required to produce 
50 % inhibition of twitch tension versus the crystal ionic radius. Open 
circles are actual data points; closed circles are the means for each 
lanthanide ion. 
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skeletal  muscle  f ibres 1S which  show t h a t  the  cont rac t i le  
mechan i sm is unaf fec ted  by  l an than ide  ion concen t ra t ions  
below 0.3 mM and  t h a t  w i th  up to 1 mM there  appears  to 
be an ac t iva t ion  r a the r  t h a n  an inhib i t ion  of con t rac t ion .  
These resul ts  could only  be unde r s tood  if the  Gd(II I )  was  
p r e v e n t e d  f rom in te rac t ing  wi th  cont rac t i le  p ro te ins  in 
the  live f ibre exper iments .  
Andersson  and  E d m a n  ~ inves t iga ted  the  effect  of l an tha -  
n u m  on isometr ic  t e t anus .  L a n t h a n u m  h a d  no a p p a r e n t  
effect  on t e t anus  ampl i tude ,  b u t  a t  concen t ra t ions  pro-  
ducing ac t ion  po ten t i a l  p ro longa t ion  and  t h e r e b y  twi tch  
po ten t i a t ion ,  the  f ibres '  ab i l i ty  to r epond  to  repe t i t ive  
s t imula t ion  was reduced,  resul t ing in b r e a k d o w n  of the  
t e tan ic  p la teau .  We  m i g h t  have  used the  inh ib i t ion  of the  
t e t an ic  response  to  s t u d y  ionic radius  d i sc r imina t ion  by  
skeletal  muscle,  us ing as da t a  po in t s  t he  concen t r a t i on  a t  
which  the  p la teau  began  to  b reak  down.  However ,  t e t an i  
are sub jec t  to  expe r imen ta l  compl ica t ions  t h a t  we pre-  
ferred to  avoid,  n a m e l y  the  shor t  du ra t ion  of t e tan ic  con- 

t r ac t ions  and  the  l eng thy  per iods  necessary  to  de te rmine  
w h e t h e r  t he  muscle  had  fully recovered.  Fu r the rmore ,  
the re  is a shor t  life e x p e c t a n c y  of a muscle  p repa ra t ion  
sub jec ted  to  t e t a n u s  and i t  is known  t h a t  the  s mo o th  
t e t an i c  con t r ac t ion  can become d iscont inuous  even in 
no rma l  Ringers  solut ion *. Only t w i t c h  r e sponses  could 
p rov ide  us w i th  a rapid  analysis  of concen t r a t ion  depen-  
dence.  
The ex t r eme  sens i t iv i ty  of these  skeletal  muscle m e m -  
b ranes  to the  rad ius  of the  act ive  ca t ion  suggests  t h a t  
o the r  m e m b r a n e s  m a y  show a s imilar  sensi t ivi ty .  This  
no t ion  is cu r ren t ly  under  e x a m i n a t i o n  using isolated 
skeletal  muscle sarcoplasmic  re t iculum.  A more press ing 
ques t ion  concerns  t he  na tu re  of the  observed  specificity.  
A t  p re sen t  we can shed l i t t le  l ight  on th is  problem.  

18 B. D. Hambly and C. G. dos Remedios, Proc. Aust. physiol. 
pharmac. Soc. 7, 94 (1976). 
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Summary. Several  thiols  and  disulphides  have  been  found  able b o t h  to shor t en  the  l a t ency  phase  and  to  increase the  
g row th  of several  vi rus  s t ra ins  in cell cul tures.  

Prev ious  s tudies  have  shown t h a t  the  an t iv i ra l  effect  of 
b ich lor ina ted  pyr imid ines  is p o t e n t i a t e d  b y  cer ta in  th iols  
and  an tagon ized  b y  o thers  3, 8. Since b ich lor ina ted  pyr imi -  
dines ac t  on v i rus  g rowth  by  impai r ing  as sembly  of virus  
cons t i t uen t s  into infect ious part icles ,  in te res t  has  been  
given to  eva lua t ing  the  effects  of thiols  on virus  syn thes i s  
and  organiza t ion .  
Materials and methods. Cysteine HC1, Cystine,  Cys teamine  
HC1, Cys tamine  2 HCI, g lu ta th ione  SH and  SS were 
pu rchased  f rom Schucha rd t ;  2 -mercap toe thano l  f rom 
E a s t m a n ;  2 -mercap toprop ionylg lyc ine  f rom Fluka  ; ~ 

�9 t h y m i d i n e  (21 Ci/mMol) and  14C leucine (280 mCi/mMol) 
f rom A m e r s h a m .  Virus  s t ra ins  used were Polio 1 Brun-  
enders ,  Encepha lomyoca rd i t i s  (EMC), Vesicular  s tomat i t i s  
(VSV), Vaccinia  and  Herpes  s implex virus  (HSV). H u m a n  
aneuploid  H E p  2 cells and  p r i m a r y  mouse  e m b r y o  cells, 
b o t h  grown in Eag le ' s  MEM (Hank ' s  base,  p H  7.3), 
s u p p l e m e n t e d  w i t h  7% calf serum, were also used. 

E x p e r i m e n t s  were  carr ied ou t  on 16 h old cell monolayers  
ma in t a ined  in Eag le ' s  MEM (Earle 's  base,  p H  7.3) supple-  
m e n t e d  w i t h  2% calf serum. The m a x i m u m  non-cy to tox ic  
dose (MNCTD) of thiols  was d e t e r m i n e d  b y  incuba t ing  
cell monolayers  in the  presence  of decreas ing drug con-  
cent ra t ions .  Af te r  60 h a t  37 ~ cy to tox i c i t y  was de te r -  
mined  b o t h  b y  examin ing  cells a t  low magnif ica t ion  and  
measur ing  in t racel lu lar  incorpora t ion  of neu t ra l  red a t  
530 nm*; 2/3 of MNCTD thus  es tab l i shed  was used in 
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Effect of thiols on virus growth 

Thiol in Eagle's MEM ([zg/ml) * Enhancement produced on virus yield (in IU/ml of medium) 
Polio 1 EMC VSV HSV 
(H) ** (H) (H) (H) 

Vaccinia 
(M) ** (H) (M) 

(Reference data) 7.6 x 10 7 2.1 x 10 7 6.1 x l0 s 1.8 x 10 7 9 x 10 6 7.1 x 10 s 3.5 X l0 s 

Cysteine 300 • 1.8 x 1.6 • 2.3 • 2.3 • 2.5 x 3.5 x 4.2 
Cystine 300 • 1.6 x 1.4 • 3.1 • 3.0 • 2.8 • 3.6 • 3.6 
Cysteamine 40 • 2.3 • 2.8 • 3.1 x 3.6 x 2.9 x 4.1 x 4.0 
Cystamine 40 • 2.4 • 2.6 • 3.3 x 3.4 x 3.2 x 4.0 x 4.3 
Glutathione SH 800 x 2.8 • 2.7 x 4.6 • 4.3_ • 4.2 x 8.4 • 6.2 
Glutathione SS 800 • 2.3 x 2.9 • 5.1 x 3.9 • 3.0 x 8.5 x 6.3 
Mercaptopropionylglycine 300 x 2.6 x 3.1 • 6.2 x 4,9 • 3.2 x 9.6 x 5.7 
2-Mercaptoethanol 2 • 1.2 • 0.9 • 1.2 x 1.0 • 1.2 x 1.3 x 1.1 

* Thiols were tested at 2/3 of the MNCTD; ** H, in HEp2 cells; M, in mouse embryo cells. 


