
144 Br~ves comnmnications - Kurze Mitteilungen EXPERIENTIA XIX/3 

is p r o b a b l y  a pep t i de  a n d  t h e  o t h e r  t w o  h a v e  R f  va lues  
0.30 a n d  0.20. A t  a m u c h  l a t e r  s tage  (0.75 c m  in  l eng th) ,  
t h e  snai ls  show prec ise ly  t he se  two  spo t s  w i t h  e n o r m o u s l y  
e n h a n c e d  in t ens i t y .  A d u l t  or  b ig  sna i l s  ( above  1 cm) show 
four  spo ts  w i t h  R I  va lues  0.42, 0.37, 0.31, 0.21 (0.20) (see 
Figure) .  (The so lven t  for  all  t he se  was  n - B u t a n o l - a c e t i c  
ac id -wa te r  :: 4 : 1 : 1 . )  As t h e  Rf -va lues  a l t e r  c o n s i d e r a b l y  
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w i t h  t e m p e r a t u r e ,  t h e y  were  r e d e t e r m i n e d  in  a r o o m  of 
c o n s t a n t  t e m p e r a t u r e  ( a b o u t  25°C) a n d  t h e y  t u r n e d  o u t  
to  be  0.34, 0.28, 0.22, 0.14. 

Thus ,  t h e  b iochemica l  p a t t e r n  of f ree  a m i n o  acids  is 
a l m o s t  e s t ab l i shed  a t  p r ac t i c a l l y  t h e  h a t c h i n g  t i m e  a n d  i t  
is on ly  a c c e n t u a t e d  u p  to  a c o m p a r a t i v e l y  l a t e  s tage.  
I n  t h i s  case,  t h e  pos i t i on  is qu i t e  d i f f e ren t  f rom t h a t  seen  
b y  KAVANAU 6, CHEN ~, a n d  BRAHMACHARY 8 who  d e t e c t e d  
a large  n u m b e r  of a m i n o  acids in  s ea -u rch in  embryo ,  
u rode le  e m b r y o  a n d  g e r m i n a t i n g  seeds  of M u n g  bean .  
However ,  a second  p a t t e r n  of f a i n t  spots  (de tec ted  on ly  
w i t h  c h r o m a t o g r a p h y )  w i t h  h i g h e r  R f  va lues  is e v i d e n t  in  
snai ls  a b o v e  t h e  size 1.45 cm.  I t  is i n t e r e s t i n g  to  no t e  t h a t ,  
even  a f t e r  s t a r v a t i o n  of two  weeks,  t h e  p a t t e r n  ( inc lud ing  
t he  s e c o n d , f a i n t e r  set) r e m a i n s  una l t e r ed .  Th i s  h a s  b e e n  
ver i f ied  also w i t h  a n o t h e r  species,  n a m e l y  Viviparous Sp. 
Unless  t he  ca t abo l i c  r a t e  i tself  slows d o w n  in  t h e  s t a r v i n g  
snails,  t h i s  m i g h t  m e a n  t h a t  t he  free a m i n o  ac id  p a t t e r n  is 
m a i n t a i n e d  b y  b r e a k i n g  d o w n  some of t h e  p ro te ins :  Th i s  
would  be  f u r t h e r  ev idence  for  t h e  ' s t u b b o r n '  gene  de te r -  
m i n e d  b iochemica l  p a t t e r n  of i n d i v i d u a l i t y  9. 

Rdsumd. Les a u t e u r s  6 t u d i e n t  l ' 6 t a t  des  ac ides -amin6s  
l ibres  a u x  d i f f6ren ts  s t ades  de d ~ v e l o p p e m e n t  de l ' e sca rgo t  
(Gas t6ropode)  Limnda. Cet  6 t a t  es t  c o n s t a n t  de l '6closion 
j u s q u ' ~  u n  s t a d e  a v a n c 6 ;  ce n ' e s t  q u ' a p r ~ s  celui-ci  que  
l ' o n  t r o u v e  de n o u v e a u x  ac ides -amin~s  l ibres.  P a r  con t re ,  
le m o d b l e - t y p e  se m a i n t i e n t  i n c h a n g 6  d a n s  les a n i m a u x  
affam6s.  

R.  L. BRAHMACtIARY a n d  A. BHATTACHARYA 

Research and Training School, Indian Statistical Institute, 
Calcutta, and Gerontological Research Unit, Indian Statis- 
tical Institute, Calcutta (India), July J l, 1962. 

s Unpublished data. 
9 We are very thankful to Prof. E. HADORN and Prof. P. S. CHEN 

for their kind suggestions, and to Dr. P. R. PAL and Mr. S. BHAT- 
TACHARYA for extending to us the requisite laboratory facilities. 

I n f l u e n c e  o f  C u  ++ a n d  Z n + +  I o n s  o n  t h e  E f f e c t s  

o f  E t h y l  M e t h a n e s u l f o n a t e  ( E M S )  o n  C h r o m o -  

s o m e s  

The  c h r o m o s o m e - b r e a k i n g  a c t i v i t y  of e t h y l  m e t h a n e -  
su l fona te  (EMS) is st i l l  s o m e w h a t  con t rover s i a l ,  p a r t l y  
due  to di f ferences  in  e x p e r i m e n t a l  cond i t ions .  Some 
workers  1 h a v e  r e p o r t e d  t h i s  m o n o f u n c t i o n a l  a lky l£ t i ng  
a g e n t  as caus ing  c h r o m o s o m a l  r e a r r a n g e m e n t s ,  w he r ea s  
o the r s  h a v e  no t  found  such  a n  a c t i v i t y  *. 

I n  our  own e x p e r i m e n t s ,  v a r i a t i o n s  in  t he  effects  were 
obse rved  on  c h r o m o s o m e s  as well  as on  seed g e r m i n a t i o n  
a n d  on  p l a n t  g rowth .  I t  was  d e m o n s t r a t e d  t h a t  these  
effects m a y  be (or are) d e p e n d e n t  on  e x p e r i m e n t a l  condi-  
t ions  such  as t e m p e r a t u r e ,  d u r a t i o n  of exposure  a n d  some 
w a t e r  c o n t a m i n a t i o n s .  I n  o rde r  to  t e s t  t h i s  l as t  poss ib i l i ty ,  
d is t i l led  wa te r s  f rom severa l  o r ig ins  were  i nves t iga t ed .  
S h a r p  differences  were found  to  occur,  w h i c h  was  a n  
i n c i t e m e n t  to  f u r t h e r  inves t iga t ions .  

Those  w a t e r  f rac t ions  in  w h i c h  E M S  e x h i b i t e d  a n  in- 
c reased  ac t iv i ty ,  were regu la r ly  f o u n d  to  be  c o n t a m i n a t e d  
b y  coppe r  or  zinc or b o t h  toge the r .  

On t h e  bas is  of these  obse rva t ions ,  the  ions m e n t i o n e d  
were  t e s t e d  sys t emat i ca l ly .  To a b o u t  10 -3 m M  solu t ions  
of CuSO 4 or  ZnSO~ in b i -d is t i l l ed  wate r ,  E M S  was  added  
a t  s eve ra l  concen t r a t i ons .  W'hen  needed ,  p H  was con-  
t ro l led  b y  m e a n s  of 0.1 m o l a r  Sorensen  buffers .  These  
so lu t ions  were  used  for  t r e a t m e n t s  of r e s t ing  seeds of 
Vicia ]aba for 3 h.  

The  fol lowing p o i n t s  cou ld  be  clarif ied,  us ing  a n  ann-  
p h a s e  scor ing  t e c h n i q u e  in  Vicia [aba: (1) So lu t ions  con- 
t a i n i n g  n e i t h e r  ion u n d e r  i n v e s t i g a t i o n  were  found  to  be 
inef f ic ien t  in  i n d u c i n g  c h r o m o s o m e  abe r r a t i ons .  (2) Solu- 
t ions  c o n t a i n i n g  e i t h e r  Cu ++ or  Zn ++ were found  to  be 
eff ic ient  in  th i s  respect ,  t h e  synerg i s t i c  effect  of the  
coppe r  ions be ing  g r e a t e r  t h a n  t h a t  of zinc (Figure  1). 
(3) Copper  a n d  zinc c o n t a i n i n g  con t ro l  so lu t ions  showed  
some a c t i v i t y  (Figure  1), m u c h  h i g h e r  for Zn++ t h a n  for 
Cu ++. These  r e su l t s  are  in  a g r e e m e n t  w i t h  VON ROSEN'S 

x R. RIEGER and A. MICHAELIS, Die Kulturpflanze (Akademie- 
Verlag, Berlin 1960), vol. 8, p. 230. 

2 1~. A. FAVRET, cited in Hereditas 46, 622 (1960). 
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Fig. I. Percentage of fragments and bridges with different solutions 
{S.B. = Sflrensen buffer solution, see in the text). 
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Fig. ~a. Percentage of anaphase aberrations at different pH. 
• Zn + Ei~IS, O Zn (control) (4- 300 anaphases). 

Fig. ~2b. Percentage of anaphase aberrations at different pH. 
• Cu + EMS, o Cu (control) (-t- 300 anaphases). 

d a t a  o n  ion effects  on  roo t  t ips  3. (4) T h e  effect  of the  p H  
on t h i s  c o m b i n e d  ac t ion  w as  i n v e s t i g a t e d  a n d  a n  o p t i m u m  
was  f o u n d  to  occur  a r o u n d  p H  7.8 lor  copper  and  p H  7.2 
for z inc (F igure  2, a a n d  b).  I n  these  e x p e r i m e n t s  S~rensen 
buf fe r  so lu t ions  a lone  were  found  to be prac t ica l ly  inac t ive  
(Figure  1). (5) T h e  c h r o m o s o m e - b r e a k i n g  ac t iv i t ies  of 
Cu++ a n d  Zn  ++ d e p e n d  u p o n  t h e  c o n c e n t r a t i o n  of EMS 
(Figure 3, a a n d  b). A t  doses  as h i g h  as 4 g E MS per  100 ml  
water ,  t h e  g e r m i n a t i o n  was  so af fec ted  t h a t  no cytological  
o b s e r v a t i o n  could  be  made .  

T h e  p r e s e n t  r e su l t s  seem to  e l imina te  t he  poss ibi l i ty  of 
ac t ion  of a r e a c t i o n  p r o d u c t  b e t w e e n  t he  ca t ion  and  t he  
p r o d u c t  of hyd ro lys i s  of EMS,  i.e. me thanesu l fon ic  acid 
( a l though  i t  is n o t  exc luded,  of course, t h a t  EMS or 
m e t h a n e s u l f o n a t e  a n i o n  m a y  inf luence,  b y  complex  for- 
ma t i on ,  t h e  u p t a k e  of t h e  ions).  T h e  fac t  t h a t  the  biological 
effect  is o b t a i n e d  a t  low concen t r a t i ons  of t he  cat ion,  
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Fig. 3a. Percentage of anaphase aberrations with Zu at increased 
EMS-concentrations (mg/100 ml) (-t- 300 anaphases). 

Fig. 3b. Percentage of anaphase aberrations with Cu st  increased 
EMS-concentrations (rag/100 ml) (-4- 300 anaphases). 

t h a t  i t  is p H - d e p e n d e n t ,  and  t h a t  i t  increases  w i t h  t h e  
EMS concen t ra t ion ,  seems to  f a v o u r  an  e x p l a n a t i o n  of t h e  
effect as some k ind  of e n z y m e  inh ib i t ion .  Cu ++ a n d  Zn ++ 
are in fact  well k n o w n  to in te r fere  w i t h  e n z y m a t i c  reac-  
t ions.  The  p resen t  i nves t iga t ions  also show t h a t  t he  ions 
b y  themse lves  c a n n o t  exp la in  t h e  c h r o m o s o m e - b r e a k i n g  
ac t iv i ty  in  which  i t  is c lear  t h a t  E M S  i tself  is p l ay ing  a 
role. 

O the r  i n d e p e n d e n t  e x p e r i m e n t s  to  be r epo r t ed  else- 
where  lead to  the  same conclusions.  The  ch romosome-  
b reak ing  mechan i sms  are  be ing  inves t iga ted .  

The  d a t a  p resen ted  here  d e m o n s t r a t e  t h a t  i t  would be  
wor th  us ing welt s t a n d a r d i z e d  cond i t i ons  in  mu tagenes i s  
wi th  EMS 4. 

Rdsumd. La  capaci t6  de I ' E M S  de casser  les ch romo-  
somes n 'ex is te  que  lorsque des  ions o n t  6t~ a jout~s  pen-  
d a n t  les t r a i t emen t s ,  A ce p o i n t  de r u e ,  Cu ++ e t  Zn++ se 
r6v~lent  tr~s efficaces. Cet te  r6ac t ion  d 6 p e n d  du  p H  e t  
var ie  avec  la c o n c e n t r a t i o n  ion ique  e t l a  c o n c e n t r a t i o n  
d ' E M S .  On d o n n e  une  exp l ica t ion  p r o b a b l e  de  ces rafts.  

J .  a n d  M. MOUTSCHEN-DAHMEN 

Genetics Department o/ the Royal Forestry College, Stock- 
holm (Sweden); Institute o[ Radiobiology o] the University 
o] Stockholm; and Genetics Departn,ent o[ the University 
o[ Liege (Belgium), October 77, 1962. 
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U n  c a s  n o u v e a u  de p o l y m o r p h i s m e  c h r o m o s o -  
m i q u e  i n t r a s p 6 c i f i q u e  c h e z  u n  M a m m i f 6 r e  (Leg- 

gada minutoides S m i t h .  Rodent ia-Muridae)  

Le seul  exemple  c e r t a i n  de  p o l y m o r p h i s m e  chromoso-  
mique  in t r a sp*c i f ique  chez  u n  Mammif~re  es t  actuelle-  
meri t  c o n n u ,  celui  de l ' I n s e c t i v o r e  Sorex araneus L. x o~ il 

se man i fes t e  sous la forme d ' u n e  v a r i a t i o n  r o b e r t s o n i e n n e  
a f f ec t an t  plusieurs  pai res  d ' au to somes ,  d 'o i l  des formules  
diplo~des a l l an t  de 21 ~t 31 (c~), de  20 -~ 30 (9). 

1 G. B. SItARMAN, Nature 177, 941 (1956). - C. E,. FORD, J. L. HA- 
MEnTON et G. B. S}tARMAN, Nature 180, 392 (1957). - A. MEYLAN, 
Rev. suisse Zool. 68,258 (1960). - R. MATTIIEY et A. MEYLAN, Rev. 
suisse Zool. 67, "2'23 (1961). 


