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the leukomethylene blue takes place in spite of the  
presence of ascorbic acid. This fact is proved as follows: 

(1) If  we make the above-mentioned system contain- 
ing heparin airt ight by a layer of paraffin oil, the effect 
of heparin on the leukomethylene blue is inhibited com- 
pletely. 

(2) The quan t i ty  of leukomethylene blue oxidized by 
the same amount  of heparin depends on the size of 
surfaces touching the air and the thickness of fluid 
layers. Mathematical ly  the ratio of the sizes of surfaces 
referred to the unit  of thickness of the layers is equivalent  
to the ratio of the quant i t ies  of oxidized leukomethylene 
blue. For  example:  200 y heparin oxidized 44 y leuko- 
methylene blue when the size of surface was 5-5 cm * and 
the thickness of layer 1.5 c a .  The same amount  of 
heparin oxidized 7.45 y leukomethylene blue when the 
surface was 1.6 cm * and the thickness of layer 3.2 c a .  
The ratio of the quant i t ies  of oxidized leukomethylene 
blue is 5-91. The value calculated theoret ical ly is: 

5-5/1-5 _ 7.3. 
1.6/3-2 

In our experiments the theoretical ly calculated and ex- 
perimental ly found values agreed as far as 80% (for 
example:  5.91 and 7.3). 
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(3) If  we added to our system Fe +++ ions or H20 , the 
oxidat ion of leukomethylene blue was much quicker in 
the tubes containing V quanti t ies  of heparin than in the 
control tubes containing no heparin. 

The effect of heparin in our system could be inhibited 
by adding to it small quanti t ies  of serum (0.1 ml/5 ml). 
I t  has not  ye t  been decided whether  this phenomenon is 
to be explained by the modifying effect of the plasma 
factor of heparin or by the serum protein causing in- 
ac t ivat ion of heparin. 

We could show the same effect when using toluidine 
blue instead of methylene blue. This system however,  
does not  yield a pure colour, bluish purple, and was not  
suitable for colorometric estimation. 

The above-ment ioned effect of heparin depends much 
on the PH" We made our experiments at PvI's between 
5-6. The spontaneous oxidat ion of the leukomethytene 
blue increases at  PH 7 in control tubes considerably and 
tha t  of the heparin falls below half. At PH 7.5, practically 
no heparin effect can be demonstrated.  At higher Pvl's 
there is again a heparin effect, but  i t  could not be 
measured by colorometric methods, as the colour be- 
came greenish blue. In  strong basic solutions no spont- 
aneous oxidat ion could be observed. 

As to the mechanism of the heparin effect, i t  seems 
probable tha t  heparin with a high molecular weight and 
high negative charge adsorbes on its surface the basic 
molecule of leukomethylene blue so tha t  the la t te r  
becomes very sensitive for oxidat ive  influences. This 
supposition is supported by further  experiments.  

The colour-reaction of heparin-toluidine blue that 
LlSON considered as a specific reaction of sulphuric 
esters of high molecular weight 1 disappears at  higher 
temperatures  and reappears at lower temperatures.  As 
the figure shows, the decomposition begins already at 
30 ° C, and the original purple colour takes a bluish shade. 
The change of colour between 38-40°C becomes very 
definite, but  complete only a t  85°C when the solution is 
entirely blue. While cooling, the blue turns through 
transi tory colours purple again. Different alcohols 
(methyl-, ~ethyl-, propyl-, and butylalcohol,  glycerol) and 
the watery solution of sodium choleinicum also brake 
the toluidine blue-heparin a t tachment .  If  we add propyt 
alcohol to the system the decomposit ion begins already 
at 5 % concentrat ion and becomes complete in the pre- 
sence of 30 % of propyl alcohol. 

As adsorptive forces decrease and even cease on higher 
temperatures,  and as the desorptive proper ty  of alcohols 
and sodium choleinicum solutions are generally known, 
our supposition tha t  the heparin toluidine blue attach- 
ment  is an adsorption seems to be proved. 

L. A. PALos and CH. KocsAN 

IInd Medical Clinic of the P6ter PAzmAny University 
of Budapest,  Hungary,  May 25, 1950. 

Zusammen/assung  

Wir untersuchten die Heparinwirkung auf Redox- 
systeme und stellten dabei fest, dab selbst sehr kleine 
Mengen Hepar in  die Oxydat ion des Leukomethylen- 
blaues f6rdern. Das Hepar in  als ein groBes, negat iv  ge- 
ladenes Molektil gibt diese Wirkung durch die Adsorp-' 
tion und die dadurch hervorgerufene Aktivierung des 
Leukomethylenblau-Molektils.  Ffir den Ablauf der Oxy- 
dation ist eine Sauerstoffquelle notwendig. AuBerdem 
wurde bewiesen, dab die Heparin-Toluidinblau-Bindung 
eine adsorptive Bindung ist. 

1 L. LtsoN, C.r. Soc. Biol. 118, 821 (1935); Arch. Biol. 46, 599 
(1935); Bull. Soc. Chem. Biol. 18, 2~5 (1936). 

Lyophil ization and Mutat ion in Yeast 
Four  years back, chromosomal and genic changes were 

observed in yeast  cul tured in a cold room 1. This was to 
be expected since tempera ture  shocks have been known 
to have different effects on animals and plants  z. Gene 
mutat ions  in animals are accelerated by temperature  
shocks while the same agency induces a doubling of the 
chromosome complement  in plants 3. In yeasts, gene 
mutat ions  4, chromosal translocations 5, and te t raploidy s 
have been observed as a result  of thermal  shocks. The 
question arose whether  lyophil ization may  not  produce 
similar changes 7. The most  impor tan t  step during the 
process of lyopbilization is to cool the culture suddenly 8 

:t M. I4[. SUBRAMANIAM and B. RANGANATHAN, Sat. and Cult.13, 
I02 (1947); Proc. Nat. Inst. Sci. India 14, 279 (1948).-M. K. SUBRA- 
MANIAM, B. RANGANATHAN, and S. N. KRISHNA MURTtIY, Cel/ule 5Z, 
39 (1948). 

2 H. J. MULLER, Gen. 13, 279 (1928). - H. H. PLOUGH, Biol. 
Syrup. 6, 9 (1942). - TH. DOBZHANSKY, Genetics and the Origin o] 
Species (Columbia Univ. Press, 1941). 

a H. DERMEN, Bot. Rev. 6, 599 (1940). 
i M. K. SUSRAMANXA~t, B. RANGANATHAN, and S.N. KRISHNA 

MURTHY, Cellule 52, 39 (1948). 
5 M. PREMA BAI, Curt. Sci. 16, 316 (1947). 
6 M. K. SUBRAMANIAM and B. RANGANATHAN, Proe. Nat. Inst. 

Sci. India 14, 279 (1948). 
7 B. RANGANATHAN, J. Ind. Inst. Sci. (in the press). 
8 L. J. WICKERHAM and A.A. ANDREASEN, Wallerstein Lab. 

Commtm. a, 165 (1942). 
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to a ve ry  low t e m p e r a t u r e .  T h e  d e h y d r a t i o n  a f t e r  t h i s  
step m a y  n o t  i n h i b i t  t h e  m u t a t i o n a l  s t e p  in t h o s e  cells 
which axe v i a b l e L  

To e luc ida t e  t h i s  pos s ib i l i t y  a few c u l t u r e s  of o u r  t w o  
chromosome b r e w e r y  y e a s t  2 a t  d i f f e r en t  phys io log ica l  
states were  l y o p h i l i z e d  a t  t h e  H a f f k i n e  I n s t i t u t e ,  B o m -  
bay, in t h e  s e c o n d  week  of J a n u a r y ,  1950. T h e  g i a n t  
colonies of t h e  c o n t r o l  g r o w n  a t  B a n g a l o r e  a t  t h e  t i m e  
these e x p e r i m e n t s  were  ca r r i ed  o u t  a re  i l l u s t r a t e d  in 
figures 1 a n d  2. T h e  colonies  are  m i x t u r e s  of m u t a n t s  :~. 

14 a n d  3 r e s p e c t i v e l y  p r e s e n t e d  b y  SUBRAMANIAM et al. : 
is r a t h e r  s t r ik ing .  These  t y p e s  h a v e  a l r e a d y  b e e n  s h o w n  
to  occu r  s p o n t a n e o u s l y  as  a r e s u l t  of gene  m u t a t i o n s L  
T h e  c o n t r o l  f r o m  a s t o c k  agax s l a n t  c u l t u r e  r u n  s imul -  
t a n e o u s l y  w i t h  t h e  co lonies  of t h e  r e j u v e n a t e d  c u l t u r e s  
is i l l u s t r a t e d  in  fig. 5. I t  is a m i x t u r e  of Smooth I ,  
Smooth I I ,  Smooth I l l ,  a n d  Rough I t ypes .  The lyophil-  
ized cultures show there[ore no s imi lar i ty  to the control at 
the time o / lyophi l i za t ion  or rejuvenation, 

I f  p r e s e r v a t i o n  b y  f r e e z e - d r y i n g  p r o d u c e s  no  gene t i c  
c h a n g e s  2, t h e  r e j u v e n a t e d  c u l t u r e s  s h o u l d  be indis -  
t i n g u i s h a b l e  in  t h e i r  g i a n t  c o l o n y  c h a r a c t e r i s t i c s  f rom 
t h o s e  of t h e  c o n t r o l  s t r a i n  a t  t h e  c o m m e n c e m e n t  of t h e  
i n v e s t i g a t i o n .  Because  i t  is n o t  so, we h a v e  to  s u r m i s e  
t h a t  t h i s  m e t h o d  of p r e s e r v a t i o n  does  p r o d u c e  gene t i c  
changes .  Th i s  is n o t h i n g  su rp r i s ing ,  s ince  i t  is well  
k n o w n  t h a t  t h e r m a l  s h o c k s  l ike a n  i nc r ea se  in  t e m -  
p e r a t u r e  do  a c c e l e r a t e  t h e  f r e q u e n c y  of gene  m u t a t i o n s .  

M. K.  SUBRAMANIAM a n d  L. S. PRAHLADA RAO 

C y t o g e n e t i c s  L a b o r a t o r y ,  I n d i a n  I n s t i t u t e  of Science,  
B a n g a l o r e - 3 ,  S. I n d i a ,  N o v e m b e r  15, 1950. 

Zusammen[assung  

E i n e  au s  e ine r  M i s c h u n g  y o n  M u t a n t e n  b e s t e h e n d e  
H e f e k u l t u r  w u r d e  lyoph i l i s i e r t .  N a c h  V e r j f i n g u n g  h a t t e  
diese K u l t u r  ke ine  N h n l i c h k e i t  m e h r  m i t  d e r  KOntro l l -  
k u l t u r  i m  Z e i t p u n k t  de r  L y o p h i l i s i e r u n g  bzw. d e r  Ver -  
j f ingung ,  Die g e n e t i s c h e n  V e r i t n d e r u n g e n  n a c h  Lyoph i l i -  
s i e ru n g  k 6 n n e n  a u f  G e n m u t a t i o n e n  zur f i ckgef f ih r t  wer-  
den.  

1 See Note 4, left column. 
'z L. J. WICKERHAM and A.A. ANDREASEN, Wallerstein Lab. 

Commun. 5, 165 (19421. 

Fig. 1. - By 1 control (12. 10.45) grown on barley malt agar. 2.9 cm*, 
23-day growth, 30.1.50. 

Fig. 2. - By 1 control (12. 10.45). 2.1 cm, 16-day growth, 30.1.50. 
Fig. 3. - By 1 96-11our old culture. Lyophilized on 13. 1.50. Rejuven- 

ated on 8. 3. 50. 2.8 cm, l l -day growth, 22.3.50. 
Fig. 4. - By 1 96-hour old culture. Lyophilized on 13.1.50. Duplicate 
ampoule rejuvenated on 8.3.50. 2-7 cm, 9-day growth, 22. 3. 50. 
Fig. 5. - By 1 control (12. I0.45). 3-2 era, 9-day growth, 22.3.50. 

* I.ongest Diameter. 

A 96-hour  o ld  f e r m e n t i n g  c u l t u r e  l yoph i l i zed  a n d  s t o r e d  
in two a m p o u l e s  was  r e j u v e n a t e d  in t h e  f i r s t  w e e k  of 
March, 1950. T h e  colonies  g r o w n  f r o m  t h e  a b o v e  are  
presented  as f igures  3 a n d  4. A c c o r d i n g  to  t h e  classi-  
f icat ion g i v e n  e l s e w h e r O  t h e  c o l o n y  in  f igure  3 be longs  
to the  Smooth I I I  whi le  t h a t  in  fig. 4 is of t h e  Rough I 
category.  T h e  r e s e m b l a n c e  of f igures  3 a n d  4 to  f igures  

1 L. ATKINS, W. MOSES, and P. P. GRAY, Wallerstein Lab. Corn- 
mum 1 ° , 365 (1949). 

2 M. K. SUBRAMANIAM, Proc. Nat. Inst. Sci. India t2, 143 (1946). 
3 M. K. SUBRAMANIAM, B. RANGANATHAN, and S.N. KRiSHNA 

MURTHY, Cellute 52, 39 (1948) .  -- S. DURAISWAMI and M. K. SUSRA- 
MA:qIAM, Cellule 53, 215 (1950). 

4 M. K. SUBRAMANIAM, B. RANGANATHAN, and S .N.  KRISHNA 
MT.'RrH¥, Cellule 5,~, 39 (1948). 

~ b e r  d e n  EinfluI~ a n t i b i o t i s c h e r  Stoffe  
auf  d a s  W a c h s t u m  v o n  G r i i n a l g e n  

I m  R a h m e n  e ine r  g r 6 g e r e n  A r b e i t  w u r d e n  V e r s u c h e  
f iber  d e n  E i n f l u B  zweier  A n t i b i o t i k a  u n d  e ines  A n t i -  
s e p t i k u m s  au f  dre i  A l g e n k l o n e  g e m a c h t .  Solche  Lrnter  - 
s u c h u n g e n  w u r d e n  a n s c h e i n e n d  b i s h e r  n i c h t  pub l i z i e r t .  
U n s e r e  E r g e b n i s s e  se ien d a h e r  h ie r  m i t g e t e i l t .  

W i r  s t e l l t en  u n s  fo lgende  V e r s u c h s f r a g e :  Wie  v e r h a l -  
t e n  s ich G r i i n a l g e n  in i h r e r  E n t w i c k l u n g  au f  A g a r - A g a r -  
N i i h r b 6 d e n  gegen i ibe r  S t r e p t o m y c i n ,  Pen ic i l l in  u n d  T r y -  
p a f l a v i n  ? 

Als V e r s u e h s m a t e r i a l  d i e n t e n  dre i  G r t i n a l g e n k l o n e :  
I. Cystococcus Placodii  saxicolae Nr .  1400 (vorl / tuf ige 
B e z e i c h n u n g l ) ;  2. Coccomyxa ellipsoidea (Solorinae sac- 
catae) Z e h n d e r ;  3. Trentepohlia spec. 

Die K l o n e  1 u n d  2 s i nd  G o n i d i e n ,  die au s  d e n  F l e c h t e n  
Placodium saxicola bzw.  Solorina saccata i so l ie r t  wur -  
d e n : .  D e r  TrentepoMia-Klon w u r d e  y o n  H e r r n  Prof .  Dr .  
O t T o  JAAG w £ h r e n d  se ines  A u f e n t h a l t e s  in  B u i t e n z o r g  
in  R e i n k u l t u r  g e n o m m e n  u n d  ffir rac ine  U n t e r s u c h u n -  
gen  f r e u n d l i c h e r w e i s e  zu r  Ver f f igung  ges te l l t .  

Die  Algen  w u r d e n  in E r l e n m e y e r - K o l b e n  a u f  Malz-  
a g a r b 6 d e n  (2% M a l z e x t r a k t ,  1 ,7% A g a r - A g a r )  ge impf t ,  
d ie  n a c h  d e r  A u t o k l a v i e r u n g  k u r z  v o r  d e m  E r s t a r r e n  
fo lgende  Zus~itze e r h a l t e n  b a t t e n :  

a) K o n t r o l l k o l b e n :  K e i n  Zusa tz .  
b) S t r e p t o m y c i n  ( D i h y d r o - S t r e p t o m y c i n  Merck,  als Sul-  

fa t )  : Je  I y, 10 y, 25 ~ p ro  K u b i k z e n t i m e t e r  S u b s t r a t .  
e) Pen ic i l l i n  (k r i s ta l l i s i e r tes  K a l i u m s a l z  Pen ic i l l in  G d e r  

F i r m a  , B r i s t o b ,  Sy racus ,  N. Y.) : J e  0,2 y, 1 7, 5 ~, 
p r o  K u b i k z e n t i m e t e r  S u b s t r a t .  

1 A. Z~HNDER, Ber. Schweiz. Bot. Ges. 59, 202 (1949) .  
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