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In  a n o t h e r  series of expe r imen t s  we were  able  to  show : 
(a) t h a t  t he  same  laws as those  s t a t ed  above  app ly  also 
to the  t a k i n g  up of o the r  basic dyes  by  dr ied  and by  
living yeas t  cells; (b) t h a t  ca t ions  h a v e  the  same ac t ion  
upon the  tal4ing up of acr idines  by  o the r  basophi l ic  
substances,  such as mucines .  

I t  is to  b e  r e m e m b e r e d  here  t h a t  BANK and  BUNGEN- 
BERG DE, JONG 1 showed  t h a t  t he  m e t a c h r o m a s y  of 
chondroi t ine  sul fa te  and  o the r  nega t i ve  colloids disap-  
pears or  d iminishes  in t he  presence  of ca t ions  and a d m i t  
the exis tence  of e l ec t ro -adsorp t ion  complexes .  

F r o m  our  e x p e r i m e n t s  i t  fol lows t h a t  basoph i ly  is due 
to the  f o r m a t i o n  of adsorp t ion  complexes  such as: 

(BS  x-) (xD +) 

in which B S  represen t s  t he  basophi l ic  subs tance  and  D 
the dye.  

In  the  l igh t  of our  researches  and  t a k i n g  in to  accoun t  
the wel l -known hypothes i s  t h a t  r ibonuc leopro te ids  are  
necessary for synthes is  of p ro te ins  (BRACHET-CASPERS- 
so~), i t  is logical  to  a d m i t  t h a t  basic dyes inh ib i t  t h e  
growth of mic ro-organ i sms  because  t h e y  t a k e  the  p lace  
of a necessa ry  ca t ion  in t he  e l ec t ro -adsorp t ion  com-  
plexes ex is t ing  in t he  cell  be tween  the  nuc leopro te ids  
and phys io logica l  cat ions .  F r o m  the i r  expe r imen t s ,  
ALBERT et al. 2 conc lude  t h a t  t he  tox ic  ac t ion  of acr id ines  
can be exp la ined  by  a c o m p e t i t i o n  be tween  acr id ine  
ions and  hyd rogen  ions. Our  researches  ind ica te  t h a t  
this c o m p e t i t i o n  t akes  p lace  in an  adsorp t ion  c o m p l e x ;  
we can r ep resen t  th is  c o m p e t i t i o n  as follows 

( N P  x-) (xH+). 
+ 

acri+ 

The hypo thes i s  t h a t  an t ib io t i cs  o p t i m a l l y  ac t ive  in 
an a lkal ine m e d i u m  (e. g. s t r ep tomyc ine )  exer t  t he i r  
ac t iv i ty  t h r o u g h  a c o m p e t i t i o n  be tween  the  an t ib io t i c  
and hyd rogen  ions has been  a d v a n c e d  3. We  rep resen t  
this c o m p e t i t i o n  as fol lows:  

(NP  x-) (xH +) 
+ 

ca t ion  of t he  an t i -b io t ic .  

In  a p reced ing  pape r  4.we p roved  t h a t  ca t ions  are  ab le  
to reverse  t he  inh ib i t ion  of t he  resp i ra t ion  of baker ' s  
yeast  caused by  acr id ines  and o the r  basic dyes.  We  
admit  t h a t  th is  reversa l  is also due to c o m p e t i t i o n  be- 
tween the  dye  and  cat ions,  or  w h a t  is t he  same,  t he  
inhibit ion of resp i ra t ion  caused by  basic dyes  is due to  
the fact  t h a t  t h e y  replace  ce r ta in  ions in a ca t a ly t i ca l ly  
active e l ec t ro -adsorp t ion  complex .  Of course here we 
must no t  t h i n k  of nuc leoprote ids ,  as t h e y  do not  p l a y  
any role in respi ra t ion ,  b u t  r a the r  of enzymes  a c t i v a t e d  
by a dissociable meta l l ic  ion. H e r e  we t h i n k  more  espe- 
cially of phosphopherases ,  because  t h e y  are  basophi l ic  
and are a c t i v a t e d  in an  aspecif ic  w a y  by  Mg-ions. T h e y  
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migh t  be i n a c t i v a t e d  by  a compe t i t i on  be tween  the  
Mg-ions and  the  basic dyes :  

(Phosphopherase  x- )  (X--Mg++) 
\2 "4 /" 

acri+ 

I t  is t e m p t i n g  to surmise  t h a t  enzymes  a c t i v a t e d  in 
an aspecif ic w a y  by  Mg++ and  o the r  b iva l en t  ions owe 
the i r  a c t i v i t y  to  t he  fo rma t ion  of e l ec t ro -adso rp t ion  
complexes ,  such as: 

( E n z y m e  x-)  ( 2 M g H ) .  

I t  is i m p o r t a n t  to  s t a t e  t h a t  a t  l ea s t  two  enzymes ,  
known  to be  a c t i v a t e d  by  Mg-ions,  are o p t i m a l l y  ac t ive  
in an  a lka l ine  m e d i u m  and are  inh ib i t ed  by  acridines.  
This  is t he  case for a lkal ine  phospha t a se  1 and for 
chol ines te rase  ~ : 

( E n z y m e  x-)  (X--Mg++~ \ 2 +  / 
acri + 

The  fac t  t h a t  t he  adso rp t ion  c o m p l e x  con ta in ing  
Mg ++ or  o the r  b i v a l e n t  ions shows an e n z y m a t i c  ac- 
t i v i t y  m i g h t  be exp la ined  by  a we l l -known hypothes i s  
of a lka l ine  p h o s p h a t a s e  ac t iv i ty ,  so t h a t  Mg-ions are  
responsible  for the  b ind ing  of t he  subs t ra te .  The  ad-  
sorp t ion  complex  con ta in ing  the  acr id ine  ion would  be 
an  e n z y m a t i c  inac t ive  one, as t he  large organic  ion does 
no t  possess t he  same proper t ies  as t he  smal l  anorgan ic  
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Rdsumd 
Les acr id ines  f e r m e n t  avec  les nucl~oprot~ides  des 

levures ,  des complexes  61ectro-adsorptifs .  Le pouvo i r  
bac te r ic ide  des acr idines  s ' exerce  pa r  une  comp6t i t i on  
en t re  les ion H + de ce c o m p l e x e  et l ' i0n  acr idine.  Dif-  
f6rents  enzymes  act iv6s pa r  des ions m6ta l l iques  d o i v e n t  
l ea r  ac t iv i t6  c a t a l y t i q u e  an mSme t y p e  de complexes .  
Les acr idines  inh ibcn t  ces enzymes  parce  qu ' i l s  d6- 
p l acen t  le ca th ion  m6ta l l ique .  

1 R. IWATSURI and K. NANGO, Bioch. Z. 3ol, 15 (1989). 
2 L. MASSART and R. DUFAIT, Enzymologia 9, 364 (1941). 
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Acridines and Streptomycine 

In  a p reced ing  pape r  1, we h a v e  s l lown t h a t  acr idines  
in te r fe re  w i t h  t he  ,growth  of mic ro -o rgan i sms  because  
t h e y  c o m p e t e  w i t h  phys io logica l  c a t i o n s ,  more  espe- 
cial ly h y d r o g e n  ions ,  in e lec t ro-adsorpt iof l  comii lexes .  
These  complexes ,  when  s a t u r a t e d  wi th  h y d r o g e n  ions,  
can  be wr i t t en :  

(NP x-) (x H+), 
+ 

acri + 

where  N P  s tands  for n u c l e o p r o t e i d s .  

1 L. ~IASSART, G. PEETERS, J. DE LEY', R. VERCAUTEREN, and 
A. VAN HOUCKE, Exper. 3, ~288 (1947). 
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I n  t h e  s a m e  p a p e r  x, we h a v e  r e m a r k e d  t h a t  t h e  
h y p o t h e s i s  ha s  b e e n  a d v a n c e d  z t h a t  t h e  a c t i v i t y  of 
s t r e p t o m y c i n e  m i g h t  be  due  to  a c o m p e t i t i o n  b e t w e e n  
H+ ions  a n d  t h i s  a n t i b i o t i c .  

W e  h a v e  n o w  p r o v e d  t h a t  t h i s  is r ea l ly  t h e  case,  a n d  
t h a t  t h i s  c o m p e t i t i o n  t a k e s  p lace  in a n  e l e c t r o - a d s o r p -  
t i o n  c o m p l e x  of  t h e  t y p e  a l r e a d y  m e n t i o n e d .  

I n  fac t ,  i t  is v e r y  ea sy  t o  show,  b y  m e t h o d s  s i m i l a r  
to  t h o s e  we h a v e  a l r e a d y  desc r ibed ,  t h a t  in  d e a d  a n d  in 
l iv ing  y e a s t  cells a c o m p e t i t i o n  t a k e s  p lace  for  t h e  s a m e  
l i nkage  b e t w e e n  ac r id ine s  a n d  s t r e p t o m y c i n e ,  w h e n  
t h o s e  t w o  s u b s t a n c e s  a re  a d d e d  t o g e t h e r  to  y e a s t  cells. 

I st method: On a ser ies  of w a t c h  glasses  we p u t  0,1 m l  
of  a 1 %  s u s p e n s i o n  of  b a k e r ' s  y e a s t ,  d r y  i t  be low 700 C, 
f ix  i t  w i t h  a lcohol  a n d  d r y  i t  a g a i n ;  t h e n  we s t a i n  
d u r i n g  10 m i n u t e s  w i t h  t r y p a f l a v i n e  1 0 - 3 M  or w i t h  
t r y p a f l a v i n e  10 -3 M c o n t a i n i n g  de f in i t e  c o n c e n t r a t i o n s  
of s t r e p t o m y c i n e ;  we w a s h  w i t h  a lcohol  u n t i l  t h e  
w a s h i n g  f lu id  is color less-  t h e n  we w a s h  t h e  ac r id ine  
o u t  w i t h  HC1 ( n o r m a l  so lu t ion)  a n d  d e t e r m i n e  b y  
c o l o r i m e t r y  ( S t u f e n p h o t o m e t e r ) .  

H e r e  fol low t h e  r e su l t s  of s u c h  a n  e x p e r i m e n t :  

Table I 

Concentration Concentration Colorimeter 
of Trypaflavine of Streptomycine Reading 

10 -3 M 

10 -a  M 

1 0 - a M  

i0 -~ M 

0 

1 

100 

1 

1,000 

1 

10,000 

0.26 

0.05 

0 . i 0  

0.125 

I n  a c o n c e n t r a t i o n  of 10 -3 M t r y p a f l a v i n e  a n d  10 -4 
s t r e p t o m y c i n e ,  t h e  t r y p a f l a v i n e  ha s  b e e n  expe l led  f r o m  
t h e  e l e c t r o - a d s o r p t i o n  c o m p l e x  to  t h e  e x t e n t  of 5 0 % .  

2 na method: I n  a ser ies  of  c e n t r i f u g e  t u b e s  we p u t  
8 m l  of  f lu id  c o m p o s e d  of 2 m l  of  a 3 %  s u s p e n s i o n  
of b a k e r ' s  y e a s t  a n d  6 ml  c o n t a i n i n g  k n o w n  a m o u n t s  of 
t r y p a f i a v i n e  a n d  s t r e p t o m y c i n e ;  t h e n  we cen t r i fuge ,  
T h e  color  of t h e  centrifi~ged yeast cells gives  a f i r s t  qua l i -  
t a t i v e  idea  of t h e  c o m p e t i t i o n  b e t w e e n  t r y p a f l a v i n e  a n d  
s t r e p t o m y c i n e .  T h e  s u p e r n a t a n t  f lu id  is e x a m i n e d  in  
t h e  s t u f e n p h o t o m e t e r  as  t o  i t s  c o n t e n t  of t r y p a f i a v i n e .  

H e r e  fo l low t h e  r e su l t s  of such  a n  e x p e r i m e n t .  T h e  
c o l o r i m e t e r  r e a d i n g  for  t h e  t r y p a f l a v i n e  s o l u t i o n  u sed  
(10 -4 M) is  1"40. 

W e  see t h a t  for  a c o n c e n t r a t i o n  of 10 -4 M t r y p a -  
f l a v i n e  a n d  10 -~ s t r e p t o m y c i n e ,  a b o u t  ha l f  of t h e  
l i n k a g e s  a re  occup ied  w i t h  ac r id ine .  

3 ~ method: W e  p r o c e e d  as  i n  t h e  f i r s t  m e t h o d ,  b u t  
s t a i n  M1 t h e  s u s p e n s i o n s  w i t h  t r y p a f l a v i n e ,  w a s h  w i t h  
a l coho l  u n t i l  t h e  w a s h i n g  f lu id  is colorless,  a n d  t h e n  
a d d  t o  t h e  su spens ions  d i f f e r e n t  c o n c e n t r a t i o n s  of 
s t r e p t o m y c i n e  so lu t ions .  T h r o u g h  c o m p e t i t i o n  t h e  
t r y p a f l a v i n e  is d r i v e n  ou t .  

i L. MASSART, G. PEETERS, J. DE LEv, R. VERCAUTEREN, and 
A. VAN HOUCK~, Experientia, 3, 288 (1947). 

DR. E. CHITIN, Lecture at the University of Ghent on April 
24th, 1947. 

Table I I  

Concentration of 

Trypaflavine Streptomycine Colorimeter Readin 

10 -4 M 
10 -a  2¢I 
10 - a  M 
10 - 4  ]V[ 
10 - a  M 
10 -4  1~I 

0 
1 • 10 -2 
1 • 10 -a  
i • I0 -4 

1 • 10 - ~  
1 • 10 - 6  

1-22 
1-40 
1 .40  
1.355 
1.295 
1.225 

All ou r  r e s u l t s  i n d i c a t e  t h a t  a c r i d ine s  ( a n d  bas ic  dyes 
in  genera l )  i n t e r f e r e  w i t h  t h e  m e t a b o l i s m  of t h e  nucleo- 
p ro te ids .  T h e y  do  t h i s  b y  d i s p l a c i n g  phys io logica l ly  
a c t i v e  ions,  e spec ia l ly  h y d r o g e n  ions,  f r o m  a n  electro- 
a d s o r p t i o n  complex .  So does  s t r e p t o m y c i n e .  Th i s  ex- 
p l a i n s  w h y  ac r id ines ,  w h i c h  a re  s t r o n g  bases ,  a n d  strep-  
t o r a y c i n e  a l l  a re  m o r e  a c t i v e  i n h i b i t o r s  w h e n  t h e  hydro-  
gen  ion  c o n c e n t r a t i o n  is d e c r e a s e d  S t r e p t o m y c i n e  and 
bas ic  d y e s  h a v e  a c o m m o n  effect ,  b u t  of cou r se  i t  is not  
i m p o s s i b l e  t h a t  t h e y  h a v e  s t i l l  a specif ic  a c t i o n  as well. 

D u r i n g  t h e  course  of o u r  e x p e r i m e n t s  we h a d  t h e  good 
f o r t u n e  to  o b t a i n  a copy  of t h e  p a p e r  of COHENI'L This 
a u t h o r  h a s  f o u n d  t h a t  s t r e p t o m y c i n e  c o m b i n e s  with 
nuc le ic  ac ids  to  p r o d u c e  p o l y m e r i c  c o m p o u n d s .  He 
sugges t s  t h a t  t h e  size of  t h e s e  c o m p o u n d s  d e p e n d s  on 
t h e  c o m b i n i n g  r a t i o s  of t h e  b i v a l e n t  b a s e  (s trepto-  
m y c i n e  c o n t a i n s  t h e  d i g u a n i d o  b a s e  s t r e p t i d i n e )  to 
m u l t i v a l e n t  nuc l ea t e s .  H e  c o n c l u d e s  t h a t  i t  is no t  un- 
l ike ly  t h a t  t h e  in vitro r e a c t i v i t y  of s t r e p t o m y c i n e  with 
nuc le ic  ac id  is r e l a t e d  to  t h e  in  vivo a c t i v i t y  of this 
a n t i b i o t i c .  

O u r  e x p e r i m e n t s  were  p e r f o r m e d  w i t h  a x/10 solut ion 
of s t r e p t o m y c i n e  M e r c k  p u t  k i n d l y  a t  o u r  d i sposa l  by 
Prof .  REGNIER, D i r e c t o r  of t h e  Clinic for  I n t e r n a l  Medi- 
c ine  of t h e  U n i v e r s i t y  of G h e n t .  

T h i s  r e s e a r c h  was  a i d e d  b y  a g r a n t  of t h e  E l l a  Sachs 
P l o t z  F o u n d a t i o n  a n d  of t h e  V a n  de r  S t r i c h t  Found-  
a t i o n .  
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Rgsumd 

L a  s t r e p t o m y c i n e  e t  les a c r i d i n e s  o n t  u n e  propri6t~ 
c o m m u n e ,  e n  ce q u ' i l s  t o r m e n t  a v e c  les nuc l6oprot6 ides  
des  l e v u r e s  de  c o m p l e x e s  6 i ec t ro - adso rp t i f s .  

1 S. S. CoHEir, J. biol. Chem. 166, 393 (1946). 
We thank DR. H. VELDNTRA (Amsterdam) for sending us a copy 

of this interesting paper. 

A c t i o n  in v i t ro  d e  l a  p 6 n i c i l l i n e  

s u r  l a  v i r u l e n c e  d u  T r 6 p o n ~ m e  p f i l e  

Le p r o b l ~ m e  n ' a  ~t6 q u e  peu  d tud i6  ju squ ' i c i .  Pour 
DUNHA~ e t  RAKE 1, qu i  t r a v a i l l b r e n t  a v e c l a  souche 
Nichols ,  la  pdnic i l l ine  n ' e s t  v i ru l i c ide  in  vitro qu'5~ par t i r  
de  1 lO0 un i t~s  p a r  c e n t i m ~ t r e  cube .  Nos  p r e m i e r e s  re- 

1 W. DUNHA~ et G. RAKE, Am. J. Syph., Gon. a. ven. Dis. 29, 
214 (1945). 


