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h a v e  t h e i r  m a x i m a l  a b s o r p t i o n  in  t h e  600 m / ,  r eg ion  
whe rea s  t h e  R - p i g m e n t s  do  n o t  s h o w  a n y  a b s o r p t i o n  a t  
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Fig. 4.-Yellow pigments. 
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all  a t  t h i s  w a v e l e n g t h  (Fig. 5), The re fo re  P h y c o b i l i n s  
were exc luded .  C a r o t e n o i d s  may ,  h o w e v e r ,  also h a v e  r ed  
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l:ig. 5.- Red pigments. 
Ri; - -  _ _ R s. 

colours ,  a n d  t h e  a b s o r p t i o n  c u r v e  of R 1 m a k e  i t  p r o b a b l e  
t h a t  t he  c o m p o u n d  be longs  to  t h i s  g r o u p  a n d  also is 
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r e l a t e d  to  l u t e o l  of i u c o x a n t h o l .  T h e  n a t u r e  of R 2 is 
u n c e r t a i n ;  t h e  m a j o r  a b s o r p t i o n  of t h i s  p i g m e n t  l ies 
a b o u t  30 m/~ f u r t h e r  t o w a r d  l o n g e r  w a v e l e n g t h s  w i t h  
two  m a x i m a ,  470 a n d  485 roll. 

A s u r v e y  of m a i n  a n d  accesso ry  a b s o r p t i o n  m a x i m a  for  
t h e  c o m p o u n d s  de sc r ibed  is g i v e n  in t h e  Tab le .  T h e  
f ina l  i d e n t i f i c a t i o n  of t h e  d i f f e r e n t  p i g m e n t s  f o u n d  in  t h e  
g y t t j a  wou ld  n e c e s s i t a t e  t h e  i so l a t ion  of t h e  c o m p o u n d s  
in a so l id  s t a t e  w h i c h  is o n l y  poss ib le  b y  la rge  scale 
s e p a r a t i o n  on a b s o r p t i o n  c o l u m n s .  

S. T m  ANDERSEN a n d  K. GL'NDERSEN 

Geological Survey o/ Denmark, CharlottenIund, and 
Institute o/ Plant Physiology, University o] Copenhagen, 
June 25, 1955. 

Zusammen/assung 

E t w a  100000  J a h r e  al te ,  i n t e r g l a z i a l e  G y t t j a  aus  
Rodeb/~k im w e s t l i c h e n  D A n e m a r k  ( R i s s - W i i r m - I n t e r  - 
g laz ia lze i t )  w u r d e  m i t  .~ the r  e x t r a h i e r t  u n d  die E x t r a k t e  
m i t t e l s  P a p i e r c h r o m a t o g r a p h i e  g e t r e n n t  n n d  u n t e r -  
s u c h t .  E s  w u r d e n  grfine,  ge lbe  u n d  ro t e  P i g m e n t e  ge-  
f u n d e n .  Aus  den  A b s o r p t i o n s s p e k t r e n  u n d  d e r  F tuo re s -  
zenz  dieser  Stoffe  e r g i b t  sich,  dass  die g r / i nen  P i g m e n t e  
C h l o r o p h y l l d e r i v a t e ,  die ge tb~n  (sowie w e n i g s t e n s  e ines  
de r  ro t en )  K a r o t i n o i d e  s ind .  Die  G y t t j a  e n t h i e l t  s*-hr 
wenige  b e s t i m m b a r e  P f l a n z e n r e s t e ,  h a u p t s A c h l i c h  n u r  
Po l l en  u n d  D i a t o m e e n .  Die  F a r b s t o f f e  mfissen  yon  
l e b e n d e n  P f l a n z e n  im i n t e r g l a z i a l e n  See, in  e r s t e r  L in ie  
Algen,  h e r r t i h r e n ,  u n d  h a b e n  infolge  L i e h t a b s c h l u s s  u n d  
n i e d r i g e m  R e d o x p o t e n t i a l  sowie n i e d r i g e r  T e m p e r a t u r  
a u s s e r o r d e n t l i c h  gu te  A u f b e w a h r u n g s b e d i n g u n g e n  ge- 
f u n d e n ;  n o r m a l e r w e i s e  w e r d e n  so lche  Stoffe  schne l I  
a b g e b a u f .  

The  Act ion of H y d r o g e n  Perox ide  on A m i n o  Acids  
in Presence  of Iron Salts  and its  Bear ing  on 

P h o t o l y s i s  of A m i n o  Ac ids  

E a r l i e r  s t ud i e s  1 on  t h e  a c t i o n  of FENTON'S r e a g e n t  on  
a m i n o  ac ids  s h o w e d  t h a t  t h e y  a re  d e a m i n a t e d  a n d  con-  
v e r t e d  to  a l d e h y d e s  a n d  c o r r e s p o n d i n g  c a r b o x y l i c  acids.  
R e c e n t l y  JOHNSON et al, 2 h a v e  s h o w n  t h a t  e - k e t o  acids  
a re  f o r m e d  b y  t h e  a c t i o n  of FENTON'S r e a g e n t  on  ~- 
a m i n o  acids.  T h e y  h a v e  f u r t h e r  p o i n t e d  o u t  t h a t  c e r t a i n  
e n z y m a t i c  p rocesses  c an  be  s i m u l a t e d  b y  r e a c t i o n s  in-  
vo lv ing  free r ad i ca l s  in vitro. T h e r e f o r e  t h e  i m p o r t a n c e  
of t h e  s t u d y  of t h e  a c t i o n  of FENTON'S r e a g e n t  on t he  
a m i n o  acids  is obv ious .  

W e  h a v e  o b s e r v e d  d u r i n g  our  e x p e r i m e n t s  t h a t  t h e  
a m i n o  acids  u n d e r g o  a ser ies  of c o m p l i c a t e d  c h a n g e s  b y  
t h e  a c t i o n  of h y d r o g e n  p e r o x i d e  in p r e sence  of i ron  sal ts .  
A t y p i c a l  e x p e r i m e n t  c a r r i ed  o u t  t o  s t u d y  t h e  a c t i o n  of 
FENTON'S r e a g e n t  was  as  follows. 

To  0.2 c m  a of 0.1 M s o l u t i o n  of a m i n o  ac id  was  a d d e d  
d ropwise  0-2 c m  3 of  0-1 M fe r rous  s u l p h a t e  s o l u t i o n  a n d  
ti le v o l u m e  was m a d e  up  to  1-8 c m  "~ w i t h  d is t i l led  wate r .  
To t h i s  0.2 c m  3 of H,O~ (0.1 M) was  a d d e d  a n d  t h e  t u b e  
s h a k e n  well  for  a b o u t  3 ra in .  Con t ro l s  were  a lso k e p t  
w i t h  H , O ,  a lone  a n d  also w i t h  fe r rous  s u l p h a t e  in ab sence  
oI h y d r o g e n  perox ide ,  Af t e r  v igo rous  shak ing ,  t h e  t u b e s  

1 H. D. DAKIN, J. Biol. Chem. 1, 171 (1905). - C. NEVBERO, 
Biochem. Z. 20, 531 (1909). - H. WIre.AND and W. FRANKE, Ann. 
Chem. 457, 1 (1927). 

2 G. R. A. JOttNSON, G. SCItOLES, and J. WEIss, Science 111, 
412 {1951). 
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l:ig. 1.-Chromatogram showing the action of hydrogen peroxide on 
amino acids in presence of ferrous and ferric salts (Temperature 
24-25°C). 
(1) ~-aminobutyric acid + H~O~ q FeSO 4 
(2) /~-alanine + H~O 2 + FeSO 4 
(3) y-aminobutyric acid + H202 t" FeSO a 
(4) c¢-amlnobutyric acid + H202 + t,'eCl a 
(5) fl-alanine + H201 + FeC1 a 
(6) }'-anlinobutyric acid + H20 ~ + FeCI a 
(e-AB = o~-aminobutyric acid, fl-A1 = fl-Alanine, a-A1 = 0~-Alanine, 

AB = y-aminobutyric acid, A.A ~--- Aspartie acid, Gly = gtycine} 

Fig. '2.-Chromatogram showing the photodegradation of amino acids. 
(I) fl-alaninc b FeClain dark 
(2) fl-alanine t FcC1 a in sunlight 
(3) ~-aminobutyric acid f FeCI a in dark 
(4) ~'-aminobutyric acid "b FeCI a in sunlight 
(5) fl-alanlne ~ FeSO 4 in dark 
(6) f/-alanine t FeSOa in sunlight 
(7) ~-aminobutyrie acid -} FeSO 4 in dark 
(s) ~-aminobutyric acid + t:eSO 4 in sunlight 
(fl-Al ---~/5-alanine, y-AB = y-aminobutyric acid, Gly = glycine). 

were k e p t  for a b o u t  10-15 ra in  a t  r o o m  t e m p e r a t u r e  
(24-25°C) and  t h e  r eac t ion  m i x t u r e s  were  e x a m i n e d  for 
the  p resence  of a m i n o  acids  b y  t w o - d i m e n s i o n a l  p a p e r  
c h r o m a t o g r a p h y  (so lvents :  b u t a n o l - a c e t i c  ac id -wate r ,  
40: 10:50 fol lowed b y  e i the r  w a t e r - s a t u r a t e d  pheno l  
or p y r i d i n e - w a t e r ,  80:20} a n d  also b y  the  c i rcular  
p a p e r  c h r o m a t o g r a p h i c  t e chn ique .  The  i n t e r f e r ence  b y  
iron sa l t s  was ove rcome  by  e x p o s i n g  t h e  s p o t  to  l iquor-  
a m m o n i a  w h e n  the  i ron c o m p l e x  was  r e n d e r e d  more  
mobi le  a n d  m o v e d  wi th  the  so lven t  f r o n t  ( so lvent :  
bu t ano l - ace t i c  ac id-wate r ) .  The  c h r o m a t o g r a m  showing  
the  d e g r a d a t i o n  of amino  acids b y  H20 ~ in p resence  of 
fer rous  a n d  ferric sal ts  is g iven in Figure  1, The a m i n o  
acids  s t u d i e d  were  ~- and  fl-alanine,  c~-amino b u t y r i c  
acid, y - am ino  b u t y r i c  acid,  a spa r t i c  a n d  g lu t amic  acids  
and  serine.  The  p r o d u c t s  f o r m e d  were  the  s ame  i rrespec-  
t ive  of w h e t h e r  fer rous  or ferr ic  sa l t s  were  used.  fl-Ala- 
n ine  and  ser ine  gave g lyc ine ;  y - amino  bu ty r i c  acid in 
t u r n  gave  f l-alanine a n d  glycine,  G lu t amic  acid gave 
rise to  on ly  a spa r t i c  acid, whe reas  in t he  case of a -a lan ine  
and  a spa r t i c  acid, n i n h y d r i n - p o s i t i v e  p r o d u c t s  could  
no t  be de t ec t ed .  F r o m  e - a m i n o  b u t y r i c  acid,  t he  fo rma-  
t ion of a spa r t i c  ac id  a n d  e -a lan ine  was  obse rved .  The  
a m i n o  acids  were  s t ab le  in p resence  of H~O~ alone  at  
room t e m p e r a t u r e .  

I t  is we l l -known  t h a t  w h e n  fer rous  and  ferric sal ts  are 
a d d e d  to  H20 ~, it  goes t h r o u g h  a series of r eac t ions  
giving rise to  free rad ica l sL  We  have  found  t h a t  t h e  
amino  acids  are d e g r a d e d  by  FENTON'S r e a g e n t  only  
when t h e  mo la r  c o n c e n t r a t i o n  of ferrous  sa l t s  is equa l  to 

1 F. HABER and J.WEIss, Proc. Roy. Soc. [A] 1.17, 332 (1934). 
W. G. BARB, J. H. BAXENOALF, P. GEORGE, and K. R. HAR~RAVF., 
Trans. Faraday Soc. 47, 462, 591 (1951). 

or less t h a n  t h a t  of H20~. The  absence  of r eac t ion  when  
the  mola r  c o n c e n t r a t i o n  of fer rous  ions was g rea t e r  t h a n  
t h a t  of H202 m a y  be e x p l a i n e d  b y  the  fact  t h a t  in th i s  
case the  r e g e n e r a t i o n  of free radica ls  by  cha in  n l e c h a n i s m  
is r e s t r i c t edL  

The  r eac t ions  r e p o r t e d  here  have  a s t r i k ing  r e sem-  
b lance  to  t he  p h o t o l y s i s  of a m i n o  acids  in p re sence  of 
TiOz ~ a n d  to  t h e  ac t ion  of HzO ~ a t  100°C 3. Cons ider ing  
the  close s imi la r i ty  b e t w e e n  the  ac t ion  of FENTON'S 
r eag en t  and  the  p h o t o s e n s i t i z e d  ac t ion  of TiO 2 on a m i n o  
acids,  it  can  be sugges t ed  t h a t  du r ing  the  pho to ly s i s  of 
amino  acids b y  sun l igh t  in p resence  of TiO 2, H a t o m s  
and  OH rad ica l s  are  g e n e r a t e d  by  d i ssoc ia t ion  of t h e  
wa te r  molecule  and  t h a t  t he  OH radicals  are  r e spons ib le  
for t he  ox ida t i ve  r eac t ions  r e p o r t e d  ear t ie rL 

Whi le  s t u d y i n g  the  pho to ly s i s  of a m i n o  acids,  it  was  
obse rved  by  us t h a t  in add i t ion  to  m e t a l  ox ides  like 
TiOz and  ZnO, fer rous  s u l p h a t e  and  ferric chlor ide  also 
ac ted  as ef f ic ient  pho tosens i t i z e r s  and  gave the  s a m e  
t y p e  of d e g r a d a t i v e  r eac t ions  w i th  some  of t he  a m i n o  
acids,  name ly ,  y - ami n o  b u t y r i c  acid  a n d  f l -a lanine 
(Figure 2). 

F u r t h e r  s tud ies  on the  role of these  p h o t o s e n s i t i z e r s  in 
t he  ox ida t ive  d e g r a d a t i o n  of a m i n o  ac ids  are  in p rogress .  

G. D. KALYANKAR, 
C. S. VAIDYANATHAN, a n d  K. V. GIRt 

Department o/Biochemistry, Indian Institute o~ Science, 
Bangalore 3, India, January 17, 1955. 

x W. G. BARB, J. H. BAXENDALE, P. (;EORt;E, and K. R. MAR- 
GRAVE, Trans. 1;araday Soc. 47, 462, 591 (1951). 

2 K, V. GIRl, (~. I). |'~ALYANKAR, and C, S, VAIDYANATHAN, 
Naturwissenschaften 40, ,14(t (1953) ; 41, 8S (1954), 

3 y. ,~,[ATSUO, Nature 171, 10Ol (1953). 
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Z u s a m m e n / a s s u n g  

Es  w u r d e  de r  A b b a u  y o n  A m i n o s f i u r e n  d u r c h  W a s s e r -  
s t o f f s u p e r o x y d  in G e g e n w a r t  y o n  E i s e n s a l z e n  u n t e r -  
s u c h t .  P a p i e r c h r o m a t o g r a p h i s c h e  A n a l y s e  zeigte ,  da s s  
d a b e i  aus  y - A m i n o b u t t e r s ~ u r e  f i -Alan in  u n d  Glycin ,  aus  
f l -Alan in  u n d  Ser in  G l y c i n  e n t s t e h t .  Die  B i l d u n g  y o n  
a - A l a n i n  u n d  A s p a r a g i n s ~ u r e  aus  a - A m i n o b u t t e r s ~ u r e  
u n d  y o n  A s p a r a g i n s ~ u r e  aus  G l u t a m i n s / i u r e  k o n n t e  
eben fa t l s  f e s tges t e l l t  w e r den .  Diese  R e s u l t a t e  w e r d e n  in  
Z u s a m m e n h a n g  g e b r a c h t  m i t  d e m  M e c h a n i s m u s  de r  
P h o t o l y s e  v o n  A m i n o s ~ u r e n  in  G e g e n w a r t  y o n  T i e  v 

Activit~ s taphy los ta t ique  de que lques  
d iph~nols ,  naphto l s  et cha lcones  n o u v e a u x  

Au cours  de nos  r e c h e r c h e s  su r  les m 6 c a n i s m e s  de 
F a c t i o n  a n t i b a c t 6 r i e n n e  des  s u b s t a n c e s  o r g a n i q u e s  en  
r e l a t i o n  avec  l eu r  s t r u c t u r e  mol f icu la i rO,  n o u s  a v o n s  6t6 
a m e n 6 s  ~ e x a m i n e r  l ' a c t i v i t 6  s t a p h y l o s t a t i q u e  de 
n o m b r e u x  c o m p o s 6 s  n o u v e a u x  a p p u r t e n a n t  k t ro i s  
fami l les  c h i m i q u e s  : d iph6nols ,  n a p h t o l s  e t cha lcones .  E n  
effet ,  d u n s  ces t ro i s  g roupes ,  on  a v a i t  d6j~t t r o u v 6  des  
d6r iv6s  f o r t e m e n t  b a c t 6 r i o s t a t i q u e s L  

L a  m f t h o d e  e x p 6 r i m e n t a l e  ut i l i s6e d u n s  les p % s e n t e s  
r ecbe rehes  cons i s t e  ~ e n s e m e n c e r  des  t u b e s  de  bou i l lon  
n u t r i t i f  c o n t e n a n t  la  s u b s t a n c e  5. e x a m i n e r ,  avec  une  
g o u t t e  d ' u n e  c u l t u r e  de 18 h de  Microcovcus  pyogenes  var .  
aureus  di lu6e au  1/10% L a  pousse  m i c r o b i e n n e  es t  su iv ie  
v i s u e l l e m e n t  t ous  les jou r s  p e n d a n t  une  dur~e  de  3 ou 
4 ]ours .  D a n s  ces c o n d i t i o n s ,  u n e  6 t u d e  e f i e c t u f e  s u r  
138 compos6s  a p p a r t e n a n t  a u x  t ro i s  g r oupes  c h i m i q u e s  
su s - i nd iqu6s  ~ a p e r m i s  de d6celer  chez  q u e l q u e s - u n s  
d ' e n t r e  e u x  une  a c t i v i t 6  s t a p h y l o s t a t i q u e  i m p o r t a n t e  
(c 'est-A-dire k des c o n c e n t r a t i o n s  c o m p r i s e s  e n t r e  10 -~ 
e t  10-~). 

1 Voir N. P. Bvu-Hoi et M. WEascn, Exper. 10, 248 (1954). - 
A. LACASSAGNE, N. P. Buo-Hoi, F. ZAJDELA et N. D. XVONG, C. r. 
Acad. Sci. 231, 89 (1950). 

Voir W. A. SEXTOS, Chemical ~Constitution and Biological 
Activity (E. and F. N. Spon Ltd., London 1949), p. 249; pour les 
chaleones, voir E. SGURAUFNT~.TTER et S. DEUTSCN, Z. Naturforseh. 
36, 430 (1948). 

a La plupart des compos~s 5tudi6s ont dfijh fitfi d6crits chimique- 
ment dans les publications suivantes: N. P. Bm:-HoL H. LE BmA~, 
F. Bison et P. RAYET, J. Org. Chem. 15, 1060 (1950). - N. P. BUu- 
HoI, H. LE BmAN et F. B~noN, J. Org. Chem. 16, 185 (1951). - N. P. 
Buu-Hoi, H. LE BIHAN et N. D. Xuo~6, J. Org. Chem. 16, 987 
(1951). - N. P. Buv-Hoi, H. L~ BmA.~, F. Bison et P. MALEYRAS, 
J. Org. Chem. 18, 4 (1953). 

Voic i  q u e l q u e s - u n s  des  r 6 s u l t a t s  les p lus  s ign i f ica t i f s  
a ins i  o b t e n u s  (voir  t a b l e a u  I). 

OH OH 

R~/ R~/~/~otI 
R2 R2 

I ;  R I =  H, R2=-C(CH3) ~ V; R I =  H, R 2 =  tert.-CsH n 

I I ;  R l =  CI, R 2 =-C(CH3) a V I ; / ? , =  H, R ~ = - ~ " ~  

I I I ;  R I = H ,  R 2 = - ~ / ~  VII ;  R I ~  C1, R2 =-~-CH3- > ~ - ~ - /  

I V ; R z = H ,  R~=-~-tltt3 ~ 

(Voir  t a b l e a u  II). 

C1 

V I I I ;  R = -C(CHa) ~ 
I X ;  t2 = tert.-C~H n 

(Voir  t a b l e a u  I I I ) .  

E n  r6sum6,  il es t  m o n t r 6  que  c e r t a i n s  d6r iv6s  subs -  
t i t u 6 s  du  r6sorc ino l  e t  d u  f l -naph to l ,  a ins i  q u ' u n e  c h a l -  
cone  d6r iv6e  du  t h i o p h ~ n e ,  la  p - c h l o r o b e n z a l ( 5 - n i t r o - 2 -  
a c6 to th i6none ) ,  p o s s ~ d e n t  u n e  a c t i v i t 6  s t a p h y l o s t a t i q u e  
61ev6e. Ce t t e  a c t i v i t 6  d @ e n d ,  duns  n n e  g r a n d e  mesu re ,  de 
la  s t r u c t u r e  mol6cula i re .  S igna lons  p a r  a i l leurs  q u ' a u -  
c u n e  des  s u b s t a n c e s  6 tudi6es  n ' a  m o n t r 5  d ' a c t i v i t 6  
b a c t 6 r i o s t a t i q u e  c e n t r e  Escher ichia  coli, en  b o u i l l o n  
n u t r i t i f ,  e t  5  ̀l a  c o n c e n t r a t i o n  de 10 7 / m l ;  e t  d u n s  quel -  
ques  eas,  nous  a v o n s  v6rifi6 q u ' i l  e n e s t  de m S m e  p o u r  la  
c o n c e n t r a t i o n  de 100 y/ml .  

M. WELSCIL N. P.  B u u - H o i  e t  
F.  BINON 

[ns t i / u t  de Bactdriologie de l 'Un ivers i ld  de Liege et 
l n s t i t u t  d u  R a d i u m  de l 'Un ivers i td  de Par i s ,  le 19 avri l  
1955. 

Tableau I. Groupe des diph6nois 

Concentration staphylostatique 
Substance Fon~mle minimale en ~.,]ml 

4-ter t iobutylpyrocat6chine 
5 -chloro-4-tert iobutylpyrocat6chine.  
4-cycIohexyIpyrocat6chine. 
4-(1-m6thyl-l-cyclohexyl)-pyrocat6chine. 
4-cyclohexylga[acole 
4-(1-m6thyl-l-cyclohexyl)-gaiacole 
chloro-4.tertiobutylgaiacole 
bromo-4-tertiobutylga'iacole 
4-ter  tioamylr6sorcinol 
4-(1-m6thyl-l-cyclohexyl)-r~sorcinol 
5-chloro-4-(1 -m6tlayl-l-cyclohexyt) -r~sorcinol. 
2,7-dicyclohexylfluoresc6ine 
2, 7-dicyclohexyMosine 

I 
II  
I I I  
IV 

V 
VI 
VII  

re tard de croissance 5  ̀10 
re tard  de croissance 5  ̀10 
retard de croissance ~. 10 
retard de croissance 5  ̀10 
retard de croissance h 10 
re tard  de croissance ~ t0  

5 
re tard 5  ̀10 

5 
1,25 
1,25 

retard 5  ̀10 
re tard  5  ̀10 


