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of 5-hydroxylation occurring in the substratOL In order 
to minimize the quant i ty  of tr i t iated water present initi- 
ally in the samples and controls, the total  volume of the 
labeled substrate solution to be used in a particular run 
was evaporated to dryness in a stream of nitrogen gas 
immediately before use and reconstituted to the initial 
volume with deionized water. 

In  the Figure there is shown the mean rate of hydroxyla- 
t ion as a function of substrate concentration (10 -~ to 
lO-4M); these data  exhibit  typical Lineweaver-Burke 
behaviour and the Michaelis-Menton constant is 2 X 1 0 ~ M  
with respect to the substrate. Mean velocity constants at 
37 °C were 0.31 m/~mole/min (pH 6.0), 0.40 m/~mole/min 
(pi t  7.4) and 0.45 m/~moleJmin (pH 8.0) at  a substrate 
concentration of 5 × 10-4M, indicating only a moderate 
change in the rate  with pH. Consequently, all subsequent 
runs were made at  a pH of 7.4. The hydroxylat ing enzyme 
appeared to be saturated with respect to the substrate at  
a concentration of 5 × 10-a to 10-*M. 

Four  substances which are known to exert  an inhibitory 
action on certain oxidative enzymes were examined in our 
system: (1) aminopterin, which markedly inhibits phenyl- 
atanine hydroxylase a t  a concentration of 5 × 10-~M 1~ 
failed to inhibit our enzyme to any appreciable extent,  
(2) 2-phenylisopropylhydrazine at  10-~M brought  about  
a 63% inhibition, (3) sodium ethylenediaminetetraacetate 
caused 63% inhibition at  10-3M, and (4) equimolar con- 
centrations of ATP and Mg ++ together failed to change 
the reaction velocity. 

The ability of enzyme systems present in  liver homo- 
genates to hydroxylate  catecholamines to 3, 4, 5-trihydric 
phenolic amines lends added significance to the psychoto- 
mimetic act ivi ty  of the hallucinogen mescalin. If a cate- 
cholamine, such as dopamine or its metabolite 3-methoxy- 
tyramine, is hydroxylated in the 5-position through an 
alternate metabolic pathway instead of being detoxified 
by the usual mechanisms, a potential  psychotogenic sub- 
stance could be formed. DALY et al. ~3 have shown pre- 
viously tha t  5-methoxy-3, 4-dihydroxy-fl-phenethylamine 
can be converted to 5-hydroxy-3,4-dimethoxy-fl-phen- 

ethylamine by the action of O-methyltransferase; the 
remaining methylat ion step to mescalin has not been 
demonstrated in mammalian tissue. Our enzymatic con- 
version of 3-methoxytyramine to 3-methoxy-5-hydroxy- 
tyramine brings closer the possibility of a biochemical link 
between phenylalanine and mescalin by the following 
route:  

I t  is, of course realized that  neither 3-methoxy- 
4, 5-dihydroxy-fl-phenethylamine nor its O-methyl deriva- 
tives nor the corresponding oxidative deamination pro- 
ducts have been reported as normal or abnormal urinary 
or other metabolites from mammals. Since the hydroxyla-  
tion of our substrate occurs at  a very tow specific rate, i t  
is anticipated tha t  new procedures will be required which 
will permit  the isolation of sufficient 3-methoxy-4, 5-di- 
hydroxy-/3-phenethylamine for chemical identification 14. 

Rdsumd. Les homog6nats de toie de rat  et  de toie de 
lapin contiennent un syst6me enzymatique capable d 'hy- 
droxyler en position 5 la 4-hydroxy-3-m6thoxy-ph6n- 
6thylamine. Ce type d 'oxydat ion pourrait  repr6senter une 
vole biologique pour la transformation de cat6cholamines 
en substances analogues ~ la mescaline. 
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A f f i n i t y  of  V a r i o u s  C a t i o n s  f o r  S t a p h y l o c o c c u s  a u r e u s  C e i l - W a l l  

I t  has been found that  Staphylococcus aureus cell-wall 
can bind metal ions 1. Its binding capacity is greater for 
divalent ions (Ca ++ and Mg ++) than for monovalent  ones 
(K+ and Na+), i t  depends on the pH of medium, and it is 
not affected by the anion to which the cation is bound 1 
Potentiometric t i tration curves for the cell-wall in the 
presence of cations show a definite pH shift, greater for 
Ca ++ and 2¢Ig ++ than for Na+ and K+I. I t  has been 
postulated tha t  there is a relationship between the bind- 
ing capacity and the cell-wall poly-ionic structure: 
specifically it  seems tha t  teichoic acid is able to confer 
this feature to the ceil-walL This paper deals with the 
association constants of various cations for S. aureus 
isolated cell-walt. 

The apparent  constants of association enable us to 
measure the relative affinity of the ions for the cell-wall 
binding sites and therefore give us information on the 
cell-wall ion exchange capacity-. 

Materials and methods. S. aureus cell-wall (strain 22 
Is t i tu to  Sieroterapico Italiano) was prepared by SaczroN's 

scheme * and further purified with 0.1 M ethylenediamine 
tetra-acetic acid (pH 7.5)1 

The hydrogen ion binding capacity of S. aureus cell- 
wall was studied by suspending 200 mg of lyophilized 
cell-wall in 50 ml solution of HC1 at  0.01-0.000001N or 
NaOH at  0.001-0.000001N. The binding of metal  ions 
has been studied by a t i t rat ion method similar to tha  
reported by GILBERT and MYERS 3. 

The potentiometric t i trat ion curves of lyophilized cell- 
wall were carried out using a HC1 solution in the presence 
of metal  ions at  suitable molar concentrations, so tha t  the 
medium ionic strength remained a t  0.1. After  equilibra- 
tion for 5 h at  25 °C with shaking in a nitrogen atmo- 
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sphere ,  t h e  p H  was  m easu red  w i t h  a B e c k m a n  E x p a n d o -  
ma t i c  p H - m e t e r  (accuracy of p H  m e a s u r e m e n t  4- 0.002 U). 
The  decrease  of pH,  caused b y  the  me ta l  ions, was  t a k e n  
to  be the  resu l t  of compe t i t i on  be tween  meta l  ions and  
h y d r o g e n  ions for nega t ive  si tes on the  cell-wall. 

The  q u a n t i t y  of h y d rogen  ions b o u n d  was  t h e n  calcu- 
l a t ed  b y  compar i son  wi th  the  h y d r o g e n  ion concen t r a t ion  
of t he  suspens ion  m e d i u m  w i t h o u t  t he  cell-wall. 

R e s u l t s  a n d  d i scuss ion .  Ti t r a t ion  curves  of t he  cell-walt 
in HC1 solut ion were used  to  s t udy ing  the  hydrogen  ion- 
b ind ing  c a p a c i t y  (Figure).  The  curve  in the  Figure  has  
been  ful ly ana lysed  in a previous  work  4 and  gives 2 qu i t e  
close p K ' s  in t h e  3-5 p H  range,  p K  3.19 was  found in 
m o r e  t h a n  90% of t he  t i t r a t ab l e  groups,  while in the  
r ema in ing  10% of all dissociable  groups  the  p K  was  4.70. 
Thus,  our  e x p e r i m e n t s  were  pe r fo rmed  a t  p H  3 :k 0.50 
and  th i s  to  min imize  t h e  dissocia t ion of groups  dissociable 
w i th  p K  4.70, The  effect  of g roups  dissociable wi th  p K  4.70 
was  a s sumed  negligible and  so the  cons t an t s  s tud ied  refer  
p r inc ipa l ly  to  p K  3,19 dissociable groups.  

Titration results 

Cation pH c~ or' CtM logloKM 

Na + 2.30 0.884 0.869 0.016 0.04 
2.76 0.750 0.726 0.032 0.06 
3.10 0.546 0.507 0.071 0.04 
3.30 0.438 0.400 0.095 0.02 
3.45 0.346 0.307 0.112 0.05 

K+ 2.25 0.900 0.884 0.018 0.05 
2.50 0.838 0.815 0.027 0.08 
2.84 0.700 0.661 0.056 0.0i 
3.14 0.515 0.476 0.075 0.08 
3.30 0.442 0.403 0.088 0.07 

Zn ++ 2.30 0.884 0.723 0.182 1.28 
2.55 0.834 0.607 0.272 1.35 
2.70 0.769 0.538 0.300 1.27 
3.04 0.584 0.288 0.506 1.38 
3.50 0.326 0.134 0.588 1.33 

300 
Ca ++ 2.10 0.923 0.815 0.117 1.23 

2.30 0.884 0.757 0.143 1,55 
2,54 0.830 0,615 0.259 1.31 
2.70 0.769 0.500 0.349 1.36 
3.00 0.615 0.323 0.474 1.36 _L 

Mg ++ 2.01 0,938 0.842 0.106 1.32 t = r ~  

2.34 0.886 0.757 0.139 1.14 " ~  
2.71 0,769 0.496 0.355 1.37 ~-  
3.03 0.580 0.307 0.470 1,32 
3.50 0.326 0.096 0.690 1.51 =~ 100 

Mn ++ 2.01 0.938 0.815 0.131 1.38 tzr~ 

2.35 0.876 0.700 0.200 1.30 E 
2.70 0.769 0.519 0.325 1.32 
2,85 0.692 0.396 0.427 1.38 ~= 
3.06 0.584 0.288 0.566 1,38 ~ 0 

Cu ++ 2.01 0.938 0.819 0.126 1.36 
2.36 0.876 0,692 0.210 1.33 
2.50 0.838 0.623 0.256 1.32 
2.69 0.769 0.576 0.250 1.16 
3.03 0.576 0.280 0.513 1.39 

Ce +++ 2.07 0.934 0.780 0.164 1.46 
2.41 0.861 0.588 0.317 1.52 
2.56 0.823 0.496 0.397 1.56 
2.76 0,750 0.373 0.502 1.60 
3.11 0.538 0.230 0.572 1,46 

I t  is, f u r t h e r  a s s u me d  t h a t  d issociable  acid  groups  are  
d i s t r i bu ted  a t  r a n d o m  in macromolecu la r  a r r ays  a n d  t h a t  
t h e y  are n o t  compet i t ive .  Such a p p r o x i m a t i o n s  al low 
GILBERT and  1VIYERS'S condro i t i n - su lpha te  d issocia t ion 
p rocedure  3 to  he appl ied in ana lys ing  the  f i rs t  sec t ion  of 
the  dissocia t ion curve  

C¢ 
log K = pH + log --~o-~-~--- A (1 -- ~) (1) 

where  x is t he  degree of associat ion of p r o t o n s  w i t h  acid  
groups,  K is t he  intr insic  c o n s t a n t  of associa t ion  a n d  A 
the  e lec t ros ta t ic  coefficient .  Since the  l a t t e r  is a func t ion  
of t he  degree  of associa t ion  and  there fore  di f f icul t  to  
de te rmine ,  A has  been  ignored.  I t s  value,  however ,  is 
sl ight.  F u r t h e r m o r e ,  t h e  ac t iv i ty  coeff icient  in  t h e  poly-  
e lec t ro ly te  p h a s e  was  t a k e n  as be ing  t h a t  for  cell-wall  
f ree solut ions.  "With ca t ions  presen t ,  t he  t i t r a t i on  cu rves  
shi f ts  t o w a r d s  acid values,  so ind ica t ing  the  ca t ion ' s  as- 
socia t ion  w i t h  acid groups.  

The  analogue  of equa t ion  (1) for t he  cat ion b inding,  
according  to  GILBERT and  ~YERS ~, is: 

0¢M 
logKM = - - l o g C M +  log n A ( 1 - - ~ ' - -  haM) (2) 

1 - -  ~ '  - -  ~ M  

where  CM is the  concen t r a t ion  of me ta l  ion, cor rec ted  for  
the  small  a m o u n t s  of ions bound  to  the  cell-wall, KM the  
intr insic  associat ion c o n s t a n t  a t  c o n s t a n t  ionic s t r eng th ,  
and  ~" and  ~M are t h e  degree  of  associa t ion  of H + a n d  
me ta l  ions respec t ive ly  for  d issocia t ion  acid groups.  Fo r  
0¢ M GILBERT and  MYERS 'S  a p p r o x i m a t e  fo rmula  was  used :  

M = - -  

The  resul ts  g iven in t he  Table  are der ived  f rom equa t ion  
(2) and  show an  increas ing  a f f in i ty  for cell-wall dissociable 
groups  in t he  order  Na  +, K + < Ca ++, Mg++, Zn++, Mn++, 
Cu ++ < Ce +++. 

The  Na + and  K+ associa t ion c o n s t a n t s  are qui te  smal l  
c o mp a r e d  to those  for  d iva len t  ions. D iva l en t  ions of 
g rea te r  a tomic  we igh t  show a h igher  aff ini ty.  Cat ion b ind-  

l , 

Hydrogen ion binding of S. aureus cell-walL 

4 F, GALDIEII% in press, 
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ing  c a p a c i t y  o n  biological  sur faces  due  to  f ixed cha rges  
a n d  t h e i r  poss ible  d i s p l a c e m e n t  acco rd ing  to  t h e i r  a f f in i ty  
is of cons ide rab le  i m p o r t a n c e .  Our  knowledge  of t h e  ion 
b i n d i n g  c a p a c i t y  for  po lye lec t ro ly te  s t r u c t u r e s  is r ecen t  5,s. 
One  h i g h l y  i n t e r e s t i ng  h y p o t h e s i s  for  biological  s t r u c t u r e s  
is t h a t  c a t i ons  f o r m  a mob i l e  m o n o l a y e r  7,s a r o u n d  t h e  
dissociable  g roups  of p o l y m e r  chains .  

T h e  c o n s t a n t s  of Na+  a n d  K + f o u n d  for t h e  cell-wall,  
are  of t h e  o rder  of m a g n i t u d e  for  w e a k  in t e r ac t i on .  I t  
seems  r e a s o n a b l e  to  r ega rd  t he  m o n o v a l e n t  coun t e r i ons  as  
f o rming  a v e r y  h i g h l y  mob i l e  m o n o l a y e r  on  t h e  p o l y m e r  
ske le ta l  sur face  of cell-wall. 

O n  t h e  o t h e r  h a n d  t h e  a s soc ia t ion  c o n s t a n t s  of d i v a l e n t  
a n d  t r i v a l e n t  ca t ions  are  c lear ly  for s t r onge r  in t e rac t ions .  
Th i s  r e su l t  is c o n s i s t e n t  w i t h  t h e  c o n c e p t  of t h e  coun te r -  
ions  closely b o u n d  b y  e l ec t ros ta t i c  in t e rac t ions .  

Riassunto. Sono s t a t e  s t u d i a t e  le c o s t a n t i  a p p a r e n t i  d i  
associazione di  v a r i  ca t ion i  pe r  il cell-wall  i so la to  di 
cellule di  Stapkylococcus aureus. E '  r i s u l t a t o  che  gli ioni  

m o n o v a l e n t i  p r e s e n t a n o  u n a  b a s s a  c o s t a n t e  di  associa-  
zione m e n t r e  gli ioni  b i v a l e n t i  e t r i v a l e n t i  p r e s e n t a n o  
va lo r i  n e t t a m e n t e  super io r i  delle c o s t a n t i  di  associazione.  
Si conc lude  che  m e n t r e  i c a t ion i  m o n o v a l e n t i  sono  lega t i  
d a  debol i  l egami  e le t t ros ta t i c i ,  i c a t i on i  di v a l e n z a  supe-  
r iore  f o r m a n o  con  i g r u p p i  dissociabi l i  l egami  ionici  
s tabi l i .  
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Cell-Like Structures from Simple Molecules under Simulated Primitive Earth Conditions 

Over  2 decades  ago  a g roup  of e x p e r i m e n t s  on  t h e  
or ig in  of life was  p e r f o r m e d  b y  HERRERA us ing  a m m o n i u m  
t h i o c y a n a t e  a n d  f o r m a l d e h y d e  1. Th i s  work  ha s  b e c o m e  
r e l e v a n t  s ince MILLER'S syn thes i s  2 of f o r m a l d e h y d e  in a 
p reb io log ica l  s y s t e m  a n d  HEYNS' ex t ens ion  3 w h i c h  y ie lded 
a m m o n i u m  t h i o c y a n a t e .  

W e  chose a n  e x p e r i m e n t  4 in  w h i c h  i t  was  c l a imed  t h a t  
s imple  m i x i n g  of 7 m l  37% f o r m a l d e h y d e  a n d  3 g a m -  
m o n i u m  t h i o c y a n a t e  r e su l t ed  in  ' l ife-like forms ' .  After  
m i x i n g  t h e  mate r ia l s ,  t h e  colorless l iqu id  b e c a m e  s l igh t ly  
r ed  in a few sec, a n d  f ina l ly  a go lden  yel low a f t e r  1 h.  
Microscopic  e x a m i n a t i o n  (w i thou t  a cover  glass) r evea led  
a h i g h  d e n s i t y  of spheres  1 -5 /~  in  d i a m e t e r  (F igure  t) .  A 
d rop  of w a t e r  was  app l i ed  so i t  s l igh t ly  o v e r l a p p e d  o n t o  
t h e  d r y i n g  m i x t u r e  (Figure  2). Vigorous  s t r e a m i n g  of t h e  
r e a c t i o n  m i x t u r e  in to  t h e  w a t e r  resu l ted .  The  spheres  
d a r k e n e d  cons ide r ab ly  a n d  s t r u c t u r e s  of a g rea t e r  size 
a n d  complex i ty ,  10-100/~  in  d i a m e t e r  are  seen (Figure  1). 
0 . 1 M  acet ic  acid a n d  0 . 1 M  N a H z P O  4 gave  t h e  s ame  
resu l t s  w h e n  used  as r e h y d r a n t s .  W h e n  t h e  d r y i n g  spheres  
were  r e h y d r a t e d  w i t h  1% so lu t ions  of m e t h y l e n e  blue,  
t r y p a n  b lue  or  P o n c e a u  S, t h e y  c o n c e n t r a t e d  t h e  s ta in .  

I n t e r n a l  f luid r e g u l a t i o n  is one  of t h e  p r i m a r y  p roper -  
t ies  of life. T h e  con t r ac t i l e  vacuo le  is used  b y  some 
un ice l lu la r  o r g a n i s m s  for  th i s  pu rpose  5. In  m a n y  cases we 
obse rved  m o t i o n  of a n  i n t e r n a l  vacuole- l ike  s t r u c t u r e  to-  
w a r d  t h e  b o u n d a r y  a n d  i ts  s u b s e q u e n t  ex t rus ion .  T h e  
b o u n d a r y  t h e n  closed, r e fo rmed ,  a n d  r e s u m e d  i t s  c i r cu la r  
s h a p e  (F igure  3). 

T h e  ye l lowing  l iquid  b e c a m e  p rogress ive ly  less a b u n -  
d a n t  as a t h i n  l aye r  of solid fo rmed  on  i ts  sur face  a n d  
m u c h  solid depos i t ed  a t  t h e  b o t t o m .  L i t t l e  s u p e r n a t a n t  
was  lef t  a f t e r  48 h a t  r oom t e m p e r a t u r e .  

U V - r a d i a t i o n  is a s s u m e d  to  h a v e  b e e n  a n  i m p o r t a n t  
e n e r g y  source  for  chemica l  evo lu t ionS ;  so we cons ide red  
i t s  effect  on  t h e  reac t ion .  W e  used  d i lu te  r e a c t a n t  solu- 
t ions  to  t e s t  for  t h e  c a t a l y t i c  effect  of U V - r a d i a t i o n  o n  
c o n c e n t r a t i o n s  more  l ikely to h a v e  occur red  in a p r i m i t i v e  
e a r t h  e n v i r o n m e n t .  A t yp i ca l  s t a r t i n g  m i x t u r e  cons i s ted  
of e q u i v o l u m e s  of 0.5 M N H , S C N  a n d  1.4 M f o r m a l d e h y d e .  

Samples  were  s u b j e c t e d  t o  da rkness ,  r oom l i gh t  (fluores- 
cent) ,  a n d  U V - r a d i a t i o n  (U l t r av io l e t  P r o d u c t s  SC-1). T h e  
d a r k  r e a c t i o n  a n d  t h e  second  case showed  no  spheres  a f t e r  
24 h whereas  t h e  i r r a d i a t e d  s a m p l e  d i sp l ayed  spheres  a f t e r  
15 min .  

Fig. 1. Multitude of small spheres from a 7 m137% formaldehyde, 3 g 
NH4SCN mixture. The dark vacuolated spheres were formed by 
rehydration of the drying drop. 
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