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H y d r o g e n  I o n  B i n d i n g  o f  B a c t e r i a l  C e l l  W a l l  

In  prev ious  inves t iga t ions  i t  was  shown  t h a t  the  ceil 
wall  isolated f rom Staphylococcus aureus  1 can  b ind  sodium,  
po tass ium,  calc ium and  magnes ium ions. Since th is  b ind-  
ing capac i ty  d e p e n d s  on the  h y d r o g e n  ion concen t r a t ion  
of t he  medium,  the  bac ter ia l  cell wall  hyd rogen  ion b ind-  
ing capac i ty  has  been  inves t iga ted .  

E x p e r i m e n t a l  procedures. The cell wall  f rom S. aureus  
(strain 22 I s t i t u t o  Sieroterapico I tal iano) was isolated by  
SALTON'S scheme  ~ and  fu r the r  t r e a t ed  wi th  0.1 M e thy lene  
d i amine te t r a - ace t i c  acid (pH 7.5) as descr ibed in prev ious  
papers  1. H y d r o g e n  ion b ind ing  capac i ty  was  s tud ied  by  
suspend ing  50 mg  of lyophi l ized cell wail in 10 ml of HC1 
or N a O H  at  0,001-0.000001 N. Af ter  5 h incuba t ion  wi th  
shaking,  a t  25°C in an a t m o s p h e r e  of n i t rogen,  t he  
h y d r o g e n  ion concen t r a t i on  was measured  wi th  a Beck- 
m a n  E x p a n d o m a t i c  p H - m e t e r .  The a m o u n t  of bound  
h y d r o g e n  ions was ca lcula ted  f rom the  difference in the  
h y d r o g e n  ion concen t ra t ion  of HCI solut ions w i th  and  
w i t h o u t  t he  cell wall. The  ac t iv i ty  coeff icient  in the  
presence  of cell wall was  a s sumed  equal  to  t h a t  of pure  
HC1 solut ions,  as t he  error  due  to  smal l  a m o u n t s  of cell 
wall is negligible s. P h o s p h a t e s  were d e t e r m i n e d  by  FISKE 
and  SUBBAROW ~ m e t h o d  on hydro lyzed  cell wail.  

Resu l t s  and  discussion.  In  work ing  out  the  d a t a  to  de ter -  
mine  the  dissociat ion coeff icient  and  b ind ing  capaci ty ,  
the  mass  law equa t ion  was used 5,6. The cell wall m a y  be 
regarded,  for this  purpose ,  as po lymer  chains  in three-  
d imens iona l  a r rays  wi th  i ndependen t ,  mu tua l l y  non-com-  
pe t i t ive  b ind ing  sites. The  cell wall t i t r a t i on  curve  for 
S. aureus  is g iven in F igure  1. The  b ind ing-s i tes  were 
e s t i m a t e d  by  SCATCHARD plo t  7 (Figure 2), which  SANr0I 
e t  al. e h a d  a l ready  used to  ca lcula te  t he  ion -b ind ing  
capac i ty  of ra t  l iver microsomes  and  h u m a n  e r y t h r o c y t e  
ghosts .  SCATCHARD'S p lo t  Of our  d a t a  yields a curve  which  
is concave  t o w a r d s  t he  top  sugges t ing  the  presence  of more  
t h a n  one species of b ind ing  site. Assuming  t h a t  in the  cell 
wall there  are 2 major  classes of b ind ing  site in the  range 
below p H  6.00, the  curve  shown in Figure  2, according to  
SANUI et  al. *, m a y  be der ived  f rom:  

H X  [ (X;t)  (X;t) ] (HX I) (HX s) 
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where  [h is the  ac t iv i ty  coefficient,  H X  the  n u m b e r  of 
b o u n d  h y d r o g e n  ions, Ka and  K z t he  dissocia t ion con- 
s tan ts ,  X~t and  X~, t the  m a x i m u m  b ind ing  capaci t ies  of 
t he  2 d i f fe rent  classes of sites, X~t and  X~, b ind ing  si tes in 
free s t a t e  and  H X ,  and  H X  2 b ind ing  sites in b o u n d  s ta te .  
I f  t he  a p p r o x i m a t i o n s  are m a d e  t h a t  a t  low hyd rogen  ion 
concen t r a t i on  H X ~  is negligible, and  a t  h igher  concen t ra -  
t ions  H X x  is essent ia l ly  cons tan t ,  t h e n  p lo ts  of ( H X ) / [ h ( H  +) 

versus  (HX1)  and  (HX2)  should yield 2 s t r a igh t  l ines of 
which the  slopes and in te rcep t s  allow us to calcula te  the  
c o n s t a n t s  requi red  (Table). The  e lec t ros ta t ic  cor rec t ion  
is neglec ted  in th is  t r e a t m e n t  s as i t  is obvious ly  diff icult  
to e s t ima te  the  cell wall charge and  the  p a r a m e t e r  W in 
DEBYE-H/OCKEL'S theory .  S. aureus cell wall, therefore ,  
p resen t s  dissociable groups  b e t w e e n  p H  2 and  6 wi th  
p K  3.19 and  4.70. In  the  alkaline range abou t  0.8% 
ca rboxy l  equ iva l en t  is t i t r a t e d  wi th  a p K  7.15. 
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Fig. 2. SCATCHARD plot of the titration data for S. aureus cell wall. 
The curve is resolved into 2 components according to mass law 
equation 1 and the approximations which follow (see text). 

Constants for hydrogen ion binding by cell wall of Staphylococcus 
aureus as determined from a nlass law treatment of the average data 
from 3 titrations below pH 9.0 

Site Maximum Apparent dissociation pK 
binding capacity constant equiv./1 
/~-equiv./g 
(dry weight) 

1 2 7.0 × 10 -s 7.15 
2 28 2.0 × 10 -5 4.70 
3 232 6.5 :~ 10 -4 3.19 
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Fig. 1. Hydrogen ion binding of S. aureus cell wall. 
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Since t he  compos i t i on  of t he  cell wall  is h igh ly  complex ,  
i t  is v e r y  di f f icul t  to  t r y  a n d  iden t i fy  t he  chemica l  n a t u r e  
of t he  dissociable  g roups  a n d  the i r  a p p a r e n t  d issoc ia t ion  
c o n s t a n t .  However ,  i t  m a y  be  recal led t h a t ,  w i th in  p H  2 
a n d  6, b iological ly  i m p o r t a n t  chemica l  g roups  such  as 
ca rboxy l i c  a n d  p h o s p h a t e  dissociate.  

I n  S. aureus cell wal l  262 /*-equiv./g of d issociable  
g roups  h a v e  been  found.  Ce r t a in ly  th i s  f igure is less t h a n  
t h e  real  n u m b e r  a s s u m i n g  t h a t  t he  t e r m i n a l  ca rboxy l i c  
g roups  a n d  t he  s ide -ca rboxy l  ones  were  free. O u t  of t he  
262 /*-equ iv . /g  found,  28 h a v e  p K  4.70 and  are  ce r t a in ly  
iden t i f i ab le  w i t h  t h e  ca rboxy l i c  groups .  In  fac t  p K  4.70 is 
v e r y  close to  t he  acet ic  acid p K  a n d  t he  d i ssoc ia t ion  p K  
of ca rboxy l i c  g roups  t i t r a t e d  in va r ious  p ro t e in s  (e.g. r ibo-  
n u c l e a s e %  Of t h e  r e m a i n i n g  232/~-equiv. /g ,  i t  is d i f f icul t  
t o  s t a t e  exac t ly  w h a t  chemica l  g roups  are  d issociable  w i t h  
p K  3A9. T h e y  m a y  be  e i t he r  t e r m i n a l  ~ -ca rboxy l  g roups  
(whereas  those  w i t h  p K  4.56 would  b e  s i de - cha i n - ca r boxy l  
ones  9) or  t h e  p h o s p h a t e  g roups  of te ichoic  acid.  T h e  h igh ly  
n e g a t i v e  po ly r ib i to l  p h o s p h a t e  cha in  ce r t a in ly  ac t s  as t he  
m a j o r  cell wal l  po lye lec t ro ly te .  Most  of t h e  d issoeiable  
g roups  w i t h  p K  3.19 are  p r o b a b l y  p h o s p h a t e .  STRO- 
MINGER 10 s t a t e s  t h a t  t he  specia l  s t r u c t u r e s  in some s t r a i n s  
of S. aureus a c c o u n t  for  a b o u t  20% of t he  cell wall.  In  
t h i s  f igure  are  inc luded  glycine  po lypep t ides .  Thus ,  as t he  
S. aureus cell wal l  c o n t a i n s  a b o u t  12% te ichoic  acid and,  
a cco rd ing  to  t he  s t r u c t u r e  r epo r t ed  b y  BADDILEY e t  al. ~t, 
t h e  molecu la r  we igh t  of t he  p o l y m e r  s t r u c t u r a l  u n i t  is 
a b o u t  490, 1 g of cell wal l  c o n t a i n s  a b o u t  245 / , - m o l e s  of 
p o l y m e r  s t r u c t u r a l  uni t .  Since each  un i t  c o n t a i n s  a dis- 
sociable  p h o s p h a t e  group,  t h i s  n u m b e r  agrees  well  e n o u g h  

w i t h  the  p -equ iv . /g  of h y d r o g e n  ions b o u n d  w i t h  p K  3.19. 
On t he  o t h e r  hand ,  59.50 /*-moles of t o t a l  p h o s p h o r u s  
were m e a s u r e d  on 1 g of S. aureus cell wall  ( s t ra in  22 ISI ) .  
W h e n  p H  is a b o v e  6.00 N H  2 groups  p r o b a b l y  d issoc ia te  
(-- NH~  -->- N H  2 + H +) ; t h e  p K  7.15 found  is v e r y  close 
to t he  p K  7.8 of N H ,  g roups  for smal l  molecu lesL  

Riassunto. I1 cell-wall  di Staphylococcus aureus ~ capace  
di legare  cat ioni .  Poich~ la capacitor l egan te  ioni d i p e n d e  
da l  p H  del mezzo, si ~ s t u d i a t a  la  capacitS, l egan te  idro-  
genioni  di cell-wall  l iofi l izzato i so la to  d a  S. aureus. Tito-  
lazioni  al di  so t t o  di p H  9.0 h a n n o  d i m o s t r a t o  la p r e s e n z a  
di 3 sit i  l egan t i  con p K  r i s p e t t i v a m e n t e  di 7,15, 4,70 e 3,19 
e capacitor m a s s i m a  l egan te  di 2, 28 e 232 # -equ iv . / g  (peso 
secco cell-wall).  Viene  discussa  la n a t u r a  ch imica  dei 
g rupp i  dissociabil i .  
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Visua l  and  A u d i t o r y  E v o k e d  Poten t ia l s :  Spec i f i c i ty  of Re t i cu lar  F o r m a t i o n  M o d u l a t i n g  I n f l u e n c e s  

I t  has  become  c o m m o n p l a c e  to cons ider  t he  b r a i n  s t e m  
re t i cu la r  s y s t e m  as exe r t i ng  diffuse,  non-specif ic  inf lu-  
ences  1,2. Th i s  conc lus ion  is ba sed  largely  on  s tud ies  of 
lesions a n d  electr ical  s t i m u l a t i on ,  b o t h  of wh ich  are  non-  
se lec t ive  i n t e rven t i ons .  T he  fo rmer  abol i shes  all  neu ra l  
c o n d u c t i o n  in t he  i m m e d i a t e  v ic in i ty ,  a n d  t he  l a t t e r  in- 
duces  b o t h  o r t h o d r o m i c  a n d  a n t i d r o m i c  impulses  in all 
suscep t ib le  synapses  a n d  f ibres  of passage,  w h e t h e r  t h e y  
are  f ac i l i t a to ry  or  i n h i b i t o r y  3,4. Chemica l  s t i m u l a t i on ,  
however ,  offers a possible  so lu t ion  to these  p r o b l e m s  since 
depos i t ing  suspec ted  n e u r o t r a n s m i t t e r s  in t he  v i c in i ty  of 
synapses  m a y  mimic  t he  ac t ions  of e n d o g e n o u s  neuro-  
h u m o r s  b y  a c t i v a t i n g  or i n h i b i t i n g  on ly  those  n e u r o n s  
whose  p o s t s y n a p t i c  m e m b r a n e s  are  suscep t ib le  to  t h a t  
s u b s t a n c e S - L  

A n u m b e r  of i nves t iga to r s  h a v e  d e m o n s t r a t e d  modif ica-  
t i on  of sensory  evoked  p o t e n t i a l s  b y  e lectr ical  8-~° a n d  
chemica l  3,n s t i m u l a t i o n  of t he  r e t i cu la r  fo rmat ion .  I n  t he  
m a j o r i t y  of cases i t  h a s  b e e n  a s s um ed  t h a t  t h e  r e t i cu la r  
inf luences  would  h a v e  b e e n  exe r t ed  in l ike m a n n e r  ove r  
al l  modal i t ies .  T h e  p r e s e n t  s t u d y  was  des igned  to  in-  
v e s t i g a t e  in  t h e  s a m e  a n i m a l s  t h e  effects  of chemica l  a n d  
e lect r ica l  r e t i cu la r  a c t i v a t i o n  on  b o t h  v i sua l  a n d  a u d i t o r y  
evoked  po ten t i a l s .  

Methods. E l e v e n  acu te ly  i m p l a n t e d  ca t s  were  p r e p a r e d  
for  su rge ry  u n d e r  e t h e r  a n e s t h e s i a  a n d  t h e n  m a i n t a i n e d  
o n  ar t i f ic ia l  r e sp i r a t i on  w i t h  Flaxedi l .  P ressu re  po in t s  and  
incised t i ssues  were top ica l ly  t r e a t e d  w i t h  2 %  Xylo-  
ca ine  12. Vi sua l  a n d  a u d i t o r y  p o t e n t i a l s  were  evoked  b y  
single shocks  to  t h e  op t ic  t r a c t  a n d  b r a c h i u m  of t he  

infer ior  colliculus, respect ive ly .  E v o k e d  p o t e n t i a l s  were 
recorded  f rom visua l  cor t ices  I a n d  II,  a n d  p r i m a r y  a n d  
assoc ia t ion  a u d i t o r y  cor t ices  ~3. Drugs  in so lu t ion ,  ad-  
j u s t e d  to p H  7.4, cons i s t ing  of 20 #g  of a d r e n a l i n e  bi- 
t a r t r a t e  dissolved in 20 #I of n o r m a l  saline,  a n d  20 #g  of 
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