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p resence  of an t igen .  The  r ap id  loss of a n a p h y l a c t i e  
p rope r t i e s  w h i c h  a c c o m p a n i e s  i r r ad i a t i on  i n a c t i v a t i o n  is 
in t e res t ingaL  I n  t h e  l igh t  of t h e  iminazo le  hypo thes i s ,  
t h i s  sugges t s  t h a t  i n t e r a c t i o n  of a n t i g e n  w i t h  h i s t id ine  
iminazo le  a t  a specif ic  c o m b i n i n g  s i te  in  t h e  a n t i b o d y ,  a n d  
release of p r o t e i n - b o u n d  h i s t a m i n e  b y  a n t i g e n  35-a~ m a y  
h a v e  a c o m m o n  origin.  

I am most grateful to Drs. H. SMITH and B. T. TOZER for helpful 
discussions. 

J .  H .  TURNBULL 

Microbiological  Research Establ ishment ,  Porton, Wil ts ,  
and  The Universi ty ,  Edgbaston, B i r m i n g h a m ,  A p r i l  7, 1959. 

Rdsumd 

L ' a n t e u r  p ropose  u n  m o d e  de l ia ison en t r e  les mol6cules 
d ' a n t i g ~ n e  et  d ' a n t i c o r p s  au  m o y e n  d ' u n  cen t re  r6ac t i f  
spdcif ique r 6 s u l t a n t  de  l ' i n t e r a c t i o n  d ' u n  g roupe  r6cep teu r  
c a r b o x y l i q u e  de l 'ant ig&ne avec  le g r o n p e  iminazole  d ' u n e  
u n i t e  par t icu l i~re  h i s t id ine  de l ' an t i co rps ,  P lus ieurs  fa i ts  
v i e n n e n t  done  corff i rmer l ' h y p o t h ~ s e  se lon laquel le  nous  
sugg6rons  une  ana logie  en t r e  les i n t e r ac t i ons  an t ig~ne-  
a n t i c o r p s  e t  les i n t e r a c t i o n s  de  ce r t a in s  enzymes  e t  de  
t ea rs  s u b s t r a t s .  
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F i x a t i o n  
Cer ta in  H e t e r o g e n o u s  A n t i g e n i c  S u b s t a n c e s  

on  B a c t e r i a l  Cel ls  and  E n d o s p o r e s  

The  GLADSTONE a n d  FILDES m e d i u m  (G.F.)1 h a s  been  
wide ly  used  for  m a n y  yea r s  for  t h e  cu l tu re  of va r ious  
bac te r i a .  No r e p o r t  ha s  been  m a d e  o n  d i s a d v a n t a g e s  due  
to t h e  f ac t  t h a t  i t  c o n t a i n s  a case in  d e r i v a t i v e  a n d  a 
y e a s t - e x t r a c t ,  b o t h  of w h i c h  are  an t igen ic  subs tances .  

T h e  s imple  process  of w a s h i n g  t h e  cells of B.  megaterium 
grown  o n  G . F . - a g a r  twice  was  suff ic ient  to  e l im ina t e  ad -  
h e r i n g  y e a s t  a n d  casein f rom the  cells a n d  no  y e a s t  a n t i -  
bodies  were  f o u n d  in  a n y  of t he  40 sera  p r e p a r e d  in 
r a b b i t s  for  t h e  purpose  of t y p i n g  *. TOMCSlK AND BAV- 
MAN~-GRACE 3, however ,  o b s e r v e d  d i s t u r b i n g  cross- 
r eac t ions  w i t h  B.  cereus in  t h e  p r e c i p i t a t i o n  r e a c t i o n  
w h e n  t h e  s u p e r n a t a n t  f luid f rom a 24-tl b r o t h  c u l t u r e  in  
G .F . - ca se in -yeas t  m e d i u m  was used. A s t u d y  of t h e  cross 
r eac t ions  o b t a i n e d  w i t h  cu l tu re  f luids  a n d  w i t h  va r ious  
f rac t ions  of t h e  m e d i u m  a lone  r evea l ed  t h a t  some of t he  
B.  cereus i m m u n e  sera  c o n t a i n e d  y e a s t  a n t i b o d i e s  as  
shown  in Tab le  I. 

I t  c an  be  seen t h a t  3 sera  (C2, C3, C14) cross r e ac t ed  
w i th  s u p e r n a t a n t  of t he  C3 s t r a i n  of B.  cereus a n d  t h a t  
4 se ra  (C3, C14, C21, C27) c o n t a i n e d  y e a s t  an t ibod ie s .  I n  
t he  c o m p l e t e  case in -yeas t  m e d i u m ,  there fore ,  t h e  s u m  of 
t he  specific c ross - reac t ions  a n d  those  due  on ly  to  p resence  
of y e a s t  a n t i b o d i e s  was obse rved .  A l t h o u g h  he t e rogenous  
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Table I 
Precipitin reactions with sera of rabbits immunized with shaken 

cultures of several B. cereus strains in casein-yeast medium 

Culture 

C 3  
C3  

| 

Antigen [ Immune sera 

Medium I C 2 [  C 3 1 C 9  C I 4 [ C ' 2 I [ C g 7  

Casein-yeast* +++ ++++ ± +++ +++ +++ 
Casein* +++ ++++ - ++++ - - 
Yeast-extract** - ++++ - +++++++~ "++4 
Casein** - - - 

* Undiluted supernatants from fluid cultures. 
** Same concentration as that recommended for the Gladstone- 

Fildes medimn. 

a n t i b o d i e s  were n o t  f o u n d  in a n y  of 40 r a b b i t  sera  pre-  
p a r e d  w i t h  B.  megaterium cells g rown  o n  G.F .  agar ,  6 o u t  
of 13 s e r a  p r e p a r e d  f rom B. cereus p r e p a r e d  in  s h a k e n  
b r o t h  cu l tu re s  were f o u n d  to  c o n t a i n  a n t i b o d i e s  a g a i n s t  
t h e  y e a s t  in  t h e  med i u m.  Since b o t h  t h e  cells of B .  mega- 
ter ium a n d  those  of B.  cereus were w a s h e d  twice  a f t e r  
h a r v e s t i n g ,  i t  m u s t  be  a s s u m e d  t h a t  t h e  yeas t  a n t i g e n  
f rom t h e  m e d i u m  is f ixed more  f i rmly  to  t h e  bac te r i a l  
cells in  l iqu id  s h a k e n  cu l t u r e s  t h a n  on  a g a r  m e d i u m .  T h e  
a m o u n t  of y e a s t  f ixed,  however ,  was  n o t  suff ic ient  to  
in te r fe re  w i t h  or to  be  d e m o n s t r a b l e  b y  t h e  a g g l u t i n a t i o n  
r eac t i on  a n d  t h e  specific cell wal l  reac t ion .  

I t  occu r red  to  us  t h a t  fa i lure  to  recognise  t h e  p resence  of 
y e a s t  a n t i b o d i e s  in  t h e i r  r a b b i t  sera,  p r o b a b l y  led CAVE- 
BROWN-CAvE el al.4 to  t h e  e r roneous  p o s t u l a t i o n  of two 
po lysacchar ides  in  a n t h r a x .  O u r  o w n  e x p e r i m e n t s  5 
showed  t h a t ,  p rov ided  yeas t  is o m i t t e d  f rom t h e  m e d i u m ,  
on ly  one  po lysacchar ide ,  t h e  one  w h i c h  we de f ined  as  
cel l-wall  po lysaccha r ide ,  cou ld  b e  i so la t ed  f r o m  t h e  G.F.  
cu l tu re  fluid.  Th i s  po lysaccha r ide  co r r e sponded  to  t h a t  
descr ibed  b y  o t h e r  workers ,  be ing  a ga lac tose-glucos-  
a l rdne -pep t ide  c o m p l e x  w h i c h  gave  a specific p r e c i p i t a t i o n  
r eac t i on  o n l y  w i t h  a n t h r a x  p o l y s acch a r i d e  se ra  a n d  a few 
r e l a t ed  se ra  f rom B .  cereus s t ra ins .  I f  yeas t  e x t r a c t  was  
p r e s e n t  in  t h e  m e d i u m ,  however ,  t h e  i m p u r e  p o l y s acch a -  
r ide  f r ac t ion  r eac t ed  n o t  on ly  w i t h  t h e  a n t h r a x  sera  b u t  
also w i t h  a n  u n r e l a t e d  s e r u m  of B.  cereus (C27) k n o w n  to  
h a v e  a h i g h  c o n t e n t  of y e a s t  an t ibod ie s .  B y  p r e c i p i t a t i o n  
w i t h  B a ( O H ) v  as desc r ibed  b y  CAVE-BROWN-CAvE et al., 
two  po lysaccha r ides  cou ld  be  isolated,  one  a m a n n a n ,  
serological ly  iden t i ca l  w i t h  t h e  yeas t  po lysacchar ide ,  a n d  
t h e  o t h e r  t h e  t y p i ca l  a n t h r a x  po lysacchar ide .  

Table I I  
Precipitin reactions of a pure and of an impure anthrax polysaccharide 

contaminated with yeast gum 

Polysaccharide-an tigens 
1 : 10,000 dilution 

1 Pure an thrax  polysaccharide 
from yeast  free medium.  . . 

2 Impure  an th rax  poly- 
saccharide from yeast con- 
taining medium 

3 Ba(OH) 2 insoluble par t  of 2 • 
4 Yeast  gum 

Sera 

++++ 

++++ 

± 
++++ 
+++ 
++++ 

4 j .  E. CAVE-BROwN-CAVE, E. S. J. FRY, H. S. EL CADEM, and 
H. N. RYDo~, J.  chem. Soc. 195~, 3866. 
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Table 111 
Lysozyme antibodies produced with lysozyme-treated and 5× 
washed spores of B. megaterium. Preeipitin reactions with the HC1- 

extract of Mg ~21 spores 

I,ysozyme treatment of Mg 21 
spores previous to extraction 

yes 
nO 

Mg 1t 

S p o r e  illllll[IIIe sera 

I Mg t7 Mg 19 I " ..... 

++++_ [ ++++ 
Mg 45 

+ + ~ +  

-~4+V 

In Table II the results  of the  precipi t in  react ions  ob- 
tained with the a n t i a n t h r a x  horse se rum (A8), used by  
TOMCSIK and SZONGOTT 6 when  they  first  isolated the  
an th rax  polysaccharide.  Similar react ions  were, however ,  
ob ta ined  by  using more t h a n  10 of our  an t i - an th r ax -po ly -  
saccharide r abb i t  sera, conta in ing  no yeas t  an t ibody .  The  
yeas t -gum was p repared  wi th  t he  m e t h o d  descr ibed by  
TOMCSlK 7 from the  same s t ra in  of yeas t  as t h a t  used to 
prepare  the G.F. medium.  

Lysozyme as he terogenous  ant igen was fixed unexpec t -  
edly s t rongly on spores of B. megaterium t r ea ted  wi th  th is  
enzyme to remove r e m n a n t s  of the  vege ta t ive  cells. The 
spores were collected f rom a 24-h shaken  p o t a t o - e x t r a c t  
cul ture of B. megaterium in a phase  when  mos t  of the  
spores were l ibera ted and  the  sporangia  dissolved.  The 
spores were then  centr i fuged,  r e suspended  in M/30 phos-  
pha t e  buffer  a t  p H  7-0. An equal  volume of 1 : 10,000 cryst .  
lysozyme (Mann) was added  and the  suspension incuba ted  
at  37°C for 30 rain. The spores were comple te ly  freed 
from vegeta t ive  r emnan t s  by  this  process a n d  were 
centr ifuged and washed 5 t imes  wi th  dist i l led wa te r  and  
freeze dried, A heavy  suspension p repared  by  resuspending  
the freeze dried mater ia l  was in jec ted  8 t imes  in t ra-  
venously  in rabbi t s  a t  intervals  of 3 or 4 days  to produce  
spore-antibodies.  

Apar t  from type  specific spore-ant ibodies ,  lysozyme 
ant ibodies  were found in 4 ou t  of 8 r abb i t  sera p repared  
wi th  lysozyme t rea ted  spores of B. megaterium inspi te  of 
the  five successive washings wi th  dist i l led water .  The  
4 sera gave a fairly s t rong prec ip i ta t ion  wi th  1:20,000 
dilution of lysozyme and  one of t h e m  reacted  in a di- 
lution of more than  1 : 1,000,000. The lysozyme an t ibodies  
were found to interfere wi th  the  precipi t in  react ions  in- 
volving the  hydrochlor ic  acid ex t rac t s  of whole spores or 
spore walls if the  spores had  been previously  hea ted  wi th  
lysozyme followed by five subsequen t  washings.  

The only effective m e thod  of removing  the  lysozyme 
was found to  be the  ex t rac t ion  of the  spore specific sub-  
s tance wi th  an t i formine  and  subsequen t  p rec ip i t a t ion  of 
the  non-specific pro te ins  w i th  t r ichtoracet ic  acid. This  
me thod  yielded a ' pep t ide '  which reac ted  only  wi th  the  
homologous spore serum. 
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Zusammen/assung 
Bakterielle Scht i t te lkul turen b inden  aus der  Kul tu r -  

fifissigkeit Hefeant igen,  welches durch  zweimaliges 

" J. TOI~CSIK and H. NZONGOTT, Z. hnumnForsch. 76, '214 0932). 
7 j .  TOMCSIK, Z. ImmunForseh. 66, 8 (1930). 

\Vaschen der  Bakte r ien  n ich t  en t f e rn t  werden  kann.  
B. megaterium-Sporen werden durch  L y s o z y m b e h a n d l u n g  
yon allen Res ten  der  vege ta t iven  Zetlen befre i t  ; sic b inden 
das  E n z y m  aber  so s tark,  dass  sic in Kan inchen ,  selbst  
nach  f i infmal igem W as ch en  mi t  des t i l l i e r tem "Wasser, 
ausser  Sporenan t ik6 rpe rn  such  Lysozyman t ikOrpe r  pro- 
duzieren.  

M e a s u r e m e n t  o f  T i s s u e  p C O  ~ i n  t h e  B r a i n  

Carbon dioxide,  in itself a p roduc t  of the  me tabo l i sm of 
the  nervous  t issue and  fu r ther  b rough t  to the  t issue by  the 
ar ter ia l  blood, is of grea t  impor t ance  for the  normal  
funct ion  of the  nerve  cells. Among  o the r  th ings ,  it  affects  
cell exc i tab i l i ty  and,  on accoun t  of its p o t en t  effect  upon 
local c irculat ion,  cell n u t r i t i o n L  Since p roper  me t h o d s  
have  h i t h e r t o  been  lacking, no q u a n t i t a t i v e  d a t a  are 
avai lable  as to  ca rbon  dioxide tens ion  in the  bra in  tissue. 

Dur ing  the  last  two  years,  however ,  e lec t rodes  have  
been cons t ruc t ed  for m e a s u r e m e n t s  of pCO 2 in liquids 
according to the  pr inciple  first  descr ibed by  STOW et al. 2. 
This principle implies a pH m e a s u r e m e n t  in a t h in  layer  
of wa te r  outs ide  a conven t iona l  p H  electrode.  This  layer  
is al lowed to come into  gaseous equi l ibr ium wi th  a sample  
of u n k n o w n  pCO 2 t h ro u g h  a m e m b r a n e ,  impermeab le  to 
ions. The p H  is t hen  a l tered  in d i rec t  p ropor t ion  to tog 
pCO2 of the  sample .  

Recent ly ,  a new t y p e  of e lec t rode  for con t inuous  
m e a s u r e m e n t  of pCO~ in l iquids and  t issue has  been  con- 
s t ruc ted  a according  to  the  above  principle.  This  pCO~ 
elect rode con ta ins  a p H  elect rode wi th  a plane glass 
m e m b r a n e  (d iameter  3 mm) inser ted  into a plexiglass 
housing and  touch ing  wi th  its lower end a 0.006 m m  Teflon 
membrane .  The pCO~ electrode also conta ins  a min ia ture  
calomel  reference e lect rode in con tac t  wi th  a reference 
e lec t ro ly te  (0.001 or 0.0001 5" NaHCOa). Because of the 
sl ight  concav i ty  of the  glass membrane ,  a th in  cons t an t  
layer  of reference solut ion is kep t  be tween  the  glass and 
the  Teflon membranes .  This  a r r a n g e m e n t  provides  a fast 
and  sensi t ive  e lect rode sui ted for recording  rapid  changes  
of p c o ~ .  

In  the  p resen t  paper ,  we have  summar i zed  our  ex- 
per ience wi th  the  e lect rode descr ibed above  when  using it 
for con t inuous  m e a s u r e m e n t  of pCO 2 on the  surface of the 
in tac t  cerebral  cor tex  of the  cat .  A detai l  r epor t  of the 
resul ts  will be publ ished elsewhere 4. 

The e lect rode was ca l ibra ted  aga ins t  saline solut ions of 
known  ca rbon  dioxide concen t r a t ions  a t  the  t empe ra tu r e  
of the  cor t ica l  surface in the  expe r imen ta l  s i tuat ion.  
Measu remen t s  on the  cor tex  were carr ied ou t  wi th  the 
Teflon m e m b r a n e  of the  e lec t rode  appl ied  wi th  a min imum 
of pressure  d i rec t ly  on to  the  i n t ac t  pial surface of the  
exposed  cortex.  U n d e r  N e m b u t a l  anaes thes ia  (40 mg/kg 
in t raper i toneal ly) ,  it was  found t h a t  the  cor t ical  pCO 2 in a 
given area  did no t  va ry  more  t h a n  ~ 1-5 m m  Hg on 
repea ted  appl ica t ions  of the  e lect rode p rov ided  the  fop 
lowing condi t ions  were cont ro l led :  cor t ical  blood flow 
(measured by  the  out f low from the  super ior  sagit tal  
sinusS), cort ical  t e m p e r a t u r e ,  blood pressure,  volume and 

1 S. S. KETY in R. J. S. McDowALL (ed.), The Control oj the 
Circulation o] the Blood, SuppL vol. (Dawson, l.ondon 195~), p. 176. 

2 R. \V. STOW, F. R. BAER, and B. F. RANDALL, Arch. Phys. Med. 
38, 646 (1957). 
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