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produced growth ot S. ¢erevisiae, either in the presence or 
in the absence of 5-fluorouracil. The abili ty of myoinositol 
to promote growth of S. cerevisiae is well known 4. 

When the concentration of 5-fluorouracil was increased 
in the culture medium from the usual level of 7 , 1 0  -6 to 
10-4M, myoinositol 6 no longer was effective in restoring 
growth. Cytosine 5 and uracil ~ were both active under 
these conditions, with the former significantly more ac- 
t ive than  the latter. These results in yeast  may  be related 
to the role of cytidine diphosphate in the biosynthesis of 
myoinositol phosphatides in the mammal  e. 

To our knowledge, this is the first report  indicating a 
higher excretion of myoinositol by the new-born infant 
than by adults. Although work has been done on adult  
excretion of myoinositol 7-x~, the only report  dealing with 
children is the early observation of KuLz ~s. He  concludes 
that  the urine of adults and children with a wide var ie ty  
of diseases may  contain myoinositol. I t  has been shown 
that  the myoinositol content  of fetal blood and fetal 
fluids is consistently higher than in the mother ~4. 

ZusammenJassung. Ein aktives Agens im Si~uglingsurin, 
des die Hemmung yon Saccharomyces ¢erevisiae dutch 5- 
Fluorouracil verhindert,  wurde als Myoinositol identifi- 
ziert und geuerell bei allen Neugeborenen, ebenfalls bei 
einer Anzahl yon Kindern mit  allgemeiner Aminoacid- 

urie, gefunden. Gesunde Erwachsene zeigten keine 
nennenswerten Mengen. 
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S t u d i e s  on the Chemical Composition of 

Streptococcal Co-opsonin 

I t  has been reported recently that  absorption of human 
serum with bentonite results in removal of a non-specific 
'co-opsonin', which is necessary for optimal phagocytosis 
of virulent group A streptococci by polymorphonuclear 
leucocytes in the presence of type-specific antibodiesX'i *. 
Amounts of bentonite which almost completely inacti- 
va ted  the serum opsonic act ivi ty did not  reduce signifi- 
cantly either complement, properdin, or any of the major 
components of the complement system. This paper 
describes a t tempts  to characterize the chemical nature 
of this co-opsonin. I t  will be shown tha t  it is distinct from 
lysozyme, and tha t  i t  may reside in the serum fl-lipo- 
protein moiety. 

Materials and methods. Removal  of the co-opsonin: 
Fresh serum from the same donor (M.W.R.) collected in 
a fasting state, was used in all experiments. The procedure 
of co-opsonin absorption has been described in detail in a 
previous communication s and will be summarized only 
briefly. Serum was incubated at  37°C for 20 min with the 
desired amounts of bentonite. I t  was then separated by 
centrifugation (6800 x g for 30 rain a t  4°C in a lVIodel-L 
Spinco ultracentrifuge with a No. 30 rotor head) and 
stored at  --70°C until  ready for use. Stock suspensions 
of bentonite were prepared by adding the dry powder 
(Bentonite, U.S.P., Fischer, Lot  No. 790219) to distilled 
water in a concentration of 3 mg per ml. Particle disper- 
sion was improved by mixing the suspension in a Waring 
blendor for 1 min. Bentonite in amounts desired for serum 
absorption was separated from stock suspension by cen- 
trifugation (2800 x g for 30 min). 

The phagocytic test :  The phagocytic test  ( 'Bactericidal 
Test') was identical with tha t  employed in previous 
studies 1,~. Overnight Todd-Hewit t  broth cultures of a 
strain of type 6 group A streptococcus (T-6/543) adjusted 
to the desired concentration, type-specific rabbit  anti- 
serum, fresh human serum (M.W.R.) as source of natural  
co-opsonins, and autologous polymorphonuclear leuco- 
cytes, twice washed in physiologic saline, were employed 
in all experiments. The degree of phagocytosis was ex- 
pressed by the 'bactericidal index'  (BI), which is deter- 
mined by the relative inhibition of the growth of the 
streptococcus in the phagocytic test;  i.e. 

No. of organisms in the inoculum 
Bactericidal index = 

No. of organisms surviving phagocytosis in 
the presence of type-specific antibody and 

test serum 

x Growth in absence of type-specific antibody 

As is apparent,  the greater the degree of destruction of 
streptococci by  phagocytosis, the greater the numerical 
value of the bactericidaI index. 

Complement  t i t ra t ion:  Complement t i t rat ion was car- 
ried out  to the 50% hemolytic endpoint  according to the 
method of KABAT and MAYER s. 
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P r o p e r d i n  t i t r a t i o n :  T h e  z y m o s a n  ( F l e i s chm an  Lab. ,  
L o t  No.  O B  298) assay,  as desc r ibed  b y  KENT et  al. 4, 
was  ut i l ized.  

L y s o z y m e  d e t e r m i n a t i o n :  T h e  ly sozyme  d e t e r m i n a t i o n  
was based  on  t h a t  e m p l o y e d  b y  MYRVIK a n d  WmSER 5. 
Commerc ia l  r eagen t s ,  cons i s t ing  of c rys ta l l ine  egg-whi te  
l y sozyme  (Bac to - lysozyme,  Difco, L o t  No.  465), a n d  
u l t rav io le t -k i l led ,  dr ied  cu l tu re  of Micrococcus lysodeik- 
t i tus (Bac to - lysozyme  subs t r a t e ,  Difco, L o t  No. 461-10) 
were used  t h r o u g h o u t .  

S e p a r a t i o n  of  f l - l ipopr0te ins :  D e n s i t y  g r a d i e n t  u l t r a -  
c e n t r i f u g a t i o n  was  employed .  T h e  d e n s i t y  of t he  s e r u m  
spec imen  was  a d j u s t e d  to  1.063 b y  t h e  a d d i t i o n  of 28% 
of p o t a s s i u m  b romide .  T h i s  so lu t ion  was  t h e n  cen t r i fuged  
for  20 h a t  105,500 × g in  Mode l -L  Sp inco  u l t r acen t r i fuge ,  
in  a No. 30 r o t o r  head ,  a t  4°C. T he  t o p  1 m l  c o n t a i n i n g  
al l  l i popro te ins  w i t h  dens i t ies  less t h a n  1.063 g /ml  was  
ca re fu l ly  s epa ra t ed .  T h e  r e s u l t a n t  t w o  f r ac t i ons  were  
d ia lyzed  in  d i s t i l l ed  w a t e r  for  24 h in  t h e  cold. T h e  f rac-  
t ions  were t h e n  c o n c e n t r a t e d  in p o l y v i n y l  py r ro l i d ine  to  
t h e i r  o r ig ina l  vo lumes .  

D e t e r m i n a t i o n  of f l - l ipoprote ins :  A q u a n t i t a t i v e  im-  
m u n o p r e c i p i t a t i o n  m e t h o d  e m p l o y i n g  specif ic  anti-f l-  
l i popro te in  a n t i b o d i e s  (fl-L Test ,  H y l a n d  Lab . ,  L o t  No. 
371 IT I ) ,  was  ut i l ized% One d rop  of t e s t  s e r u m  was  
m i x e d  w i t h  2 d rops  of a n t i s e r u m ,  a n d  t h e  r e s u l t a n t  m i x -  
t u r e  d r a w n  in to  a cap i l l a ry  t u b e  whose  one  e n d  was  t h e n  
sealed b y  f lame.  Af t e r  a 15 ra in  i n c u b a t i o n  a t  r o o m  t e m -  
p e r a t u r e ,  t h e  cap i l l a ry  t u b e s  were  cen t r i f uged  for  10 min .  
T h e  re su l t s  were expres sed  in  t e r m s  of t h e  ' i m m u n o c r i t ' ,  
w h i c h  was de r ived  f rom t h e  fol lowing r e l a t i o n s h i p :  

length of column of precipitate 
Immunocrit = x lOO. 

length of column of precipitate and 
supernatant 

T h e  av e rage  i m m u n o c r i t  in  30 h e a l t h y  y o u n g  males  was  
f o u n d  to  be  4.11 w i t h  a s t a n d a r d  d e v i a t i o n  of 4- 0.42. 

E lec t rophores i s :  S t a n d a r d  p a p e r - s t r i p  e l ec t rophore t i c  
p rocedures  u t i l iz ing  Spinco  e q u i p m e n t  a n d  r e a g e n t s  were  
e m p l o y e d  7. 

Results. A b s o r p t i o n s  of s e r u m  w i t h  b e n t o n i t e  r e su l t ed  
in a n  a l m o s t  comple t e  r e m o v a l  of s t r ep tococca l  co- 
opson ins  (Table).  E v e n  w h e n  as l i t t le  as 0.5 m g  of ben -  
t o n i t e  pe r  m l  of s e r u m  w as  used,  t he  bac t e r i c i da l  i n d e x  
d i m i n i s h e d  f rom 1240 to  6. T h e r e  was  no  s ign i f i can t  de-  
crease  in  t h e  levels  of c o m p l e m e n t  or  p r o p e r d i n  w i t h  t h i s  
a m o u n t  of b e n t o n i t e .  T he  f l - l ipoprotein  levels,  however ,  
were  s ign i f i can t ly  decreased,  a n d  ly sozyme  a c t i v i t y  was  
c o m p l e t e l y  r emoved .  W h e n  a m o u n t s  of b e n t o n i t e ,  in  ex-  
cess of 3 mg, were  emp loyed  for abso rp t ion ,  c o m p l e m e n t  
a n d  p r o p e r d i n  cou ld  no  longer  be  d e t e c t e d  (Table).  

Because  ly sozyme  a n d  f l - l ipoprote ins  were two of the 
s e r u m  c o n s t i t u e n t s  (in a d d i t i o n  to  t h e  co-opsonin)  t ha t  
were  r e d u c e d  or  r e m o v e d  b y  m i n u t e  a m o u n t s  of bentoni te ,  
t h e i r  role in  s t r ep tococca l  phagocy to s i s  was  inves t iga ted  
fu r the r .  

W h e n  f l - l ipoprote ins  were  r e m o v e d  comple t e ly  from 
t h e  s e r u m  b y  d e n s i t y  g r a d i e n t  u l t r a c e n t r i f u g a t i o n ,  the  
b a c t e r i c i d a l  i n d e x  d i m i n i s h e d  f rom 2257 to  5. However ,  
r e c o m b i n a t i o n  of b e n t o n i t e - a b s o r b e d  s e r u m  w i t h  the 
u l t r a c e n t r i f u g a l  f l - l ipoprote in  f r ac t i on  d id  n o t  res tore  co- 
o p s o n i n  a c t i v i t y  of t h e  se rum.  A d d i t i o n  of pur i f ied  lysO- 
z y m e  in n o r m a l  s e r u m  c o n c e n t r a t i o n s  to  t h e  ben ton i te"  
a b s o r b e d  se rum,  s imi l a r l y  fai led to  r e -e s t ab l i sh  t h e  co- 
opson in  ac t i v i t y .  

Comments. T h i s  s t u d y  c o n f i r m e d  t h e  p rev ious ly  re- 
p o r t e d  se lec t ive  a b s o r p t i o n  b y  b e n t o n i t e  of s e rum P" 
l ipopro te ins  s, l y sozyme  0, as well  as s t r ep tococca l  co- 
opson in  1,2 Because  of t h i s  s imi la r  a f f in i ty  for ben ton i t e ,  
i t  was  cons idered  poss ible  t h a t  t h e  co -opson in  a c t i v i t y  of 
t h e  s e r u m  m a y  h a v e  res ided in  t he  f l - l ipoprote in  moiety ,  
or  m a y  h a v e  been  assoc ia ted  w i t h  lysozyme.  

T h e  reasons  for  t h e  fa i lu re  to  res to re  opson ic  ac t iv i ty  
of b e n t o n i t e - a d s o r b e d  s e r u m  w i t h  pur i f ied  fl- l ipoproteins 
h a v e  n o t  been  a sce r t a ined .  Co-opsonins  cou ld  b e  ex t reme-  
ly  labi le  so t h a t  r e l a t i ve ly  gen t le  p rocedures ,  as h a v e  been 
e m p l o y e d  here  for  t h e  f l - l ipoprote in  i so la t ion ,  cou ld  resu l t  
in  i r revers ib le  i n a c t i v a t i o n .  Moreover ,  o t h e r  fac to rs  dis- 
t i n c t  f rom fl- l ipoproteins,  b u t  p a r t i c i p a t i n g  in t h e  opsonic 
r eac t ion ,  m a y  h a v e  been  r e m o v e d  b y  t h e  b e n t o n i t e  ab-  
so rp t ion .  

L y s o z y m e  has  b e e n  s h o w n  r e c e n t l y  to  possess  a wide 
a n t i b a c t e r i a l  s p e c t r u m  w h e n  ac t ing  in c o n j u n c t i o n  w i th  
specific a n t i b o d i e s  a n d  c o m p l e m e n t  10. Because  b o t h  ant i -  
bod ies  a n d  c o m p l e m e n t  are  p r e s e n t  u n d e r  t h e  t e s t  condi-  
t ions  of s t r ep tococca l  phagocy tos i s ,  i t  was  t h o u g h t  t h a t  
l y s o z y m e  could  p a r t i c i p a t e  in  t h e  bac t e r i c ida l  react ion,  
e i t h e r  as t h e  ' co -opson in '  or (more likely) d i r ec t ly  as a 
bac te r io lys in .  However ,  r e s t o r a t i o n  of l y s o z y m e  ac t iv i ty  
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Effect of serum absorption with bentonite on the levels of different factors 

Serum Bactericidal Complement Properdin 
treated with index (C'H~0 u.) (units) 
bentonite 

Lysozyme /5- 7- fl- 
(mcg) lipo-proteins~ globulin globulin 

(immunocrit) % % 

Unabsorbed 
serum 1240 40.9 8 

0.5 6 37.9 8 
1.5 6 33.6 8 
3.0 5 0 0 
6.0 5 0 0 

12.0 3 0 0 
24.0 4 0 0 

6.8 4.48 10,5 16,6 
0 3.51 I0,9 15.5 
0 3.40 9.8 14,1 
0 3.16 9.1 13.2 
0 2.95 8.6 13.1 
0 2.55 8.9 12.8 
0 1.68 7,~ 12.8 

, mg of bentonite per ml of (M.W.R.) serum, b Average of 3 determinations 
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to b e n t o n i t e - a b s o r b e d  se rum,  fai led to increase  t he  bac- 
ter ic idal  i n d e x  n,  x~. 

Zusammen[assung. D as  na t t i r l i che  a n  B e n t o n i t  adsor-  
b ie rbare  ,Co-opson imb  welches  ftir e ine o p t i m a l e  P h a g o -  
cytose v i r u l e n t e r  S t r e p t o k o k k e n  der  G r u p p e  A n6 t ig  ist,  
erweist  s ich  als v e r s c h i e d e n  y o n  L y s o z y m .  E s  l iegen H i n -  
weise vor ,  dass  das  ,Co-opsoniw~ in de r  f l -Lipoprote in-  
F r a k t i o n  des  S e r u m s  vor l iegt .  

I%~[. W. RYTEL, R. I. LYTLE, 
a n d  Q. A. SANDERS 

Division o/Biochemistry, Naval Medical Research 
Unit No. d, U.S. Naval Hospital, Great Lakes 
(Illinois USA), June 15, 196d. 
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R e a c t i o n  o f  6 - A m i n o p e n i c i l l a n i c  A c i d  
w i t h  F r e q u e n t i n  

W h e n  6 -aminopen ic i l l an ic  acid (6-APA) (I) was  a d d e d  
to funga l  f e r m e n t a t i o n s  i t  was  possible  to  d e t e c t  t h e  oc- 
cu r rence  of a t  l eas t  t h r e e  differer / t  t ypes  Of r eac t i on  o t h e r  
t h a n  those  assoc ia ted  w i t h  penic i l l inase  a c t i v i t y  x, i t s  
r e a c t i v i t y  w i t h  o t h e r  molecules  of 6 -APA ~,s or  w i t h  
C O , 4 - s  T h e  f i r s t  was  f o u n d  to  b e  i n d e p e n d e n t  of t h e  
n a t u r e  of t h e  m i c r o - o r g a n i s m  a n d  was  in  fact ,  s h o w n  to  
be  t h e  r e a c t i o n  of 6 -APA w i t h  r educ ing  suga r sL  T h e  
second r e a c t i o n  is t h e  syn thes i s  of penic i l l ins  f rom a d d e d  
6 -APA b y  mic ro -o rgan i s m s  wh ich  do  n o t  necessar i ly  pro-  
duce  penic i l l ins  in  t h e  absence  of 6 -APA.  Th i s  is p r o b a b l y  
due  to  enzymic  a c y l a t i o n  as descr ibed  b y  n u m e r o u s  
Workers w i t h  a wide  r a n g e  of mic ro -o rgan i sms  8-n .  T h e  
t h i r d  t y p e  of  r e a c t i o n  invo lves  t h e  f o r m a t i o n  of complexes  
b e t w e e n  6 - A P A  a n d  m o u l d  m e t a b o l i t e s  l i be r a t ed  in to  t he  
m e d i u m .  One  such  m e t a b o l i t e  r e a c t i n g  w i t h  6 - A P A  was 
iden t i f i ed  as f r equen t i n ,  b o t h  f rom a cons ide ra t i on  of i t s  
p rope r t i e s  a n d  b y  d i r ec t  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  
Sample k i n d l y  g iven  to  me  b y  Dr. W. B. TURNER. 

T h u s  w h e n  6 - A P A  was  a d d e d  to  a g rowing  cu l tu re  of a n  
o r g a n i s m  p r o d u c i n g  f r e q u e n t i n  a n e w  iodine  a b s o r b i n g  x2, 
penic i l l inase  sens i t i ve  zone was  d e t e c t e d  on  c h r o m a t o -  
g r ams  of t h e  f e r m e n t a t i o n  m e d i u m .  C h r o m a t o g r a p h y  was  
car r ied  o u t  in  b u t a n o l / p y r i d i n e / w a t e r  (1 : 1 : 1) us ing  

W h a t m a n  No. I paper .  A l t h o u g h  t he  new c o m p o u n d  was  
c h r o m a t o g r a p h i c a l l y  s imi l a r  to  t h e  penic i l l ins  i t  h a d  v e r y  
l i t t l e  a c t i v i t y  a g a i n s t  Bacillus subtilis, a n d  such  a c t i v i t y  
a s  was  o b s e r v e d  a p p e a r e d  to  increase  s o m e w h a t  v a r i a b l y ,  
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