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a m o u n t  of p r ec ip i t a t i on  versus  t he  c o n c e n t r a t i o n  of the  
r eac t an t s .  I n c u b a t i o n  was a t  r oom t e m p e r a t u r e  (21~ 
w i t h  m e a s u r e m e n t s  t a k e n  a t  4, 8, 24, 48 a n d  72 h. 
The  q u a n t i t a t i v e  p rec ip i t in  t e s t  in gel 9 was also pe r fo rmed  
since i t  p r o v i d e d  the  same i n f o r m a t i o n  as the  t u b e  test ,  
was s o m e w h a t  less c u m b e r s o m e  and  was a m e n a b l e  to  
large scale tes t ing .  Diffus ion p la tes  were m a d e  b y  pou r ing  
12 ml  of 1.5% agarose  in deionized w a t e r  in to  t he  b o t t o m  
of 100 m m  d i a m e t e r  pe t r i  plates .  Para l l e l  wells of 5 m m  
d i a m e t e r  and  15 m m  a p a r t  f rom t h e i r  cen te r s  were cu t  in 
t he  agar.  As w i t h  t he  t u b e  p rec ip i t in  t e s t  one class of 
r e a c t a n t  was  held  c o n s t a n t  du r ing  one t e s t  a n d  t he  o t h e r  
d i lu ted  in a geomet r i c  series. T he  c o n c e n t r a t i o n  range  
used in t he  t u b e  t e s t  was  employed  in t he  gel test .  The  
equ iva lence  p o i n t  was t a k e n  as t he  c o n c e n t r a t i o n  of re- 
a c t a n t s  wh ich  p roduced  t he  sha rpes t  l ine of p r ec ip i t a t i on  
w i t h o u t  L isegang  bands .  
Results and discussion. T u b e  p rec ip i t a t i on  s tud ies  pro-  
duced  t he  t yp ica l  be l l - shaped  curves  obse rved  for t he  
q u a n t i t a t i v e  d e t e r m i n a t i o n  of a n t i g e n - a n t i b o d y  pre-  
c ip i ta t ion .  B o t h  pro-zone  and  pos t -zone  p h e n o m e n a  were 
seen. The  po lymyx ins ,  p o l y m y x i n  B and  colist in,  y ie lded 

Quantitative checkerboard precipitation tube dilution test: SPS and 
kanamyein 

Kanamycin SPS (mcg/ml) * 
(mcg/ml) 50000 25000 12500 6250 3125 1560 780 

10000 -- + + + + + + 
5000 -- + + + + 4- -- 
2500 -- -- .+ + + -- -- 
1250 -- -- -- + -- -- -- 
625 . . . . . . .  
312 . . . . . . .  
156 . . . . . . .  

* The molecular weight of SPS is not known. 

t h e  g r ea t e s t  t u r b i d i t y  a n d  p rec ip i t a t i on  w i t h  po lyan ion ic  
de t e rgen t s  a n d  h a d  t he  wides t  equ iva lence  zone of the  
t e s t ed  an t ib io t ics .  The  aminoglycos ides ,  as typ i f i ed  b y  t h e  
k a n a m y c i n  versus  SPS  s t u d y  s h o w n  in t he  tab le ,  all pro-  
duced  be l l - shaped  curves,  b u t  w i t h  lesser a m o u n t s  of pre-  
c ip i t a t ion  t h a n  t he  po lymyxins .  T h e r e  was no prec ip i ta -  
t i on  w i t h  a n y  d e t e r g e n t  t e s t ed  a n d  penici l l in  G, nor  was  
t he re  p r e c i p i t a t i o n  w i t h  t w e e n  80 and  b e n z a l k o n i u m  
chlor ide  w i t h  a n y  e x a m i n e d  an t ib io t i c .  
I n  gel (figure) t he  aminoglycos ide  and  p o l y m y x i n  class 
an t ib io t i c s  r eac ted  w i t h  t he  po lyan ion ic  d e t e r g e n t s  in t he  
classical  m a n n e r .  I n  each, t he  equ iva lence  p o i n t  was de-  
t e r m i n e d  as t h a t  a rea  where  t he  p r ec ip i t a t i on  line was t h e  
s h a r p e s t  a n d  where  p r e c i p i t a t i o n  b a n d s  swi tched  pos i t ion  
f rom an t ib io t i c  to  d e t e r g e n t  excess. The  t yp i ca l  Lisegang 
b a n d s  seen in gel are r e p r e s e n t a t i v e  of the  p rozone  a n d  
pos tzone  p h e n o m e n a  one observes  du r ing  t u b e  tes t ing.  
I n  gel, t h e  p o i n t  of f i rs t  p r e c i p i t a t i o n  is also the  equi-  
va lence  po in t .  As a resu l t  t he  t e s t  can  be accompl i shed  
w i t h i n  4 h since f i rs t  p r e c i p i t a t i o n  appea r s  a t  th i s  t ime.  
Consequen t l y  i t  is possible  to  r ap id ly  d e t e r m i n e  t he  
a m o u n t  of an t ib io t i c  in  so lu t ion  u t i l iz ing  a c o n s t a n t  con-  
Cent ra t ion  of po lyan ion ic  de t e rgen t .  The  c o n c e n t r a t i o n  of 
d e t e r g e n t  needed  to  e luc ida te  t h e  equ iva lence  po in t  for  
a n y  g iven  an t ib io t i c  sample  var ies  b y  the  a m o u n t  of an t i -  
b io t ic  in  solut ion.  Severa l  va r i ed  d e t e r g e n t  c o n c e n t r a t i o n s  
can  be se t -up  a t  t he  same  t i m e  on  d i f fe ren t  gel plates.  
Based  on  classical  p rec ip i t in  t e s t i ng  b y  t u b e  d i lu t ion  a n d  
gel d i f fus ion i t  would  a p p e a r  t h a t  t he  i n t e r ac t i on  of poly-  
anionic  d e t e r g e n t s  w i t h  p o l y m y x i n  and  aminoglycos ide  
class an t ib io t i c s  fulfills t he  r e q u i r e m e n t s  of a q u a n t i t a t i v e  
reac t ion .  Accordingly ,  one m a y  ut i l ize  e i t he r  t e c h n i q u e  
for  m e a s u r i n g  levels of these  an t ib io t i c  classes and  for t he  
p r e p a r a t i o n  of s t anda rds .  Because  t he  r eac t ions  can  be  
r ead  w i t h i n  4 h these  p rocedures  should  be useful  in those  
ins t ances  where  r ap id  m e a s u r e m e n t s  are needed.  

9 C.J.  van Oss and M. Z. Fontaine, Immun. exp. Ther. 122, 44 
(1961). 
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Summary. The  s t r u c t u r e  of a g r o w t h - m o d u l a t i n g  t r i p e p t i d e  f rom h u m a n  se rum and  p l a s m a  ha s  been  d e t e r m i n e d  to be  
H-g lycy l -h i s t i dyMys ine -OH.  

W e  h a v e  p rev ious ly  r epo r t ed  the  i so la t ion  of a smal l  pep-  
t ide  f rom h u m a n  s e r u m  which,  in  c o n c e n t r a t i o n s  r ang ing  
f rom 20 to  200 ng /ml ,  p r o m o t e d  t he  g r o w t h  of h e p a t o m a  
cells in  H T C  a n d  p ro longed  the  su rv iva l  of non rep l i ca t i ng  
r a t  l iver  cells in low-se rum (1%) m o n o l a y e r  cul ture2,  3. 
A m i n o  acid ana lyses  of t he  pur i f ied  ac t ive  f r ac t ion  sug- 
ges ted  t h a t  t h e  n a t i v e  fac to r  was  a t r i p e p t i d e  composed  
of glycine,  h i s t id ine  a n d  lysine 2. 
A m o n g  s y n t h e t i c  ana logs  tes ted ,  g lycyl -h is t idyl - lys ine  
(GHL) h a d  b ioac t iv i t i e s  wh ich  were c o m p a r a b l e  to  those  
of fi le s e rum fac to r  in t he  h e p a t o m a  a n d  n o r m a l  l iver  cell 
sy s t ems  4. Recen t ly ,  G H L  in nmole  c o n c e n t r a t i o n s  was 
s h o w n  to  s t i m u l a t e  g r o w t h  and  d i f f e ren t i a t ion  of cor t ica l  
n e u r o n s  in v i t ro  a n d  to  i n h i b i t  g r o w t h  of glial  e l emen t s  5. 
Suppress ion  of g r o w t h  in f ib rob las t  cu l tu res  b y  G H L  a t  

h igher  c o n c e n t r a t i o n s  ha s  also been  r epo r t ed  6. At  n e u t r a l  
p H  ranges  G H L  has  che la t ion  p roper t i e s  t o w a r d  several  
t r a n s i t i o n  m e t a l s  (Cu +~, Zn+2, Co+S, Fe+3) and  seems to  
func t ion  synerg i s t i ca l ly  w i t h  t h e  me ta l s  to  increase  t he  
adhes ion  of h e p a t o m a  cells (HTC4) growing  in low-serum 
(0 .5-1 .0%) to  t he  m o n o l a y e r  s u p p o r t  7. 
W e  p r e sen t  d a t a  here in  t h a t  con f i rm  t h a t  t he  n a t i v e  
s e rum fac to r  is a t r i p e p t i d e  w i t h  t h e  s t r u c t u r e :  glycyl-  
h is t idyl - lys ine .  The  s e rum t r i p e p t i d e  was isolated b y  
m e t h o d s  de ta i l ed  elsewhere 3. Ir~ brief,  t he  s e r u m  pro te ins  
are r e m o v e d  b y  h e a t  coagu la t ion  a n d  cen t r i fuga t ion .  The  
s u p e r n a t a n t  wh ich  con ta ins  t h e  t r i p e p t i d e  is passed  
t h r o u g h  a molecu la r  f i l ter  w i t h  a n o m i n a l  cu tof f  a t  500 
da l tons  (Amicon,  UM-05, L e x i n g t o n ,  Mass.) t h e n  lyo- 
phi l ized.  Af te r  r e c o n s t i t u t i o n  in 1% acet ic  acid, the  frac-  
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t ion  is f u r t h e r  pur i f ied  on a S e p h a d e x  G-IO c o l u m n  (S igma 
Chem.  Co., St. Louis ,  Mo.). F ina l  pur i f i ca t ion  of t he  ac t ive  
f r ac t ion  f r o m  th e  G-10 c o l u m n  is ach ieved  u s i n g  a h i g h  
p res su re  silica gel (5 txm) c o l u m n  s. 
W h e n  t h e  pur i f ied  t r ipep t ide  was  m i x e d  w i th  an  equi-  
mo la r  a m o u n t  of s y n t h e t i c  g lycy l -h i s t idy l - lys ine  a nd  
c h r o m a t o g r a p h e d  on t h i n - l a y e r  silica gel p la tes  ( P o l y g r a m  
Sil G, 0.25 m m ,  M a c h e r e y - N a g e l a n d  Co., Duren ,  Federa l  
Repub l i c  of G e r m a n y )  on ly  one r e s u l t a n t  spo t  was  found  
(solvent :  CHCla /MeOH/17 % N H 4 O H :  2/2/1 b y  vo lume) .  
W h e n  the  s a m e  e x p e r i m e n t  was  done  w i th  s y n t h e t i c  
g lycy l - lysy l -h i s t id ine ,  the  n a t i v e  fac tor  and  t he  s y n t h e t i c  
could  be n a r r o w l y  sepa ra t ed .  
The  sequence  was  e luc ida ted  b y  m a n u a l  E d m a n  degra-  
da t i o n s  a n d  C- t e rmina l  ana lys i s  u s ing  c a r b o x y p e p t i d a s e  
B. Pur i f ied  n a t i v e  G H L  (40 nmoles)  was  sub j ec t ed  to m a n -  
ua l  E d m a n  d e g r a d a t i o n s  9 and  t he  r e su l t i ng  P T H  a m i n o  
acids  were ident i f ied  and  q u a n t i t a t e d  b y  gas  1~ and  t h i n  
l ayer  c h r o m a t o g r a p h y  n .  Af te r  t he  f i rs t  cycle of the  Ed-  
m a n  d eg rad a t i o n ,  19.6 nmoles  of g lycine  was  ob t a ine d  

Release of free amino acids from the COOH-terminus of native GHL 

15 see 60 sec 10 rain 2 h 

Lysine 1.00" 1.00 1.00 1.00 
Histidine 0.69 0.73 0.79 0.96 

* Molar ratio of amino acids, taking lysine as 1.00 in each time period. 

a n d  af te r  t he  second  cycle  5 nmoles  of h i s t id ine  were ob- 
t a i ne d  as t he  on ly  de t ec t ab l e  P T H  a m i n o  acids  a t  each  
s tep.  To  more  f i rmly  e s t ab l i sh  the  C- t e rmina l  s e que nc e  of 
G H L ,  t he  n a t i v e  pep t ide  was  d iges ted  w i th  c a r b o x y p e p t i -  
dase  B for per iods  of 15 sec to 2 h. The  t i m e  d e p e n d e n t  
l ibera t ion  of lys ine  a n d  h i s t id ine  f rom n a t i v e  pe p t i de  is 
p r e se n t e d  in t he  table .  The se  resu l t s  are c o n s i s t e n t  w i t h  a 
C- t e rmina l  d ipep t ide  sequence  of H i s - L y s  a nd  con-  
c lus ive ly  d e m o n s t r a t e s  t he  s t r u c t u r e  of th i s  g r o w t h  s t im-  
u l a t i ng  pep t ide  to be H - G l y - H i s - L y s - O H .  
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Summary. T h e  s y n t h e t i c  e s t rogen  d ie thy l s t i l bes t ro l  a t  a s u b i n h i b i t o r y  level  of 1.75 [xg/ml d imin i she d  the  p r o d u c t i o n  
of s t ap h y lo co cca l  a l pha  tox in ,  coagulase ,  deoxy r i bonuc l e a se  a nd  penici l l inase.  Thus ,  the  repor ted  h o s t  benef ic ia l  
effects  of d i e thy l s t i l bes t ro l  m a y  be pa r t i a l l y  re la ted  to  its r e t a rd ive  ac t ion  of ce r t a in  tox ins ,  or e n z y m e s  of S. au reus .  

T he  b iochemica l  ac t ion  of h o r m o n e s  on m a m m a l i a n  2 5 
a n d  mic rob ia l  ceils s h a v e  been  a d e q u a t e l y  reviewed,  
s h o w n  to in f luence  t he  m e t a b o l i s m  of these  ceils a n d  
s u g g e s t  t h a t  t h e y  m a y  be of i m p o r t a n c e  in a h o s t  pa ra s i t e  
re la t ionsh ip .  
D ie thy l s t i l be s t ro l  (DS) is used  as r e p l a c e m e n t  t h e r a p y  in 
e s t rogen  def ic iency,  in c a r c i n o m a  a n d  is now also em-  
p loyed  in a da i ly  dose of two 25 m g  pills for pos t co i t a l  
con t r acep t ion .  I n v e s t i g a t i o n s  in th i s  l a b o r a t o r y  ind ica ted  
t h a t  in jec t ion  of g o n a d a l  h o r m o n e s  to  r a b b i t s  a n d  mice 
e n h a n c e d  t h e  res i s t ance  of t hese  a n i m a l s  to  i nduc e d  
s t a p h y l o c o c c a l  infectionsS, L The  p r e s e n t  i n v e s t i g a t i o n s  
s u g g e s t  t h a t  t h e  r epo r t ed  h o s t  benef ic ia l  ac t ions  of D S  
a n d  o the r  g o n a d a l  h o r m o n e s  m i g h t  be pa r t i a l l y  re la ted  to  
i ts  in te r fe rence  w i t h  the  p r o d u c t i o n  of va r i ous  t o x i n s  or 
p r o d u c t s  of S. aureus .  
A s s a y  of t h e  s u b i n h i b i t o r y  levels of DS.  As a p re lude  to 
t h e  s tud ies  r e l a t ed  to t he  ac t ion  of DS  on t he  s y n t h e s i s  of 
s t ap h y lo co cca l  p r o d u c t s  the  s u b i n h i b i t o r y  doses  of D S  
were d e t e r m i n e d .  The  s y s t e m  c o n t a i n e d  1000 ml  of t he  
a p p r o p r i a t e  cu l tu re  m e d i u m  in a 2500 ml  E r l e n m e y e r  
f lask,  DS a t  a f inal  c o n c e n t r a t i o n  of 0-2  txg/ml, and  an  

i n o c u l u m  of a p p r o x i m a t e l y  1 • 100 colony f o r m i n g  u n i t s  of 
S. aureus .  F l a s k s  were i n c u b a t e d  on a r o t a r y  s h a k e r  a t  
37~ po r t ions  were r e m o v e d  a t  v a r y i n g  t ime  in t e rva l s  
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