
15. 3. 1977 Specialia 323 

The quantitative nature of the reaction between aminoglycoside  and po lymyxin  class antibiotics 
with polyanionic detergents 
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Summary. Using  classical t u b e  and  gel p rec ip i t a t i on  t echn iques  aminoglycos ide  an d  p o l y m y x i n  class an t ib io t i c s  were 
found  to q u a n t i t a t i v e l y  r eac t  w i t h  po lyan ion ic  de te rgen t s .  

Po lyan ion ic  de t e rgen t s  are k n o w n  to possess an t i -phago-  
cyt ic  1, a n t i - c o m p l e m e n t a r y  2, an t i - p ro t e in  3, and  an t i -  
an t ib io t i c  4 ac t iv i ty .  W i t h i n  biological  sys tems,  t he  mos t  
ex tens ive ly  s tud ied  m e m b e r  of th i s  class of c o m p o u n d s  is 
sod ium p o l y a n e t h o l  su l fona te  (SPS).  This  s u b s t a n c e  is 
r ou t i ne ly  added  to b lood cu l tu re  med ia  to  i nh ib i t  t he  an t i -  
bac te r i a l  a c t i v i t y  of blood. SPS,  as well as o the r  poly-  
an t ion ic  s u r f a c t a n t s  such  as sod ium dodecylsu l fa te  (SDS) 
a n d  d i sod ium 4-dodecy la ted  o x y d i b e n z e n e s u l f o n a t e  (Ben- 
ax} a p p e a r  to  effect ively  obv i a t e  t he  biological  a c t i v i t y  of 
ca t ionic  compounds .  Therefore ,  pos i t ive ly  cha rged  an t i -  
biotics,  i nc lud ing  aminoglycos ides  a n d  po lymyxins ,  a n d  
pos i t ive ly  cha rged  pro te ins ,  such  as lysozyme a n d  be ta -  
l ipoprote in ,  are se lect ively  affectedh,  6. I t  is k n o w n  t h a t  
SPS,  SDS, and  B e n a x  i n h i b i t  pos i t ive ly  cha rged  an t i -  
b iot ics  b y  c o m b i n i n g  w i t h  t h e m  to form a prec ip i ta te ,  
c o n s e q u e n t l y  e l im ina t i ng  t he i r  a c t i v i t y  b y  r e m o v i n g  t h e m  
f rom so lu t ionL  The  o b s e r v a t i o n  t h a t  large n e g a t i v e l y  
cha rged  d e t e r g e n t  molecules  can  combine  a n d  form a 
p rec ip i t a t e  w i t h  smal l  pos i t ive ly  cha rged  an t ib io t i c  mole-  
cules p r o m p t e d  th i s  s t u d y  concern ing  the  possible  q u a n -  
t i t a t i v e  n a t u r e  of th i s  react ion.  
Materials and methods. An inves t iga t ion  of the  n a t u r e  of 
the  p rec ip i t a t i on  reac t ion  was pe r fo rmed  b y  b o t h  t ube  
a n d  gel t echn iques .  The  d e t e r m i n a t i o n  of equ iva lence  
zones us ing  t u b e s  was pe r fo rmed  accord ing  to t he  classical 
K a b a t  and  Mayer  ~ m e t h o d  here tofore  u t i l ized for t h e  
q u a n t i t a t i v e  m e a s u r e m e n t  of a n t i g e n - a n t i b o d y  react ions .  
D e t e r g e n t s  were p r epa red  in dis t i l led w a t e r  in concen t r a -  
t ions  of 50,000, 25,000, 12,500, 6250, 3125, 1560, a n d  
780 mcg/ml .  SPS  ( H o f f m a n n - L a R o c h e ,  Nut l ey ,  N. J.), 

SDS (Mann Resea rch  Labs ,  New York,  N. Y.) an d  B e n a x  
( D o w  Chemica l  Co., Midland ,  MI) were t h e  po lyan ion ic  
d e t e r g e n t s  tes ted .  Tween  80 (Atlas  Chemica l  Co., Wil-  
m ing ton ,  DL) was ut i l ized as a n e u t r a l  d e t e r g e n t  an d  ben-  
z a l k o n i u m  chlor ide ( W i n t h r o p  Labs ,  New York,  N. Y.) as 
a ca t ion ic  de te rgen t .  All  an t ib io t i c s  (Canalco, Rockvil le ,  
MD) were ob t a ined  as s t a n d a r d  reference  powders  w i t h o u t  
p rese rva t ives .  S t r e p t o m y c i n ,  k a n a m y c i n ,  g e n t a m i c i n  a n d  
t o b r a m y c i n  r ep re s en t i n g  the  amino-g lycos ides ;  col is t in  
an d  p o l y m y x i n  B r ep re s en t i n g  the  po lymyx ins ,  an d  peni -  
cillin G were r e h y d r a t e d  in dis t i l led w a t e r  in  concen t r a -  
t ions  of 10,000, 5000, 2500 , 1250, 625, 312, 156, 78, 39, 20, 
10 an d  5 mcg/ml .  Ch eck e rb o a rd  t i t r a t i o n s  s was pe r fo rmed  
in 5 ml  of l iquid w i t h  t h e  degree of p r e c i p i t a t i o n  m e a s u r e d  
b y  a b s o r b a n c e  a t  650 n m  in a Co leman  J u n i o r  spect ro-  
p h o t o m e t e r .  In  a d d i t i o n  p rec ip i t a t e s  were cent r i fuged ,  
weighed an d  p lo t t ed  as descr ibed.  The  equ iva lence  p o i n t  
was d e t e r m i n e d  b y  the  s t a n d a r d  t e c h n i q u e  of p l o t t i n g  t he  
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The quantitative precipitin test in 
gel: SPS and gentanficin. Below 
figure : Gentamicin concentra- 
tions: 2500 (A), 1250 (B), 625 (C), 
312 (D), 156 (E), 78 (F) and 39 (G) 
mcg/ml. SPS concentration: 780 
mcg/nfl (1 through 7). The equiva- 
lence zone is between 156 mcg/ml 
gentamicin and 780 mcg/nfl SPS. 
Lisegang bands switch sides on 
either side of the equivalence zone. 
From 1 through 3 antibiotic is in 
excess; from 6 to 7 detergent is in 
excess. The curvarure of precipita- 
tion away from well E at the 
equivalence zone indicates that its 
contents have the greatest diffu- 
sion rate. 
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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.  
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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-  


