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T h e  I n t e r a c t i o n  of  P r o t a m i n e  w i t h  H u m a n  B l o o d  P l a s m a  P r o t e i n s  

The  biological  role of m a n y  i m p o r t a n t  macromolecu les  
depends  p r imar i l y  on  t h e  i n t e r n a l  a r ch i t e c tu r e  of t h e  
molecule,  b u t  i t  m a y  also be  inf luenced  b y  t h e  f o r m a t i o n  
of complexes  w i t h  o t h e r  macromotecules .  Complex  of 
f ib r inogen  a n d  p r o t a m i n e  was descr ibed b y  RICE et  al. 1 
and  sugges ted  b y  GODAL 2 as in f luenc ing  t h e  coagu la t ion  
r a t h e r  t h a n  neu t r a l i z a t i on  of hepar ino ids .  P r o t a m i n e  is 
capab le  of in f luenc ing  also t h e  ac t iv i t i es  of some enzymes,  
e.g. t he  muscle  p h o s p h o r y l a s e  ~ and  l ipopro te in- l ipase  4, 5 

The  e x p e r i m e n t a l  a p p r o a c h  consis ted  in t he  electro-  
phore t i ca l  s epa ra t i on  6, 7 of b lood p l a s m a  p ro te ins  in aga r  
gel for va r ious  de t ec t ion  purposes .  P r o t a m i n e  hydroch lo -  
r ide (S P OF A-P rague )  was added  to  s e rum direct ly ,  or i t  
was used as a p r ec ip i t a t i on  a g e n t  in 1% so lu t ion  for 
fi l l ing t he  grooves,  s imi lar ly  as is done  in  t h e  de t ec t i on  of 
i m m n n o e l e c t r o p h e r o g r a m s .  Fo r  app l i ca t ion  to  t he  agaro-  
e l ec t rophe rog rams  we used t he  de t ec t ion  p l a t e  in to  wh ich  
1% p r o t a m i n e  so lu t ion  was al lowed to diffuse for i h. 
The  p l a t e  was  t h e n  a t t a c h e d  b y  sandwich  t echn ique .  

Agaroe lec t rophore t i c  ana lys i s  of h u m a n  p l a s m a  or 
se rum p ro t e ins  reveals  b y  th i s  way  3 t u r b i d i t y  zones i n  
p l a s m a  (Figure  1) a n d  2 in serum.  Compar i son  shows t h a t  
t he  3rd zone w i t h  t h e  mob i l i t y  of f12 to y-globul ins  
be longs  to f ibr inogen,  t he  p rec ip i t a t i on  of which  w i t h  
p r o t a m i n e  was a l r eady  descr ibed  earl ier  1. 

W h e n  2 m g  of p r o t a m i n e  were added  to  1 mI of se rum 
or p la sma ,  we could f ind  low-dens i ty  l ipopro te ins  (in 
c o n t r a s t  to  t h e  a d d i t i o n  of hepar ine)  s lowing down  on t h e  
i m m u n o e l e c t r o p h e r o g r a m s  (Figure  2}. P r e c i p i t a t i o n  l ines 
of t he  o t h e r  f rac t ions  did  no t  show a n y  a l t e red  mobi l i ty .  

B y  m e t h o d i c a l  ana logy  to  i m m u n o e l e c t r o p h o r e t i c  
analysis ,  us ing  1% p r o t a m i n e  so lu t ion  in s t ead  of an t i -  
serum,  2 t u r b i d i t y  p r ec ip i t a t i on  l ines in  s e rum a n d  3 in 
p l a s m a  were ga ined  (Figure 3). Af te r  r e m o v i n g  t h e  
superf luous  c o m p o n e n t s  wh ich  h a d  no t  r eac ted  d u r i n g  t h e  
usua l  m a n i p u l a t i o n ,  b o t h  anod ica l ly  s i t ua t ed  l ines can  b e  
s t a ined  w i t h  S u d a n  b l a c k  a n d  Amido  b l a c k  10B. This  
d e m o n s t r a t e s  t h a t  these  p r ec ip i t a t i on  l ines be long  to  
e t - l ipopro te in  (HDL) a n d  e~-l ipopr0tein (LDL).  The  
ca thod ic  l ine  be long ing  to f ib r inogen  is s t a ined  w i t h  
Amido  b l a c k  10B only  incomple te ly .  

As shown,  low-dens i ty  l ipopro te ins  comb ine  a t  
p H  > I P  w i t h  b o t h  po lyan ions  s, e.g. h e p a r i n e  a n d  poly-  
cat ions ,  e.g. p r o t a m i n e .  I t  would  be  di f f icul t  to  i n t e r p r e t  
t h a t  macromolecu les  of oppos i te  charge  combine  w i t h  t h e  
same  p ro te id  on ly  f rom t h e  v i ew-po in t  of e lec t ros ta t i c  
forces. There fore  RICE's a s s u m p t i o n  ~ t h a t  also d ispers ion  
sho r t  r ange  forces are  r e m a r k a b l y  i nvo lved  seems to be  
val id.  Also re la t ive ly  select ive p r ec ip i t a t i on  b y  p r 0 t a m i n e  
of 3 o u t  of a b o u t  20 m a i n  p l a s m a - p r o t e i n  f rac t ions ,  all  
h a v i n g  t he  same  nega t i ve  charge  u n d e r  these  experi-  

Fig. 2. Immunoelectrophoretic analysis of human blood serum 
(Antiserum E.L.1 - Human, Budapest, Hungary) alone (strip III), 
serum with protamine added (strip II) and serum with heparin 
added (strip I). Arrows show the position of the precipitation line 
of ~-lipoproteins (LDL). 

Fig. 3. Analysis of human plasma proteins using a methodical 
analogy of immunoeleetrophoresis (protamine solution in grooves). 
3a denotes the analogy of precipitation lines alone and 3b the result 
of staining with Sudan black, 

m e n t a l  condi t ions ,  seems to  be  d e p e n d e n t  n o t  on ly  on  
e lec t ros ta t i c  forces. 

T h e  facts  descr ibed  m i g h t  help  as t h e  s t a r t i n g  p o i n t  for 
more  accura te  knowledge  on  t h e  m e c h a n i s m  of a c t i v a t i o n  
or i n h i b i t i o n  of l ipopro te in  l ipase.  I t  seems p r o b a b l e  t h a t  
o the r  p r e c i p i t a t i n g  or complex  fo rming  agen t s  t h a n  
p r o t a m i n e  can  b e  used.  These  agen t s  c an  be  appl ied  
e lec t rophore t i ca l ly  s epa ra t ed  p ro t e i n  f r ac t ion  b y  t h e  way  
of f i l l ing t hem,  i n s t ead  of an t i sera ,  i n to  t h e  grooves  in t he  
m e t h o d i c a l  an a l o g y  of i m m u n o e l e c t r o p h o r e s i s  to  acqui re  
i n f o r m a t i o n  o therwise  n o t  easi ly accessible.  

Zusammen/assung. Es  w u r d e n  I n t e r a k t i o n e n  v on  
P r o t a m i n  m i t  v o r h e r  in  Agar-Gel  e l ek t ropho re t i s ch  
g e t r e n n t e n  p l a s m a t i s c h e n  E iwe i s sk6 rpe rn  u n t e r s u c h t .  
N e b e n  der  schon  f r i iher  b e k a n n t e n  I n t e r a k t i o n  m i t  
F i b r i n o g e n  w u r d e n  auch  solche m i t  be iden  Klassen  der  
p l a s m a t i s c h e n  L ipopro t e ine  gefunden .  
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Fig. 1. Electrophoretic analysis of human blood plasma was per- 
formed in agar gel and attached to the detection plate containing 
protamine. 3 turbidity zones (I, II, III) demonstrate that the 
interaction took place. In the case of blood serum only zones I and 
II are formed. 
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