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Rece ived  N o v e m b e r  I2th ,  1956 

Complex formation between bovine serum albumin and 
sodium deoxyribonucleate induced by heat 

GREENSTEIN AND HOYER 1 observed  t h a t  unde r  special  condi t ions ,  deoxyribonucleic  acid (DNA) 
p r e v e n t s  the  hea t  coagula t ion  of s e r u m  a lbumin .  T he  special  condi t ions  are:  (1) The  m i x t u r e  of  
a l b u m i n  a n d  D N A  m u s t  be  pract ica l ly  sa l t  flee. (2) T he  p H  of t he  m i x t u r e  m u s t  be ad ju s t ed  
to a b o u t  5.3 pr ior  to hea t ing .  Near ly  comple te  pro tec t ion  of t he  a l b u m i n  solu t ions  aga ins t  h e a t  
coagula t ion  is afforded by  0. 5 to  i % by  weight  of D N A  relat ive to a lbumin .  The  ques t ion  of 
the  m e c h a n i s m  of pro tec t ion  was  left  open a l though  in a no te  s i m m e d i a t e l y  following the  GREEN- 
STEIN paper  it  was  sugges ted  t h a t  b ind ing  was  p robab ly  no t  involved since two peaks  were 
observed  in t he  u l t racen t r i fuge  af te r  hea t ing .  

Subsequen t l y  GEIDUSCHEK AND DOTY 3 inves t iga ted  the  in te rac t ion  of bovine  s e r u m  a l b u m i n  
(BSA) and  D N A  by  l ight  sca t te r ing  a t  room t empera tu re .  Thei r  procedure  was to  m ix  the  D N A  
and  BSA toge the r  and  to measu re  t he  l ight  sca t te r ing  by  di lu t ing th is  m i x t u r e  into a p h o s p h a t e  
buffer  which  served as solvent .  Var ious  p H ' s  were s tudied.  At  p H  7.47 and  6.46, no react ion 
was  observed.  A t  p H  5.51, D N A  was  found  to b ind  35 % of i ts  own  weight  of  BSA. The  a u t h o r s  
felt  t h a t  despi te  t he  differences be tween  t he  condi t ions  of the  two exper iments ,  the  a m o u n t  of 
b ind ing  d isp layed  was  qui te  i nadequa t e  to expla in  the  pro tec t ive  ac t ion  of D N A  on BSA. I t  
was sugges ted  t h a t  t he  s t ronger  b ind ing  t h a t  such  pro tec t ion  appeared  to require  m a y  only  occur  
wi th  pa r t s  of the  pro te in  s t ruc tu re  t h a t  m a y  be m a d e  accessible by  dena tu ra t ion .  

This  inves t iga t ion  represents  our  search  for th is  s t ronger  t ype  of b ind ing  t h a t  is t h o u g h t  
to occur. 

The  bovine  s e rum  a l b u m i n  was  a crysta l l ine  p roduc t  ob ta ined  f rom P e n t e x  Incorpora ted ,  
Kankakee ,  Illinois. The  deoxyr ibonucle ic  acid was  prepared  f rom sa lmon  spe rm by  Dr. NORMAN 
SIMMONS. All so lu t ions  were hea t ed  in smal l  glass s toppered  tes t  t ubes  by  immer s ing  in boiling 
wate r  for t en  minu tes .  Solut ions prepared  for hea t ing  expe r imen t s  con ta ined  a b o u t  o. 5 g BSA/dl .  
The  a l b u m i n  s tock  solut ion was  prepared  by  t he  m e t h o d  of GREENSTEIN AND HOYER 1. The  D N A  
s tock  solut ion was  prepared  by  di lu t ing a concen t ra ted  solut ion in disti l led water .  

I t  was  a t  once a p p a r e n t  t h a t  the  p roduc t s  of hea t i ng  are a sensi t ive func t ion  of t he  pH .  
If  a l b u m i n  alone is hea t ed  a t  p H  5.5, par t ia l  hea t  coagula t ion  occurs  as ev idenced  by  fo rma t ion  
of a mi lky  opac i ty  in t he  solut ion.  However ,  ana ly t ica l  u l t r acen t r i fuga t ion  (Spinco Model E) 
shows  t h a t  the re  is considerable  a l b u m i n  remain ing  in solut ion wi th  the  s ame  s ed imen ta t i on  
c o n s t a n t  as na t ive  mater ia l .  As  a resul t  of the  hea t ing ,  t he  p H  rises f rom 5.5 to abou t  6.9. If one 
hea t s  na t ive  a l b u m i n  a t  p H  6. 5, no hea t  coagula t ion  occurs.  B u t  upon  hea t i ng  t he  a l b u m i n  a t  
p H  5-4 in o.oo15M ci t ra te  buffer, t he  p H  does no t  rise above  5.9 and  all of t he  a l b u m i n  is coagu-  
lated.  T h u s  it  appear s  t h a t  one of t he  prerequis i tes  for h e a t  coagula t ion  is t h a t  t he  e lect ros ta t ic  
repuls ion  of the  a l b u m i n  molecules  be min imized .  As t he  p H  becomes  higher,  t he  nega t ive  charge  
on the  a l b u m i n  rises* (note:  t he  isoelectric po in t  of BSA is 4.5) and  a p p a r e n t l y  the  repuls ion  

* The  increase in nega t ive  charge  be tween  p H  5.5 and  p H  6.5 is p robab ly  accoun ted  for by  
t he  neu t ra l i za t ion  of the  imidazole groups  of h is t id ine  which  would be expec ted  to t i t r a t e  in th i s  
region. There  are  I8 h is t id ine  res idues per  molecule  of BSA according to G. R.  TRISTRAM, in H.  
NEURATH AND K. BAILEY, The Proteins, Vol. IA, Academic  Press,  Inc. ,  New York,  1953, p. 215. 
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between a lbumin molecules becomes great enough above pH 6 to prevent  effective contact. The 
repulsion caused by  the charge effect should be overcome in a medium of high ionic strength,  
and accordingly when the a lbumin at p H  6.5 is heated in o .o4M NaC1 coagulation occurs. 

When  DNA is heated alone in aqueous solution it is severely degraded as evidenced by a 
large decrease in the sedimentat ion constant  measured after the addition of salt (o.I5M). There 
is, however,  no degradation if the ten-minute  heat ing is carried out  in the presence of salt. 

Wi th  the behavior  of the individual components  upon heating thus  clarified, an investigation 
of the mixtures  following heat ing was undertaken.  At a weight ratio of BSA/DNA of 15 no 
coagulation was observed in a salt free solution bu t  the pH did rise from p H  5-5 to 6.9 as with 
the a lbumin alone. The heated solution exhibited two peaks of about  equal area in the ultra- 
centrifuge. A s tudy  of the concentrat ion dependence of the slower peak indicated tha t  it has 
the same sedimentat ion constant  as native albumin. The other  peak moved much too fast for DNA 
(native or denatured) and this fact coupled with the relative area under the fast peak suggested 
it mus t  be a complex of DNA and about  half the a lbumin present.  Thus  al though there appeared 
to be considerable binding of the DNA to the albumin, the reaction had not  gone to completion. 
However, when the DNA and albumin were heated in the presence of o.oo15 M citrate buffer, 
the p H  went  from 5.5 to 5.8 as before but  in the ultracentrifuge only a fast moving component  
was observed. Apparent ly  the reaction goes to completion only when the pH is controlled as 
in the coagulation of a lbumin alone*. 

On the basis of these experiments,  we conclude tha t  the DNA protects the albumin from 
coagulating (below p H  5) by binding it, thereby prevent ing self-aggregation. Above p H  6 the 
DNA is not  needed to prevent  coagulation since the a lbumin does not  coagulate under these 
conditions. 

The completeness of the binding at a ratio of 15 in the presence of o .oo I5M citrate indicates 
tha t  at least 18oo molecules of a lbumin can be bound per DNA molecule. The absence of gel 
and the presence of a single peak in the ultracentrifuge suggest tha t  cross-linking of DNA by 
the a lbumin has not  occurred. Consequently, the physical chemical properties of the completely 
reacted mixture  were studied in order to see if the complex could be accounted for by  the combi- 
nat ion of one DNA molecule with 18oo albumin molecules. The molecular constants  are listed 
in Table I along with the appropria te  constants  for native DNA and ]3SA. The physical measure- 
ments  on the D N A - B S A  complex were made in o .oo5M NaC1. Using the molecular weight of 
DNA and considering the weight ratio of the reactants,  we may  calculate the molecular weight 
of the BSA-DNA complex to be expected since all of the BSA reacts if there is no degradation 
of the DNA. This calculated molecular weight is in close agreement  with the experimental ly 
determined molecular weight and clearly suppor ts  our  interpretat ion of the reaction. When 8 3I  
urea is added to the BS A -D N A  complex the light scattering falls drastically. This clearly suggests 
tha t  the binding is mainly due to hydrogen bonds. Presumably  these have been made available 
by the thermal  denaturat ion of both BSA and DNA. 

TABLE I 

B S A  D N A  B S A  -DATA 

sO0  4 " 5 "  IO--13 s e c  2 2  • IO  13 s e c  13o. 1 0  - 1 3  s e c  

M . W . l i g h t  sca t te r ing  6 9 , 0 0 0  8 '  l O  6 1 2 2 '  l O  6 
126" 10 s* 

[~] 0.040 7 ° 4.85 

• Calculated from M.Vd.DN A + (weight ratio BSA/DNA) × M.W.DN A = 126" IO s. 
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* I t  should be noted tha t  when DNA and BSA are heated in o .o4M NaC1 an extremely viscous 
gelatinous mass  is formed. This is t ranslucent  ra ther  than  opaque as with a lbumin alone and is 
probably  due to the formation of a three-dimensional network. Some gel is also obtained in the 
presence of o . oo i5M citrate buffer when the weight ratio of BSA/DNA is as high as 60. 
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