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The interaction between bovine plasma albumin and 
dodecyltrimethylammonium bromide 
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llelatively few investigations have been concerned with the interactitm of cationic detergents 
with bovine p lasma al /mmin (BI'A), a l though the fact tha t  complexes are formed between this 
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fquilibl'zum concentrotion of unbound detergent (10~M) 

Fig. t. Binding curve for the interaction of dodecyltri- 
m e t h y l a m m o n i u m  bromide with bovine p lasma albumin 
(I o//o w/v) in o.i M sodium chloride at 2o '~. Detergent  esti- 
mated interferometrically ( - - 0 - - )  and spectrophoto-  

metrically ( 0 ). 

protein  and cationic detergents  has 
been reported in the literaturel.'a, a. In  
this comInunication,  the interacti(m 
between BPA and a pure  sample of 
dodecyl t r imethyla  n m m n i u m  bromide 
(DTAB) has been studied by the 
equil ibrium dialysis technique and by 
viscosity measurements .  

Fig. r shows the interaction iso- 
therm obtained for the binding of the 
detergent  by the protein in the pres- 
ence of o.~ 31 sodium chit*ride. 5 m l  
of protein solution (I (~;, "~V/V) "~V[/N 
contained in a dialysis sac, and equili 
brated against  Io ml of detergent  
solution at e o  h~r three days. Control 
exper iments  on detergent  solutions 
ahme were also carried (*tit t{~ enable 
a correction to be applied, where 
necessary, for the unequal dis tr ibut ion 
of detergent  ions a above the micelle 
point.  The u n b o u n d  detergent  wns 
est imated interferometrically (using 
dn/dc o.155 ml/g for the detergent  
at ,;. -- 5895 A) or by using a spectro- 
photonmtric  (lye method 5. The curve 
shows tha t  initially only a sn/all frac- 
tion of the detergent  is bound by the 

protein, in cont ras t  to the case with the anionic detergent  sodium dodecyl sulphate  (SDS), where 
in the very early stages of this interaction 
8 in detergent  ions are bound 6. When the  
number  of bound  detergent  ions reaches c a .  

3 ° the curve becomes very nearly vertical, 
the protein t lms exhibit ing a much greater  
binding capacity for the detergent  in this 
region. Eventual ly,  when ca .  1o9 detergent  
ions are bound, sa tura t ion  of the binding sites 
is obtained. This value corresponds closely to 
the number  of free carboxyl  groups (io2) in 
the protein  7, and is consis tent  with the view 
tha t  the detergent  associates with the prote in  
by  electrostatic interaction of the cationic 
groups with the carboxyl  groups of the 
protein. 

Measurements  of the relative viscosity 
of BPA ...... DTAB mixtures  in o.l M sodium 
chloride are recorded in Fig. 2(a), in which 
the protein concentrat ion was kept  cons tan t  
at i % w/v and the DTAB concentrat ion was 
varied. In the presence of low concentrat ions  
of detergent  little change was observed in 
the relative viscosity. At higher detergent  
concentrat ions  the relative viscosity in- 
creased rapidly to a value of 1.18  9 and then 
remained constant .  I t  is clear from this curve 
t ha t  in the presence of the detergent  the 
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Fig. 2(a). Relative viscosity at 20 ' of bovine plasma 
a lbumin/detergent  mixtures  (constant  protein con- 
centrat ion of ~ o~/ w/v  in o.l M sodium chloride) vs. 
total detergent  concentration. Fig. 2(b ) .  O" , 
reduced viscosity of detergent /prote in  mixtures  in 
o.I .,1I sodium chloride at  2o ° (molar ratio 2oo/I) v s .  

protein  concentrat ion,  reduced viscosity vs. 
protein  concentrat ion for native bovine plasma. 

albumin, Y A N G  AND F O S T E R  8. 
protein undergoes an expansion or part ial  
unfolding, this process commencing  at a detergent  concentrat ion of 5.e. io a .l/. From the binding 



VOL. 1 8  (1955) SHORT COMMUNICATIONS, PRELIMINARY NOTES 137 

curve  (Fig. i) it  is ev iden t  t h a t  th is  change  occurs  when  t he  n u m b e r  of b o u n d  ions  exceeds  ca. 6 per  
molecule  of p ro te in  (point  B). 

Fig. 2(b) shows  t he  curve  of reduced  v iscos i ty  ~sp./c (where c = pro te in  concen t r a t i on  % w/v) 
aga ins t  c, ob ta ined  by  di lu t ion of a s tock  solut ion h a v i n g  a concen t r a t i on  of I. 5 % p ro t e in  and  a 
mola r  de t e rgen t /p ro te in  rat io  of 2oo/1. The  reduced  v iscos i ty  r ema ins  c o n s t a n t  a t  o.189 wi th  de- 
creas ing pro te in  concen t r a t ion  b u t  below ca. o .9%,  the  reduced  v iscos i ty  decreases  and  t he  cu rve  
app roachs  t h a t  ob ta ined  for na t i ve  B P A  (YANG AND FOSTERS). This  ind ica tes  dissocia t ion of t h e  
p ro te in -de te rgen t  complex  wi th  decreas ing pro te in  concent ra t ion ,  a fact  which  ha s  been conf i rmed 
by  l ight  s ca t t e r ing  and  s ed i men t a t i on  veloci ty  expe r imen t s .  

I t  appear s  f rom these  expe r i men t s  t h a t  D T A B  combines  less s t rong ly  wi th  the  p ro te in  t h a n  
does the  anionic de te rgen t  SDS. This  is suppor t ed  by  the  facts  t h a t  less of t he  D T A B  is b o u n d  a t  
t he  s ame  equi l ib r ium mola r  concen t ra t ion  of detergent ,  and  t h a t  t he  b ind ing  of D T A B  is d e p e n d e n t  
upon  t he  p ro te in  concent ra t ion ,  a s i tua t ion  which  is no t  found  in the  B P A - S D S  sys t em"  w i t h i n  
a p ro te in  concen t r a t i on  range  of o.o 5 to 0. 5 % w/v. However ,  a s imi la r i ty  be tween  t he  two d e t e r g e n t s  
is t h a t  bo th  are able to act  as a "molecu la r  wedge" ,  caus ing  the  pro te in  to unfold  p a r t i a l l y  a n d  
expose new si tes for binding.  T h u s  the  in te rac t ion  i so the rm (Fig. I) m a y  be cons idered  as two  iso- 
the rms ,  AB the  i so the rm for t he  b ind ing  of D T A B  onto  t he  na t i ve  p ro te in  (Pn), and  BC t h e  i s o t h e r m  
for the  b ind ing  of D T A B  onto  par t ia l ly  unfolded  pro te in  molecules (Po). The  change  f rom Pn to Po 
is s u b s t a n t i a t e d  by  the  changes  in re la t ive v iscos i ty  which  occur wi th  increas ing  c o n c e n t r a t i o n s  of 
D T A B  (Fig. 2(a)). F u r t h e r  cons idera t ions  of the  revers ibi l i ty  of the  process Pn ~ - P o ,  and  o t h e r  
phys ica l  m e a s u r e m e n t s  on the  B P A - D T A B  s y s t e m  will be given in a la ter  publ ica t ion .  

The  au tho r s  wish to t h a n k  Dr. J. H.  SCFIULMAN, O.B.E. ,  and  Dr. P. JOHNSON for he lp fu l  dis- 
cussions,  and  the  Nuffield F o u n d a t i o n  for f inancial  ass i s tance  to one of us  (R. H. O.). 
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The action of fluorodinitrobenzene on ichthylepidin 

I ch thy lep id in ,  a s t ruc tu ra l  pro te in  of fish scales first isolated by  M6RNER 1, is no tab le  for i ts  
insolubi l i ty  in t he  usua l  so lvents  for pro te ins  in spi te  of a low cys t ine  con t en t  s. 

I n  an  a t t e m p t  to de t e rmine  t he  N- te rmina l  amino-ac id  res idues  of i ch thy lep id in  f rom scales 
of t he  p i lchard  (Sardina oceUata Jenyns )  by  SANGER'S m e t h o d  s, we have  observed  t h a t  t he  ac t ion  
of f luorodin i t robenzene  (FDNB) in an  aqueous-alcohol ic  solut ion of sod ium b ica rbona te  br ings  abou t  
the  d issolu t ion  of more  t h a n  half  the  protein,  whereas  ve ry  l i t t le is dissolved in t he  s ame  m i x t u r e  
w i t h o u t  t he  F D N B ,  or when  th i s  is replaced by  ch lorodin i t robenzene  or d in i t rophenol .  The  exper i -  
m e n t a l  condi t ions  were as follows: 

A sample  of scales ( io g) t h a t  h a d  been purified by  wash ing  wi th  water  and  Soxhle t  ex t r ac t i on  
for 24 hour s  wi th  hexane ,  was  deminera l i sed  by  soaking  in a 0. 4 M solut ion of t r ichloracet ic  acid 
(500 ml) for 6 hour s  a t  5 °. T he  pro te in  was  44 % by  weight  of t he  original scales on an  oven -d ry  basis.  
I ch thy l ep id in  was  t h e n  sepa ra ted  f rom t he  soluble gelat in by  hea t i ng  the  deminera l i sed  scales (2 g) 
in wa te r  ( ioo ml) a t  80 ° for 2 hours .  The  ich thy lep id in  was 23 % by  weight  of the  original  scales 
and  hea t i ng  it  for ano the r  2 hours  in a f resh vo l ume  of wa te r  d issolved less t h a n  2 % more  protein.  

To e x a m i n e  t he  ac t ion  of F D N B ,  samples  of i ch thy lep id in  (each of o . Io  g of k n o w n  moi s tu re  
content )  were added  to m i x t u r e s  con ta in ing  o.I 8 g of i ,  2, 4- f luorodini t robenzene (from L igh t  and  Co. 
Ltd. ,  Colnbrook,  England) ,  o . io  g of sod i um b ica rbona te  ( "Ana l a r "  f rom Br i t i sh  D r u g  Houses  Ltd.) ,  
2.0 ml  of water ,  and  4.0 ml  of e thy l  alcohol. Not  all of the  b ica rbona te  dissolved u n d e r  t he se  con-  


