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Addendum 

Since this  manuscr ip t  was  submi t t ed  for publication, a monograph  by  P. F. HJORT (Stand. J.  
Clin. & Lab. Invest., 9 (1957) suppl.  27) has come to our  a t tent ion.  HJORT presents  data  t ha t  
s t rongly  indicate t h a t  a phosphol ipid-containing particle is united th rough  calcium ion to a 
p l a sma  prote in  in the  sequence of reactions leading to the clotting of blood plasma in the  presence 
of  brain  th romboplas t in .  

VOLUME CHANGES IN OVALBUMIN AND BOVINE SERUM 

ALBUMIN ON ADDING ACID 

W. K A U Z M A N N  * 

Carlsberg Laboratory, Copenhagen (Denmark) 

Polypeptide chains undoul~tedly pack in certain more or less well-defined patterns 
in native protein molecules. If denaturation consists in the partial or complete 
replacement of these regular patterns by a more random arrangement of the chains, 
then one should expect that denaturation will be accompanied by characteristic 
volume changes that should parallel, at least in a general way, the changes in other 
properties, such as the optical rotation, which are also affected by the chain con- 
figuration. Several workers have, in fact, noticed that the destruction of the native 
configuration in proteins is accompanied by a decrease in the volume of the protein 
solution amounting to several hundred ml/ioo,ooo g ot" protein 1-4. The apparent 
volume occupied by a protein molecule in solution is also influenced by the charged 
groups present in the molecule because of electrostriction of the solvent sm-~ounding 
the charged groups; if the configuration changes are accompanied by known changes 
in the charged groups of the protein, however, the effects of the latter can be taken 
into account by suitable model experimentsS, 6. 

The measuremen t s  repor ted  in the  present  communica t ion  were performed with  Carlsberg 
di la tometers  of the  type  described by  LINBERSTROM-LANG 7, with the  modifications suggested 
by  JOHANSEN AND THYGESI~N 8 and by  JOHANSEN 9. 

The di la tometers  consist  of an  inver ted "V",  one a rm containing the protein  solution and 
the  o ther  containing the  acid. The space above the  solutions is filled wi th  kerosene and a graduated  
capil lary is a t tached by  means  of a sui tably  greased s ground-glass  joint  at the ver tex of the  "V" .  
The  inver ted "V" is inserted into a well-controlled t he rmos t a t  ( ±  o.ooi °) and allowed to s tand  
unti l  t he rmal  equi l ibr ium has  been reached. If  the ba th  is wa r me r  t han  room tempera ture ,  as 
will generally be the case, the  kerosene meniscus will be at  the top of the  capillary tube  and mus t  
be b rough t  down to a suitable poin t  in the graduated  region by  placing the inverted " V "  momen-  
tar i ly in wa te r  slightly w a r m e r  t h a n  the  the rmos ta t ,  soaking up the excess kerosene tha t  flows 
out  of the  top  of the tube,  and replacing in the  the rmos ta t .  After thermal  equil ibr ium has been 
re-established and the kerosene meniscus has reached a cons tan t  level, the two solutions are mixed. 

* Present  address:  Frick Chemical Labora tory ,  Princeton,  New Jersey,  U.S.A. J o h n  Simon 
Guggenheim Fellow, 1957. 
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The resulting volume change is found from the change in the kerosene meniscus. With care, 
volume changes can be measured that are reproducible to within a few hundredths of a microliter, 
and a precision of about 20 ml/ioo,ooo g can be attained using IOO mg samples of protein. 

Figs. I and  2 show the vo lume changes tha t  occur when hydrochlor ic  acid is 
added  to ova lbumin  and  to serum a lbumin.  As is well known, when the  p H  is less 
than  4 the  serum a lbumin  molecule  undergoes  an immedia te ,  reversible unfolding,  
t ha t  is accompanied  by  an increase in the  v iscos i ty  and  in the  l aevo- ro ta t ion  and a 
decrease in the  s ed imen ta t ion  constant1°, 11. The  unfolding also has a p ronounced  
effect on the  shape of the t i t r a t i on  curve 12. All  of these effects are especial ly  m a r k e d  
when tile sal t  concent ra t ion  is low, and  there  is also some t endency  for the  effects to 
be grea te r  when the pro te in  concent ra t ion  is low. On the o ther  hand,  the  ova lbumin  
molecule  undergoes  no such d r a sqc  changes in configurat ion unt i l  the  p H  is less than  
about  2, where a gradual ,  i r revers ib le  unfolding takes  place ~3, ~a. 

Fig.  I shows tha t  the  volume changes observed for ova lbumin  down to p H  2 
correspond to an increase in volume of I I  ml  for each p ro ton  bound  b y  the pro te in .  
This  corresponds to the  well-known1,5, 6 volume change due to the  neu t ra l i za t ion  
of a ca rboxy la t e  ion b y  a p ro ton  

- c o o -  + H + ~ -COOH 

which is u n d o u b t e d l y  the  sole mechanism for the  b ind ing  of p ro tons  in most  p ro te ins  
when the p H  is less than  abou t  5. Thus the  ova lbumin  molecule above  p H  2 acts  
l ike a r igid objec t  wi th  o rd ina ry  ca rboxy l  groups  a t t a c h e d  to it. 

The volume changes observed  for serum albumin,  on the  o ther  hand,  amoun t  
to I I  ml per  b o u n d  p ro ton  only  when the p H  is not  below 4. At  lower values  of the  
p H  the expans ion  no rma l ly  b rough t  abou t  b y  the neu t ra l i za t ion  of the  c a r b o x y l a t e  
ions appears  to be accompan ied  b y  a decrease in volume from some o ther  process.  
(This difference be tween ova lbumin  and  serum a lbumin  has  recen t ly  been de t ec t ed  
b y  CH \RLVv'OOD 4, who compared  the  pa r t i a l  specific volumes  of these pro te ins  at  
p H  values  of ca. 5 and  ca. 2.) The magn i tude  of this  super imposed  volume decrease 
is smal ler  in the  absence of sal t  t han  when sal t  is present .  I t  also seems to be some- 
wha t  larger  when the pro te in  is more di lute .  In  all cases the  volume changes were 
comple te  wi th in  2 or 3 rain, which is the  t ime requi red  for the rmal  equi l ibr ium to be 
re-es tabl i shed  af ter  the  acid  is added  to the  protein.  

The  changes in the  chain configurat ions  of pro te ins  brought  about  b y  urea  and 
o ther  dena tu r ing  agents  are i nva r i ab ly  accompanied  b y  an increase in the  laevo-  
ro ta t ion  and viscosi ty,  and  b y  a decrease in the  sed imen ta t ion  constant .  These 
conf igurat ion changes in urea  are also accompanied  by  a decrease in the  vo lume of 
the pro te in  solution.  The  fact t ha t  the  swelling of serum a lbumin  molecule in acid  
is not only accompan ied  by  an increase in viscosi ty  and  levo-ro ta t ion ,  bu t  also b y  a 
decrease in volume,  lend.a fur ther  suppor t  to the  belief t ha t  the  changes in acid  are 
essent ia l ly  the same as those tha t  occur in dena tu ra t i on  react ions  in general .  

I t  is significant,  however,  t ha t  the  add i t i on  of sal t  is nmch  more effective in 
quenching the changes in opt ica l  ro t a t ion  and viscos i ty  brought  abou t  b y  acid than  
it is in e l imina t ing  the volume decrease.  This  can be seen from Fig.  2, where the  
opt ical  ro ta t ions  corresponding to var ious  condi t ions  have  been no ted  along the 
curves.  (These measurements  were made  on solut ions t ha t  were ident ica l  in composi t ion 
to those used in the  d i l a tomete rs .  The ro ta t ions  are s l ight ly  lower than  those r epor t ed  
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Fig. I. Volume changes on adding hydrochloric acid to ova lbumin  at  3o.o °, Final protein con- 
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Fig. 2. Volume changes on adding hvdrocllloric acid to box-me serum allmmm at 3o,o . + no ~alt 

present,  final protein concentrat ion 2.2 4 %. × no salt present,  final protein concentrat ion 1.5o ",, 
O o.15 3I KCI present,  final prote in  concentrat ion 2.2 4 %. The numbers  wri t ten beside the cur\  as 
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pair), when the protein concentrat ion is 2.2 4 % .  
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by YANG AND FOSTER l°, but the changes are closely parallel to theirs.) I t  will be seen, 
for instance, that  when 12o protons have been bound per IOO,OOO g of protein, the 
specific rotation in the absence of salt has been changed by about 15 ° (normal value 
about - - 6 1  ° , changed to - -760 when 12o protons are bound). At the same degree 
of binding in o.15 M KC1 the laevo-rotation is increased by only 2 ° over the normal 
value. The observed expansion in the absence of salt is 64 ° ml/Ioo,ooo g when 12o 
protons have been bound. If the protein were a rigid obejct, the expansion at this 
degree of binding would have amounted to I I . 12o  = 132o ml/Ioo,ooo g, so there 
must have been a contraction of 1 3 2 o -  640 = 680 ml/Ioo,ooo g in the absence of 
salt. When o.15 M KC1 is present this contraction amounts to 132o - -  970 = 35 ° ml/ 
ioo,ooo g. Thus o.15 M KC1 eliminates all but 13% of the increased laevo-rotation 
induced by the binding of 12o protons/Ioo,ooo g, whereas 51% of the contraction 
persists in o.15 M IKC1 with the same amount of proton binding. Apparently the 
changes that take place in the two properties are not directly related and we are forced 
to conclude that the two properties are sensitive to somewhat different aspects of 
protein structure. This is encouraging because it means that volume changes may 
be able to tell us something about proteins that optical rotations do not reveal. Just  
what this new feature is cannot be ascertained without further investigation. 

This result has some bearing on a hypothesis recently proposed by YANG AND 
DOTY 15, who suggest that the polypeptide chain in proteins exists in two basic types 
of structure. The one type of structure is a regular coil, probably the a-helix, whereas 
the other structure is irregular, resembling on the average a random coil. YaNG 
AND DOTY interpret the changes in the optical rotatory parameters of proteins and 
synthetic polypeptides in different solvents by assuming that these two structures 
make independent contributions to the parameters. In this way they claim to be 
able to estimate the relative amounts of helical structures present in many native 
proteins. It  is, however, clear that such a hypothesis cannot be tested adequately 
without making use of a number of properties that depend in different ways on the 
molecular configuration. The apparent volume of the protein is ideal for this purpose, 
because it should be just as intimately related to the chain configuration in proteins 
as is the optical rotation. The fact that the volume changes that occur on unfolding 
do not quantitatively parallel the optical rotation changes shows that if there are 
only two basic types of structure, these cannot make independent contributions to 
the volume of the protein in the manner postulated by YANG AND DOTY in their 
interpretation of the optical rotatory parameters. It  is difficult to understand why 
independent contributions should be made in one case and not in the other, and it 
therefore seems likely that the situation is more complex than thas been assumed 
by YA~G AND DOTY. 
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SUMMARY 

When  hydrochloric acid is added to an isoelectric solution of ovalbumin in a dilatometer an 
expansion of about  i i ml per bound proton is observed. The expansion is caused by  the neutrali-  
zation of carboxylate ions by protons (WEBER AND NACHMANSOHN). A similar experiment with  
bovine serum albumin yields much smaller expansions when the pH is below 4, where the optical 
ro ta t ion and the  viscosity also undergo anomalous changes. Evident ly  the molecular changes 
t h a t  occur below pH 4, bring about  a decrease in the  part ial  specific volume, ~, similar to tha t  
observed in protein denaturat ion,  and this  decrease ill ~ is superimposed on the increase in ~ tha t  
normally occurs when carboxylate ions are discharged by protons. I t  is significant, however, 
t ha t  whereas o. 15 M potassium chloride almost completely eliminates the  optical rota t ion change 
below pH 4, i t  is much less effective in prevent ing the anomalous contr ibut ion to ~. This fact 
raises questions about  the  hypothesis of protein s tructure recently made by WANG AND IDoTY. 
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A C E L L U L A R  T H Y R O X I N E - B I N D I N G  P R O T E I N  F R A C T I O N  

JAMSHED R. TATA* 

NationalInst i tute  /or Medical Research, Mil l  Hill, London (England) 

T h e  o b s e r v a t i o n  of GORDON, GROSS, O'CONNOR AND PiTT-RIVERS 1 t h a t  t h y r o x i n e  is 

b o u n d  to  a spec i f ic  s e r u m  p r o t e i n  f r a c t i o n  i n  m a n ,  h a s  b e e n  fo l l owed  b y  e x t e n s i v e  

w o r k  o n  d i v e r s e  a s p e c t s  of  t h i s  b i n d i n g  s, a. T h e  speci f ic  p r o t e i n  f r a c t i o n  h a s  a lso  b e e n  

d e t e c t e d  i n  t h e  b l o o d  of  v a r i o u s  m a m m a l s  a n d  r e p t i l e s  a n d  i n  o t h e r  h u m a n  e x t r a -  

ce l lu l a r  f lu ids  *, 4. I t  is  c o m m o n l y  r e f e r r e d  t o  as  t h y r o x i n e - b i n d i n g  p r o t e i n  o r  T B P .  

T h i s  p r o t e i n  f r a c t i o n  h a s  t h e  s a m e  e l e c t r o p h o r e t i c  m o b i l i t y  as  s e r u m  a - g l o b u l i n  a n d  

is a lso  c a p a b l e  of  b i n d i n g  3 : 5 : 3 ' - t r i i o d o - L - t h y r o n i n e  a n d  s t r u c t u r a l l y  r e l a t e d  s u b -  
s t a n c e s  to  a l esse r  degree .  W h e n  t h e  t h y r o i d  h o r m o n e s  a re  a d d e d  in  l a r g e r  a m o u n t s  

t h e y  a r e  t h e n  " s p i l l e d  o v e r "  a n d  b o u n d  t o  s e r u m  a l b u m i n .  B u t ,  o n  t h e  o t h e r  h a n d ,  

e x c e p t  for  t h e  p r e c i p i t a t i o n  of  t i s s u e  i o d i n e  w i t h  p r o t e i n s ,  o n l y  v e r y  l i t t l e  is k n o w n  
as y e t  a b o u t  t h e  i n t e r a c t i o n  b e t w e e n  t h y r o i d  h o r m o n e s  a n d  t i s s u e  p r o t e i n s  4, ~. T h i s  

* Belt Memorial fellow for Medical Research. 

Re/erences p. 94. 


