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T h e  l ibera t ion  of acid and base binding groups 
on d e n a t u r a t i o n  of o v a l b u m i n  

I{AUZMANN }llld c o - w o r k e r s  h a v e  s h o w l ]  1.2,:~ t h a t  (1\ ; l l])un-dn in t h e  t)rc~;en( c i l l  i lrc;l  l;] k~ll;ti/i 

d in ium chloride undergoes  t ime  dependen t  changes  which may  I)e protital)l_v s tudied b \  (hu 
t echn iques  of opt ica l  ro ta t ion  and viscosi ty.  These s tudies  demons t r a t e  tha t  urea and guan id in ium 
io11 probab ly  u n f o l d  t h e  o x a ] b t l l n i n  m o l c c n l c  b v  s i m u l t a n e ( m s l y  rup tu r ing  u 5 ina l [  n u m b e r  oi  
hydrogen  bonds  in the secondary  s t ruc ture .  \Ve have  rccel l t lv  observed tlull the den~tttlr~ltit~n 
of o v a l b u m i n  in the  presence ,ff gua n id in ium  chloride in a~col~ltmnied by the l iberat ion ,q h - th  
acid am/ base b ind ing  groups  which may be measured  in the JACOI~SEN-IA';{)NIS 1 aUtt~ t k r a t . r  
We repor t  some of our findings here since the  method  would appea r  t() lmvc Kencral atpplicali~n 
in  prote in  d e n a t u r a t i o n  s tudies  s.a, a n d  since the resul ts  point  to the  i m p . r t a n c e  of p~Jgtr gr~ulp 
hydrogen  bond ing  in s tab i l iz ing  the  secondary  s t ruc tu re  of the na t ive  pr~)tcin. 

: \ t  pH va lues  below 7 auid inns t  be added to a so lu t i . n  of o \ a lbu in i l l  in the prt>cncc ,,1 
guan id ine  to m a i n t a i n  a cons t an t  p t t :  at  pH vahlcs above 7 lmsc in required.  Thc r;Uc . f  ~tcid 
or base consumpt ion ,  :Is recorded by the a u t o - t i t r a t o r  is not first order but  nppears, ~/s in the 
opt ical  ro ta t ion  s tudies  of ~IMI'SON AND I<AUZMANN 1, to C,mSist of t w .  reac t ions  whiuh x~c will 
denote  as p r i m a r y  and secondary.  If the up t ake  of acid (or base) by the slow, se¢(,ndary rcnctiun 
is sub t r ac t ed  froln the overal l  process the pr i lnary  react ion has appa ren t  first order  dependcnu~' 
over  the  p t f  range  inves t iga ted  (pft  3 i l l .  

The d e n a t u r a t i o n  process has been followed tit var ious  p i t  \-ahles tllld dt ii co l l s t an t  COllCCl] 
t r a t ion  of guan id in ium  chlor ide of 2.50 3l.  Fig. ~ presents  the measured  c~msumption of acid 
(below pH 7) and base (nb<,vc p i t  7) a t  infinite t ime  by the p r i m a r y  reactim~ at  each pH. The 
p lo t  may  be considered as the t i t r a t i tm curve  of the  l ibera ted  groups  and in cons i s ten t  with the 
l ihera t ion  of 8 c a r b o x y l a t c  gr~mps in the  acid range and S tyros ine  or lysine groups in the  a lka l ine  

region. The ca lcula ted  p K ' s  cor rec t ing  for the 
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Fig. i .  L ibe ra t ion  of acid and base b ind ing  
groups  from o v a l b u m i n  (p r imary  reac t ion)  in 
'2.59 M guanid ine  hydrochlor ide .  Temp.  ~5.4' C. 

sal t  eftect 7 are 4.!) and 9.8 respect ively.  
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b'ig. 2. Dependence of ve loc i ty  c o n s t a n t  of 
group l ibe ra t ion  on guanidinium chloride con- 

centration at I5.4-' C. 

A series of runs  were made  a t  a c o n s t a n t  pH  (4.7 I) and  at  ditifering concen t ra t ions  of guani-  
<linium chloride.  The  l o g a r k h m  of the  ve loc i ty  c o n s t a n t  of t i le  p r i m a r y  reac t ion  is p lo t ted  against  
the  l o g a r i t h m  of the  guanidinium chloride concentrat ion in Fig. 2. The slope of the  resu l t ing  
l ine was  7.8 and  therefore  the  order  of the  reac t ion  wi th  respect  to g u a n i d i n i u m  ion, ~*, is un- 
d o u b t e d l y  close to 8. 

In t e r m s  of the  ideas of SIMPSON AND KAUZMANN this  would  mean  t h a t  t i le s imu l t aneous  
a t t a c k  of 8 guanidinium ions is requi red  to unfold the hel ical  hydrogen  bonded fabric of the 
molecule.  

I t  m a y  be recal led t h a t  the  spec t ropho tome t r i c  work  of CRAMF, IER AND ~'~EUBERGER 7 revealed 
7-8 non-ionizing tyrosine residues in nat ive  ova lbumin  and that  these authors sugges ted  the 
possible invo lvement  of these  miss ing ty ros ines  in i n t r amolecu la r  hydrogen  bonding.  The evidence 
p resen ted  in Figs. i and  2 sugges ts  t h a t  8 t y r o s y l - c a r b o x y l a t e  hydrogen  bonds  are r u p t u r e d  in 
o v a l b u m i n  th rough  a concer ted a t t a c k  b y  8 guanidin ium ions. This process m a y  be responsible  
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for the unfolding of certain regions of the secondary structure.  I t  will appear  tha t  this inter- 
pre ta t ion places emphasis  on the importance of the postulated tyrosyl-carboxylate  linkage in 
stabilizing significant areas of the secondary structureS, 9. We may infer tha t  such a stabilizing 
bridge could be impor tan t  in other proteins such as serum albumin 1°, lysozyme n, and ribonu- 
cleasO 2 where non-ionizing phenolic hydroxyl  groups have been demonstra ted in the native 
protein. 

A detailed report  of this work will appear  later in Comptes rend. tray. lab. Carlsberg, Sdrie chim. 
The au thor  wishes to acknowledge his indebtedness to Professor LIXDERSXRoM-LANG and 

to M. OTTESEN for many  helpful discussions. 
\VILLIAM F. HARRINGTON * 

Carlsberg Laboratorium, Copenhagen (Denmark) 

1 R. B. SIMpsoN AND W. KAVZMANN, J .  A m.  Chem. Soc., 75 (:[953) 5139. 
2 j .  SCHELLMAN, R. B. SIMpSOX AND W. KAUZ.~ANN, J.  Am.  Chem. Soc., 75 (I9531 5152. 
a H. K. FRENSDORFF, M. T. WATSON AND W. KAUZMANN, J.  Am.  Chem. Soc., 75 11953) 5157 . 
4 C. F. JACOBSEN AND J. L£ONIS, Compt. rend. trav. lab. Carlsberg, Sdr. chim., 27 (r949-z9511 

14, 333. 
5 j .  STEINHARDT AND E. ]}I. ZAISER, J.  Biol. Chem., 19o (I95I) 197. 
6 The JACOBSEN-L~ZONIS recording auto- t i t ra tor  has also been used in a s tudy of the alkaline 

denatura t ion  of Tobacco mosaic virus. 
W. F. HARRIXGTON, A. L. LEVY AND H. K. SCHACnMAX (to be published). 

7 R. Z. CANNAN, A. C. I~IBRICK AND A. H. PALMER, Ann. ,~r.y. Acad. Sci., 4 E (I94t) 243. 
8 j .  L. CRAMMER AND A. NEUBERGER, Biochem. J. ,  37 (1943) 3 °2. 
9 A. E. MIRSKY AND g. PAULING, Proc. Nat.  Acad. Sci., 22 (1936) 439. 

lO C. TANFORD AND G. L. ROBERTS, J..4m. Chem. Soc., 74 (I952) 2509. 
11 C. TANFORD AND M. g. \VAGNER, J.  A m.  Chem. Soc., 76 (1954) 3331. 
1~. D. SHUGAR, Biochem. J. ,  52 (1952) I42. 

Received August  291h, 1955 

• Post-doctoral  fellow of the National Cancer Inst i tute,  USPHS.  

Early changes of myosin in vitamin E-deficient rabbits 

The early onset of creatinuria in animals with nutri t ional muscular  dys t rophy  has been 
explained as being due to incapacity of muscle to retain creatin after incorporation from the 
blood s t ream 1,2. On the other hand, MENNE a reported experiments  indicating tha t  myosin acts 
as an apo-enzyme in creatine synthesis from arginine, histidine and choline. Similar evidence 
is showed by the recent experiments  of NEKHOROCHEFF 4. 

Researches in our laboratory on contractile muscle proteins in vitanlin E-deficiency show 
very early myosin alterations in this condition which are probably  in strict connection with 
the onset  of creatinuria. 

Rabbi ts  were fed on Houchin and Mattill diet. Myosin was prepared according to Mommaer ts  
and Parrish procedure. \Ve began to s tudy the biochemical properties of myosin of these rabbits  
after the first week of diet (8th and 1 l th  day), when histological findings and polarized microscopy 
are completely negative. 

Even during the myosin preparat ion we had already observed that  after a longer period 
of diet (2 weeks), a large par t  of the myosin precipitated at o.28 M KCI. Start ing from rabbits  
kept for one week on diet, myosin precipitation curves were carried out  at variable KCI concen- 
t ra t ions  and it was observed tha t  dystrophic myosin very early loses its full solubility at o. i 3l 
KCI, p H  6.8, while normal myosin shows a sharp increase in solubility from o.o 5 to o.1 3I  KC1. 
Viscosity nleasurements,  carried out  with an Ostwald viscosimeter at o ~ C, show a decrease in 
Zt / values from o.2, which is the normal value for nlyosin, down to o.13. 

More detailed accounts of the present experiments  will be published elsewhere. 
G. F. AZZONE 

The Unit /or the Study of Physiopathology, National Research Council, M. ALOISZ 
aJzd the Institute of General Pathology, University o/ .,llodena ([laly) 
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