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to d e m o n s t r a t e  an act ion <~f ouaba in  on phosphopro te in  metabol i sm.  Since it has 
been found 2,* t ha t  phosphoryla t i , ,n  and  dephosphory la t ion  of these molecules appear  
to  be dependen t  upon  Na  + or K +. respectively-, and  since bo th  are blocked bv  ouabain .  
it is obvious t h a t  u n d e r  cextain condi t ions  no effect of ouaba in  would be observed.  
This might  be due to the  complex  in te rac t ions  of phosphopro te in ,  Na  +. K + and  drug.  

It is to be no ted  t ha t  the  results  ~f ",Le present  work  have  been ob ta ined  both  
by the  assay of alkali-labile P as a measure  of the  phosphopro te in  P and  also by 
ch roma tog raph ic  sepa ra t ion  of rad ioac t ive  ph~spb, orylserine from the  prote in  residues 
of the  tissue. Our  previous  conclusions t h a t  phosphopro te ins  are concerned with 
sodium t r anspor t  "~-* are thus  fu r ther  s t r eng thened .  

We gra tefu l ly  acknowledge  grant~ from the  Burroughs-Vqellcome Fund .  Th(' 
S ta t e  Alcohol Monopoly  also made  funds avai lable  t h r o u g h  Dr. H. Stro.~LXI_AIXEx. 
to  w h o m  t h a n k s  are due for the  hosp i ta l i ty  of his  l abora tory .  We t h a n k  Dr. O. FoR- 
SANDER a n d  Dr. j .  J--XRNEFELT for the i r  interest  in this  work.  Mrs. K. SAL.~IEL.X 
provided  skilled technical  ass is tance th roughou t .  

The Wistar Institute of Anatomy and Biology, 
Philadelphia, Pa. (U.S.A.) and 

Research Laboratories of State Alcohol 3Ionopoly, Helsinki (Finland) 

K .  A H . M E ] )  

J. D. Jt'D:xH 
H. ~VALLGI~E N 

t p .  j .  HEALD,  Nature, 193 1106-') 45 t. 
z j .  T .  CL'.XIMINS AND U .  MCiLWAZ.W, Biochem. J. ,  7q ( IG6z)  33 ° . 
a R .  ~,VHITTAM, Biochem. J . ,  8_ {1902 ) 205. 
4 A. SCHWARTZ, Biochem. Pharmacol., I l ([962) 380.  
n K .  AHMED AND J .  D.  JUDAH,  Biochim. ~iophy.~..4eta, .57 ( t 0 6 t ~  245. 
6 j .  O.  J U D A H  AND K. AH.XIED, Nalure, t 94  (1Obz) 382 .  

J. D, JUDAH,  K .  AHMED AND A. E.  M. M c L E A N ,  Nature, tgt~ ( I 9 6 2 )  484  . 
a j .  D .  JUDAH,  K.  AHMED AND A. E .  ~l. MCLEAN, Biochim. Biophys . .4eta ,  65 (z962)  472 .  
9 H .  WALLGREN AND E .  Kt'LON~:,'¢, Biochem J. ,  75 (196o)  15o. 

Received N o v e m b e r  5th,  1962 
• 8 • ~)o Biochim. Biophys . .4  eta, ()q ( I 9 0 3 )  .;-' - -L  

e~- !2o5 
The  effect of urea and guanidine 

on the helix content of poly-NS-(3-hydroxypropyl ) -c-g lutamine 
in aqueous-solvent systems 

The  r e m a r k a b l e  ~,hanges in op t i ca l - ro ta to ry  proper t ies  of pro te ins  dur ing  dena tu -  
ra t ion,  b r o u g h t  abou t  by  agents  such as acid, alkali ,  urea  and  guanid ine ,  have  been 
i n t e rp re t ed  in t e r m s  of decrease in helical con ten t  of the  pro te in  z. I t  was, therefore.  
of in teres t  to  inves t iga te  w h e t h e r  the  above  d e n a t u r i n g  agen ts  are capable  of influ- 
enc ing  syn the t i c  po lypept ides  in a s imilar  way. Only  few d a t a  on the  effect of urea  
on op t i ca l - ro ta to ry  proper t ies  of po lyamino  acids have  been publ i shed  ~-a. DoTY A~'D 
GRATZER 4 h a v e  repor ted  recent ly  t h a t  the  hel ici ty of a poly-L-alanine segmen t  in 
a b lock copo lymer  in which the  cen t ra l  block consis ted  of L-alanine residues and  the  
t w o  f lanking blocks of oL-glu tamic  acid residues, d ropped  f rom 9z % in wa te r  to  
7 ° % in 8 M urea.  KULKARNI AND BLOUT z have  shown t h a t  a copo lymer  of L-alanine 
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and  7-N-~.~n,r~t t61ia~.dht t iyq) ,~-L-glutamamide h a d  a hel ix  c o n t e n t  of more  t h a n  
5 ° % in o~_~I ~'qd(ll,thxt~ no,hel ica l  c o n f o r m a t i o n  in 8 M urea.  

The  s~althL-~ii#~-arrd]m}me o p t i c a l - r o t a t o r y - d i s p e r s i o n  d a t a  ~ of p o l y - N n - ( 3 - h y d r o x y  - 
p ropy l ) -L-ghr tml i in r  liana, b e e n  r epor t ed .  F r o m  va lues  of the  o p t i c a l - r o t a t o r y  con- 
s t a n t  s, b o, maea,s~mdt tmd~a~-various cond i t i ons  it  was  conc luded  t h a t  th i s  non- ionic  
p o l y a m i n o  =-L;,E ~,h~ am ~4iet ical  c o n f o r m a t i o n  in d i m e t h y l f o r r n a m i d e  and  m e t h a n o l  
so lu t ions  anti  rflart t f i t rad t l t r ion  of w a t e r  causes  a decrease  in helical  con ten t .  
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M o l o r i t y  o f  d e n o t u r i n g  o g e n t  

Fig. ]. A. The, d¢ioeutt~t¢c~.(d ~, the  o p t i c a l - r o t a t o r y - d i s p e r s i o n  c o n s t a n t  a, b0, of p o l y - N n - ( 3 - h y d r o x y  - 
propyl)-L-4~itttammt' i(lt,~rt~, of': p o l y m e r i z a t i o n  is z5o), on so lven t  compos i t i on ,  in t h e  w a t e r -  
m e t h a n o l  s y ~ t e m .  I]$.q]Iit¢.(l~,~ondence o_f t he  o p t i c a l - r o t a t o r y - d i s p e r s i o n  c o n s t a n t ,  b0, of po ly -N  ~- 
{3-hydroxvtn-qp .~ l~÷J=~l t~ in t :  (degree of p o l y m e r i z a t i o n  is -,50), on the  c o n c e n t r a t i o n  of de- 
n a t u r i n g  age r t~ .  2D--(~D.. uroa, in w a t e r - m e t h a n o l  (7:3,  v / v ) :  ~ - - ~ ,  u rea  in w a t e r :  A - - A ,  

• g u a n i d i n i u m , ~ i i l ~ i i r i n , . ~ v a t e r - m e t h a n o l  (7:3,  v./v} : I ,  g u a n i d i n i u m  chlor ide  in water .  

Fig.  a-glmv,,~tfitt.,~xall~ o f  bo of p o l y - N S - ( 3 - h y d r o x y p r o p y l ) - L - g l u t a m i n e  o b t a i n e d  
in w a t e r < m ~ 4 l m n d l m i k ,  t u r e s  (left) a n d  those  o b t a i n e d  in w a t e r  a n d  w a t e r - m e t h a n o l  
(7"3, v/v)~on r~he:aUttilibn~ of; inc reas ing  a m o u n t s  of u r e a  (right) .  The  b0 va lues  were  
e v a l u a t e d  Lfrom lliatum 3Ab~F.iTr plots~, 8 o b t a i n e d  f r o m  m e a s u r e m e n t s  of the  opt ica l -  
r o t a t o r y  ~di~er~iima ,~ft m e t i c u l o u s l y  clarified* so lu t ions  over  t h e  w a v e l e n g t h  r ange  
300-700  'm~.  lXMtd~m-t~-iix~ b 0 a r e  cor re la t ed  w i t h  changes  in hel ical  c o n t e n t  I (w i thou t  
n e c e s s a r i l y  ,a~s~m-fiialqg .-~aii~t'~ p r o p o r t i o n a l i t y  b e t w e e n  b 0 a n d  d e g r e e  o f  h e l i c i t y ) ,  t h e  
c u r v e s  0 t r t a i ne~ t  i h d t i ~ ,  t t iat- ,  a s  t h e  w a t e r  c o n t e n t  o f  t h e  m e t h a n o l - w a t e r  s o l v e n t  

s y s t e m  i n e r e a ~ L ~ ,  t ~ e '  d h ~ e e  o f  h e l i c i t y  d e c r e a s e s .  T h e  r a t h e r  a b r u p t  c h a n g e  o f  b 0 

i n  t h e  n a r r t ~ w r r m ~ . , ( ~ f l . ~ d , ~ e n t  c o m p o s i t i o n - - - 2 0  % m e t h a n o l  t o  p u r e  w a t e r - - i n d i c a t e s  

a r a t h e r  ~ i k a ~ i c  M t m a ~ - i n ~  c o n f o r m a t i o n  i n  t h i s  r e g i o n .  T h e  f a c t  t h a t  a d d i t i o n  o f  

sO,u~Oat  Of t ~ e  . . . . .  ra~ases  inc reas ing  ,,-tmtumt~ (~fl ux~a, to  aai a q u e o u s  - ' " ' : "  - p - - l y m ~  _ f u r t h e r  

* The - samv~s6 t t t i hn~ .U~f0 re  c e n t r i f u g a t i o n  for 3 h a t  lo  ooo rev . /min ,  give in t he  r ange  of 
3oo--7co:rapt ~ lo~ l r~rn ' t ]$h t~ i t -h  a change  of s lope a t  a b o u t  4oo mlt.  The  slope of t he  s h o r t - w a v e -  
l eng th  p a r t ~ o f . ~ h h e i # m ~ l ~ i d e n t i c a l  w i th  t h a t  g iven  b y  c lear  so lu t ions  over the  whole  w a v e l e n g t h  
range .  T h e  slg]l~.,Ofrtltt, l t m l ~ v a v e l e n g t h  p a r t  gave  h ighe r  abso lu te  b 0 values .  P r ev ious ly  pub l i shed  • 
b 0 values,  rm~ax~it ,mt .~yai t -~x~.4oo m ~  a n d  on so lu t ions  which  were no t e  m e t i c u l o u s l y  clarified. 
corresponded~orti~qhng~,s~aa~e4ength p a r t  of the  p lo t  and  are,  therefore ,  s o m e w h a t  too  high.  
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c h a n g e  of b0 in t h e  d i r e c t i o n  c o r r e l a t e d  w i t h  t h e  u n f o l d i n g  of t h e  molecu le ,  s t r o n g l y  
sugges t s  t h a t  p o i y - N S - ( 3 - h y d r o x y p r o p y l ) - L - g l u t a m i n e  s t i l l  possesses  p a r t i a l  he l ica l  
c o n f o r m a t i o n  in w a t e r .  T h e  u n f o l d i n g  effect  of u r e a  c a n  be  o b s e r v e d  m o r e  c l e a r l y  
in w a t e r - m e t h a n o l  (7 :3 ) ,  in w h i c h  s o l v e n t  t h e  p o l y p e p t i d e  is m u c h  m o r e  he l ica l  t h a n  
in w a t e r  (Fig. I) .  In  t h i s  case  u r e a  in a c o n c e n t r a t i o n  h i g h e r  t h a n  5 M is n e c e s s a r y  
to  d e s t r o y  t h e  he l i ca l  c o n f o r m a t i o n ,  a s  c o m p a r e d  w i t h  less t h a n  I M in w a t e r .  I n  t h e  
w a t e r - m e t h a n o l  (7 :3)  s v s t e m  g u a n i d i n i u m  c h l o r i d e  is a b o u t  tw ice  a_~ e f fec t ive  as  
u rea .  I t  is s ign i f i can t  t h a t  t h e s e  t w o  c o m p o u n d s  s h o w  a s i m i l a r  r e l a t i v e  effectivenes.~ 
in t h e  d e n a t u r a t i o n  of p r o t e i n s .  I n  a n h y d r o u s  m e t h a n o l  t h e  a d d i t i o n  of u r e a  to  n e a r  
s a t u r a t i o n  (2 M) cause s  no  s ign i f i can t  c h a n g e  of b o. 

T h e  b o v a l u e  of  p o l y h y d r o x y p r o p y l - L - g l u t a m i n e  in w a t e r  r e m a i n s  u ~ c h a n g e d  in 
t h e  p r e s e n c e  of N a O H  (i  N) a n d  HCI (i  N). T h i s  f i nd ing  i n d i c a t e s  t h a t  t h e  u n f o l d i n g  
of  he l i ca l  p r o t e i n s  a n d  p o l y p e p t i d e s  b y  ac ids  a n d  bases  is d u e  to  repuls ; .ons of e!ectr;.- 
c a l l y  c h a r g e d  g ' roups in s ide  c h a i n s  a n d  n o t  d u e  to  a n y  effect  of  h y d r o x y l  or  h y d r o g e n  
ions  o n  t h e  h y d r o g e n  b o n d s  of  t h e  a -he l ix .  Also,  a~s e x p e c t e d  for  t h e  case  of a n o n -  
i on i zab l e  p o l y p e p t i d e ,  p o l v h y d r o x y p r o p y l - L - g l u t a m i n e  shows  no increast :  of he l ica l  
c o n t e n t  w h e n  N a C l  (o. 5 M) is a d d e d  to  i t s  a q u e o u s  so lu t ion .  

F i n a l l y ,  we wish  to  p r e s e n t  i n d e p e n d e n t  s u p p o r t  for  t h e  a s s u m p t i o n  t h a t  p o l y - N ' -  
( 3 - h y d r o x y p r o p y l ) - L - g l u t a m i n e  h a s  a he l ica l  c o n f o r m a t i o n  in m e t h a n o l ,  w h e r e a s  in 
w a t e r  t h i s  s t r u c t u r e  is l a r ge l y  b r o k e n  d o w n .  A p o l y m e r  p r e p m a t i o n  of a deg ree  of 
p o l y m e r i z a t i o n ,  D P  - -  250" ,  h a d  an  i n t r i n s i c  v i s c o s i t y  [rij - -  0.29 d l /g  in w a t e r  a n d  
[q] = 0.58 d l /g  in m e t h a n o l "  a p o l y m e r  of D P - -  56o ° s h o w e d  [tIi = o .6o d l /g  in 
w a t e r  a n d  [,/] = 2.6o d l /g  in m e t h a n o l .  T h e  f ac t  t h a t  an  i n c r e a s e  in t h e  degree  of  
p o l y m e r i z a t i o n  b y  a f a c t o r  of 2.2 c o r r e s p o n d s  to  a n  i n c r e a s e  in [~/] in w a t e r  b~: a fact,.~r 
of  2.o a n d  in m e t h a n o l  b y  a f a c t o r  of 4.3 i n d i c a t e s  t h a t  in t h e  l a t t e r  s o l v e n t  t h e  
m o l e c u l e s  a re  rod l ike ,  t h e  l e n g t h  of t h e  mo lecu l e  b e i n g  p r o p o r t i o n a l  t o  t h e  d e g r e e  of 
p o l y m e r i z a t i o n ,  w h e r e a s  in t h e  f o r m e r  s o l v e n t  t h e  m o l e c u l e s  a s s u m e  a c o n f i g u r a t i o n ,  
b e h a v i n g  h y d r o d y n a m i c a l l y  as a r a n d o m  coil wh ich ,  h o w e v e r ,  m a y  st i l l  c o n t a i n  s h o r t  
he l i ca l  s e g m e n t s .  
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" Determined from intrinsic sedimentation and diffusion coefficients measured both in water 
and methanol,  and partial specific volume, 9 = o.74, measured in water. 
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