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* A d d e d  gn~llli l l[  c a l c u l a t e d  on m o l a r  basis .  

N l l ( q  a t  zoo I%r l h{mr, d id  no t  g i v e  a n y  \V.S., but ,  when  phosph~,r ic  m;id was  a d d e d  t(~ the  
s y s t e m ,  a p p r o x i m a t e l y  4 '!~, was  c o n v e r t e d  to  a I h m r e s c e n t  c o m p o u n d  w i t h  p r o p e r t i e s  s i m i l a r  t~J 
t h o s e  of W.S.  A l s o ,  g u a n i n e  d e o x y r i b o s i d e ,  h y d r o l y s e d  b y  3 /  p h o s p h o r i c  acid,  g a x e  a s i m i l a r  
q u a n t i t y  of \V.S. ( ; u a n i n e  r i l )os ide  d id  m)t  g i v e  a n y  \V.S. u n d e r  t he  s a m e  c o n d i t i o n s .  

A l t h o u g h  r e q u i r i n g  phos t41or ie  ac id  for i t s  f(~rmation, \V.S. &~es n o t  c o n t a i n  t ) hospho rusL  
T h i s  was  c o n f i r m e d  b y  ALLEN'S m e t h o ( l  '5. 

l c o n c l u d e  t h a t  \V.S. is f o r m e d  b y  a r e a c t i o n  b e t w e e n  g u a n i n e  a n d  s~mn~ d e g r a d a t i o n  1) r . t luc t  
of d e o x y r i b o s e  in t he  p r e s e n c e  ~)1" p h o s p h o r i c  ac id .  T h i s  d e g r a d a t i o n  p r ~ , t u c t  is no t  h~evul inic  
ac id  6, as g u a n i n e ,  t )hosphor i c  acid,  N HCI a n d  l ae \ ' u l i n i c  ac id  h e a t e d  t o g e t h e r  ;it t o o  f . r  i I m u r  
g a v e  no d e t e c t a b l e  q u a n t i t y  of \V.S. 

] l y d r o l y s i s o f \ V . S .  w i t h  7-"),', p e r c h l o r i c  ac id  or 31 phos l~ho l - i cac id  ;tt loo  for I h{,ur does  
n o t  c o n v e r t  i t  to  g t lan i l l e ,  l in t  to  t w o  or m o r e  c o m p o u n d s ,  t he  m a j o r  c{ ,mp(men t  of which  in 
n o n - f l u o r e s c e n t  in ac id  a n d  a l k a l i  a n d  lms  t he  f o l l o w i n g  c h a r a c t e r i s t k  s:  l @  in i s 0 p r o p m n 4  w a t e r  
h y d r o c h l o r i c  ac id  o.35, t'-'inax, a t  p H I  a t  "5-' and  3oo naff a n d  a t  p l l  13 ~t -'35, 258, 34 ° in/{. 

A g r i c u l t u r a l  R e s t a r c k  C o u n c i l  l~la**/ V i r u s  U Jill, "l lollem) l n s l i l u l c ,  
C a m b r i d g e  ( E n g l a ~ d )  

1). IL I)UNN 

I H. B. I.F.vY AND I.. 1:. SNleA.I.I3AKER, ~IVC]I. t ] i ockcm .  I]i(~phvs. ,  54 (1955) 54'). 
G. R. \VvATT, B i o c k t m .  J . ,  48 (~95 I) 584 . 

a R. MARKItAM AND J.  D. S.x~irH, l :? iockem. . ] . ,  52 (z95_,) 55 e. 
4 D.  1~. I)UNN AND J. 1). S.xJZTH, l¢iockem. J. ,  oo (1955) xxi i .  
s R .  J.  I . .  ALL~:N,  l~iockem..]., 3.t ( 1 9 4 ° )  858.  
6 I ' .  A. LEVENE ANI) T. ~[()RI. . / .  B i o L  Ch,'m., 83 (I9-'9) 8() 3 

R e c e i v e d  J u l y  end ,  1955 

A buffer for spectrophotometric enzyme studies 

The  m e t h o d s  d e v e l o p e d  for t he  e n z y m i c  d e t e r m i n a t i o n  of p u r i n c  n u c l e o t i d e s  r e q u i r e  h u l l e r  
s y s t e m s  t r a n s p a r e n t  a t  w a v e l e n g t h s  c o r r e s p o n d i n g  to  t he  u l t r a - v i o l e t  a b s o r p t i o n  p e a k  of t h e  
purines .  KALCKAR 1 sugges ted  the  use  of s u c c i n a t e  buffer for the  p H  range  up to  6. t. and g lycy l -  
g lyc ine  and  g lyc ine  for p H  v a l u e s  a b o v e  7.3. T h e  m o r e  genera l  app l i ca t ion  of KALCKAR'S t e c h n i q u e  
h a s  e x t e n d e d  far b e y o n d  the  e s t i m a t i o n  of n u c l e o t i d e s  to  such p r o b l e m s  as the  d e t e r m i n a t i o n  
of reac t ion  rates ,  the  inf luence  of a c t i v a t o r s  a n d  inhibi tors ,  the  d e t e r m i n a t i o n  of p H  o p t i m a  and 
o ther  proper t i e s  of e n z y m e s .  For  t h e s e  a p p l i c a t i o n s  a greater  range  of  buffers  is needed,  e spec ia l ly  
o v e r  the  p H  r a n g e  0 7. T h e  specif ic  r e q u i r e m e n t s  for t h e s e  buffers  are t h a t  t h e y  t r a n s m i t  in the  
u l t r a v i o l e t  and  do n o t  interfere  w i th  t h e  course  of the  e n z y m i c  reac t ions .  UMBREIT 2 l ists the  
f o l l o w i n g  buffers  w h i c h  can be used  b e t w e e n  p H  O and  7: uric, carbonic ,  p y r o p h o s p h o r i c ,  male ic  
a n d  p h o s p h o r i c  ac ids ,  a n d  s t r y c h n i n e  a n d  quinine .  Of t he se  o n l y  c a r b o n i c  a n d  t h e  p h o s p h o r i c  
ac id s  a r e  t r a n s p a r e n t  in t h e  u l t r a v i o l e t .  H o w e v e r ,  c a r b o n i c  ac id  in n o t  s u i t a b l e  for an  open  
s y s t e m ,  a n d  t h e  d e a m i n a t i o n  of a d e n y l i c  ac id  b y  musc l e  d e a m i n a s e  is m a r k e d l y  i n h i b i t e d  b v  
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p h o s p h a t e  (OSTERN AND MANNa). Veronal acetate buffer (MICHAELIS 4) absorbs s t rongly  in the 
ultraviolet  above pH 6. Examinat ion  of the dissociation constants  of various weak acids and 
bases suggested tha t  alkyl subst i tu ted dicarboxylic acids wonld fulfil all requirements.  A small 
amoun t  of fl,/~':dimethylglutaric acid was kindly supplied by  Dr. CYMERMAN-CRAIG of the 
Organic Chemistry Depar tmen t  and found to be satisfactory. A larger sample of /~,fl ':dimethyl 
glutaric acid was prepared from dimedone (SHRINER AND TODD s) by oxidation with sodiunl hypo- 
chlorite (SMITH AND McLEoD~). The product  was contaminated with small quant i t ies  of fl, fl ' :di- 
methylacrylic acid which absorbed strongly in the 260 ii1¢t region of the ultraviolet  spectrum. 
This impur i ty  was easily removed by dissolving the reaction produc t  in acetone and oxidising 
the ~/,fl ':dimethylacrylic acid with potass ium permanganate .  The /~,fl ' :dimethylglutaric acid, 
after recrystallisation from benzene and drying over PzOa under high vacuum,  had a melting 
point  of IOO ° C. 

The ultraviolet  absorpt ion curve of a 0.02 M solution of disodium dimethylglu tara te  in 
water  was determined in a Unicam SP 500 spectrophotometer .  The optical density is sufficiently 
low to permi t  its use as a buffer at wavelengths down to 240 mlt (Fig. i). 
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Fig. I. Ultraviolet absorpt ion spectrum of o.o2 
M disodium dimethylglutaric acid in water. 
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Fig. 2. The change in p H  of i o m l  of o . 2 3 I  
dimethylglutaric acid on t i t rat ion with 0. 5 N 

NaOH. 

The change in p H  of io ml of 0.2 M dimethylglutaric acid solution on t i t ra t ion wi th  o.5 N 
NaOH is shown in Fig. 2. The only published value for the dissociation of the acid is given by  
:kuwERs ~ as K. = 2.2o6. IO -4 for the first dissociation constant ;  this corresponds to a p K .  of 
3.66 which is in good agreement  with the m a x i m u m  buffering capacity at the lower p H  range 
shown in the figure. No value for the second dissociation cons tan t  has  been found in the literature. 
Fig. 2 shows tha t  dimethylglutaric  acid buffers appreciably over the entire p H  range from 2 to 7.5. 

Dimethylglutaric  acid was shown to have no effect on the activity of skeletal myosin adenylic 
acid deaminase or adenosine and adenylic acid deaminases from cardiac muscle. 
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