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The reason for the d i sag reement  wi th  LEDOUX m u s t  be looked for in tt le excess ively  large 
amoun t s  of inh ib i to r  and  the  long incuba t ion  per iods used in his exper iments .  Under  those  con- 
d i t inns  MI the reagents ,  w i th  the  excep t ion  of e thy lmale imide ,  combine  wi th  amino  groups. W i t h  
iodosobenzoate,  for example ,  a t  a ra t io  of r eagen t :  enzynle  of loo,ooo : i tie requi red  an  incuba t ion  
of 3 ° n l inutes  a t  p H  7 to  produce  an inh ib i t ion  of 3 ° °/oa/ . ,ks emphas ized  by  HELLERMAN et al) 
iodosobenzoate  is a re l iable  - S H  reagen t  only when a s l ight  excess is used. On add i t ion  of in- 
creas ing amoun t s  of iodosobenzoate,  the  u t i l i za t ion  t)y the  pro te in  increased,  an ind ica t ion  t h a t  
o ther  groups, such as OH and NH 2 groups, were oxidized (Table II).  With  H~O 2 LEDOUX had 
to increase the ra t io  to two nli l l ion to one. I t  is lcnownT, s t h a t  H202 produces  dean l ina t ion  of 
amino  acids when used in excess. On addit i (m of I ' 10 4 51 H202 and 5" l O s  31 FeSO v to i . io l!~I 

(38 ,,,) • amino  acid, there  was deamina t ion  of histidilae (5 o o.~)) t r y p t o p h a n  (5 ° (I'~)), and  tyros ine  9 
This work  was suppor ted  by  g ran t s  from the  l~iological Scienccs Divis ion of the Office of Nava l  
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* Fel low of t i le  Rockefel ler  Founda t ion .  

A fluorescent derivative of guanine formed during the 
hydrolysis of DNA 

LEVY AND SNELLBAKER 1 have  descr ibed a f luorescent  compound  (W.S.), which t h e y  have  
i so la ted  from D N A ' s  from severa l  sources and  have  sugges ted  i t  m i g h t  be a n a t u r a l l y  occurr ing  
base. Ev idence  p resen ted  below shows t h a t  W.S. is a p roduc t  formed from guan ine  dur ing  the  
hydro lys i s  of the  nucleic acid. 

I t  was confirmed t h a t  the  hydro lys i s  p roduc t s  of t h y m u s  DNA formed by  the  ac t ion  of 
N t{C1 for I honr  a t  too ° con ta ined  a compound  wi th  the  proper t ies  of W.S. This  was sepa ra t ed  
from the  o ther  p roduc t s  by  2 d imens iona l  c h r o m a t o g r a p h y  in isopropanol-water-hydrochloric 
acid 2 and isopropanol-water-alnmonia a. (\V.S. has  the  same R F as cytos ine  in the  first so lven t  
and  a s l igh t ly  smal le r  R F t h a n  cy tos ine  in the second.). For  es t imat ion ,  cytos ine  and W.S. were 
e luted s imu l t aneous ly ;  por t ions  of the  e lua te  were concen t ra t ed  and W.S. and  cy tos ine  were 
s e p a r a t e d  by  paper  e lec t rophores is  a t  pH  3-5. At  this  p H  in a n u n o n i u m  formate  buffer, W.S. 
r emained  s t a t i o n a r y  (el. ref. I) and  cy tos ine  moved  as a cat ion.  :ks shown in t i le  table,  the  ab- 
sorp t ion  a t  258 m/z of the  W.S. formed by  the  hydro lys i s  was equa l  to  17 % of the  absorp t ion  
a t  25o m #  of the  l ibe ra ted  guanine .  Hydro lys i s  wi th  N HC1 at  55 ° for i hour,  which releases 
the  pur ines  guanine ,  adenine  and 6 -me thy l -aminopur inO,  did not  release a n y  W.S. from t h y m u s  
DNA. Apur in ic  acid p repared  by  th is  hydro lys i s  was  d ia lysed  aga ins t  o. I N HC1 and then aga ins t  
water .  Af ter  hydro lys i s  in N HC1 a t  IOO ~ and sepa ra t ion  on the same solvents ,  apur in ic  acid 
showed only  4 % of the  a m o u n t  of VV.S. p resen t  in an equ iva l en t  a m o u n t  of DNA hydro ly sed  
in the  same way.  The apur in ic  acid was found to con ta in  res idual  amoun t s  of pur ines  sufficient 
to  account  for the  presence of the  smal l  an loun t  of W'.S. 

The proper t ies  of W.S. :  fluorescence, Emax, a t  p H I  a t  258 m H, inso lub i l i ty  in a lka l ine  
solvents ,  p K  va lues  1, sugges ted  i t  m i g h t  be der ived  from guanine.  W h e n  4 mg  guan ine  were 
added  to 4 mg of apur in ic  acid and  the  m i x t u r e  hydro lysed  wi th  N HCI a t  IOO °, the  a m o u n t  
of \¥.S.  formed was  g r e a t l y  increased,  as shown in the  table.  Less guanine  was ob ta ined  by  N HC1 
hydro lys i s  a t  IOO ° of apur in ic  acid and t h y m u s  DNA, t h a n  was ob ta ined  by  72 % perchlor ic  acid 
hydrolys is .  The difference was a p p r o x i m a t e l y  p ropor t iona l  to  the  a m o u n t  of W.S. formed. Adenine  
did not  show any  cor responding  difference,  as shown below. 

In  ag reemen t  wi th  LEVY AND SNELLBAKER, I found guan ine  deoxyriboside ,  hydro lysed  wi th  
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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/{. 
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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  


