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I r r a d i a t i o n  of p r e p a r a t i o n s  of NAD-glucohydro lase  f rom the rabbi t  hea r t  with v i s ib le  light in 
the p r e s e n c e  of Bengal rose  as s e n s i t i z e r  is accompanied  by inact ivat ion of the enzyme.  The 
deg ree  of inac t iva t ion  depends on the length of exposure  and the concent ra t ion  of the dye. The 
s u b s t r a t e s  (NAD and NADP) p ro t ec t  the enzyme cons ide rab ly  agains t  photoinaet ivat ion.  The 
c h a r a c t e r  of the re la t ionsh ip  between the ra te  of photoinact ivat ion of the enzyme p r e pa r a t i on s  
and the pH of the medium and a lso  the absence  of inact ivat ion of the enzyme when py r i doxa l -  
5 ' -phospha te  is  p r e s e n t  as a s e n s i t i z e r  suggest  that  loss  of ac t iv i ty  of NAD-glucohydrolase  is 
not connected with changes in the h is t id ine  r e s idues  in the pro te in  molecule .  SH groups l ike-  
wise  do not p lay  an e s sen t i a l  ro le  in the exhibi t ion of ac t iv i ty  of this  enzyme.  

An impor tan t  role  in the convers ion  of the n icot inamide coenzymes  is played by NAD-glucohydro lase  
(3.2.2.5), an enzyme ca ta lyz ing  the hyd ro ly s i s  of nucleot ides  with l ibe ra t ion  of n icot inamide.  In recent  y e a r s  
the enzyme has been i so la ted  in a highly pur i f ied form f rom many animal  t i s sues  [2, 9, 10], although the 
kinet ic  p r o p e r t i e s  of NAD-glucohydro lases  i so la ted  f rom different  s o u r c e s ,  the i r  amino-ac id  composi t ion  
and the i r  mo lecu l a r  weight have been  found to be v e r y  d i f ferent .  The role  of individual amino-ac id  r e s i -  
dues in the mechan i sm of the ca ta ly t ic  act ion of the NAD-glucohydro lases  is  s t i l l  an unsolved p rob lem.  

To continue the s tudy of the p r o p e r t i e s  of NAD-glucohydrolase  f rom h e a r t  musc le  in o r d e r  to identify 
the functional groups  of the enzyme,  the effect  of photooxidation in the p r e s e n c e  of Bengal rose  and p y r i -  
d o x a l - 5 ' - p h o s p h a t e  on the enzymic  hyd ro ly s i s  of NAD and NADP was s tudied.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  we re  c a r r i e d  out on p r e p a r a t i o n s  of NAD-glucohydro lase  i sola ted  f rom rabb i t  h e a r t  
musc le  as  de sc r ibed  p rev ious ly .  Samples  for incubation contained 0.07 M malea te  buffer  solut ion,  pH 6.2, 
and var ious  amounts of n icot inamide  coenzymes  and p ro te in  (indicated in the captions to the appropr i a t e  
f igures) .  The s a m p l e s  we re  incubated for 30 min at  37~ The reac t ion  was s toppedbyhea t ing  for 2 min 
in a boi l ing  w a t e r  bath. The loss of n icot inamide nucleot ides  by t h e i r  enzymic  reduct ion  with alcohol  de -  
hydrogenase  and g lucose -6 -phospha te  dehydrogenase  was de te rmined  in p r o t e i n - f r e e  f i l t r a t e s .  In the ex -  
p e r i m e n t s  to study the effect  of thiol  r eagen t s  on NAD-glucohydro lase  ac t iv i ty  the loss  of NAD was d e t e r -  
mined by the cyanide method [5]. Photooxidat ion of the enzyme was  c a r r i e d  out in ce l l s  lying 15 cm f rom 
the source  of light (a 200-W incandescent  lamp) at 0~ The volume of the sample  i r r a d i a t e d  was 0.7 ml.  
Bengal r o se  or p y r i d o x a l - 5 ' - p h o s p h a t e  was  used as pho tosens i t i z e r .  At the end of i l luminat ion  a solut ion 
of the subs t r a t e  (NAD or  NADP) was added to the s a m p l e s  and, a f te r  incubation at 37~ the ac t iv i ty  of the 
enzyme was de t e rmined .  In the expe r imen t s  to study p ro tec t ion  by the s u b s t r a t e s ,  the samples  were  i l -  
luminated in the p r e s e n c e  of NAD and NADP. 

As controls  for the expe r imen t a l  s a m p l e s ,  s i m i l a r  s a m p l e s , o n e  of which contained the same quanti ty 
of pho to sens i t i z e r  but was  not i l lumina ted ,  while the o ther  was i l luminated in the absence of the dye,  we re  
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Fig.  1. Fhotoinact iva t ion  of NAD-glucohydrolase  in the p r e s -  
ence of Bengal r o s e .  Composi t ion  of sample  i l luminated:  
malea te  buffer  0.07 M, pro te in  0.46 m g / m l ,  Bengal rose  3 x 
10 -6 M, pH 6.2. Volume of sample  0.7 ml .  A b s c i s s a ,  t ime of 
i l luminat ion;  ord ina te ;  ac t iv i ty  (in ~).  l~rotein was i l luminated  
in the p r e s e n c e  of 0.69 mM NAD o r  0.40 mM NADP as  s u b -  
s t r a t e s ;  i l luminat ion  (1, 2) in absence of s u b s t r a t e s  (3, 4), of 
NAD (1,3) ,  and NADP (2, 4). 

Fig.  2. Rate of pho too l ida t ion  of NAD-glucohydro lase  in the 
p r e s e n c e  of Bengal rose  at  d i f fe ren t  pH va lues .  A b s c i s s a ,  pH; 
o rd ina te ,  ac t iv i ty  (in %). Photooxidation of enzyme was c a r r i e d  
out in 0.08 M t r i s - m a t e a t e  buffer ,  p ro te in  concent ra t ion  0.65 
mg./ml,  Bengal rose  4 • 10 -6 M (curve 1 - NAD, curve 2 - 
NAD1 o) and 8 x 10 -6 M (curve 3 - NAD, curve  4 -  NADI:). 

used.  The dye was added in a da rk  room,  lit only by a f lashl ight  with red or  g reen  f i l t e r  for use  with 
Bengal rose  o r  p y r i d o x a l - 5 ' - p h o s p h a t e ,  r e spe c t i ve l y .  In the e x p e r i m e n t s  to s tudy the re la t ionsh ip  between 
the ra te  of photoinaet ivat ion of the enzyme and pH, af te r  the end of i t lumina t ion  aliquot por t ions  were  taken 
f rom the mixture  and added to the s amples  for  incubation containing 0.1 M malea te  buffer ,  pH 6.0, and the 
co r re spond ing  s u b s t r a t e s .  In the expe r imen t s  in which p y r i d o x a l - 5 ' - p h o s p h a t e  was used as the photosen-  
s i t i z e r  the composi t ion  of the samples  was as  follows: 0.05 M t r i s -HC1 buffer ,  pH 8.0; p ro te in  340 ~g, and 
1 mM p y r k l o x a l - 5 ' - p h o s p h a t e .  Af ter  i l lumina t ion  of the s amples  they were  t r ea t ed  with NAD(NADP) s o l u -  
t ion made up in 0.12 M malea te  to ad jus t  the pH of the exper imen ta l  s a m p l e s  to 6 .2-6 .3 ,  at  which incuba-  
t ion was  c a r r i e d  out. 

In the expe r imen t s  to study the effect  of thiol reagents  the enzyme was pre incubated  at 37~ with 
PCMB for 1 h ( t r i s -HC1  buffer ,  pH 7.2), with n - e t h y i m a l e i m i d e  (EMI) for  3 h (maleate  buffer ,  pH 6.9), and 
with 5 ,5 ' - d i t h io -b i s (2 -n i t r obenzo i c  acid) (DTNB) for 1 h ( tr is-HC1 buffer ,  pH 8.0). 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

During irradiation of NAD-glucohydrolase isolated from heart muscle by visible light in the presence 
of Bengal rose as photosensitizer considerable loss of enzymic activity was observed as regards both 
hydrolysis of NAD and of NADP (Fig. 1). The degree of inactivation, as Fig. 1 shows, depended on the dur- 
ation of illumination. Irradiation of the preparation for 45 rain in the presence of 3 • 10 -6 M Bengal rose 
reduced the activity of the enzyme by 85~(. The sharpest changes in activity with respect to hydrolysis of 
both substrates took place during the first 10 min of illumination. In the subsequent time intervals the en- 
zyme was inactivated m~re slowly. In the presence of substrates the process of photoinactivation of the 
enzyme was much less marked (Fig. 1). Presumably the substrates screened the photoreactive residues 
of the amino acids of the active center and thus protected them. The comparatively slight differences in 
the depth of inactivation and also in the shape of the curves obtained during hydrolysis of NAD and NADP 
point to the similarity between, or possible identity of, the chemical structure of the contact sites of NAD- 
glucohydrolase responsible for interaction with NAD and NADP. 
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TABLE 1. Effect  of Thiol Reagents  on NAD-Glucohydrolase  Ac t iv -  

i ty 

R e a g e n t  

PCMB 

EMI 

DTNB 

Conce ntratio n 

1,4.10 -a 
I ,  10 - 3  

1 �9 10 - :~  
5 . 1 0  - 3  

3.10 -a 
1 �9 10 - s  

070 activity 
NAD 

85 
89 
90 
93 
94 

100 

NADP 

95 
97 
87 
98 
99 

100 

Since the r eac t ion  of photooxidat ion is insuff ic ient ly  spec i f ic  and s e v e r a l  amino ac ids  a re  oxidized,  
in o r d e r  to ident i fy  the a m i n o - a c i d  r e s i d u e s  r e spons ib l e  for the loss  of enzymic  ac t iv i ty  expe r imen t s  we re  
c a r r i e d  out to s tudy the ra te  of photoinact ivat ion of the enzyme as  a function of the pH of the medium.  
The ra te  of pho too l ida t ion  of h i s t id ine ,  whether  f ree  o r  as  a component of the enzyme,  is known to depend 
on the degree  of i ts  p ro tona t ion ,  and it r i s e s  s ha r p l y  with an i n c r e a s e  in pH [1]. As Fig.  2 shows the de -  
gree  of inact ivat ion of the enzyme in the p r e s e n c e  of Bengal rose  was subs tan t i a l ly  unchanged dur ing an in-  
c r e a s e  in pH f rom 5.0 to 9.0. However ,  the re  a r e  indicat ions  in the l i t e ra tu re  that  the absence of any 
c l e a r l y  defined re l a t ionsh ip  between the ra te  of photooxidation and pH cannot be r ega rded  in e v e r y  case  as 
a r e l i ab l e  c r i t e r i o n  of the ro le  of h is t id ine  as functional group in the act ive cen te r  of the enzyme [4]. Ac -  
cord ing ly  a spec ia l  s e r i e s  of expe r imen t s  was  c a r r i e d  out in which p y r i d o l a l - 5 ' - p h o s p h a t e ,  which is h ighly  
spec i f i c  toward h is t id ine  [3, 6], was  used as  the p h o t o s e n s i t i z e r .  As these  e x p e r i m e n t s  showed,  i l l umina -  
t ion of NAD-glueohydro lase  f rom h e a r t  musc le  in the p re sence  of 1 mM p y r i d o s a l - 5 ' - p h o s p h a t e  for 40 min 
did not reduce  the h y d r o l y s i s  of e i t he r  NAD or  NADP. These  r e s u l t s ,  like those of expe r imen t s  to study 
the dependence of the degree  of photoinact iva t ion  of the enzyme on pH (Fig .  2), suggest  that inact ivat ion of 
NAD-glucohydro lase  in the p r e s e n c e  of Bengal rose  is  not connected with des t ruc t ion  of the h is t id ine  r e s i -  
due in the molecule  of the photooxidized pro te in .  To t e s t  the poss ib le  pa r t i c ipa t ion  of o ther  photoreac t ive  
amino -ac id  r e s i d u e s ,  such as cys te ine ,  in the ca ta ly t ic  p r o c e s s  the enzyme was  t r ea t ed  with reagents  for 
SH groups .  The r e su l t s  show that PCMB, EMI, and DTNB, even if taken in high concen t ra t ions ,  had only a 
weak inhib i tory  effect  (Table 1). The v e r y  s l ight  inhibi t ion of NAD-glucohydro lase  by high concent ra t ions  
of PCMB and EMI observed  in these  expe r imen t s  a re  more  l ikely to be explained as  a manifes ta t ion  of the 
nonspeci f ic  act ion of the thiol  reagen ts  than by t h e i r  b locking of the SH groups of the p ro te in  molecule  [7, 
8]. SH groups  p robab ly  do not p lay  an e s s e n t i a l  role  in the exhibi t ion of the ca ta ly t i c  ac t iv i ty  of the enzyme .  
In th is  r e spec t  NAD-glucohydro lase  f rom hea r t  musc le  r e s e m b l e s  s e v e r a l  of the g lucohydro lases  i so la ted  
f rom other  an imal  t i s s u e s .  

It can be pos tu la ted  that  an e s s e n t i a l  ro le  in the exhibi t ion of the ca ta ly t i c  ac t iv i ty  of this  enzyme is 
more  l ike ly  to be p layed by r e s idues  of t ryptophan,  t y r o s i n e ,  o r  methionine ,  which a r e  a lso  des t royed  by 
photooxidat ion.  However ,  before  this  p r o b l e m  can be f inal ly  solved d i r e c t  evidence based on de t e rmina t ion  
of the amino -ac id  compos i t ion  of NAD-glucohydro lase  before  and a f t e r  photoinact ivat ion is r equ i red .  
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