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P R E L I M I N A R Y  N O T E  

I~;I()('HIMICA ET ]~;I()PHYSI('A ACTA 

BBA 0 1 2 1 ,  ~, 

Kinetic properties of bull semen N A D  glycohydrolase 

NAI)  glyt 'ohydrolases  (E.('. 3.2.2.5), comm(mlv referred to as NAl)ases ,  catah 'zt .  
the hxdr()h ' t ic  cleavage ()f the ('ati(mic N-glycosidic  h(md of N A D f  

~ . / C O N I H 2  ~ / C O N H 2  
+ H20 - - - - I . -  {" Ai')P-r,Dose + H ÷ 

+1 "° 
r l b o s e - A D P  

Such enzymes have been identif ied in a var ie ty  of mamnia l ian  tissues and ill several  
mi(:r(d)ial st)('cies; a summary  of the proper t ies  of cer tain of the enzymes has bCell 
prepared  e. In spite  of the fact tha t  the t~nz)ines from pig brain and beef spleen, 
among others,  have been widely" employed  for the synthes is  of NAI)  anah)gs a ~o 
par t i cu la r ly  in the labora tor ies  of KApI.AN1, ~ <~'-' and ALIVlSATOS s n, the kinetics of 
enzymat i c  NAI)  hydrolys is  has been l i t t le  explored.  In this  communica t ion ,  the 
s t r ik ingly  anomahms kinetic l~ehavior ()f bull semen NAD glycohydr() la ,e  is rep()rted. 

Bull semen NAI)  glycohydr()lase was purit ied acc()rding t,) the published 
pr()ct'dure n and was s tored at 2 o  in o.25 M K('I, pH 7-5. Pret)arati(ms employed 
for kinetic s tudies  had st)celtic act ivi t i ( 's  nea ,  z2oo units/rag t)r()teinn; the basic 
features ()f the kinetic  behavi()r, h~)wevvr, (h) n()t (lepend s t rongly  on the s ta te  ()f 
puri t icat ion of the enz \nm.  The course of the hx'dr()hsis (ff NAI)  was f~)llowed t i t r i -  
m e t r i c a l l \  (m a Rad iomete r  t i trat t)r ,  type  r T T l c ,  cquipl}ed with a t i t l i g raph  SBR2, 
an all-glass bure t te ,  and a therm()sta ted react ion vvsscl, u sua l l \  main ta ined  at  3 7 .  

"l'h(, course ()f the hx'drolx-sis ()f NAI)  ca ta lvzed  bv bull s e m t , n  N:\ I )  glyc()h.v- 
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l"i•. I. P r o g r e s s  c u r v e s  f()r t i le  h y d r o l y s i s  o f  N A I )  c a t a l y z e d  1) 3" bu l l  s tamen N : \ I )  g l y c o h y d r o l a s e .  
"l'h~' r e a c t i o n  w a s  mol~i tor t ,  d ILv fo lh)winR t h e  a d d i t i o n  o f  ILvdrox ide  n e c e s s a r y  t o  j u s t  n e u t r a l i z e  
th t '  p r o t t m s  libera~ted in t h e  h y d r o l y s i s  r e a c t i o n  e m p l o y i n g  a R ~ t d i o m e t e r  T i t r i m e t e r  as  a p H - s t a t .  
l - a c h  r e a c t i o n  w a s  s t u d i e d  a t  p l t  7 .o9 a n d  a t  36.5  ̀  in t h e  p r e s e n c e  o f  o .25  M I{('1 in a t o t a l  v t d u m c  
o f  lo  m l :  e n z y m e  c o n c e n t r a t i o n ,  o . o 3 0  m g / m l .  N . \ I )  c o n c e n t r a t i o n s  ar t , :  (a) 0 .o5  r a M ;  (t)) o. t5  m M ;  
(c) o . 2 o  r aM;  a n d  (d) o. V) raM.  
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drolase fl~r flmr concent ra t ions  of subs t ra te  is shown in Fig. I. Two points  are of 
special  note. Firs t ,  at  all concent ra t ions  of  NAD employed,  the kinetics are ra ther  
accurateh." first order  (as revealed bv p lo t t ing  the d a t a  in the usual fashion for first- 
order  kinetics).  I t  is impossible  to know if the concentra t ions  employed  in these ex- 
per iments  arc sa tu ra t ing  or not :  the unusual  kinetic  behavior  precludes de termi-  
na t ion  of the value of  Km for NAD and tha t  previ ,msly  repor ted  nmst  be considered 
mlrel iable  n. Suffice it to say that  even at  concentra t ions  5o t imes greater  than the 
highest  shown in l;ig. I,  the same t ime course for the react ion is observed.  Second, 
except  for the lowest concentra t ion  of NAI-) emt)loyecl, the react ion te rmina tes  prior 
t .  complete  hydrolys is  of NAI)  as e s t ima ted  from the q u a n t i t y  of l iberated prot,ms. 
At an NAI)  concentra t ion of o. 4 mlXl, less than half  the s to ichiometr ic  number  of 
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l"ig. 2. P r o g r e s s  c u r v e s  for  t h e  h y d r o l y s i s  o f  N : \ I )  c a t a l y z e d  b v  bu l l  s e m e n  N A I )  R l y c o h y d r o l a s c .  
T h e  r e a c t i o n  w a s  f o l l o w e d  as  d e s c r i b e d  in l"ig. x. T h e  i 'ni t ial  r e a c t i o n  i n i x t u r e  c o n t a i n e d  0 .25  .M 
K( ' I ,  o .25 mM d i t h i o t h r e i t o l ,  a n d  0 . 4 3 5  lnM N:\I . )  in a t o t a l  volull lC o f  lo  ml  a t  p l l  7.o¢1 a n d  
2,~.5 '. A t  t h e  i n d i c a t e d  p o i n t s ,  0. 5 lnl (if a 0 .6  l l lg/ inl  s o l u t i o n  o f  t h e  enzvn l t ,  w a s  a d d e d  a n d  t h e  
r e a c t i o n  w a s  ff ) l lowed u n t i l  t h e  r a t e  o f  u p t a k e  o f  ( ) H -  a p p r o a c h e d  zero .  "['he d o t t e d  l ine  o n  t h e  
lef t  i m l i c a t e s  t h e  t h e o r e t i c a l  ( ) I I  u p t a k e  for  t o t a l  h y d r o l y s i s  o f  t h e  N A I )  o r i g i n a l l y  p r e s e n t .  
l ; o l l o w i n g  c o m p l e t e  h y d r o l y s i s  o f  t h e  N A I ) o r i g i n a l l y  p r e s e n t ,  su f f i c i en t  a d d i t i o n a l  N : \ I )  w a s  
a d d e d  a t  t h e  i n d i c a t e d  p o i n t  to  y ie ld  a s o l u t i o n  o_t3  5 mM in t h i s  s u b s t r a t e .  

protons  is liberatc'd. Addi t ion  of fresh subs t ra te  does not result in a fur ther  reaction.  
l ) i lut ion of the react ion mix ture  with buffer af ter  t e rmina t ion  of the react ion does 
not elicit fur ther  hydrolys is  of unconsumed NAI) .  These points  s t rongly  suggest tha t  
t e rmina t ion  of  the react ion prior  to complete  subs t ra te  consumpt ion  is not the conse- 
quence of p roduc t  inhibi t ion nor of conversion of a por t ion of the subs t ra te  to an un- 
react ive  fi~rm. These points  are clearly es tabl ished bv the da ta  provided in l;ig. 2. 
Successive add i t ions  of  fresh enzyme to the react ion in ixture  even tua l ly  results in 
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complete  consumption of the NAIL A subsequent addition of N A D  eli(fits a reaction 
progress curve similar  to the initial  one. These results  ('an ()nix" be act ' tmmu)dated b.y 
a process of inact ivat i (m of the enzyme in the presence of NAD. In the at)sen('e of this 
subs t ra te ,  the enzyme is s table  under  the react ion ctmditi tms for several  hours;  the 
half- t ime fl)r thermal  dena tu ra t ion  of the t)rotein under  these condi t ions is 72 h. 

The NAl ) -dependen t  enzyme inact iva t ion  is a reversible pr(,cess as reveah'd t)v 
two lines ()f evidence. Firs t ,  cont inued incubati(m (,f reacti(m mixtures  that  have 
reached the p la teau  stages indicated in Figs. ~ and 2 does result in a subsetluent slow, 
zero-order  reacti()n which continues unti l  a quan t i t a t i ve  yield of protons has been 
produced.  This requires about  7 8 hours fl)r the condi t ions ()f Fig. I, rea( ' t i .n  ('. 
Sccon(t, dialysis of react ion mixtures  c(mtaining high c(mcentrati(ms of NAI),  s() lhat  
the rapid  phase ()f the react ion te rmina tes  prior t() c()n~ph,tion of the hvdr()lvtic 
t)r()cess, against  Imfler at 4 f()r 3.5 hours viel(ts an enzyme t)rel)arati(m t)()ss('ssing 
at)l)r()ximately 8()'I, , of the original a( ' t ivi tx and charactcrizc(t  1)\ the same type  of 
kinetic behavior.  

Two possibil i t ies fi)r the NAl ) -dependen t  inact ivat ion process are ev idvnt :  (i) 
a reversibh,  t r ansconf l , rma t i .n  react ion po ten t i a t ed  by  the binding of subs t ra te  t,, 
e i lzynle;  (it) fl)rmation ()f a htbile covalent  b(md between enzxme and a subs t ra te  
f l agment  as a side rcactit)n in the hx'drolvtie process leading t(, an tha i ' t i re  enzyme 
f . rm.  Eff()rts to dist inguish between these possibili t ies are in t)rogre>s. 

Studies  ()f the kin(,ti(-s of hydroly'sis ()f NAI)  ca ta lyzed  by the NAI)  gly'cohy- 
(lr()lase f lom pig brain v' reveal i~ormal l 'ehavi(w, in cont ras t  to tha t  noted above.  

The tinancial supt)ort ()f the Nat ional  Science l"oundation and the lns t i tu to  
Venezolan() de Investigaci(mes ( ' ientificas, ('ara,.'as, is gratef l l l ly  acknowledged.  
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