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T he a -g ly ce ro p h o sp h a te  dehydrogenase  iso la ted  fro m  ra b b it  m uscle  con ta ins 
9 to  11 S H -groups per p ro te in  m olecule. B locking th e  S H -groups w ith  PCM B the 
reac tio n  cata ly zed  by  th e  enzym e is in h ib ited  in b o th  d irec tions. B locking of 6 to  7 
S 11-groups is req u ired  for com plete  in ac tiv a tio n . T he in h ib itio n  of e n zy m a tic  a c tiv ity  
is due to th e  b lock ing  of S H -groups, i t  is in s ta n ta n e o u s  an d  can be re v e rted  b y  cysteine. 
T h is process is follow ed b y  a  tim e-consum ing  re ac tio n , the  a lte ra tio n  o f th e  steric  
s tru c tu re , re v e rtib le  by  cy ste in e  only p a r tly  an d  re su ltin g  in a decreased  a b ili ty  to be 
re a c tiv a te d . U n d e r ce rta in  c ircum stances th e  enzym e is undergo ing  sp o n tan eo u s 
in ac tiv a tio n , accom pan ied  by  th e  d isap p earan ce  of som e o f i ts  free, t i t r â t  ab le SH- 
groups. T his in a c tiv a tio n  c an n o t be rev erted  b y  cyste in e .

T he role of th e  SH -groups of a -g ly ce ro p h o sp h a te  d eh y d ro g en ase  in 
en zy m atic  ca ta ly sis  h as  been  s tu d ied  by  severa l a u th o rs  |1 , 2, 3, 4].

B y  th e  use o f  o u r new  m ethod  [5] for th e  iso la tio n  o f th e  enzym e in 
c ry sta llin e  form , an  enzym e p re p a ra tio n  w ith  a specific  a c tiv ity  a b o u t 8 tim es 
h igher th a n  th a t  o f  th e  b est ones described  in the  l i te ra tu re  [1, 6] c an  be p ro ­
duced . I t  was th e re fo re  reasonab le  to  exam ine th e  role of S H -g roups in the  
a c tiv ity  in th is  h ig h ly  ac tiv e  enzym e p re p a ra tio n .

M ethods

T he enzym e w as p rep ared  by our m eth o d  [5] from  ra b b it  ske le ta l m uscle . E nzym e 
p rep ara tio n s  o f m ax im u m  a c tiv ity  were used.

T he n u m b er o f S H -g ro u p s was de te rm in ed  b y  th e  sp e c tro p h o to m etric  m eth o d  of B oyer  
[7]. T he PCMB p re p a ra tio n  used  was of 94 per cen t p u r i ty ,  as de te rm in ed  fro m  th e  m olar 
e x tin c tio h  coefficient o f th e  so lu tion  [7 1.

E n zy m atic  a c t iv ity  w as assayed by  th e  o p tica l te s t  o f W arburg , u sin g  a reac tion  
m ix tu re  a lread y  described  [3]. As ing red ien ts , a -g ly cero p h o sp h ate  (R h ô n e-P ou lenc), 
d ih y d ro x y aceto n e  p h o sp h a te  (Sigm a), N A D  a n d N A D II  (B o eh rin g er) were used . T h e  m easu re­
m en ts  w ere c a rried  o u t in a H ilger (U v isp ek )  sp e c tro p h o to m e te r.

T he try p tic  d ig es tib ility  o f the  p ro te in  was co n tro lled  by  th e  m ethod  o f Szabolcsi and 
Szö r én y i [8], in 0.1 M p h o sp h a te  buffer, pH  7.0, a t  room  te m p e ra tu re , using  I X lO -4 ITU]?*? 
try p s in  co n cen tra tio n  in  a 2 m g per ml a -g ly ce ro p h o sp h a le  dehydrogenase  so lu tion . The 
try p sin  was a th ree  tim es recry sta llized  T rip u re -N o v o  p re p a ra tio n . P ro teo ly tic  a c tiv ity  was 
checked by  A n so n 's  te s t.

5  A cta Physiologica XXV/2.
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Results

Effect o f SH -group  blocking on enzym atic activ ity

I n  th e  a -g ly ce ro jd io sp h a tc  dehydrogenase  m olecule 9 to  11 SH -groups 
c a n  b e  found b y  t i t r a t io n  w ith  PCM B. I t  has no inaccessib le S H -g ro u p s, as 
a f te r  d é n a tu ra tio n  in  8 M u re a  9 to  11 S H -groups re a c t w ith  PCM B.
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F ig . 1. E ffe c t of PCMB on e n z y m a tic  a c tiv ity :  о— о, e -g ly ce ro p h o sp h a te  as su b s tra te ;  x — x , 
d ih y d ro x y a c e to n e  p h o sp h a te  as s u b s tr a te .  E n zy m atic  a c t iv ity  w as m easu red  b y  W arburg 's  
o p tic a l  t e s t  using a re ac tio n  m ix tu re  d escribed  p rev io u sly  [5]. P ro te in  c o n ce n tra tio n , 0.5 /<g

per ml

A ll of the  S H -g roups re a c t  w ith  PCM B w ith in  30 seconds, th u s  th e y  
sh o w  a n  iden tica l re a c tiv i ty .

T h e  changes of e n z y m a tic  a c tiv ity  as a fu n c tio n  of S H -g ro u p  blocking  
h a s  b e e n  stud ied . E n z y m a tic  a c t iv i ty  is in s ta n ta n e o u s ly  in h ib ite d  a f te r  th e  
a d d i t io n  o f the  reag en t. T h e  e ffec t o f S H -group  b lock ing  on th e  re a c tio n  in  
b o th  d irec tio n s, i.e. a -g ly c e ro p h o sp h a te  o x id a tio n  and  d ih y d ro x y ace to n e  
p h o s p h a te  reduction , h as  b e e n  ex am in ed  (F ig . 1 ) .

F ig . 1 shows th a t  c o m p le te  inh ib itio n  is ach iev ed  only w hen all o f th e  
S H -g ro u p s  are b locked. T h e  d im in u tio n  of en zy m a tic  a c tiv ity  p roceeds, how ­
e v e r , n o t  linearly  w ith  th e  loss o f  th e  n u m b er of free S H -g roups. T h is suggests 
t h a t  t h e y  are no t e q u iv a le n t w ith  resp ec t to  en zy m a tic  a c tiv ity . B locking  
o f  th e  f i r s t  th ree  S H -g roups re su lts  in  a 50 to  60 p e r  cen t in h ib itio n , while 
u p o n  th e  reac tio n  of fu r th e r  S H -g ro u p s  w ith  PCM B a slow er increase  o f in h ib i­
t io n  o ccu rs . A ssum ing t h a t  th e  m ercap tid e  fo rm ed  d issociates, th e  b lock ing  
o f  6 o r 7 SH -groups is n e c e ssa ry  fo r com plete  in a c tiv a tio n , as show n b y  th e  
e x tra p o la t io n , to  100 p er c e n t in h ib itio n  of th e  n e a r ly  lin ear p a r t  o f  th e  cu rve .

T h e  in h ib ition  due to  PC M B  b locking  does n o t change w ith  tim e . T h is is 
v a lid  fo r  th e  reactions in  b o th  d irec tio n s.
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Reactivation by cysteine

I f  cysteine is ad d e d  to  th e  m ix tu re  w ith in  25 to  30 m in u tes  fo llow ing 
th e  ad d itio n  o f PC M B , i.e. th e  d eve lopm en t o f  th e  in h ib itio n , en zy m a tic  
a c t iv i ty  is com plete ly  re s to re d , in d ep en d en tly  o f  th e  e x te n t o f  in h ib itio n . 
O bviously , some la te n t  seco n d ary  a lte ra tio n s  ta k e  p lace d u rin g  th is  p e rio d , 
as in c u b a tin g  th e  enzym e w ith  PCM B for m ore th a n  25 — 30 m in u tes  th e  e x te n t  
o f th e  re v e rs ib ility  cau sed  b y  cysteine d ecreases . T he loss o f th e  a b ility

F ig. 2. R eversion  b y  cy ste in e  o f in h ib itio n  due to  PCM B: 1, enzym e +  PCM B; 2, enzym e +  
PCM B +  cysteine, w ith in  30 m in u te s ; 3, enzym e -f- PCM B a n d  a f te r  2 hours o f in cu b a tio n  
cy ste ine . E n zy m atic  a c t iv ity  w as assay ed  as described  p rev io u s ly  [5]. P ro te in  c o n c e n tra tio n ,

0.8 fig  pe r ml

of th e  enzym e to  be re a c tiv a te d  becom es d e te c ta b le  in  th e  second h a lf  h o u r 
o f in cu b a tio n  an d  is s tab ilized  a fte r  a b o u t one h o u r  o f  in cu b a tio n . T h is re s id u a l 
a b ility  of th e  enzym e to  be re a c tiv a te d  rem ain s u n ch an g ed  even on in c u b a tio n  
fo r 4 hours ( F ig. 2 ) .

F ig. 2 show s t h a t  a f te r  in cu b a tin g  th e  en zy m e w ith  3 or less e q u iv a le n ts  
o f PCM B for a lo n g er p e rio d , th e  a d d itio n  o f  cy ste in e  caused  on ly  a s lig h t 
increase  in  a c tiv ity ;  in  sev era l cases th e re  w as no  re a c tiv a tio n  a t  all. A dd ing  
m ore th a n  3 e q u iv a le n ts  o f  PCM B, ab o u t 40 to  50 p er cen t o f th e  o rig inal 
a c tiv ity  can  be reco v ered  b y  m eans of cyste ine  a n d  th e re  is no d ifference in  th is  
re sp ec t be tw een  enzym es co n ta in in g  4 to  10 m ercap tid e  linkages.

R e a c tiv a tio n  b y  cy ste in e  is accom plished  w ith in  30 seconds. T he excess 
o f  cysteine used (20 eq u iv a len ts)  rem oved th e  PCM B q u a n tita tiv e ly  from  th e  
p ro te in , as show n b y  g e l-filtra tio n  ex p erim en ts .

The fac t th a t  in h ib itio n  due to  PCM B ta k e s  place in s ta n ta n e o u s ly  a n d  
rem ain s u n ch an g ed  a f te r  2 h ou rs of in c u b a tio n , w hile th e  a b ility  to  re a c tiv a te  
fa lls from  100 to  a b o u t 50 p er cen t d u rin g  th is  period , in d ica te s  t h a t  tw o  
d iffe ren t effects o f PCM B are to  be con sid ered . A n im m ed ia te ly  occu rrin g  
change of th e  enzym e m olecule, m an ifesting  i ts e lf  in  th e  loss o f a c t iv i ty , is

5*



1 8 4 M. T E L E G D I, Т. K E L E T I

fo llo w ed  by  a fu r th e r , tim e -co n su m in g  a lte ra tio n  re flec ted  in  a d im in ished  
re v e rs ib il i ty .

I t  is obvious th a t  a t  le a s t th e  la t te r  p h en o m en o n  is due to  th e  dam age 
o f  th e  s te ric  s tru c tu re .

T ryp tic  digestibility o f  the pro tein

I n  order to  o b ta in  in fo rm a tio n  on th e  p o ss ib ility  of s te ric  a lte ra tio n s , 
th e  t r y p t i c  d ig estib ility  o f  enzym es co n ta in in g  3 an d  10 m erc a p tid e  linkages 
h a s  b e e n  exam ined . U n d e r th e  e x p e rim e n ta l cond itions app lied , th e  con tro l 
(n a tiv e )  p ro te in  was n o t d ig es ted  a t  a m easu rab le  ra te  in  th e  f i r s t  30 m in u tes  
( T ab le  I ) .

T a b le  I

D igestib ility  o f  a-glycerophosphate dehydrogenase

a-g lycerop h °sp h a te 
dehydrogenase 

2.5 X 10~ 2/nm oleslm l
PCMB

Tim e of preincubation 
w ith  PCMB

Cysteine, 
5 //moles 
per ml

R ate of 
digestion, 

ЛЕ m fi

a-glycerophosphate
dehydrogenase

ac tiv ity

+ — — — 0.000 100

+ — 1— 4 hr — 0.000 100

+ 3 equ

ОCO1о

m in — 0.000 50

+ 3 equ 0— 30 m in + 0.000 100

+ 3 equ 1— 4 hr — 0.062 55

+ 3 equ 1— 4 h r + 0.057 50

+ 10 equ 0— 30 m in — 0.067 0

10 equ 0— 30 m in + 0.000 100

+ 10 equ 1— 4 h r — 0.150 0

+ 10 equ 1— 4 hr + 0.062 48

D ig estio n s  were carried  o u t  in  0.1 M p h o sp h a te  b u ffe r, p H  7.0, a t  room  te m p e ra tu re  and  
t ry p s in  c o n c e n tra tio n  of 1 X 10~4[Т Ц ]™  w as u sed . S am ples w ere ta k e n  from  th e  re a c tio n  m ix tu re  
e v e ry  t e n  m in u te s , th e  p ro te in  w as p re c ip ita te d  b y  th e  use  o f 6.6 p e r cen t end c o n c e n tra tio n  of 
t r ic h lo ro a c e tic  acid  th e n  cen trifu g e d  a n d  th e  e x te n t  o f d ig es tio n  w as d e te rm in ed  b y  m easu rin g  
sp e c ro p h o to m e tr ic a lly  a t  280 m p  in  th e  su p e rn a ta n t  th e  sp lit p ep tid es c o n ta in in g  ty ro s in e  
a n d  t r y p to p h a n .  D igestion w as l in e a r  fo r a t  le a s t 30 m in u te s ; ca lcu la tio n s w ere th e re fo re  m ade  
fro m  th e  d a ta  o b ta ined  in  th e  f i r s t  30 m in u te s  an d  th ese  a re  show n in  th e  Table. T h e  en zy m atic  
a c t iv i ty  o f  a -g ly cero p h o sp h ate  d e h y d ro g en a se  w as a ssay ed  b y  W arburg's  o p tica l te s t  [5] and  
is e x p re ss e d  in  percen tage of th e  o rig in a l a c tiv ity .

I f  th e  try p s in  is added  im m e d ia te ly  a f te r  th e  fo rm atio n  of 3 m erc a p tid e  
lin k a g e s , th e  p ro te in  is n o t d ig es ted  like th e  n a tiv e  one. On th e  o th e r  h an d , 
a f te r  s e v e ra l hours in c u b a tio n  w ith  th e  sam e a m o u n t o f PCM B, a w e ll-d e tec tab le  
d ig e s tio n  occurs. An id en tica l d ig e s tib ility  can  be observed  w hen, p r io r  to  th e  
a d d it io n  o f  try p s in , cyste ine  is ad d e d  to  th e  m ix tu re  a t  a c o n cen tra tio n  w hich 
does n o t  a ffe c t th e  a c tiv ity  o f  try p s in , as show n b y  co n tro l ex p e rim en ts .
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I f  d igestio n  is s ta r te d  im m ed ia te ly  a f te r  th e  a d d itio n  of 10 e q u iv a le n ts  
o f PC M B , in  c o n tra s t  to  th e  enzym e c o n ta in in g  3 m ercap tide  l in k a g e s , a 
m easu rab le  d ig es tib ility  is o b ta in ed . A d d in g  cy ste in e  p rio r to  try p s in  to  th e  
m ix tu re , th e  enzym e, like th e  n a tiv e  one, is n o t d igested .

F ig . 3. S p o n tan eo u s in ac tiv a tio n  of th e  enzym e: 1, e n zy m a tic  ac tiv ity ; 2, n u m b e r  o f  free  SH- 
g ro u p s. T h e  decrease  in  th e  n u m b er of S H -g ro u p s is show n o n ly  up  to  8 h o u rs  o f  in c u b a tio n . 
A fte r  16— 24— 36 h o u rs  o f in cu b a tio n  3— 4 free S H -g ro u p s a re  still d e tec tab le  a n d  th e se  d is­
a p p ea r  on ly  a f te r  in cu b a tin g  fo r 3— 4 d ays. E n z y m a tic  a c t iv ity  was m easu red  in  th e  u sua l 
w ay  [5]. P ro te in  c o n cen tra tio n , l,ug  pe r m l. T h e  n u m b er o f free  SH -groups w as d e te rm in e d  by

sp e c tro p h o to m etric  t i t r a t io n  [7]

In c u b a tin g  th e  enzym e w ith  10 e q u iv a le n ts  o f PCMB for s e v e ra l hou rs, 
a 2 .5-fo ld  increase in  d ig es tib ility  ta k e s  p lace  as com pared  to  t h a t  w ith o u t 
p reced in g  in cu b a tio n . In  th is  case, h ow ever, th e  a d d itio n  of c y s te in e  p rio r  to  
try p s in  d im in ishes th e  ra te  o f d igestio n  to  a ju s t  m easurab le lev e l.

Spontaneous inactivation

A ll th e  ex p erim en ts  described  above w ere perfo rm ed  in p h o s p h a te  buffer, 
p H  7. I t  h as  been  observed  th a t  in  g lycine b u ffe r, p H  10, in  d i lu te  so lu tion , 
th e  enzym e is in a c tiv a te d  in  a few  h o u rs . T he change of th e  n u m b e r  o f SH- 
g roups d u rin g  th is  process w as ex am in ed  ( F ig . 3 ) .

As seen in  F ig. 3, th e  ra te  o f in a c tiv a tio n  w as a p p ro x im a te ly  p ro p o r tio n a l 
to  th e  d isap p earan ce  o f S H -g ro u p s, as in  th e  case of b locking  w ith  PCM B. 
A b o u t 6 to  7 S H -groups are  lo s t before  com ple te  in a c tiv a tio n  is ach ieved . 
T h e  rem ain in g  3 to  4 S H -groups can  be d e te c te d  even a fte r p ro lo n g e d  in cu b a ­
tio n . T h is in a c tiv a tio n  process ta k e s  p lace  b e tw een  pH  8.5 a n d  10 .0 , w hether 
g lycine, T ris  o r v ero n a l b u ffe r is u sed , a n d  in  th is  p H  range th e  r a te  o f  in a c tiv a ­
tio n  d ep en d s up o n  th e  c o n c e n tra tio n  o f  th e  p ro te in . In  a d ilu te  so lu tio n  the  
en zy m e  is m ore rap id ly  in a c tiv a te d  th a n  in  a co n cen tra ted  one.

T he p h o sp h a te  ion s tab ilizes th e  en zy m e; in  its  presence n o  in a c tiv a tio n  
occurs even  a t  p H  10.
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B y  th is  m e th o d , as show n in Fig. 3, d ifferences in  re a c tiv i ty  can  be 
e s ta b lish e d  am ong th e  S H -g ro u p s of th e  e n z y m e , d em o n stra ted  b y  th e  e x is t­
e n ce  o f  3 to  4 n o t o r o n ly  ex trem ely  slow ly o x id izab le  SH -groups.

I t  has been in v e s t ig a te d  which of th e  S H -g ro u p s ex h ib itin g  d iffe ren t 
r e a c t iv i ty  tow ards o x id a tio n  com bine f irs t  w ith  PCM B. In c reasin g  a m o u n ts  
o f  PC M B  were ad d e d  to  th e  enzym e in  g ly c in e  buffer, p H  10, an d  a ll th e  
sa m p le s  were in c u b a te d  u n t i l  in ac tiv a tio n  h a d  b een  achieved. T he n u m b e r 
o f  re m a in in g  S H -g ro u p s w as th e n  de te rm in ed  ( Table I I ) .

Table II

S H -g ro u p s  during spontaneous inactiva tion

Number of m ercap tide  
linkages form ed before 

incubation

Total number of m ercaptide 
linkages measured a f te r  
inactivation with excess 

PCMB

N um ber of SH-groups 
n o t oxidizable during 

incubation

0.0 3.4 3.4

0.7 4.2 3.5

0 .8 4.4 3.6

1 .2 5.2 4.0

1.3 5.0 3.7

1 .8 5.3 3.5

1.9 4.7 3.8

2 .1 6.1 4.0

2.2 5.6 3.4

3.0 6.5 3.5

3.2 7.1 3.9

3.5 7.5 4.0

4.0 8.2 4.2

4.4 7.9 3.5

5.0 8.7 3.7

5.3 9.0 3.7

6.3 10.0 3.7

7.3 10.8 3.5

T h e  ex p erim en t w as c a r r ie d  o u t  as follows: 1. th e  n u m b e r  o f SH -groups of th e  p ro te in  
to  b e  e x a m in e d  was d e te rm in ed . 2. T h e  solu tion  was d iv id e d  in to  10— 11 p o rtio n s , th e n  0— 7 
e q u iv a le n ts  o f  PCMB were a d d e d  to  th e  tu b es and th e  n u m b e r  o f  developed m ercap tid e  l in k ­
ages w as m ea su re d  (colum n I). 3. T h e  m ix tu re s  were in c u b a te d  a t  room  tem p e ra tu re  u n t i l  th e  
e n zy m a tic  a c t iv ity  of th e  c o n tro l sa m p le , contain ing  no m e rc a p t id e  linkages, fell to  0 (a b o u t 
7-—9 h o u rs ) . C alculating  from  38 e x p e rim e n ta l d a ta  th e  o x id a t io n  of 7 SH -groups, as a  ro u n d  
n u m b er, is  re q u ire d  for co m p le te  in a c tiv a tio n  to  occur. M ix tu re s  co n ta in in g  6— 7 m erc ap tid e  
lin k ag es a re  n a tu ra lly  p ra c tic a lly  in a c tiv e  a lready  a t  th e  b e g in n in g  of th e  ex p erim en t. I t  w as 
fo u n d  t h a t  th e  p ro te in  co n ta in in g  1— 6 m ercap tide  linkages is in a c t iv a te d  m uch  fa s te r  th a n  th e  
n a tiv e  o n e , a n d  th e  ra te  o f in a c t iv a t io n  increases w ith  th e  n u m b e r  of m ercap tide  lin k ag es.
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N everthe less , each  sam p le  w as in cu b a ted  for th e  sam e p e rio d , ». e. u p  to  th e  in a c tiv a tio n  o f th e  
n a tiv e , m ercap tid e-free  sam ple , in  o rd e r to  achieve a  co m p le te  o x id a tio n  of SH -groups. 4 .E x cess  
PCM B w as ad d ed  to  each  m ix tu re , th e n  th e  to ta l  n u m b e r  o f m ercap tid e  linkages ». e. th e  n u m ­
ber o f n o t ox id ized  SH -groups w as d e term ined  (co lu m n  II) .  5. S u b trac tin g  th e  n u m b e r  o f 
m ercap tid e  lin k ag es fo rm ed  a t  th e  beginning of th e  e x p e rim e n t from  th e  n u m b e r o f S H - 
g ro u p s t i t r a te d  w ith  PCM B a fte r  in cu b a tio n , th e  n u m b e r  o f no t-ox id izab lc  S H -g ro u p s  is 
o b ta in ed  (co lum n III ) .  T h e  above d a ta  are ta k e n  fro m  six  id en tica l experim en ts.

I t  is seen th a t  w h a te v e r th e  am o u n t o f  PC M B  added  before th e  in a c t iv a ­
tio n  (up to  7 eq u iv a len ts) (Table I I ,  co lu m n  1), th e  n u m b er o f S H -g ro u p s 
re s is ta n t to  o x id a tio n  rem ain s c o n s tan t (T a b le  I I ,  co lum n 3). In  all cases — as 
a ro u n d  n u m b e r — 4 n o t oxidizable S H -g ro u p s can  be de tec ted .

T his p ro v es t h a t  tho se  SH -groups re a c t  f i r s t  w ith  PCM B w hich  are  
sensitive  also to  o x id a tio n , i.e. th e  r e a c tiv i ty  o f  SH -groups is d iffe ren t. T h is 
difference in  r e a c tiv i ty  c an n o t, how ever, be  d e te c te d  during  b lo ck in g  w ith  
PC.MB since even  th e  le a s t reac tiv e  S H -g roups fo rm  m ercap tide  w ith in  30 sec­
onds.

T he effect o f cyste ine  on th e  in a c tiv a tio n  process has been ex am in ed . 
I t  w as fo u n d  th a t  cy ste in e  in  a 200-fold excess p ro te c te d  th e  p ro te in  from  
in a c tiv a tio n . H ow ever, h a d  th e  process a lre a d y  b een  accom plished, in  c o n tra s t  
to  th e  enzym e b locked  w ith  PCM B, no re a c tiv a tio n  was o b ta in ed  w ith  a 
m uch  g re a te r  excess o f cysteine.

D iscussion

O ur in v e s tig a tio n s  h av e  show n th a t  b lo ck in g  o f ab o u t 6 or 7 o f  th e  to ta l  
9 to  11 S H -g ro u p s is req u ired  for th e  co m p le te  in h ib itio n  of th e  re a c tio n , in  
b o th  d irec tio n s , c a ta ly zed  b y  th e  enzym e.

I t  shou ld  be  m en tio n ed  th a t  v a n  E y s  et al. [1] w ork ing  w ith  a n  enzym e 
iso la ted  b y  th e ir  ow n p rocedure , found  t h a t  o n ly  1 SH -group  m u st be  b locked  
fo r th e  co m p le te  in h ib itio n  o f d ih y d ro x y a c e to n e  p h o sp h a te  re d u c tio n . The 
ex p la n a tio n  o f  th is  co n trad ic tio n  m ig h t be  t h a t  th e  iso lation  p ro c e d u re  of 
v a n  E y s  et al. is m u ch  m ore com plica ted  th a n  o u rs  an d  th e ir  c ry s ta llin e  enzym e 
is less ac tiv e  th a n  o u r p re p a ra tio n . I t  m ig h t th u s  be assum ed th a t  th e  enzym e 
p ro te in  iso la ted  b y  th e m  is dam aged  to  som e e x te n t  and  th e  s te rica lly  loosened  
enzym e m olecule is ru in ed  b y  th e  a d d itio n  o f  1 eq u iv a len t of PC M B , o r m ost 
o f th e  S H -g roups h a d  oxidized in  a ir  a n d  th is  p a r tia lly  in ac tiv e  en zy m e was 
com ple te ly  in a c tiv a te d  b y  1 eq u iv a len t o f  PC M B .

T he a c tiv i ty  o f  th e  enzym e iso la ted  b y  us surpasses severa l tim e s  th a t  
o f th e  b e s t p re p a ra tio n  described  in  th e  l i te ra tu re .  We there fo re  supp o se  th a t  
th e  p ro p e rtie s  o f  th is  enzym e m ay  b e tte r  a p p ro a c h  th e  n a tiv e  one th a n  th o se  of 
th e  enzym es so fa r  iso la ted .
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A n im p o r ta n t p ro b lem  is how  PC M B  in a c tiv a te s  th e  en zy m e . This 
in a c tiv a tio n  m ay  be due  e ith e r  to  th e  e lim in a tio n  of free S H -g ro u p s, o r to  
som e seco n d a ry  s te ric  a lte ra tio n  induced  b y  th e  re a g e n t [cf. 9] or to  a co m b in a ­
t io n  o f  th ese  tw o effects.

S u m m ariz in g  o u r d a ta ,  th e  follow ing m a y  be s ta te d .
A s 50 p er cen t in h ib itio n  im m ed ia te ly  occurs w hen th e  enzym e is t r e a te d  

w ith  3 e q u iv a len ts  o f PCM B w hile i ts  d ig e s tib ility  is sim ilar to  th e  n a tiv e  en zy m e, 
i t  c a n  be  concluded th a t  th e  in h ib itio n  is a d ire c t consequence of th e  b lock in g  
o f  S H -g ro u p s . In  th e  course  o f in cu b a tio n  w ith  PCM B, how ever, d ig e s tib ility  
in c re a se s , i.e. th e  p r im a ry  e ffec t is follow ed b y  a slow  steric  change. T h e  cy ste in e  
re m o v e s  PCM B from  th e  p ro te in  b u t  c an n o t co m p le te ly  re c o n s titu te  th e  a lte re d  
s te r ic  s tru c tu re .

O n  th e  ad d itio n  o f 10 eq u iv a len ts  o f  PCM B som e steric  a lte ra tio n s  
in s ta n ta n e o u s ly  a p p e a r w h ich  can be re v e r te d  b y  th e  im m ed ia te  re m o v a l o f  th e  
r e a g e n t .  D uring  p ro longed  in c u b a tio n , h o w ev er, p rofound  d am ag e  to  th e  
s t r u c tu r e  ta k e s  p lace, re v e r tib le  on ly  in  p a r t  b y  cyste ine .

I n  o u r opinion, th e  p e c u lia r  fa c t t h a t  en zy m e sam ples in c u b a te d  w ith  
d if fe re n t am o u n ts  o f PCM B fo r pro longed  p e rio d s can  be re a c tiv a te d  to  th e  
sam e  deg ree  and  th e ir  d ig e s tib ility  is also s im ila r , allow s to  a t tr ib u te  id e n tic a l 
s t r u c tu r a l  fea tu res  to  th e se  enzym e m olecules. In  o th e r w ords, th e  n a tiv e  
en zy m e  m a y  tu rn  in to  a re la tiv e ly  stab ile  en zy m e possessing ab o u t 50 p e r  c en t 
o f  th e  o rig in a l a c tiv ity .

O u r ex p erim en ta l o b se rv a tio n  th a t  th e  en zy m e in a c tiv a te d  b y  o x id a tio n  
c a n n o t be  re a c tiv a ted  b y  cy ste in e  in d ica tes  th e  fo rm a tio n  d u ring  in a c tiv a tio n  
o f s tro n g e r  bonds th a n  th e  m ercap tid e  lin k ag e , or th e  occurrence o f  m ore  
p ro fo u n d  s teric  changes th a n  th a t  w hich is cau sed  b y  PC M B -blocking. T he 
s tu d y  o f  th e  free S H -groups d u rin g  in a c tiv a tio n  rev ea led  th a t  th e  S H -g ro u p s 
o f  th e  en zy m e are o f d iffe re n t re a c tiv ity ;  a b o u t 4 SH -groups are n o t  o r  o n ly  
slow ly  ox id ized  an d  th e se  v e ry  residues re a c t  w ith  PCM B a t th e  le a s t speed . 
T hese  S H -g ro u p s do n o t seem  to  p a r tic ip a te  in  th e  m a in ten an ce  o f e n z y m a tic  
a c t iv i ty ,  since th e  b lock ing  o f  6 to  7 S H -g roups w ith  PCM B or th e ir  o x id a tio n  
a t  p H  10 is su ffic ien t fo r co m p le te  in h ib itio n  to  develop.
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