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Abstract:
Dye-sensitized photooxidation using either methylene blue or Rose Bengal as sensitizers rapidly
diminishes both the peptidase and esterase activities of carboxypeptidase-Aγ. It is significant that both
activities are simultaneously diminished by this chemical modification procedure, since heretofore a
dual inactivation has been accomplished only by removal of the metal from the enzyme. All other
chemical modifications employed on carboxypeptidase-A previously reported, including methylene
blue sensitized photooxidation of carboxypeptidase-Aδ have resulted in an increase in esterase activity
and a decrease in peptidase activity. There is a considerable difference in the mechanism of action of
Rose Bengal and methylene blue. Rose Bengal functions as a very effective sensitizer for
photooxidation of both carboxypeptidase-Aγ and apocarboxypeptidase-Aγ, while methylene blue
sensitizes the photooxidation of only the metal free form of the enzyme. Both sensitizers show a
marked pH dependence and give identical sigmoidal curves which are typical of the pH dependency of
the dye-sensitized photooxidation of the imidazole moiety. Crystal violet, a sensitizer which is reported
to be specific for cysteine residues, was found to be completely ineffective on
apocarboxypeptidase-Aγ. Amino acid analysis of photooxidized enzyme revealed the loss of only
histidine residues. Photosensitive amino acids such as cysteine, tyrosine, tryptophan, and methionine
remained essentially unaltered. Significant protection against photooxidation was demonstrated using
the substrates hippuryl-L-phenylalanine , glycyltyrosine, and the competitive inhibitor
g-phenylpropionate. Kinetic studies indicate that Rose Bengal also functions as a competitive inhibitor
of carboxypeptidase-Aγ and prevents the exchange of metal ions at the active center of the enzyme.
The photolability of several metallo derivatives of carboxypeptidase-Aγ was investigated.
Conformational changes subsequent to photooxidation and the photolability of the enzyme in various
buffer systems were also investigated. 
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ABSTRACT
D y e - s e n s i t i z e d  p h o to o x id a tio n  u s in g  e i th e r  m e thy lene  b lue  or 

Rose Bengal a s  s e n s i t i z e r s  rap id ly  d im in ish e s  bo th  the  p e p t id a s e  and 
e s t e r a s e  a c t i v i t i e s  o f  c a rb o x y p ep tid ase -A y . It i s  s ig n i f ic a n t  th a t  both  
a c t i v i t i e s  a re  s im u l ta n e o u s ly  d im in ish ed  by th is  ch em ica l  m od if ica tion  
p ro c e d u re , s in c e  h e re to fo re  a dua l in a c t iv a t io n  has  been  a c c o m p lish e d  
on ly  by rem oval o f  the  m e ta l  from the  e n z y m e . All o th e r  ch em ica l  
m o d if ica t io n s  em ployed  on c a rb o x y p ep t id a se -A  p re v io u s ly  r e p o r te d , 
in c lu d in g  m ethy lene  b lue  s e n s i t i z e d  p h o to o x id a tio n  of c a rb o x y p e p t id a s e -  
A§ hayd r e s u l te d  in  an. in c r e a s e  in  e s t e r a s e  a c t iv i ty  and a d e c r e a s e  in 

. p e p t id a s e  a c t i v i ty .  There is  a c o n s id e ra b le  d if fe ren ce  in. th e  m echan ism  
of a c t io n  o f  Rose Bengal and  m e thy lene  b l u e . Rose Bengal fu n c tio n s  a s  
a ve ry  e f fe c t iv e  s e n s i t i z e r  for p h o to o x id a tio n  of both  c a rb o x y p ep t id a se -A  
and  a p o ca rb o x y p ep tid a se -A y , w h ile  m eth y len e  b lue  s e n s i t i z e s  the  
p h o to o x id a tio n  of on ly  th e  m e ta l  free  form of the  en zy m e . . Both s e n s i ­

t i z e r s  show  a m arked  pH d ep en d e n c e  and  g ive  id e n t ic a l  s igm oida l 
cu rv es  w h ich  a re  ty p ic a l  of the  pH d e p en d e n c y  of th e  d y e - s e n s i t i z e d  

. p h o to o x id a tio n  of the  im id azo le  m o ie ty .  C ry s ta l  v io le t ,  a s e n s i t i z e r  
w h ich  is  repo rted  to  be s p e c i f ic  for c y s te in e  r e s i d u e s , w as  found to be 
c o m p le te ly  in e f fe c t iv e  on ap o ca rb o x y p ep tid a se -A y . Amino acid, a n a ly s i s  
o f  p h o to o x id ized  enzym e re v e a le d  the  lo s s  o f  only  h is t id in e  r e s id u e s .  
P h o to s e n s i t iv e  am in o -ac id s  su ch  a s  c y s t e in e ,  ty ro s in e ,  t ry p to p h a n , and 
m eth ion ine  rem ained  e s s e n t i a l l y  u n a l t e r e d . ■ S ig n if ic an t  p ro te c t io n  
a g a in s t  p h o to o x id a tio n  w as  d em o n s tra ted  u s in g  the  s u b s t r a t e s  h ip p u ry l-  
L -p h e n y la la n in e  , g ly cy l tyro  s i n e , and  thje ^competitive in h ib i to r  
g -p h e n y lp ro p io n a te . K inetic  s tu d ie s  in d ic a te  th a t  Rose Bengal a l so  
fu n c tio n s  a s  a  co m p e ti t iv e  in h ib ito r  of c a rb o x y p ep t id a se -A y  and  p rev en ts  
the  e x ch an g e  of m e ta l  io n s  a t  the  a c t iv e  Center of the  e n z y m e . The 
p h o to la b i l i ty  of s e v e ra l  m e ta l lo  d e r iv a t iv e s  of c a rb o x y p ep t id a se -A y  w as  
in v e s t ig a te d .  C onform ationa l ch an g e s  s u b se q u e n t  to  p h o to o x id a tio n  and 
the  p h o to la b i l i ty  o f  the  enzym e in v a r io u s  buffer  sy s te m s  w ere  a lso  
in v e s t ig a te d .



INTRODUCTION
C a rb o x y p e p t id a se -A y is  a z in c  m e ta l lo en zy m e  w h ich  e x h ib its

p e p t id a s e  and  e s t e r a s e  a c t i v i t i e s . ^  The z in c  atom can  be re v e rs ib ly
re m o v e d , w h ich  r e s u l t s  in . th e  lo s s  o f  bo th  th e  p e p t id a s e  and  e s t e r a s e  

( 2 )a c t i v i t i e s .  S in c e . th e  rem oval o f  the  m eta l  ion from th is  m e ta lloenzym e
is  r e v e r s i b l e , i t  sh o u ld  be p o s s ib le  to  id e n t i fy  the  m eta l  b ind ing  s i te  by 
em ploy ing  v a r io u s  s p e c i f ic  ch em ica l  re a g e n ts  or o th e r  p r o c e d u r e s . Such 
ch em ica l  m o d if ica t io n  p ro c e d u res  have  led  to  the  s u g g e s t io n  th a t  .the 
m e ta l  ion  is  bound to  a th io l  group of a  c y s te in e  re s id u e  and  to  the

(3)
Q/-amino group o f the  N - te rm in a l  amino a c id  of carbo x y p ep tid ase -A § .

In te rp re ta t io n  o f  the  r e s u l t s  of the  m ethods u sed  to  d e te c t  the
th io l  group in th is  enzym e are  s u b je c t  to  q u e s t io n .  R eagen ts  u se fu l
for th io l  d e t e c t i o n , su ch  a s  iodo  and. b ro m o a c e ta te , io d o a ce ta m id e  and

(3)
N -e th y lm a le im id e  fa i l  to  r e a c t  w ith  the  n a t iv e  or m eta l free  en zy m e .
Sulfhydryl groups w e r e , h o w ev er ,  d e te rm ined  us in g  s i lv e r  io n ,  p -m e c u r i -

(3)
b e n z o a te ,  and  f e r r i c y a n id e . I t  i s  in te r e s t in g  th a t  the  on ly  m ethods
w hich  w ere  c ap a b le  o f  d e m o n s tra t in g  the  p re s e n c e  of free  su lfhydry l

groups in  th is  enzym e sy s te m  w ere  m e th o d s  w h ich  d e p en d ed  upon m eta l
b in d in g .  This fa c t  b eco m es  e x c e e d in g ly  im portan t w hen one  c o n s id e rs
th a t  t h e s e  m ethods w ere  a p p l ie d  to a sy s te m  w h ich  is  known to  bind
m e ta l s ,  th a t  is  c a rb o x y p e p t id a se -A y . In a d d i t io n ,  w hen c a rb o x y p e p t i -

d a s e  w as  s u b je c t  to red u c in g  r e a g e n ts  su ch  a s  sodium  b o ro h y d r id e , or
2- m e r c a p to e th a n o l , i t  w ould  th en  form d e r iv a t iv e s  w ith  io d o a c e ta te  and
N -e th y lm a le im id e . These  r e s u l t s  im ply th a t  the  enzym e c o n ta in s  in

i t s  s t ru c tu re  a  d isu lf id e  l i n k a g e i n s t e a d  of two c h em ica l ly  u n reac t iv e
(4)su lfhydry l g ro u p s .

C om plexom etric  t i t r a t i o n ^  o f  a p o c a rb o x y p e p t id a se  w ith ' Zn^+ 
re v e a ls  two b ind ing  groups of a p p a ren t  pK^1 s of 7 .7  and. 9 . L  The pK& 

o f 9 .1  r e p re s e n ts  the  on ly  s u b s ta n t i a l  e v id e n c e  o f . th e  in v o lv em en t of 

su lfh y d ry l ,  bu t by no m eans  confirm s th i s  h y p o th e s i s .  The pKQ of .7.7 
w ould  c o rre sp o n d  to  e i th e r . th e  t i t r a ta b le  p ro ton  o f im id azo le  or of the  
N - te rm in a l  Q,-amino .g roup . The in v o lv em en t of im id azo le  seem s  a 

b e t te r  c h o ic e  for the  r e a s o n s  s u g g e s te d  h e r e . C a rb o x y p ep t id a se
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e x i s t s  in  th ree  m ajor forms and  one m inor fo rm . These  forms , the  a l p h a , 
b e t a ,  gam m a, and  d e l t a ,  have  id e n t ic a l  s p e c i f i c i t i e s ,  bu t d iffe r  in 
s o lu b i l i ty ,  in .c h a in  le n g th ,  and in  th e i r  N -te rm in a l  r e s id u e s .  The 
N - te rm in a l  r e s id u e s  a re  a la n in e ,  s e r i n e , a s p a ra g in e ,  and  a s p a r a g in e , 
r e s p e c t iv e ly .  Due to th e  h e te ro g e n ie ty  o f . th e  N -te rm in a l  reg ion  of the  
m o le c u le , con fo rm ationa l d i f fe ren c es  am ong the  v a r io u s  forms would be 
e x p e c te d  i f  the  binding, of z in c  a tom s in v o lv ed  p a r t ic ip a t io n  o f  the  

N - te rm in a l  r e s id u e s .  T hese  con fo rm ationa l d i f fe ren c es  shou ld  r e s u l t  
in a l te re d  s p e c i f ic i ty  of the  v a r io u s  en zy m a tic  fo rm s , which, i s  not 
o b s e rv e d .  F u r th e r , p ro c a rb o x y p ep t id a se  h a s  b een  show n to  b ind

/  n\

m e ta l .  ' ■ P ro ca rb o x y p e p t id a se  c o n s i s t s  of a s in g le  p o ly p ep tid e  cha in
of m o lecu la r  w e ig h t  8 7 ,0 0 0 ,  and y ie ld s  one of the  four c a rb o x y p ep t i -  
d a s e s - A ,  upon c le a v a g e  by th e  e n d o p e p t id a s e s  t ry p s in  and  chym otryps in . 
This fa c t  in d ic a te s  th a t  the  b ind ing  s i t e  of the  z in c  is  a l re a d y  e s t a b ­
l i s h e d  in  th e  p ro c a rb o x y p e p t id a s e ,  and  th a t  the  N -te rm in u s  of 
c a rb o x y p e p t id a se  is  no t involved, in  z in c  b in d in g . The p o s s ib le  
in v o lv em en t of im id azo le  in  the  c a ta ly t i c  a c t iv i ty  of c a rb o x y p ep t id a se  
h a s  been, im plied  in  s e v e ra l  s tu d ie s .

S ince  th e re  w as  c o n s id e ra b le  e v id en c e  in d ic a t in g  th a t  h is t id in e  
cou ld  be inv o lv ed  in  th e  a c t iv i ty  o f  c a rb o x y p e p t id a s e ,  a p h o to ch em ica l  
in v e s t ig a t io n  w as  u n d e r tak en  on the  gamma form of the  enzym e .



MATERIALS AND METHODS
The p e p t id a s e  and  e s t e r a s e  a c t i v i t i e s  were  d e te rm ined  in the  

fo llow ing  manner; The rate- o f  h y d ro ly s is  of h ip p u ry l -L -p h e n y la la n in e , 
. (HPA), the  p e p t id e  s u b s t r a t e , or of h ip p u ry l -D L -p h e n y l la c t ic  a c id ,  

(HPLA), the  e s t e r a s e  s u b s t r a t e ,  w as  m easu red  by th e  in c r e a s e  in 
a b so rb a n c e  a t  25,4 mp, a t  2 5°  C . A u n it  of a c t iv i ty  is  e q u a l  to  one 
m icrom ole of s u b s t r a te  hyd ro lyzed  p e r  m inute  under the  co n d it io n s  
s p e c i f ie d .  The s u b s t r a te  so lu t io n  w as  0.0.01 M HPA or HPLA in  0 .025  
M Tris b u ffe r ,  pH 7 . 5 ,  c o n ta in in g  0 .5  M N a C l . . The c h an g e  in  o p t ic a l  
d e n s i ty  w as  reco rd ed  on a G ilford sp ec tro p h o to m e te r .  A fu ll s c a le  
a b so rb a n c e  o f  0 .1 -or 0 .2  a b so rb a n c e  u n its  w a s -g e n e ra l ly  em ployed .
The s p e c i f ic  a c t iv i ty  w as  d e te rm ined  acco rd in g  to th e  fo llow ing  
equation :

s p e c i f ic  a c t iv i ty  = A& 254 , % , / min.
0 .3  6 x  mg en zy m e /m l re a c t io n  m ixture 

w here  0 .3  6 e q u a ls  the  m olar a b so rb a n c e  in d ex  of h ippu ric  a c id  w hich  
is  formed s to ic h io m e t r ic a l ly .

The a c t iv i ty  cu rv es  were o b ta in e d  by p ip e t t in g  a s u i ta b le  . 
a l iq u o t  o f  .the ex p er im en ta l  enzym e so lu t io n  in to  1,5 ml of s u b s t r a te  
so lu t io n  in  a  c u v e t t e , m ixing and  p la c in g  in to . th e  sp ec tro p h o to m ete r  
w ith in  15 s e c o n d s  . C a rb o x y p ep t id a se -A y  w as  o b ta in ed  from W orth ing ­

ton  B iochem ica l C o rp . , F reeh o ld ,  New J e r s e y ,  or w as-p repared , by the  
(2 7)m ethod o f A n so n . There w as  no d e te c ta b le  d if fe ren ce  b e tw een  

.the  com m ercial p re p a ra t io n  and  th e  enzym e p rep a red  in . th is  lab o ra to ry .  
Stock, so lu t io n s  w ere  p rep a red  by d is so lv in g  s u i ta b le  q u a n t i t ie s  of 
th e  com m ercial enzym e in  th re e  -molar sodium, chloride- s o lu t io n  a f te r  
w a sh in g  the  c ry s ta l s  s e v e ra l  t im es  w ith  co ld  d e io n iz ed  w a te r .  The 
p ro te in  c o n ce n tra t io n  w as  de te rm ined  by m easu ring  the  o p t ic a l  
d e n s i ty  a t  278 m and u s in g  an  a b so rp t iv i ty  c o n s ta n t  of 6 .4 2  x  IO^ 

l i t e r  m o le .
O ther  c h em ica ls  w ere  o b ta in e d  from th e  fo llow ing  so u rc e s :  

H ip p u ry l-D L -p h e n y l la c t ic  a c i d , (HPLA), N u tr i t io n a l  B io c h em ic a ls r' 

H ip p u ry l-L -p h e n y la la n in e  (HPA), M ann R esea rch  L abora to rie s ;

1 ,1 0 -p h e n an th ro lin e  (OP), J. T. Baker C h em ica l  C o . ; C e l le x -T  (TEAE),
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Bio-Rad L ab o ra to r ie s ;  g - p h e n y lp ro p io n a te , J. T. Baker C hem ica l C o . ; 
K oshlands r e a g e n t ,  C y c lo ch e m ic a l  C o . ;  G ly c y l ty ro s in e , Sigma C hem ical; 
Rose Bengal and  m e th y len e  b lu e ,  F is c h e r  S c ie n t i f ic  C o . ;  C ry s ta l  v io le t ,  
M a th e s o n , C o lem an , and  Bell; T h io p y ro n in , a g if t  from Dr. J. S . B e i l in , 
P o ly tec h n ic  In s t i tu te  of Brooklyn.

The p h o to o x id a t io n s  were c o n d u c ted  in  one of two w a y s . (A), A
S ears  5.00 w a t t  s l id e  p ro je c to r  w as  f o c u s e d  a t  a d i s ta n c e  o f  18 to  2 0 cm. 
in to  the  bottom o f a  p l a s t i c  t e s t  tube  w h ich  w as  su p p o rted  a t  an  ang le  

in  a n . ic e  b a th .  All m a n ip u la t io n s  o f  enzym e so lu t io n s  co n ta in in g  dye 
w ere  c o n d u c ted  in  a d a rk en ed  room. (B) The seco n d  m e th o d , w hich  
w as  found .to be much more s u c c e s s f u l ,  w as  a s  follovys: th e  p ro jec to r  
w as  d i re c te d  a t  a mirror h e ld  a t  a 45° an g le  to -the  p ro je c to r  l e n s .  The 
p ro je c to r  le n s  w as  a c tu a l ly  in  c o n ta c t  w ith  the  m ir ro r . Ju s t  be low  the  
mirror a t  a . 9 0 °  an g le  to  the  p ro je c to r  le n s  w as  a Bell and  H ow ell f 1.6 
m ovie p ro je c to r  l e n s .  The le n s  w as  p o s i t io n e d  in  such, a m anner a s  to 
a l lo w  the  l ig h t  to  p a s s  th rough  in  a c o n d en s in g  m anner. This len s  
e n sem b le  e n ab le d  the  l ig h t  to  be c o n d e n se d  to  a spo t having, a  d iam e te r  
of ap p ro x im a te ly  1 .5 to  2 .0  cm . The sam p les  to  be p h o to o x id ized  w ere 
c o n ta in ed  in  sm all  p l a s t i c  cups  w h ich  w ere  in s e r te d  in to  h o le s  in  an 

aluminum b lo c k .  The h o le s  in  the  aluminum b lock  were la rg e  enough 

so  th a t  the  sam ple  c o n ta in in g  cups co u ld  be sh u t  off from room lig h t  
by m eans  o f  rubbe r  s t o p p e r s . The aluminum b lock  w as  d r i l led  to  a llow  
c i rc u la t io n .o f  ic e  w a te r  during  the  d e te rm in a t io n s .  The u s e  of th is  
b lock  a l lo w ed  c o n s i s t e n t  p o s i t io n in g  of .the sam ple  in  th e  l ig h t  beam 
and  perm itted , the  u s e  of v e ry  sh o rt  ex p o su re  t i m e s . T hese  two m ethods 
w il l  be  re fe rred  to a s  M ethod  A and. M ethod  B in  future d i s c u s s io n .

Buffer so lu t io n s  w ere  p rep a red  w ith  the  a id  o f  a  C orning  M odel 

12 r e s e a r c h  p H -m e te r .  W hen  m e ta l  ion  co n tam in a tio n  w as.to . be 
a v o id e d ,  a l l  bu ffer  so lu t io n s  w ere  e x tra c te d  w ith  a so lu t io n  of d i -  
th iz o n e  in  ch loroform . The sm all  am ount o f  d i s s o lv e d  chloroform w as 
rem oved from the  buffer  by bubb ling  pu r if ied  a i r  th rough th e  buffer a t  

room te g rp e ra tu re .
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W hen p l a s t i c  w are  or g la s s  w are  w as  u s e d  to h an d le  m eta lfree  
s o l u t i o n s , i t  w as  p re s o a k e d  in  an  ethanol-EDTA b a th  for s e v e ra l  h o u r s , 
r in se d  w ith  e t h a n o l , and  a i r  d r i e d . D ia ly s i s  o f  so lu t io n s  w as  c o n d u c t­
ed in s p e c ia l  d i a ly s i s  c h a m b e r s . Teflon in s e r t s  w ere  p rep a red  to  fit  
in s id e  the  d ia ly s i s  tu b in g  a t  e a c h  en d . A neo p ren e  O -r in g  w as  p la ce d  
around  th e  d ia ly s i s  tub ing  and  te f lo n  in s e r t  to  o b ta in  a t ig h t  s e a l .
One te f lo n  in s e r t  w as  f i t ted  w ith  an  O -r in g  s e a le d  s to p p e r  w hich  
cou ld  be rem oved for in tro d u c tio n  or rem oval o f  the  s a m p le .  Stirring 

of. th e  s o lu t io n  in, th e  d ia ly s i s  bag  w as. accom plished , by m eans  of a 
sm all  te f lo n  s t i r  b a r .  The en tire  a p p a ra tu s  w as  th en  su sp e n d e d  in 
the  d ia ly s i s  b u ffe r ,  and  bo th  so lu t io n s  s t i r re d  w ith  a m ag n e t ic  
s t i r re r .

H y d ro ly s is  of th e  p ro te in  m ix tu res  w ere  ca r r ied  o u t  in  s e a le d  
C ar iu s  tu b e s  for 2 0 -2 4  hours  a t  110° C . Follow ing h y d ro ly s is  an  
a l iq u o t  w as  rem oved an d .d r ie d  ov e r  KOH in  v a c u u m . The re s id u e  w as 
th en  d i s s o lv e d  in  w a te r  and  a su i ta b le  a l iq u o t  p rep a red  and  a n a ly z e d  
for am ino -ac id  c o n te n t .  Amino acid, a n a ly s e s  w e re 'a c c o m p lis h e d  w ith  
a T echn icon  Amino Acid A nalyzer.



PROCEDURE AND RESULTS
P ho to o x id a tio n  o f  c a rb o x y p e p t id a s e -A y in  the  p r e s e n c e  of

I , lO -p h e n an th ro lin e  an d  m e thy lene  b l u e . This e f fe c t  w as  de te rm ined

by m easu rin g  th e  p e p t id a s e  a c t iv i ty  o f  the  enzym e so lu t io n  (0 .0 2 3
m g/m l) before  and  a f te r  p h o to o x id a t io n ,  for bo th  the  apo  and  m e ta l -
co n ta in in g  e n z y m e . The apoenzym e w as  p rep a red  by in c u b a t in g ,  for
up to  f if tee n  m in u te s ,  th e  n a t iv e  enzym e a t  0 ° ,  in  0.1 M Tris b u f f e r ,

-4pH 7 . 0 ,  c o n ta in in g  1.0  M N aC l and 5 x  10 . M 1 , 1 0 -p h e n a n th ro l in e .
The m easu rem en t of p e p t id a s e  a c t iv i ty  in  th e  apoenzym e sy s te m  w as 
a c c o m p lish e d  by add ing  a s l ig h t  m olar e x c e s s  of a 10 * M ZnCl2 
so lu t io n  to . th e  apoenzym e sy s te m  j u s t  p rio r  to  th e  a s s a y .  In the  
e x p e r im en ta l  so lu t io n s  c o n ta in in g  m e thy lene  b lue  the  c o n ce n tra t io n  of 
the  dye w as  0 .0 0 2  m g /m l.  M ethod  A w as  u s e d  in the  p h o to o x id a tio n .  
Table I sum m arizes  the  ex p er im en ta l  co m p o si t io n  and  r e s u l t s  o f  each  
d e te r m in a t io n .

The e f fe c t  o f  p h o to o x id a tio n  w ith  m e thy lene  b lue  in  the  
p re s e n c e  of I ,!Q -p h en an th ro lin e  on e s t e r a s e  a c t i v i t y . F ive m ic ro ­
l i t e r s  of a  3 .5 8  m g /m l so lu t io n  of c a rb o x y p ep t id a se -A y  w as  d i lu ted  
to  1 .0  ml w ith  0.1 M Tris b u ffe r ,  pH 7 . 0 ,  co n ta in in g  1 .0  M N a C l .
The f in a l  c o n c e n tra t io n  of c a rb o x y p e p t id a se  w as  0 .0 2  3 m g /m l.  .The 
re a g e n ts  1 , 1 0 -p h en an th ro lin e  and  m eth y len e  b lu e ,  when in c lu d e d  in

_ o
the  b u ffe r ,  w ere  a t  c o n c e n tra t io n s  o f  I x  10 M and 0 .0 0 2 'm g /m l  
r e s p e c t iv e ly .  P ho to o x id a tio n  w as  by M ethod  A. The e s t e r a s e  
a c t iv i ty  w as  d e te rm ined  a s  d e sc r ib e d  in  "M eth o d s"  , u s in g  h ip p u ry l-  
D L -p h e n y l la c t ic  a c id  a s  s u b s t r a t e .  Table II sum m arizes  th e  e x p e r i ­

m en ta l  co m p o si t io n  and  r e s u l t s  of e a c h  d e te rm in a t io n .

The e f fe c t  of m e th y len e  b lu e - 1 , 1 0 -p h en an th ro lin e  p h o to -  
o x id a tio n  o f  c a rb o x y p e p t id a s e -A y on e s t e r a s e  a c t i v i t y . C o n s id e rab le  
ca re  w as  ta k e n  to  in su re  th a t  e a c h  ex p e r im en ta l  so lu t io n  o f  c a rb o x y ­
p e p t id a s e  w as  h an d led  in  a n . id e n t ic a l  m anner ,  and  for the  sam e period  

of t im e .  The ex p e r im en ta l  so lu t io n s  w ere  p rep a red  so  th a t  th e  fina l  
c o n c e n tra t io n s  o f  re a g e n ts  w ere  a s  fo llow s: c a rb o x y p ep t id a se -A y ,



TABLE I

— 7 —

P ho to o x id a tio n  o f  C a rb o x y p e p t id a s e -A y in  the  P re s e n c e  
o f  I ,IO -P h en an th ro l in e  and  M eth y len e  Blue

y x  I
l-- enzyme

ml
b u f f e r

ni I 
0  P

mi
fJB

ml n 
h

spec. act. 
pspfidcco

I  A 5 1.0 ---- """ .....- —— 5 6 .6

B l j  5 0 .7 5 .0 .25 5 .5
---------- ----------------

C 5
H

0 .7 5 C.23 --- - —  I 5 5 0 .2

D Ij 5
I

0 .25 0 .25 0 .5 -----  S 4 4 .8

G 5 I 0 .2 5 0.23 0 .5 3 0 5 2 4 .6

I K I 3 0 .5 — 0 .5 s o — —— 5 0 .2

The in i t ia l  c o n c e n t ra t io n s  o f  r e a g e n ts  in  0 ,1  M Tris b u ffe r ,  pH 7 . 0 ,  _3
co n ta in in g  1.0  M N aC l w ere  a s  fo llow s: MB, 0 .0 0 2  m g/m l; OP, 2 x  15 M; 
Zn?+, IO- 1 M . P h o to o x id a tio n  w as  by  M ethod  A, o f  "M e th o d s  and  M ate ria ld '.
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TABLE II

The e f fe c t  o f  P h o to o x id a tio n  w ith  M eth y len e  B lu e -1 ,10- 
p h e n an th ro l in e  on E s te ra s e  A c tiv ity

jenzyma
ml

buff or
ml I ml
OP I 3 hV

yu.1 ispoe. act. 
Znz* !estoraoe

cpoc. act. 
peptidase

A
I 8

1.0 — — — 7 7 4 5 6 5

B
I 5

0 5 0.5 — — — ---— 128 3.72

I
0  6

— 0.5 0 .5 3 0  IO ' 3 0 5 •

F I 5 0.5 —— 0.5 3 0 — 6 5 0

0 I  8 — 0.5 0.5 6 0 10 2 2 3 14.1

: F'  I  5  I 0 5 I -
0.5 SO — 6 4 0 37.2

The in i t i a l  c o n c e n t ra t io n s  o f  a l l  r e a g e n ts  in 0 .1  M Tris b u ffe r ,  pH 7 . 0 ,_3 
co n ta in in g  1 .0  M N aC l w ere  a s  fo llow s: MB, 0 .0 0 2  m g/m l; OP, 2 x  10 M; 
Zn^+ , 10~1 M . P h o to o x id a tio n  w as  by M ethod  A.
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0 .0 2 3  m g/m l; O P , I x  10 ^ M; m ethy lene  b l u e , 0 .0 0 2  m g /m l.  All 
com ponen ts  were  d i s s o lv e d  in  0 . 1 'M Tris bu ffe r ,  pH 7 . 0 ,  co n ta in in g  
1 .0  M N aC l a t  0° C . The e s t e r a s e  a c t iv i ty  w as  d e te rm ined  a s  d e sc r ib e d  
in. "M eth o d s"  , u s in g  h ip p u ry l -D L -p h e n y l la c t ic  a c id  a s  s u b s t r a t e . 
P ho toox ida tion  w as  done u s in g  M ethod  A. Table  III show s the  e x p e r i ­
m en ta l  co m p o si t io n  and  r e s u l t s  o f  e a c h  d e te rm in a t io n .

P ho to o x id a tio n  o f  c a rb o x y p e p t id a s e -A y w ith  , in c re a se d  

m e thy lene  b lue  and  Rose Bengal c o n c e n t r a t io n s . In an  a t tem p t to 
in c r e a s e  the  e f f ic ie n c y  of the  p h o to o x id a tio n  p r o c e s s , th e  c o n c e n tra ­
t io n  of th e  s e n s i t i z in g  dye w as  in c r e a s e d .  The p h o to o x id a tio n  s tu d ie s  

w ere  expanded  to  in c lu d e  Rose Bengal s e n s i t i z a t io n  a s  w e l l  a s  th a t  of 
m e th y len e  b lu e .  The e f f e c t iv e n e s s  of Rose Bengal a s  a s e n s i t i z e r  w as 
de te rm ined  both  in  the  p re s e n c e  and  a b s e n c e  of the  m eta l  c h e la to r  
1 ,1 0 -p h e n a n th ro l in e . . The f ina l  c o n c e n tra t io n s  of the  com ponen ts  of 
e a c h  d e te rm in a tio n  in  0 .1  M Tris bu ffe r ,  pH 7 . 0 ,  co n ta in in g  1.0  M N aCl 
w ere  a s  fo llow s: c a rb o x y p e p t id a se -A y , 0 .0 2 3  mg/ml;. 1, 1 0 -p h en an th ro -

_ O
lin e  , I x  10 M; m e thy lene  b l u e , 0 ..095 m g/m l;. Rose B engal, 0 .095  
m g /m l.  ■ P ho to o x id a tio n  w as  a c c o m p lish e d  by fo cu s in g  a 500 w a tt  

p ro je c to r  on the  sam ple  from a d i s ta n c e  of 18-20 cm. The e s t e r a s e  
a c t iv i ty  w as  m easu red  a s  d e sc r ib e d  in  "M eth o d s"  , u s in g  h ippu ry l-D L - 
p h e n y l la c t ic  a c id  a s  s u b s t r a t e . Table IV sum m arizes  th e  exp er im en ta l  
co m p o si t io n  and  ex p e r im en ta l  r e s u l t s  of e a c h  d e te rm in a tio n .

I n h ib i t io n ,. r e a c t i v a t i o n , and  p h o to o x id a tio n  of c a rb o x y p e p t i ­
d a s e - A y in  the  p re s e n c e  of EDTA. The dye s e n s i t i z e d  p h o to la b i l i ty  of 
c a rb o x y p ep t id a se -A y  w as  de te rm ined  in the  p re s e n c e  o f  a s eco n d  

m eta l  c h e la t in g  a g e n t ,  EDTA. . The ex p e r im en ta l  c o n d it io n s  w ere  
a rran g ed  s o , th a t  the  f in a l  c o n c e n tra t io n s  o f  th e  com ponen ts  w ere  a s  
fo llow s: c a rb o x y p e p t id a se -A y ,  0 .0 2 3  m g/m l; EDTA, 5 x  10 ^ M; 
m e thy lene  b lu e ,  0 .0 0 2  m g /m l.  All com ponen ts  w ere  d i s s o lv e d  in  0.1 

M Tris b u f f e r , pH 7 . 0 ,  c o n ta in in g  .1.0 M N aC l a t  0° C . As in  p rev ious  
e x p e r im e n t s , r e v e r s a l  o f  the  in h ib i t io n  resu lting , from the  p re s e n c e  o f
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TABLE III

The e f fe c t  o f  M eth y len e  B lu e -1 , 1 0 -p h en an th ro lin e  p h o to o x id a t io n  of 
C arb oxypep tidase-A Y  on E s te ra s e  A c tiv ity

yAl ml I ml I mi I min
; enzyme I b u ffer  O P M B h v & spec. act. 

esteraoQ
U I

A 5 1.0
-

4 5 2

; 3  5 I a 5 -----  0.5 ------ ------  4 4 4

■ c  ■: 5 I  —
0 .5  | 0 .5 — 10 I 3 2 7

I d I 6 0.5 0.5 - -----  IO o

E 5
0.5 0 .5 ....—■ "" —" 10 3 7 4

I f I 5  I  a s

OEO§ 1 - — 4 0 9

I  Q I i  G I  ------
_ _ _ _ _ _ I!_ _ _ _ _ _ _ _ _ _ I--------------

I
0 .5 I 0 .5  , 3 0 IO 21 0

_ O
CP 1, 1 0 -p h en an th ro lin e  , 2 x  10 M; MB, m e thy lene  b lu e ,  0 .0 0 2  m g/m l; 
Zn2+, ZnClg , 0.1 M; w ere  d i s s o lv e d  in  0 .1  M Tris b u ffe r ,  pH 7 . 0 ,  c o n ta in ­
ing  1.0  M N a C l . All d a ta  c o l le c te d  a t  0°  C . P h o to o x id a tio n  w as  by 
M ethod  A.
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TABLE IV

P h o to o x id a tio n  o f  C a rb o x y p e p t id a s e-A y w ith  in c r e a s e d  
M eth y len e  Blue and  Rose Bengal C o n c e n tra t io n s

I /U  I m!
1 snzyme I buffer

m3
M B

ml 5 mi I min
OP I RB I h-<r

yUd ppoc. GCt. I
Z n ^  I GSfcrccc

- - - - - - - B
I A Ij 5 —

OSOI(OOIOQ IO 141

I B ,! 5 ■ —* 0.5 0 .5  -----
-

IO 4 3 3

C I 5 —— -----

IOdO 5 0 10 49 .4

h i 5 — — 0.5 I O.o IO 3 7 4

I e I 5 0.5 0.5 ----  ----- 3 0
I I

--- 3 6 0

F 5
_ _ _ _ _ _ Si- - - - - - - - - - - -

0.5

OtotodII 42.3

The com ponen ts :  MB, m e th y len e  b l u e , 0 .0 0 2  m g /m l:  OP, 1,10 phenan th ro  
l i n e ,  2 x  IO"3 M; RB, Rose B engal, 0 .0 9 5  m g/m l; Znz + , ZnC l2 , 0.1 M; w ere  
d i s s o lv e d  in  0 .1  M Tris b u ffe r ,  pH 7 . 0 ,  co n ta in in g  1.0 M N a C l . All d a ta  
o b ta in e d  a t  0° C . P h o to o x id a tio n  w as  by M ethod  A.

I
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the  m e ta l  c h e la to r  w as  a c c o m p lish e d  by the  ad d it io n  of ap p ro p ria te  
q u a n t i t ie s  o f  10 1 M ZnCl2 in  0.1 M Tris b u ffe r ,  pH 7 .0 ,  co n ta in in g  
1.0  M N a C l . The p e p t id a s e  a c t iv i ty  w as  de te rm ined  a s  d e sc r ib e d  in 
"M e th o d s"  , u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e .  Table  V 
sum m arizes  the  ex p e r im en ta l  co m p o si t io n  and  r e s u l t s  o f  e a c h  d e te rm i­
n a t io n .

. P h o to s e n s i t iz a t io n  w ith  1 , 1 0 -p h e n a n th ro l in e . The p h o to s e n s i ­
t iz in g  e f fe c t  of 1,1 0 -p h e n a n th ro l in e  w as  de te rm ined  in. th e  fo llow ing 
manner: carb o x y p e p t id a se -A y  w as  d i s s o lv e d  in  0.1 M Tris bu ffer ,  pH 
7 . 0 ,  co n ta in in g  1.0. M N aC l a t  0° C . , a t  a c o n ce n tra t io n  o f  0.61 m g /m l.  
M eth y len e  b lue  a n d .1 ,1 0 -p h e n a n th ro l in e ,  w hen  u s e d ,  w ere  d is s o lv e d  

. in  0.1 M Tris b u f f e r , p H .7.0/ c o n ta in in g  1 .0  M N aCl a t  co n ce n tra t io n s  
of 0 .0 9 9  mg/ml. and  I x  10 M r e s p e c t iv e ly .  Ten m ic ro l i te r  a l iq u o ts  
o f  a  0.1 M ZnCl2 so lu t io n  w ere  u s e d  to  re v e r se  the  e f fe c ts  of 1 ,10- 
p h e n a n th r o l in e . P e p t id a se  a c t iv i ty  w as  de te rm ined  a s  d e sc r ib e d  in 

"M e th o d s"  , u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e .  P ho to ­
o x id a tio n  w as  by /M ethod  A. Table VI sum m arizes  the  ex p er im en ta l  

co m p o si t io n  and  r e s u l t s  o f . th e s e  d e te rm in a t io n s .

P rep a ra t io n  o f  apoenzym e on S ephadex  G - 2 5 co lum n. A pocar-
(3)b o x y p e p t id a se -A y  w as  p rep a red  a cco rd in g  to  the  m ethods o f  V allee  C '

A 10 ml hypoderm ic  sy r in g e  w as  prepared, a s  a ch rom atography  colum n.
■A sm all  f i l te r  p a p e r  d i s c  w as  cu t  an d .p laced , in. the  end of th e  sy ringe  
to  se rv e  a s  a. support  for th e  S ephadex  r e s in .  The f i l te r  p a p e r  support 
w as  w a sh e d  w ith  6 N H C l , and  w ith  d e io n iz e d  w a te r . The S ephadex  

G - 2 5-re s in  w as  then  s u sp e n d e d  in  0.1 M Tris bu ffer ,  pH 7 . 5 ,  c o n ta in ­
i n g  1.0  M N a C l , and  p la c e d  under  a vacuum  to .rem ove  a i r .  This 
s u s p e n s io n  .then w as  poured  in to  the  sy r in g e  com ple ting  the  p rep a ra t io n  
of th e  co lum n . The colum n w as  fitted , w ith  .a c o n s ta n t  p re s s u re  r e s e r ­

v o ir .  . The c a p a c i ty  o f;the  column to  r e ta in  1 , 1 0 -p h en an th ro lin e  w as 
de te rm in ed  by p la c in g  1 .0  ml of a 0.1 M Tris bu ffer ,  pH 7 . 5 ,  co n ta in in g  

1 .0/ M N a C l , s a tu ra te d  With 1, 1 0 -p h en an th ro lin e  on th e  colum n and



- 1 3 -

TABLE V

In h ib i t io n ,  R e a c t iv a t io n , and  P h o to o x id a tio n  o f  
C a rb o x y p ep t id a se -A y  in  th e  p re s e n c e  of EDTA

I  /A l
e n z y m a

m I
b u ffer

ml
EDTA

ml i min
M 3 I h v & sp e c . cot. 

peptidase

A jj 5 1.0 —  I —

B I 5
i'

0.75 0 .2 5 —  I — 5  I 45.2

c  5
0.75 0 .25 5 5 4 2

D s
----------J -----------------

0 .2 5 0 .2 5 0 .5 3 0 5 22.6

The in i t i a l  c o n c e n t ra t io n s  o f  r e a g e n ts  in  0 .1  M Tris b u ffe r ,  pH 7 . 0 ,  c o n ta in ­
ing 1.0 M N aC l w ere  a s  fo llow s: EDTA, 2 x  10- 3 M; MB, 0 .0 0 4  m g/m l; 
ZnC l2 - 0 .1  M . P h o to o x id a tio n  M ethod  A.
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TABLE VI

P h o to s e n s i t iz a t io n  o f  1,10-P h en a n th ro l in e

I
! onzvm e

m I 
o  P

ml
MB

ml
b u ffer

min
h?r

cpec. act. 
pcptldaso

A 100 0 .5 ——— 0 .5 . ——— 17. 7

B ICO 0 .5 0 .3 — 10 68 .3

C 1 0 0 0 .5 — 0 .3 3 0 10 GGC

D 1 0 0 ---— ....... . 1.0 .....— ...— 7 5 5

E ICO — 0 .5 0 .5 3 0 ■■■ — 5 7 .4

The in i t ia l  c o n c e n t ra t io n s  o f  r e a g e n ts  d i s s o lv e d  in 0 .1  M Tris b u ffe r ,  pH 
7 . 0 ,  co n ta in in g  1 .0  M N aC l w ere  a s  fo llow s: O P , 2 x  IO- ^ M; MB, 0.018 
m g/m l; ZnClg , 0.1 M . P ho to o x id a tio n  M ethod  A.

I
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e l u ting  w ith  0.1 M T r i s , 1 .0  M N a C l , pH 7 .5  buffer , the  1 ,1 0 -p h e n a n -  
th ro l in e  d id  n o t a p p e a r  u n ti l  a t  l e a s t  2 00. drops of e lu e n t  had  been  
c o l l e c t e d .

The a c tu a l  p re p a ra t io n  of the  apoenzym e w as  a s  fo llow s: 10 ijl 
o f  a c a rb o x y p e p t id a s e -A y s o lu t io n  (4 .0 3  m g/m l) w as  in c u b a te d  for one 
hour a t  0° C . w ith  I ml of 0.1 M Tris b u f f e r , pH 7 . 5 ,  co n ta in in g  1.0- M 
N aC l and s a tu r a te d  w ith  1 , 1 0 -p h e n a n th ro l in e . The so lu t io n - th e n  w as 
p la c e d  on the  column d e s c r ib e d  above  and  e lu te d  w ith  0.1 M Tris 
b u f f e r , pH 7 .5  a t  0° C . , co n ta in in g  1.0 M N a C l . The f rac t io n  c o n ta in ­
ing  drops 78 to 12 3 w as  c o l le c te d  in  a p l a s t i c  tube  w h ich  had  been  
c a re fu l ly  t r e a te d  w ith  a 95% ethanol-ED TA  so lu tion , to- re d u c e  m eta l ion 
co n tam in a t io n .  . This e n z y m e -c o n ta in in g  frac t io n  then  w as  a s s a y e d  for 

p e p t id a s e  a c t i v i ty .  The p re s e n c e  of apoenzym e w as  d e m o n s tra ted  by
th e  a b i l i ty  to  in c re a s e  the  p e p t id a s e  a c t iv i ty  60% upon the  ad d it io n

2+o f  a sm all  q u a n t i ty  o f  Zn a s  shown in Table V II.
P rec a u t io n s  w ere  ta k en  a g a in s t  m e ta l  ion c o n tam in a tio n  to 

o b ta in  s a t i s f a c to r y  r e s u l t s  w hen the  apoenzym e so lu t io n  w as  a s s a y e d .  
All c u v e t te s  and  p ip e t te s  w ere  t r e a te d  be fo reh an d  in  an ^ O - E t h a n o l  
(5 0 :5 0 ,v:v) b a th  c o n ta in in g  EDTA. Fo llow ing  th i s  s o a k in g ,  th e y  were 
r in s e d  w ith  d e io n iz e d  w a te r .  The s u b s t r a te  and  a l l  buffers  w h ich  came 

in c o n ta c t  w ith  th e  apoenzym e w ere  e x tra c te d  w ith  d i th iz o n e  before 
•use. Only under th e s e  c o n d it io n s  cou ld  r e l ia b le  a s s a y s  be  o b ta in e d .

P h o to o x id a tio n  of. a p 'o c a rb o x y p ep t id a se -A y w ith  m e th y len e  b lue  . 

A p o c a rb o x y p e p t id a se -A y w as  p repared  a s  p re v io u s ly  d e s c r ib e d ,  and 
a s s a y e d  for rem ain ing  and  r e a c t iv a t ib le  p e p t id a s e  a c t iv i ty .  The 
r e s u l t s  of th e s e  a s s a y s  a re  g iven  in  Table  VIII.

The p h o to la b i l i ty  of th is  apoenzym e p rep a ra t io n  w as  then  

d e te rm ined  in th e  fo llow ing  buffer so lu tio n ;  0.1 M Tris , I .  O M  N a C l , 
pH 7 .5  a t  0° C . buffer and  0.1 M Tris b u ffe r ,  pH 7 .5  a t  0° C . , co n ­
ta in in g  1.0  M N aC l arid. 0.199 m g/m l m e thy lene  b l u e , and  an id e n t ic a l  
m e th y len e  b lue  free  buffer e x tra c te d  w ith  a. c a rb o n te trac h lo r id e  d i th izo n e
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TABLE VII

P rep a ra t io n  o f  Apoenzyme 
on S ep h ad ex  G -2  5 Column

yu.1 o p oenzym e yuul Z n ~ r  A A z ^mIn 2  5 4  m /t

1 0 0 ------  0 . 0 0 G 4

1 0 0 10 i 0 .0 1 5 6

The ZnC l9 , O .1 M , w as  d i s s o lv e d  in 0 .1  M Tris b u ffe r ,  pH 7 . 0 ,  c o n ta in in g  
1.0  M N a t l .
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so lu t io n  to  rem ove co n tam in a tin g  m eta l i o n s . ' The t ra c e  q u a n t i t ie s  of 
c a rb o n te tra c h lo r id e  d i s s o lv e d  in  th e s e  bu ffers  were  rem oved by bubbling  
a i r  w h ich  had  b een  p u rif ied  by  p a s s in g  th rough su lfu r ic  a c id  and  ca lc ium  
hydrox ide  so lu t io n s  th rough  th e m . The buffers  w ere  then  u s e d  to  p re ­
pare  the  so lu t io n s  d e sc r ib e d  in Table .IX. P re c a u t io n s  w ere  ta k en  
a g a in s t  m e ta l  ion  co n tam in a tio n  w here  n e c e s s a r y  a s  p re v io u s ly  
d e s c r i b e d .

P ho to o x id a tio n  o f  c a rb o x y p e p t id a s e -A y a n d  peptjda&e; a c t i v i t y .
The e f fe c t  o f  p h o to o x id a tio n  on the  p e p t id a s e  a c t iv i ty  o f  c a rb o x y p e p t i -  
d a se -A y  w as  d e te rm ined  in th e  p re s e n c e  o f  Rose Bengal a s  w e l l  a s  the 
m e th y len e  b lue  1 , 1 0 -p h en an th ro lin e  s y s te m .  The fina l  c o n c e n tra t io n s  
o f  a l l  r e a g e n ts  in 0.1 M Tris b u ffe r ,  pH 7 .0  a t  0°. C . , co n ta in in g  1.0  M 
N aC l w ere  a s  fo llow s: ca rb o x y p ep tid a se -A y , 0 .0 2 3  m g /m l,  1 ,1 0 -p h en an ­
t h r o l in e , I x  10 3 M , m e thy lene  b l u e , 0 .0 9 9  m g /m l,  Rose B enga l,  0 .095  
m g /m l .  The te ch n iq u e  u s e d  in the  p h o to o x id a tio n  w as  th a t  of M ethod A. 
The p e p t id a s e  a c t iv i ty  w as  d e te rm ined  a s  d e sc r ib e d  in "M e th o d s"  ,' 

u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e .
As in. p rev io u s  c a s e s ,  1 ,1 0 -p h e n an th ro lin e  in h ib it io n  w as  

reversed , by th e  ad d i t io n  of a  s u i ta b le  a l iq u o t  of 0.1 M ZnClg so lu tio n  

j u s t  p r io r  to. a s s a y .  Table X sum m arizes  th e  ex p e r im en ta l  com posit ion  
and  r e s u l t s  o f  e a c h  d e te rm in a t io n .

Rate o f  lo s s  o f  p e p t id a s e  a c t iv i ty  o f  c a rb o x y p e p t id a s e -A y when 

p h o to o x id ized  in  p re s e n c e  of Rose B en g a l . Ten m ic ro li te rs  of a 
c a rb o x y p ep t id a se -A y  so lu t io n  (2 .8  m g/m l) w as  d i lu te d  to. 1 .0  ml w ith  
0 .1  M Tris b u ffe r ,  pH 7 ,5  a t  4°. C . , c o n ta in in g  1.0, M N aC l and  0 .049  
m g/m l Rose B engal, g iv ing  a f ina l  enzym e c o n ce n tra t io n  o f  0 .0 2 8  m g /m l.  

This so lu t io n  w as  th e n  e x p o se d  to  s e v e ra l  in te rv a ls  of l ig h t ,  su b se q u e n t  
to w h ich  50' p.l w ere  rem oved and  a n a ly z e d  for p e p t id a s e  a c t iv i ty .  
P h o toox ida tion  w as done u s in g  M ethod  B . P e p t id a se  a c t iv i ty  w as  d e ­

te rm ined  a s  d e sc r ib e d  in  "M e th o d s"  , u s in g  h ip p u ry l -L -p h e n y la la n in e  

a s  s u b s t r a t e .  The d a ta  in Table  XI sum m arize  the  r e s u l t s  of th e s e



-19 —

TABLE IX

P h o to o x id a tio n  o f  A p o ca rb o x y p ep tid a se -A y  
w ith  M e th y len e  Blue

yA.8 5 ml i ml
apocnz. I buffer I M3 D  I  Z r ^  |AA> !r2 5 4  I

100 I 0.3 I 0.3
I

-----  ̂ 0 . 0 0 5 2
3 0  ! I

1.5 I 0 . 0 0 7 0

100 i 0.3 ? 0.5
_________ I_______ I__________

---- - 0 .0 0 7 4
1.5 & 0.0162

The in i t i a l  c o n c e n t ra t io n s  o f  r e a g e n ts  d i s s o lv e d  in 0 .1  M Tris 
b u ffe r ,  _pH 7 . 0 ,  c o n ta in in g  1.0  M N aC l w ere  a s  fo llow s: OP,
2 x  10"^ M; MB , 0.199 m g/m l; ZnClg , 0.1 M . a A /m in  254 mu 
a re  rep o r ted  he re  b e c a u s e  ap oenzym e c o n c e n tra t io n  w a s  no t 
d e te rm in e d .  P h o to o x id a tio n  M ethod  A.
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TABLE X

P h o to o x id a t io n  o f  C a r b o x y p e p t id a s e - A y
a n d  P e p t id a s e  A c t iv i ty

y x \  I ml
enzym e! buffer

ml
MB

mi
OP

ml j min
RB i btr

yM-l spec. act. 
peptidase

A 5 I 1.0
■

5 0 .4

' B . 5 — 0.5  j 0 .5 —  j 3 0 10 5.7

O Cl — 0.5 OS ----  -----
I I

10 42.1

D ' 5 — ----- 0 .5  0.5 ' 3 0
________ L - .  ~ I________ ________

10 —

I e  i  5

I
----- ------ 0 .5  0 5 IO !9.5

F . 5 0.5 0.5 ----  ----- 3 0 ----  j 51.3

0  i| 5 0 .5 _ — 0.5 3 0 ----- I 4 3

H S
I______ U________

0.5 — — 0 .5  j — -----  j 4 4 .2

The in i t i a l  c o n c e n t ra t io n s  of re a g e n ts  in  0 .1  M Tris b u ffe r ,  pH 7 . 0 ,  
c o n ta in in g  1 .0  M N aC l w ere  a s  fo llow s: MB, 0.199 m g/m l; RB, 0.198 
m g/m l; O P , 2 x  IO-3  M; ZnClg , 0 .1  M . P h o to ox ida tion  M ethod  A.
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Rate o f  l o s s  o f  P e p t id a se  A c tiv ity  o f  C a rb o x y p ep t id a se -A y  
w hen P h o to o x id ized  in p re s e n c e  of Rose Bengal

TABLE XI

min h i / - AAy/  m!n 2 5 4  nyx sp e c . act. pcptidaso

O I 0 .0 2 0 0 61.5

I 0 .0 1 7 4  I 53.5|
2 i 0 .0 0  CO I 24.6

I

I  3I

0 .0 0 7 2 21.5

5
0 .0 0 5 2 15.4

7
0 .0 0 4 8

-
14.3

0 .0 0 3 2 9.3

...............  9  .
0 .0 0 3 4 10.4

" 0 .0 0 2 3 8.6

12 0 .0 0 3 0 9.2

13 I 0 .0 0 2 3
, . ' -

0 .0  '

I  , s 0 .0 0 3 4 10 .4
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d e te rm in a t io n s  . The d a ta  of Table XII sum m arize  .the r e s u l t s  o f  an 
id e n t ic a l  ex p er im en t in w h ich  e s t e r a s e  a c t iv i ty  w as  d e te rm in ed .

Rose Bengal p h o to o x id a t io n , e s t e r a s e  a c t i v i t y . Ten m ic ro li te rs  
o f  a c a rb o x y p e p t id a se  so lu t io n  (2 .8  m g/m l) in  Tris buffer w as  d i lu te d  to 
1 .0  ml w ith  0 . 1 M Tris b u f f e r , pH 7 .5  a t  4°  C . , c o n ta in in g  1 .0  M N aCl 
and  0.049- m g /m l Rose B en g a l . This so lu t io n  th en  w as  d iv id ed  among 
s e v e n  sm all  p l a s t i c  cups  w h ich  w ere  h e ld  in  an  aluminum b lo c k . The 
b lock  w as  co o led  by a llo w in g  i t  to s ta n d  in an  ic e  b a th .  Each p la s t i c  

cup w as  c a p a b le  o f  be ing  in d e p en d e n t ly  covered  in su c h  a m anner as  
to  ex c lu d e  a l l  l ig h t .  Follow ing the  d is t r ib u t io n  of the  enzym e s o lu ­
t io n ,  th e  l ig h t  so u rce  w as tu rned  on and  e ac h  cup covered  a f te r  a 
c e r ta in  ex p o su re  . t im e . The d a ta  in  Table XIII sum m arize  the  r e s u l t s  
of th is  d e te rm in a t io n .  The e s t e r a s e  a c t iv i ty  w as  de te rm ined  a s  d e ­
s c r ib e d  in "M eth o d s"  , u s in g  h ip p u ry l -D L -p h e n y l la c t ic  a c id  a s  
s u b s t r a t e .  The d a ta  in  T ab les  XIV an d  XV sum m arize  th e  r e s u l t s  of 
s im ila r  d e te rm in a t io n s .  The l ig h t  so u rc e  em ployed w as  th a t  d e sc r ib e d  
in  M ethod  B o f "M eth o d s  and  M a te r ia ls "  . The d a ta  o f  Table XVI 
sum m arize  an id e n t ic a l  ex p er im en t in w h ich  p e p t id a s e  a c t iv i ty  w as 
m e a s u r e d .

P h o toox ida tion  of c a r b o x y p e p t id a s e -Av w ith  c ry s ta l  v io le t
s e n s i t i z e r . A c ry s ta l  v io le t  so lu t io n  w as  p rep a red  by d is s o lv in g  3 .9
mg o f c ry s ta l  v io le t  dye in  38 ml of 0.1 M Tris bu ffer ,  pH 7 .5  a t  25°

C . , co n ta in in g  1 .0  M N a C l . J iv e 'm ic r o l i t e r s  of a c a rb o x y p ep t id a se -A y

solu tion . (9 .21 m g/m l) w as  th en  d i lu te d  in  th e  dark w ith  0 .2  5 ml of a 2
x  10 3 M I , iO -p h en an th ro lin e  so lu t io n  in  0 . 1 M Tris , I . O M N aC l buffer
and w ith  0 . 25  ml of the  c ry s ta l  v io le t  buffer d e sc r ib e d  a b o v e . The
l ig h t  so u rce  u s e d  in the  p h o to o x id a tio n  w as  th a t  d e sc r ib e d  in  M ethod B .

The p e p t id a s e  a c t iv i ty  w as  de te rm ined  by the  u su a l  m ethods following
the re v e r sa l  o f  th e  in h ib i t io n  c a u s e d  by the  1 , 10 -p h en an th ro lin e  w ith

2+the  a d d i t io n  of 10 ul of a Zn so lu t io n .  Table XVII sum m arizes  the  

r e s u l t s  of th e s e  d e te rm in a tio n s  .
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Rate o f  lo s s  o f  E s te r a s e  A c tiv ity  o f  C a rb o x y p ep t id a se -A y  
w hen p h o to o x id iz e d  in p r e s e n c e  of Rose Bengal

TABLE XII

t i m e  r a in  S A A  m in  2 5 4 nyx ? e p e e .  Gcti e c l e r a s o

15 S Q C 0 .1 0  6  8 3 2 9

3 0  s a c 0 . 0 5 0 6  m o

1 . .  .
0 .0 5 5 0  I 1 6 9

2  - 0 . 0 2 5 0  7 7
I . . ____ . ___ __ ' ........-

3  I 0 .0 2 2 3  | 7 0

4  I 0 .0 2 1 8
. ! .

3 3

5  I 0 . 0 2 4 8 7 4

I 0 .0 1 9 2 5 9rzzzz 0 .0 1 8 2 5 6
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TABLE XIII

Rose Bengal P h o to o x id a t io n , E s te r a s e  A ctiv ity

timo 30 0 A k y rmin 2 5 4  rcy*. o p oc. OC L octoroso

0 .1 2 1 S 3 8 2

0 . 0 9 5 2 2 7 7

a 0 .0  7 8 8 2 4 2

CO 0 . 0 7 7 6 2 3 9

120 0 . 0 0 6 0
.......................

1 7 4

I 180 0 . 0 3 0 8 I I 9

j 5 6 0 0 . 0 2 3 0 71
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TABLE XIV

R o s e  B e n g a l  P h o t o o x i d a t i o n , E s t e r a s e  A c t i v i t y

t im e  soc 6 A /  min 2 5 4  m&q. spec. act. eotorcss
- - ....................... - ----------- - ....... -  - • -

°
0 .0 9 2 0 2 8 3

15 0 .0 7 6 0 2 3 4

30 0 .0 6 3 4 2 0 4

45 0 .0 6 6 0 2 0 5

GO 0 .0 5 4 8 16 9

75 0.0516 158

90 0 . 0 4 3 2 1 4 8

105 0 . 0 3 3 2 102

120 0 . 0 3 4 2 105

4 2 0 0.0112 34J5
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TABLE XV

■Rose B e n g a l  P h o t o o x i d a t i o n , E s t e r a s e  A c t iv i t y

t im o  c o c A  A /  min 2 5 4  r y u *  | s p o c .  ac t .  esterase

| 0 . 0 8 8 0  ; 271

I  15
0 . 0 5 0 4 155

\ 3 0 0 . 0 5 5 5 HO

43 0 . 0 2 3 G 7 3

SO 0 . 0 2 1 2 6 5I 7 3
0 . 0 1 7 6  I 5 4

s o 0 . 0 1 4 4 4 4

IOS
i

0.01 5 3 4 2  I
OCJ 0 . 0 1 0 4 3 2
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TABLE XVI

Rose Bengal P h o to o x id a t io n , P e p t id a se  A ctiv ity

time i n f  s ec A A yZ min 254m /* .  sp ec .  cct.  peptidase
I
I 0 .0 1 4 6  | 45.0

I
0 . 0 0 3 0  I 24.5

SO 0 .0 0 5 2 16.0

I 45 0 .0 0 4 2 13.0

! 6 0 0 .0 0 3 2  I 3.8

7 5
0 .0 0 3 2

.............. ...... ............... -----
9.8

I 9 0 0 .0 0 3 0 9.0
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TABLE XVII

P h o t o o x i d a t i o n  o f  C a r b o x y p e p t i d a s e - A y  w i t h
C r y s t a l  V io l e t  S e n s i t i z e r

I e nz yme 0 P  I  b u f f e r  I m ,n j i l  Z n z *
spoc. act. 
peptidase

' A 5 I  0 .25  J 0 .2 5
.1 I_____ _____  _______________

— 10 I 67.4

I  B I 5
0 .25  | 0 .25 —— —-  : 10.0

I c I 5
0 .2 5  g 0 .25  ' ' 5 i 10 ! Gl-S

I___________ I I____________

D 5 0 .2 5 0 .25  I  10 J  IO I 65.9

SOSdl£>LU ,3 10 63.3

I F I 5 :l 0 .25
I---------- 5----------------- 3-----------------

0 .25 5 0 10 5 7 3

The in i t ia l  c o n c e n t ra t io n s  o f  r e a g e n t s , d i s s o lv e d  in 0.1 M Tris bu ffer ,  
pH 7 . 0 ,  co n ta in in g  1.0  M N aC l w ere  a s  fo llow s: OP, 2 x  10“ ^ M;
CV, 1.02 m g/m l; Z n C lg , o . l  M . P h o to o x id a tio n  w as  by M ethod  B.



pH D e p en d en ce  of p h o to o x id a tio n  o f  C a rb o x y p e p t id a se -A y in the  

p re s e n c e  of I ,IQ -p h en an th ro lin e  and  m e thy lene  b l u e . Twenty m ic ro li te rs  
of a 2 x  10 ^ M 1 ,1 0 -p h e n an th ro lin e  so lu t io n  in  0.1 M Tris bu ffe r ,  co n ­
ta in in g  1.0  M N a C l , and  2 0 ml of a 0.198 m g/m l solution, of m ethy lene  
b lue  in  the  sam e buffer  w ere  m ixed and  th e  pH a d ju s te d  to  the  fo llow ing 
v a lu e s  a t  0° C . :  8 ..88, 8 .47., 7 . 9 6 ,  7 . 5 5 ,  6 . 9 6 ,  6 . 5 2 ,  5 . 4 9 .  As e ac h  
pH v a lu e  w as  o b ta in e d ,  two I ml a l iq u o ts  w ere  re m o v e d , e a c h  a l iq u o t  
p la c e d  in  a s e p a ra te  t u b e , and  k ep t  a t  0° C . The p a ir  of a l iq u o t s ,  for 
e a c h  in d ic a te d  pH v a l u e , w ere  th en  t r e a te d  in  the  fo llow ing  manner: 
five m ic ro li te rs  of a s o lu t io n  o f  c a rb o x y p ep t id a se -A y  ( 4 . 03  m g/m l) were 
in tro d u ced  in to  e a c h  tu b e .  One tube  w as  k e p t  in the  d a r k , w h ile  the  o the r 
w as  p h o to o x id ized  for te n  m in u te s .  After th is  te n  m inute  p e r io d ,  both 
tu b e s  w ere  t r e a te d  w ith  10 u I of a  10 1 M ZnCl2 s o lu t io n ,  and the  p e p t i ­

d a s e  a c t iv i ty  d e te rm in e d .  .P ho toox idation  w as  a cc o m p lish e d  by fo cus ing  
a 500 w a t t  p ro je c to r  on the  sam ple  from a d i s ta n c e  of 18-20 cm . The 
p e p t id a s e  a c t iv i ty  w as  d e te rm ined  a s  p re v io u s ly  d e s c r ib e d . Table XVIII 

sum m arizes  the  r e s u l t s  of th e s e  d e te rm in a t io n s .

pH D ep en d en ce  of p h o to o x id a tio n  o f  c a rb o x y p e p t id a s e -A y w ith  
Rose Bengal a s  s e n s i t i z e r . Tris b u f f e r , 0.1 M , co n ta in in g  1 .0  M N aCl 

w as  u s e d  to  p roduce  buffers  hav ing  the  pH v a lu e s  a t  0° a s  show n in 
Table XIX. C o n ce n tra te d  HCl w as  added  to  th e  s ta r t in g  so lu t io n  until  
e a c h  pH v a lu e  w as  a t ta in e d .  During th is  p ro c e d u re ,  0 .5  ml o f  e ac h  . 
su c c e e d in g  buffer w as  rem oved and  p la c e d  in a t e s t  tu b e .  Rose Bengal 
(0.1 m g/m l) d i s s o lv e d  in 0.1 M Tris bu ffe r ,  co n ta in in g  1.0 M N a C l , w as 

l ik e w is e  a d ju s te d  to  the  in d ic a te d  pH v a lu e s  a t  0° C . Again a s  e ac h  pH 
v a lu e  w as  a t t a in e d ,  0 .5  ml w as  rem oved and  mixed w ith  i t s  co un terpar t  
a b o v e .  Five m ic ro li te rs  o f  a c a rb o x y p ep t id a se -A y  so lu t io n  ( 3 . 53  mg/ml) 
w as  then  added  in  a d a rk en ed  room to  e a c h  tu b e ,  g iv ing  a f ina l  enzym e 
c o n c e n tra t io n  of 0 . 02  3 m g /m l.  One hundred  m ic ro li te rs  of e a c h  r e s u l t ­
ing enzym e so lu t io n  w as  rem oved and  a s s a y e d  for p e p t id a s e  a c t iv i ty .  
Follow ing th is  in i t ia l  a c t iv i ty  d e te rm in a t io n ,  e a c h  so lu t io n  w as  ex p o sed  

for five  m inu tes  to  a 500 w a t t  l ig h t  s o u rc e ,  a cco rd in g  to  M ethod  A.

-29-
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TABLE XVIII

pH D ep en d e n ce  o f  P h o to o x id a tio n  o f  C a rb o x y p ep t id a se -A y  in 
the  p re s e n c e  o f  I , IO -P h en an th ro l in e  and M e th y len e  Blue

pH
s p e c i f i c  a c t iv i ty  

uncxidizcd
s p e c i f i c  ac t iv i ty  

oxid ized

8 . 8 3 6 7 .4 30.1

0 .4 7 6 5.5 31 .0

7  9 6 6 0 . 5 3 2 .0

7 .5 5 -------  3 8 .8

6 . 9 6 5 0 . 5

6 . 5 2 67.4 5 3 .6

5 . 4 9 — 56.5
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S u b seq u en t to th is  ex p o su re  a n o th e r  one hundred  m ic ro l i te r  a l iq u o t  w as 
re m o v e d , and  the  p e p t id a s e  a c t iv i ty  re d e te r m in e d . The r e s u l t s  of th e s e  
d e te rm in a t io n s  a re  r e p re s e n te d  in Table XIX.

. E ffect o f  p e p t id a s e  s u b s t r a te  on ra te  of p h o to o x id a tio n  w ith  Rose 
B en g a l . In o rder  to d e te rm ine  i f  the  p h o to ch em ica l  d e a c t iv a t io n  of 
c a rb o x y p ep t id a se -A y  w as  the  r e s u l t  o f  an  o x id a tio n  n e a r  or a t  the  a c t iv e  
c e n te r  of the  enzym e , a  s u b s t r a te  p ro te c t io n  exper im en t w as  u n d e r ta k e n . 
All re a g e n ts  u s e d  in the  exper im en t w ere  d i s s o lv e d  in 0.1 M Tris buffer, 
pH 7 .0  a t  0 ° ' C.  , co n ta in in g  1 .0 M N a C l , a t  the  fo llow ing c o n c e n tra ­
t io n s :  c a rb o x y p ep tid a .se -Ay; 0 . 023  m g/m l; Rose B engal, 0 . 0 9 5  m g/m l;

-4h ip p u ry l -L -p h e n y la la n in e , 5 x 1 0  M.  .Photooxidation  w as  done 
acco rd in g  to  M ethod  A. The p e p t id a s e  a c t iv i ty  w as  d e te rm ined  as  
d e sc r ib e d  in  "M e th o d s"  , u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e . 
The p re s e n c e  of p a r t ia l ly  hydro lyzed  s u b s t r a te  d id  no t a f fe c t  the  a s s a y  
r e s u l t s .  Table XX sum m arizes  the  ex p e r im en ta l  co m p o si t io n  and r e s u l t s  

o f  e a c h  d e te rm in a t io n .

S u b s tra te  p ro te c t io n  in  the  Rose Bengal s y s t e m . S u b s tra te
p ro te c t io n  w as  a t tem p ted  by p h o to o x id iz in g  c a rb o x y p ep t id a se -A y  in

-4the  p re s e n c e  o f  5 x  10 M h ip p u ry l -L -p h e n y la la n in e  . The ra te s  of 
d e a c t iv a t io n  in  th e  p re s e n c e  and  a b s e n c e  of s u b s t r a te  w ere  then  
com pared  by p reparing  two ex p er im en ta l  m ix tu r e s . The f in a l  c o n c e n ­

t r a t io n s  o f  r e a g e n ts  in  th e s e  m ix tu res  w ere  a s  fo llows: c a rb o x y p ep tidase  
Ay, 0 . 02  3 m g/m l; Rose B engal, 0 . 09  5 m g/m l; and  h ip p u ry l-L -p h e n y l  
a la n in e  5 x 1 0  ^ M .  All re a g e n ts  w ere  d i s s o lv e d  in 0 . 1 . M Tris buffer, 
pH 7 .0  a t  0° C . , c o n ta in in g  1.0 M N a C l . These  ex p e r im en ta l  m ix tures  

w ere  th en  e x p o se d  to  th re e  c o n se c u t iv e  f ive  m inute in te rv a ls  of l ig h t .  
Between e a c h  in te rv a l  a su i ta b le  a l iq u o t  w as  removed and  the  p e p t id a se  
a c t iv i ty  d e te rm ined  in  the  u s u a l  m anner .  .M ethod A w as  u s e d  to  p h o to -  
o x id iz e  the  e n z y m e . Table XXI sum m arizes  th e  ex p er im en ta l  com posit ion  

and  r e s u l t s  of th e s e  d e te rm in a t io n s .
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TABLE XIX

pH D e p en d en ce  o f  P h o toox ida tion  of C arb o x y p ep t id ase -A y  
w ith  Rose Bengal a s  s e n s i t i z e r

pH cpec.  act. unoxidized sp e c .  act.  ox id ized

9 .0 30 .3 2 .3 7

3.5 3 0 .0 1.89

8.0 30 .3 3.31

7  6 3 0 .8 4 .7 3

, 0 3 0 .8 6.15

6.5 27.9 7 .10

6 .0 3 0 . 8 7 .5 6
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TABLE XX

Effect o f  P e p t id a s e  S u b s tra te  on Rate of 
P ho to o x id a tio n  w ith  Rose Bengal

y *1
enzyme

ml
buff  or

ml
sub.

in I
R B

min
htr

spec. act.  
peptidase

A I  5 0 .5 , -----  0 . 5 3 9 . 0

3  S  5 0.5 -----  0 .5 5 0 3.6

C 5 0.5 0.5 ----- — 45.4

D I 5 0 .5  I  0.5 5 0 645
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TABLE XXI

S u b s tra te  P ro te c t io n ,  Rose Bengal System

yU I | ml ! ml
v enzymo s substrate I RB

mi n 
h r AAymin

I i
0 .5

5 0 . 0 0 5 2

A 6  .

0 .5 IO 0 .0 0 2 2
15 ----

B 5I
— 0.5

5 0 . 0 0 4 0
to 0 . 0 0 2 8
15
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P ro tec tio n  a g a in s t  the  p h o to o x id a tio n  by h ip p u ry l-L -  
p h e n y la la n in e . A 0.1 M h ip p u ry l -L -p h e n y la la n in e  so lu t io n  in  0.1 M 
T r i s , 1 ,0  M N a C l , pH 7 .5  w as  p rep a red  by d is so lv in g  32 7 mg of 
h ip p u ry l -L -p h e n y la la n in e  in enough  of th e  buffer to g ive a to ta l  volume_ O
of 10 m l. O r th o -p h en a n th ro l in e  2 x  10 M and m ethy lene  b lue  (0.199
mg/ml) w ere  d i s s o lv e d  in  0 . 1 M Tris bu ffe r ,  pH 7 . 5 ,  co n ta in in g  1.0 M
N a C l , a s  p re v io u s ly  d e s c r ib e d .  As in  p rev io u s  e x p e r im e n ts ,  th e  ,
r e v e r s a l  of th e  in h ib i t io n  due to  th e  m e ta l  c h e la t in g  a g e n t  w as
a c c o m p lish e d  by the  ad d i t io n  of a sm all  a l iq u o t  o f  0.1 M Z n C lg . The
fina l enzym e c o n c e n tra t io n  in  a l l  ex p e r im en ta l  so lu t io n s  w as  0 . 08
m g /m l.  The a s s a y  w as  a cc o m p lish e d  in  th e  fo llow ing  manner; a
buffered  so lu t io n  w as  p rep a red  a t  th e  sam e c o n ce n tra t io n  a s  th a t
norm ally  u sed  in p rep a rin g  the  s u b s t r a te  so lu t io n ,  bu t the  s u b s t r a te

w as  p u rp o se ly  o m itted .  Thus ,  w hen a 50 m ic ro li te r  a l iq u o t  o f  the
e x p er im en ta l  so lu t io n  c o n ta in in g  a la rg e  e x c e s s  of s u b s t r a te  w as
in tro d u ced  in to  th is  b u ffe r ,  the  f in a l  s u b s t r a te  c o n ce n tra t io n  ob ta ined  

“ 3by d ilu t io n  w as  10 M w hich  is  the  normal c o n ce n tra t io n  u s e d  in a ll  

a s s a y s .  P ho to o x id a tio n  w as  a cc o m p lish e d  by M ethod A. Table  XXII 
sum m arizes  the  ex p e r im en ta l  c o m p o s i t io n  and  the  r e s u l t s  of e ac h  
d e te r m in a t io n .

S u b s tra te  p ro te c t io n  in  the  Rose Bengal s y s t e m . A h ip p u ry l-L -  
p h e n y la lan in e  so lu t io n  in  0 . 03  M Tris b u f f e r , pH 7 . 4 ,  c o n ta in in g  0 .5  
M N aC l buffer ,  w as  p rep a red  a s  fo llow s; 3 4 , 6  mg of h ip p u ry l -L -p h e n y l­
a la n in e  w as  p la c e d  in  a 10 ml vo lu m etr ic  f la s k  and  d ilu te d  to  volum e 

— 3
w ith  a 10 M h ip p u ry l -L -p h e n y la la n in e  so lu t io n  in  0 . 025  M Tris bu ffer ,  
pH 7 . 5 ,  c o n ta in in g  0 .5  M N a C l . Rose Bengal w as  added  to  th is  
so lu t io n  so  th a t  the  f in a l  c o n ce n tra t io n  of dye w as 0 . 0 4  m g /m l.  Ten 
m ic ro li te rs  of a c a rb o x y p e p t id a s e -Ay so lu t io n  th en  w as  d i lu te d  to  1.0 
ml w ith  th is  buffered  sy s te m  and p h o to o x id ized  for v a r io u s  p e r io d s  of 
t i m e . The p e p t id a s e  a c t iv i ty  w as  de te rm in ed  by rem oving a  te n  m ic ro ­
l i t e r  a l iq u o t  and  a s s a y in g  in  th e  normal m anner .  The p h o to o x id a tio n  w as  

done a cco rd in g  to  M ethod  B. The r e s u l t s  a re  sum m arized  in Table XXIII.
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TABLE XXII

P ro tec t io n  a g a in s t  th e  P ho toox ida tion  
by H ip p u ry l-L -P h en y la la n in e

U 1
I *  '

; y - iunzymo
ml
o p

ml I ml 
sub. I

min
hiry __

__ ml
buffer

spec. cet. 
pcpiidcse

2 0
\ . __

0 .3 6 — — — ’■■■ IO 1.64 25 .3

O<M

zrr_T.%'

L

0 . 3 6 — ...— — 1 .64 2 .5

C 2 0 0 . 3 6 ■----- 1.0 3 0 — 0 . 6 4 4.1

D  I 2 0 0 . 3 6  I ----- 1.0 3 0 10 0 . 6 4 7 .7

; E 2 0  $ 0 .36 0 .6 4 1 .0 — IO 2 2 . S

T] O 0 .3 S 0 . 6 4 1.0 3 0 iO 16.9

The in i t i a l  c o n c e n t ra t io n s  o f  r e a g e n ts  d i s s o lv e d  in  0.1 M Tris bu ffe r ,  pH 
7 . 0 ,  co n ta in in g  1 .0  M N aC l w ere: OP 2 x  10 M; s u b s t r a t e , 0.01 M; 
0.199 m g/m l; ZnCl2 , 0.1 M .

I
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TABLE XXIII

S u b s tra te  P ro tec t io n  Rose Bengal System

ysl enzyme
_ sub buffer I mi n hxr trio buffer

cpoe. eet .  I 
peptidase

1.0 68a

1.0 80.5

1.0 23 .6

I
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P ho to o x id a tio n  in  th e  p re s e n c e  of g -p h e n y lp ro p io n a te . In to  a sm all 
p l a s t i c  cup w as  p la c e d  950 ^l of a 0 .1  M Tris b u f f e r , pH 7 . 0 ,  co n ta in in g  
1.0  M N aC l and  0 . 03  m g/m l of Rose B engal. Fifty  m ic ro li te rs  of a 0.1 M

_ o
Tris b u f f e r , pH 7 . 0 ,  co n ta in in g  2 x  10 M g-pheny lp rop iona te  and  1.0 M 
N aC l w as  m ixed w ith  the  Rose .Bengal bu ffer .  A con tro l bu ffer  so lu tio n  
co n ta in in g  no jB -phenylpropionate  w as  p rep a red  a s  a b o v e . To e a c h  so lu t io n  
10 [il of a c a rb o x y p e p t id a se -A y  so lu t io n  (8.1 mg/ml) w as  a d d ed  in  the  d a r k . 
Each so lu t io n  w as  a s s a y e d  for e s t e r a s e  a c t iv i ty - in  th e  u s u a l  m anner and 

th en  e x p o se d  for v a r io u s  p e rio d s  of tim e to  a 500 w a tt  l ig h t  s o u rc e .  The 
enzym e w as  p h o to o x id ized  a cco rd in g  to  M ethod  B. T ab les  XXIV and XXV 
sum m arize  th e - r e s u l t s  of tw o s e p a ra te  d e te rm in a t io n s .

G ly c y l ty ro s in e  p r o te c t io n . G ly c y l-L .- ty ro s in e , 6 .3  mg, w as 
d i s s o lv e d  in  0 .1  M Tris b u f f e r , -pH 7 . 5 ,  c o n ta in in g  1.0  M N a C l . The 
f ina l  c o n c e n tra t io n  of g ly c y l -L - ty ro s in e  w as  0. 001 M ; N ine hundred 
e ig h ty  m ic ro li te rs  of th is  buffered  s o lu t io n  w as  th en  added  to  a sm all 
p l a s t i c  cup and  10 yl of a Rose Bengal w a te r  so lu t io n  (300 mg/100 ml) 

w as  a d d e d .  Ten m ic ro l i te rs  of a c a rb o x y p ep t id a se -A y  so lu t io n  (8.1 mg/ml) 
w as  a d d e d ,  and  th e  r e s u l t in g  so lu t io n  k ep t  in  the  d a r k . The p e p t id a se  - 
a c t iv i ty  w as  d e te rm ined  and  th e n  the  s o lu t io n  w as  ex p o se d  to  l ig h t  for 

v a r io u s  p e r io d s  of t im e . The l ig h t  so u rc e  w as  th a t  d e sc r ib e d  in  M ethod 
B-. The p e p t id a s e  a c t iv i ty  w as  m easu red  a s  d e sc r ib e d  in  "M e th o d s"  , 
u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e .  Table XXVI sum m arizes  

the  r e s u l t s  of th e s e  d e te rm in a t io n s  .

A ggregation  s u b s e g u e n t  to  p h o to o x id a tio n  of c a rb o x y p e p t id a s e -A y .
A s p e c ia l  colum n w as  p rep a red  in  an  a t te m p t  to  remove the  s e n s i t i z in g  
dye and a l s o  to  de te rm ine  I f  any  confo rm ationa l change  occu rred  s u b s e ­

qu en t  to  p h o to o x id a tio n  of c a rb o x y p ep tid ase -A y . The colum n w as  
p rep a red  a s  fo llow s: a 5 mm x  40 cm colum n w as  p ack ed  w ith  2 7 cm of 
Seph'adex G - 7 5 ,  w h ich  had  b een  s lu rr ie d  in  0 . 1 M Tris b u ffe r ,  pH 7 . 5 ,  

co n ta in in g  1 .0  M N a C l . This r e s in  th en  w as  c ap p ed  w ith  a .3.5 cm 

s e c t io n  o f  TEAE c e l lu lo s e  r e s in  a l s o  s u sp e n d e d  in 0.1 M Tris bu ffer .
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TABLE XXIV

P h o to o x id a tio n  in  th e  p re s e n c e  o f  p -P heny lp rop ionate

?----------------------------------------r----------------------------------------
min h r  . p r o j e c t e d contro l

I 9 4 1  ,S 9 9 4  |I 5 -  -
15 7 0  jj 7 5 5  |

10
a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 0 0  S 6 5 0

2 0  9 3 0   ̂ 3 0 2

I_ _ _ _ ! ! _ _ _ _ 8 2 3 '  I 5 2 6
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TABLE XXV

P ho to o x id a tio n  in  th e  p re s e n c e  
o f  g -P h en y lp ro p io n a te

min hv* s p e c .  a c t .  estcraso

0 I ISO

0  1 5 1 5

I  0 I 4 7 0

I 1 3 4 0

I 1 3 0 0

I 5 0  I 5 6 8
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TABLE XXVI

G ly c y l ty ro s in e  P ro tec tion

min h v
I

s p e c .  GCf. poptidcco

8 4 . 8 , 8 4 . 4
--------- ------ ------------------------------

2 0 7 4 . 0

3 0 67.4

130
I

5 4 .6
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The en t i re  colum n w as  ja c k e te d  w ith  c i r c u la t in g  w a te r  a t  0°  c .  The e lu t io n  
of p ro te in  w as  fo llow ed  by em ploy ing  th e  flow  c e l l  o f  th e  G ilford s p e c t r o ­
p h o tom ete r  w h ich  w as  s e t  to  m easu re  th e  a b so rb a n c e  a t  2 78 m|_u The 
e lu t io n  p a t te rn s  o f  o x id iz e d  and  u n o x id ized  c a rb o x y p e p t i d a s e -Ay are  show n 
in  F igures  I ,  2 ,  and  3 r e s p e c t iv e ly .

C hrom atography ''o f o x id iz e d  and  u n o x id ized  c a rb o x y p e p t ld a se  on 
TEAE c e l l u l o s e . A colum n (31 x  O 0 5 cm) w as  p a ck e d  w ith  a s lu rry  of TEAE 
c e l lu lo s e  in  0 ..I M Tris bu ffer ,  pH 7 . 5 ,  .con ta in ing  1.0  M N aC L  Fifty 
m ic ro li te rs  of a c a rb o x y p e p t id a s e -Ay so lu t io n  (9.21 m g/m l) w as  d ilu ted  
w ith  200 |j.l o f e i th e r  0..1 M Tris b u ffe r ,  pH 7 . 5 ,  c o n ta in in g  I .  0 M N a C l , 
or 0.1 M Tris bu ffer ,  pH 7 . 5 ,  c o n ta in in g  L O M  N aC l and  0 . 049  m g/m l of 
Rose B engal. .The cu rv es  of F igures  4 , 5 , 6, and 7 show  th e  e lu t io n  
p a t te rn s  and  a c t iv i ty  p ro f i le s  of o x id iz e d  and  u n o x id ized  e n z y m e .

C hrom atography  of p h o to o x id ized  c a r b o x y p e p t ld a s e -A y on Sephadex  
G -75  c o lu m n . A S ep h ad ex  G - 75 colum n (I cm x  25 cm) w as  p rep a red  w ith  

0.1 M T r i s , .1.0 M N a C l ,  pH 7 .5  b u f f e r . The column w as  ja c k e te d  so  th a t  
i t  cou ld  be co o led  to  n e a r  0°  C . w hen  u s e d  in  a normal tem p era tu re  ro o m . 
The flow  ra te  w as  c o n tro lled  by pumping th e  buffer and w as  de term ined  
before  and  a f te r  e a c h  run on th e  co lum n. Sam ples w ere  p rep a red  in  the  

fo llow ing  manner: 50 |j.l of a ca rb o x y p e p t id a s e ^Ay so lu t io n  (9.21 mg/ml) 
w ere  d i lu te d  w ith  200 ja l of 0.1 M Tris buffer co n ta in in g  0 . 049  m g/m l Rose 
B engal, pH 7 . 5 .  The sam p les  w ere  th e n  a s s a y e d  for p e p t id a s e  a c t iv i ty ,  
p h o to o x id iz e d ,  r e a s s a y e d ,  and  p la c e d  on th e  co lum n. The r e s u l t s  of 

t h e s e  d e te rm in a t io n s  a re  show n in  the  e lu t io n  p a t te rn s  of F igures  8 , 9 ,  

and  10.

b een  show n to  a c t iv a te  c a rb o x y p e p t id a s e -A y , re s u l t in g  in  a tw ofold

ing  e n z y m e . The in a c t iv a t io n  of the  enzym e w ith  th e  m e ta l  c h e la to r  
1 ,1 0 -p h en an th ro lin e  h a s  b een  d e m o n s t r a t e d . This in a c t iv a t io n  is  a lm o s t  

co m p le te ly  re v e r s ib le  upon the  a d d i t io n  of m eta l i o n . G e n e ra l ly  the

in c r e a s e  in  p e p t id a s e  a c t i v i ty ,  a s  com pared  to  the  n a t iv e  Zn2+ c o n ta in -
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0 .0 0 0
8.0

ml c l u o n t
F ig u r e  I .  S e p h a d e x  G - 7 5  c h r o m a t o g r a p h y  o f  c a r b o x y p e p t i d a s e - A  Y
p h o t o o x i d i z e d  t w e n t y  m i n u t e s .
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0.E75

0 .0 2 5

m! o l u o n t

F ig u r e  2 .  S e p h a d e x  G - 7 5  c h r o m a t o g r a p h y  o f  c a r b o x y p e p t i d a s e - A y
p h o t o o x i d i z e d  s i x t y  m i n u t e s .
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ml e l u o n v
F ig u re  3 .  S e p h a d e x  G - 7 5  c h r o m a t o g r a p h y  o f  c a r b o x y p e p t i d a s e - A y
u n o x i d i z e d .
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Figure  4 . C hrom atography  o f u n o x id iz e d  c a rb o x y p e p t id a s e -A y on 
TEAE c e l l u lo s e .
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Figure 5. C hrom atography  of o x id iz e d  c a rb o x y p e p t id a s e  on  TEAE 
c e l l u l o s e ,  p h o to o x id iz e d  tw e n ty  m in u te s .
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Figure 6. C hrom atography  of o x id iz e d  c a rb o x y p ep t id a s  e on TEAE 
c e l lu lo s e  . P h o to o x id ized  th i r ty  m inu tes  . (o-o) in d ic a te s  a c t iv i ty
p ro f ile  o f  p e a k s .
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Figure 7. 
c e l lu lo s e

0.00

ml Q E u o nt

C hrom atography  of u n o x id iz e d  c a rb o x y p e p t id a s e -A y o n  TEAE 
(o-o) in d ic a te s  a c t iv i ty  p ro f ile  o f  p e a k s .
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F igure 8. C hrom atography  of n a t iv e  c a rb o x y p e p t id a se -A y  on S ephadex  
G -75  co lum n.



- 5 1 -

*2.7 3i
ml Q l u o n t

Figure 9 . C hrom atography  of c a rb o x y p e p t id a s e -A y o n  S ephadex  
G -75  co lum n . P h o to o x id ized  for s e v e n ty  m inu tes  be fo re  
c h ro m a to g ra p h y .
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26.7
m l  o i U Q R t

Figure 10. C hrom atography  of c a rb o x y p e p t id a se -A y  on S ep h ad ex  G -75  
co lum n . P h o to o x id ized  for one hundred  tw en ty  m inu tes  be fo re  being  
p la c e d  on co lum n.
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r e a c t iv a t io n  h a s  b een  ca r r ied  ou t w ith  th e  a d d i t io n  of s u f f ic ie n t  Zn2+ in 
0.1 M T r i s , I „.0 M N a C l , pH 7 . 0 ,  to th e  in a c t iv e  s y s te m .  In th is  s e r ie s  
o f  e x p e r im e n t s , C o2+ in  0.1 M T r i s , 1 .0  M N a C l , pH 7 .0  w as  u se d  to 
r e a c t iv a te  the  sy s te m  su b se q u e n t  to p h o to o x id a t io n .  As in  p rev ious  
e x p e r im e n ts ,  m e thy lene  b lue  and  I ,.10-phenanthro line  w ere  u s e d  in fina l  
c o n c e n tra t io n s  of 0 . 002  m g /m l and  5 x  IO-4  M r e s p e c t iv e ly .  The t e c h ­
n ique  u s e d  in  th e  p h o to o x id a tio n  w as  th a t  o f  M ethod A. A ll-reac tions  
w ere  c a r r ie d  ou t a t  0° C . P e p t id a s e  a c t iv i ty  w as  de te rm in ed  a s  d e sc r ib e d  
in  " M e th o d s " ,  u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e . Table XKVII 
sum m arizes  th e  ex p e r im en ta l  co m p o s i t io n  and  r e s u l t s  o f  e a c h  d e te rm in a t io n .

P rep a ra t io n  of c o b a l t - c a rb o x y p e p t id a s e -Ay b y  d i a l y s i s . A
s o lu t io n  of c a rb o x y p ep t id a se -A y  ( 3 . 50  m g/m l) d i s s o lv e d  in  0 . 05  M T r i s ,
0 . 0 5  M ,sodium a c e t a t e ,  1 .0  M N a C l , pH 7 . 95  a t  S0 C . w as  p la ce d  in  a
d ia ly s i s  bag  w h ich  had  b een  p re v io u s ly  t r e a te d  w ith  ho t w a te r ,  so ak ed

in  d e io n iz e d  w a te r  and  in  0 . 0 5  M T r i s , 0 . 0 5  M sodium  a c e t a t e ,  1 .0  M
—2N a C l , pH 8 .0  buffer co n ta in in g  10 M C o C l9 . D ia ly s i s  w a s  con tinued

2+ ^in  th is  bu ffer  for 48 h o u r s , a f te r  w h ich  Co ■ free buffer w as  s u b s t i tu te d .  

Follow ing s e v e n  hours  in  th e  m e ta l  free  b u f f e r , a s ec o n d  ch an g e  of m eta l 
free  buffer w as  in tro d u ced  and d ia ly s i s  co n tin u ed  an  a d d i t io n a l  24 h o u r s .
At th is  p o in t th e  p ro te in  c o n c e n tra t io n  w as  de te rm ined  by m easu rin g  the  
o p t ic a l  d e n s i ty  a t  2 78 mp.. A ssum ing th e  sam e a b so rp t iv i ty  a s  the  n a tiv e  
z in c  en zy m e , the  c o n c e n tra t io n  w as  2 . 7 6  m g /m l.  A 5 pi a l iq u o t  of th is  
p re p a ra t io n  w as  th e n  d i lu te d  to  1 .0  ml and  a 50 pi po rtion  a s s a y e d  for 
p e p t id a s e  a c t iv i ty  in  th e  u s u a l  m anner .  The s p e c i f ic  a c t iv i ty  w as d e ­
te rm ined  to  be 9 9 . 4  u n i t s /m g  a s  com pared  to  the  69 . 5  u n i t s /m g  of the  

n a t iv e  e n z y m e , or a  1.43 fold  in c r e a s e  in  p e p t id a se  a c t i v i ty .

P h o to o x id a tio n  of c o b a l t - c a rb o x y p e p t id a s e -A y and  n a t iv e  
c a rb o x y p e p t id a s e -A y in  sam e buffer s y s t e m . C o b q l t -c a rb o x y p e p t id a se -A y  
w as  p rep a red  by  d ia ly s i s  a g a in s t  0.1 M T r i s , 1.0 M N a C l , buffer c o n ta in -

O
ing-10 M CoCl^ for 48 hours  . The a c t iv i ty  of the  c o b a l t - c a rb o x y p e p t i -  
d a se -A y  w as  d e te rm in ed  and  found to  be 1.5  t im es  th a t  of the  na tiv e
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TABLE XXVII

Co A c tiv a t io n  o f  P h o to o x id ized  C a rb o x y p ep t id a se -A y

I
enzyme

ml
buf f er

ml
OP

ml jj min 
M B I Snrr

yul spec. cot.
Co ! peptidase

I |
A 5 | 1.0

i I
— ■ —— 61.3

B \\ 5 I 0.75
!! I

0 .25
I

— 4 .0

I 0 I  5
0.75 0.25 — — 5 ----- 4 7 9

0  5
0 .75 0 .25 — — IO 105.5

E I 6 0.25 0 .25 0.5 I 3 0
________ I

5 — 2 7 .9

r I  6 0 .25 0 .25 0.5 3 0 — IO 53 .8

The re a g e n ts  w ere  d i s s o lv e d  in  0.1 M Tris bu ffe r ,  pH 7 . 0 ,  c o n ta in in g  1 .0  M 
H a Q  a t  in i t ia l  c o n c e n tra t io n s  of: OP, 2 x IO-3  M; MB, 0 . 0 0 4  m g/m l; ZnCL1, 
0 .1  M; C o C l2 0.1 M . ^
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en zy m e . This c o b a l t  enzym e p re p a ra t io n  w as  no t freed  of a d v en t i t io u s  
m eta l  i o n s . P h o toox ida tion  of th e  c o b a l t - c a rb o x y p e p t id a s e -A y  w as  a s  
fo llow s: 10 ij.I o f th e  c o b a l t  and  c a rb o x y p ep t id a se -A y  (4. 03 '  mg/ml) w as 
d i lu te d  w ith  1.0 ml o f  0 .1  M T r i s , 1.0 M N a C l , pH 7 .5  buffer a t  4° C .
Fifty  m ic ro li te rs  o f  a m e thy lene  b lue  w a te r  so lu t io n  (app rox im ate ly  3 .0  
m g/m l) w as  ad d ed  to the  enzym e s o lu t io n .  The m ixture w as  d iv id e d ,  and  
one h a l f  s to red  in  t h e  d a r k , w h ile  the  sec o n d  h a lf  w as  e x p o se d  to  th ir ty  
m inu tes  of l ig h t .  The p h o to o x id a tio n  w as  done u s in g  M ethod  A. P e p t i ­
d a s e  a c t iv i ty  w as  d e te rm ined  a s  d e sc r ib e d  in "M eth o d s"  , u s in g  

h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e .  The re s u l t s  of th is  de te rm in a tio n  
a re  sum m arized  in  Table XXVIIl,' pa r t  A. Part B of Table XXVIII sum m arizes  
the  r e s u l t s  of an  id e n t ic a l  t re a tm e n t  of a n a t iv e  c a rb o x y p e p t id a se  so lu t io n .

P rep a ra t io n  and  p h o to o x id a tio n  of n ic k e l - c a r b o x y p e p t id a s e - A , A 
1.5 ml a l iq u o t  of a c a rb o x y p ep t id a se -A y  s o lu t io n  ( 2 . 67  mg/ml) in  0 . 1 M 
T r i s , 1 .0  M N a C l , pH 7 .5  buffer w as  p la c e d  in  a p re t re a te d  d ia ly s i s  
b a g .  The d ia ly s i s  bag  th e n  w as  im m ersed  in one hundred ml of 0.1 M 

T r i s , 1.0 M N a C l , 10  ̂ M NiClg , pH 7 . 53  buffer and d ia ly s i s  con tinued  
24 h o u r s . P h o to o x id a tio n  s tu d ie s  on th i s  so lu t io n  w ere  a s  fo llow s: 50 
pal of the  n ic k e l - c a rb o x y p e p t id a s e -A y so lu tio n  were d i lu te d  w ith  I ml of 
0.1 M Tri s , 1 .0  M N a C l , buffer and  50 pl of a m ethy lene  b lu e -w a te r  

so lu t io n  (ap p ro x im a te ly  4 .0  mg/ml) w as  a d d e d .  The so lu t io n  w as 
d iv id e d ,  and  one h a l f  e x p o se d  to  30 m inu tes  of l ig h t .  The sec o n d  ha lf  
w as  s to re d  in  th e  dark  for a s im ila r  len g th  of t im e . The pho to o x id a tio n  
w as  by M ethod  A. P e p t id a s e  a c t iv i ty  w as  de te rm ined  a s  d e sc r ib e d  in 

" M e th o d s " ,  u s in g  h ip p u ry l -L -p h e n y la la n in e  a s  s u b s t r a t e . The r e s u l t s  
of th is  p h o to o x id a tio n  a re  sum m arized  in  Table  XXIX p a r ts  A and  B.

P a rts  C and  D of Table XXIX sum m arize  the  d a ta  c o l le c te d  w hen  n ic k e l -  
c a rb o x y p ep t id a se -A y  is  p h o to o x id ized  u n d e r  id e n t ic a l  c o n d i t io n s ,  but 
w ith  th e  s e n s i t i z e r  Rose B en g a l .

C opper C a rb o x y p e p t id a se -A y. C o p p er-ca rb o x y p ep tid a se -A y  

w as  p rep a red  by d ia ly s i s  of n a t iv e  z in c  c a rb o x y p ep t id a se -A y  ( 2 . 67  mg/ml)
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TABLE XXVIII

P h o to o x id a tio n  o f C o b a lt-C a rb o x y p e p tid a se -A y  and 
N a tiv e  C a rb o x y p e p tid a se -A y in  sam e bu ffer sy s te m

p a r t  I ha l f  | min hiT A A y /  min 2 5 4 m/u.

A 1 I 0 . 0 2 1 4  ;

A I

0 . 0 3 3 4
j--

B
I J 3 0 0 .0 2 0 2

2 ------ 0 .0 2 5 6
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TABLE XXDC

P rep a ra tio n  and  P h o to o x id a tio n  o f N ic k e l-C a rb o x y p e p tid a se

p o r t h c l f min fnr' | mfn 2 5 4 m,u.

0.01 G4

B ..J
2 ------ 0 .0210

I I I

C l  I 3 0  ) 0 . 0 0 3 3
___  . >  I_______________________?

D I 2  j  -------- I  0 .0 2 0 0
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in  0.1 M T r is , 1.0  M N a C l, pH 7 .5  bu ffer a g a in s t  100 ml o f th e  sam e
_o

b u ffe r , c o n ta in in g  10 M CoClg , for 24 h o u rs , and w as fo llow ed  by tw o 
c h an g e s  o f m eta l free b u ffe r.

F ifty  m ic ro lite rs  of th e  c o p p e r-c a rb o x y p e p tid a se  w ere  rem oved 
from th e  d ia ly s is  bag  and  d ilu te d  to  1 .0  ml w ith  Tris. bu ffer pH 7 . 5 .  The 
s p e c if ic  p e p tid a se  a c t iv i ty  of th is  so lu tio n  w as 6 . 2 .  W hen th is  so lu tio n

__ O
w as fu rth e r d ilu te d  w ith  one ml o f Tris b u ffe r, pH 7 . 5 ,  c o n ta in in g  2 x  10 

M 1 , 1 0 -p h en an th ro lin e  and  20 p,l o f 10 -M ZnClg so lu tio n  a d d e d , the  
s p e c if ic  a c t iv i ty  in c re a s e d  to  61.0 u n i ts /m g . This p ro ced u re  w as th en  
u se d  in  a s s a y in g  the  c o p p e r-c a rb o x y p e p tid a se -A y  s u b se q u e n t to  p h o to ­
o x id a tio n  or o th e r c h em ica l m o d if ica tio n s  .

P h o to o x id a tio n  o f c o p p e r^ ca rb o x y p e p tid a se -A y  w as done as  
fo llow s: 50 [ il o f co p p er carb o x y p e p t id a s e -Ay p rep ared  by d ia ly s is  w as 
d ilu te d  to  1 .0  ml w ith  0-..1 M T r is , .1.0 M N a C l, pH 7 .5  b u ffe r. .Fifty 
m ic ro lite rs  of a Rose B en g a l/w a te r  s o lu tio n , (ap p ro x im a te ly  3 m g/m l) 

w as ad d ed  to  th e  d ilu te d  enzym e so lu tio n  and  the  sam ple  d iv id e d . One 
h a lf  w as e x p o se d  to  30 m inu tes of l ig h t ,  and  th e  o th e r s to re d  in  th e  d a rk . 
M ethod  A w as u s e d  to  photooxid iz.e  th e  e n z y m e . The a s s a y  for p e p tid a se  
a c t iv i ty  w as done a s  d e sc r ib e d  a b o v e , u s in g  h ip p u ry l-L -p h e n y la la n in e  a s  

su b stra te -. The d a ta  in  T able XXX-A sum m arize th e  -resu lts  o f th is  e x p e r i­
m en t. The d a ta  in  T ab le  XXX-B sum m arize th e  r e s u l ts  of a re p e a t of th e  

above  e x p e rim en t.

2+ 2+. E ffect o f Rose B engal on th e  ex ch an g e  of Cu and  Zn ions in  
c a rb o x y p e p tid a se -A y. F ifty  m ic ro lite rs  o f c o p p e r-c a rb o x y p e p tid a se -A y  
w hich  had  b.een p rep a red  by d ia ly s is  w as d ilu te d  to  a c o n c e n tra tio n  of

0 .134 m g/m l w ith  0 .1 M Tris , I . 0 M N a C l, pH 7 .5  b u ffe r. A w ater 
so lu tio n  o f Rose B engal (3 m g/m l) w as p re p a re d . A liquo ts o f th is  Rose 
B engal so lu tio n  w ere ad d ed  to  s e v e ra l  o f th e  enzym e s o lu t io n s ,  and the  
a b il i ty  o f Zn^+ io n s  to  r e a c t iv a te  th e  enzym e w as d e te rm in e d . R ea c ti-_ g
v a tio n  w as a cc o m p lish e d  by ad d in g -1 .0  ml o f a 2 x  10 M 1, 1 0 -p h en an th ro ­

lin e  so lu tio n  in  0 .1  M T r is , .1.0 M N a C l, pH 7 .5  b u ffe r, fo llow ed  by



TABLE XXX-A
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C opper C arb o x y p ep tid ase-A Y

L enzyme
ml

b u f f e r
min OPiZnaddod spec.  act. 

peptidaso

I 5 0 RA 1.0 3 0 VOG 15.2
- yoo 2 8 .4

5 0 — 1.0 — y o s 61.0

5 0
-

1.0 — no 6 .2

TABLE XXX-B

>*J  I
enzymo 2 R S

ml
b u f f o r OP1Zn added

- -  - . ....................... -  . . __________________  . -  -  .

spoc. act. I 
pcptidcso I

5 0 5 0 1.0 3 0  I yos I  14.9
—  I y o s  j 22.4

5 0 — b I O 4 .36
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2 0 |_il o f a 0 . 1 M ZnClg so lu tio n  in  Tris b u ffe r. P e p tid a se  a c t iv i ty  w as 
de te rm in ed  a s  d e sc r ib e d  in  "M eth o d s"  , u s in g  h ip p u ry l-L -p h e n y la la n in e  
a s  s u b s t r a te . T able XXXI sum m arizes th e  r e s u l ts  o f th e s e  d e te rm in a tio n s ,

■ S ep h ad ex  G -75  ch rom atog raphy  o f c a rb o x y p ep tid a se -A y  in  the  
p re se n c e  o f 10 M C u^+ i o n s , Tris b u ffe r , 0 ..I M , pH 7 . 0 ,  co n ta in in g

__ O O ,
1 .0  M N a C l, and  10 M Cu io n s ,  w as p re p a re d . 3 .9  mg of Rose
B engal w as ad d ed  to  th is  b u ffe r, and  th e  p h o to la b ility  o f c a rb o x y p ep ti­
d a se -A y  in  th is  b u ffer d e te rm in e d . The lo s s  of p e p tid a se  a c t iv i ty  and 
e s te r a s e  a c t iv i ty  a s  a r e s u l t  o f p h o to o x id a tio n  in  th is  b u ffer is  show n 
in  T able XXXII. This d a ta  w as o b ta in e d  w hen 10 pi o f a c a rb o x y p e p ti­
d a se -A y  so lu tio n  (9.21 m g/m l) w as d ilu te d  w ith  500 pi o f th e  C u^+ ion 
c o n ta in in g  b u ffe r. P h o to o x id a tio n  w as done a s  d e sc r ib e d  in  "M ethods" . 
The S ep h ad ex  G -75 ch rom atog raphy  w as a cc o m p lish e d  in  a I x  64 cm 

colum n a t  0° c . One hundred  m ic ro lite rs  o f a c a rb o x y p ep tid a se -A y  
so lu tio n  (9.2.1 m g/m l) w as d ilu te d  w ith  500 pi of th e  Rose Bengal 
c o n ta in in g  b u ffe r above and  p la c e d  on th e  co lum n. The enzym e w as 
th e n  e lu te d  from th e  colum n w ith  0.1 M Tris b u ffe r, pH 7 . 0 ,  .con tain ing

1 .0  M N a C l. The e lu tio n  p a tte rn  of o x id iz e d  and u n o x id ized  ca rb o x y ­
p e p tid a se -A y  in  th is  b u ffer sy s te m  a re  show n in  F igu res 11 and  12 .

P h o to o x id a tio n  o f c o b a lt -c a rb o x y p e p tid a s e -A y. C o b a lt-  

c a rb o x y p ep tid a se -A y  p rep a red  by d ia ly s is  in  0 . 05  M Tris b u f f e r , pH 
8 . 0 ,  c o n ta in in g  0 . 05  M sodium  a c e ta te  an d -1 .0  M N a C l, w as p h o to - 
o x id iz e d  w ith  m eth y len e  b lu e  s e n s i t i z e r .  .Five m ic ro lite rs  of th e  c o b a lt 

enzym e w ere  d ilu te d  to  I .  O1 ml w ith  0 .5  ml of 0 ..05 M Tris b u ffe r, pH 
7 . 9 5 ,  . 0. 05 M sodium  a c e ta te  and  1 .0  M N a C l, and 0-. 5 ml o f 0.1 M 
T r is , b u ffe r , pH 7 . 5 ,  c o n ta in in g  1 .0 M N a C l, and 0 .198 m g/m l of 
m eth y len e  b lu e . The re s u lt in g  so lu tio n  w as th en  d iv id e d , and  one h a lf  

k e p t in  th e  dark  fo r-th irty  m in u te s , w h ile  th e  o th e r h a lf  w as ex p o sed  to  
th ir ty  m inu tes o f l i g h t . P h o to o x id a tio n  w as a cc o m p lish e d  by M ethod A.



E ffect o f R ose B engal on th e  E xchange o f C u^+ and  
Zn^+ ion  in  C a rb o x y p ep tid ase -A y
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TABLE XXXI

yul CuCPD
'-----------------------------

sn O ml b u f f e r sp ec ,  peptidase

I 5 0 0 1.0 7 2 .3

5 0 5 1.0 S 0.5

I SG
! 0 1 0

59.3

I 5 0 2 0 1.0 4 9 2

SO 7 5 0 1.0 26.1

5 0 100 1.0 29.3

5 0 _ 1.0 14.3*"*

A ssay  w as perform ed w ith o u t th e  a d d itio n  o f bu ffer c o n ta in in g  OP and 20 pi 
o f Zn2+ b u ffe r.
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TABLE XXXII

P h o to o x id a tio n  o f C arb o x y p ep tid a se -A y  in  the  
P re se n c e  o f IO-  ̂ M Cu^+ io n s

min h v epee.  act .  peptidase epoe.  a c t .  osfcraeo

5 3 . 9
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Figure 11. S ep h ad ex  G -75  ch rom atog raphy  o f c a rb o x y p e p tid a se -A y  in  
th e  p re s e n c e  o f IO"3 M C u2+ i o n s , p h o to o x id iz e d  for s ix  h o u rs .
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0.00

ml Qi uont

F igure 12. S ep h ad ex  G -75  ch ro m atog raphy  o f c a rb o x y p e p tid a se -A y  in  th e  
p re s e n c e  o f 10- 3 m  C u2+ io n s .

i
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The p e p tid a se  a c t iv i ty  w as de te rm in ed  a s  d e sc r ib e d  in  "M e th o d s" , u s in g  
h ip p u ry l-L -p h e h y la la n in e  a s  s u b s t r a te .  The r e s u l ts  of th e s e  d e te rm i­
n a tio n s  a re  g iv en  in  Table XXXIII.

P h o to o x id a tio n  o f c a rb o x y p e p tid a se -A y in  0 . 05  M sodium  a c e t a t e ,
0 . 0 5  M Tris , 1.0  M N aC l b u ffe r . B ecau se  o f th e  ra th e r  la rg e  d e c re a se  
in  a c t iv i ty  of th e  c o b a lt -c a rb o x y p e p tid a s e  w hen p h o to o x id ized  in  0 . 05  M 

sodium  a c e ta te ,  0 . 05  M T r is , 1 .0  M N a C l, and  0.1 M T r is , 1 .0  M N a C l, 
0.199 m g/m l m eth y len e  b lu e , pH 7 .5  b u ffe r m ix tu re , i t  w as fe l t  th a t  the  
d e c re a s e  in  th e  a c t iv i ty  of th e  n a tiv e  c a rb o x y p ep tid a se  in  th is  bu ffer 
sy s te m  sh o u ld  be d e te rm in ed  for c o m p ariso n . T hu s, 5 jjl o f a carb o x y ­

p e p tid a se -A y  s o lu t io n , 4 . 03  m g /m l, w as d ilu te d  w ith  0 .5  ml o f e a c h  of 
th e  ab ove  d e sc r ib e d  b u f f e r s , and  th e  sam p le  d iv id e d . One h a lf  w as s to re d  
in  the  dark  a t  0° C . , w h ile  th e  o th e r h a lf  w as ex p o sed  to  30 m inu tes of 

l ig h t .  The l ig h t so u rce  and  a s s a y  c o n d itio n s .w e re  a s  p re v io u s ly  d e ­
sc r ib e d  in  M ethod A. The r e s u l ts  a re  sum m arized  in  T able XXXIV-A.

In a s im ila r  fash ion ., 10 |j.l of c a rb o x y p e p tid a se  w as d ilu te d  w ith  
0 .5  ml o f th e -m e th y len e  b lue  b u ffe r, a s  d e sc r ib e d  a b o v e , and  0 .5  ml of 

0 .1  M T r is , I . )  M N a C l, pH 7 .5  a t 0° C . b u f fe r . This so lu tio n  lik e w ise  
w as d iv id e d , and  one h a lf  o x id iz e d  30 m in u te s . The r e s u l ts  o f th is  
d e te rm in a tio n  a re  show n in  T able XXXIV-B.

P h o to o x id a tio n  o f c a rb o x y p e p tid a se  in  a c e ta te  ion  b u ffe r . Ten 
m ic ro li te r s  o f a c a rb o x y p ep tid a se -A y  so lu tio n  ( 4 . 03 m g/m l) w as d ilu te d  
to  1 .0  ml by th e  a d d itio n  o f 0 .5  ml o f 0 . 05  M Tris b u f f e r , pH 7 . 9 5 ,  c o n ­
ta in in g  1 .0  M N aC l and  0 . 0 5  M sodium  a c e ta te ,  and 0 .5  ml o f 0.1 M 

Tris b u ffe r , pH 7 .0  a t  0° C . , c o n ta in in g  1 .0  M N aC l and  0 .2  m g/m l 
m eth y len e  b lu e . The m ix ture  th en  w as d iv id e d , and one h a lf  ex p o sed  to  
30 m in u tes  o f l ig h t ,  w h ile  th e  seco n d  h a lf  w as s to red  in  th e  d a rk . 
P h o to o x id a tio n  w as done a cc o rd in g  to  M ethod  A. P e p tid a se  a c t iv i ty  w as 

d e te rm in ed  a s  d e sc r ib e d  in  " M e th o d s" , u s in g  h ip p u ry l-L -p h e n y la la n in e  
a s  s u b s tr a te .  The r e s u l ts  o f th is  ex p erim en t are. sum m arized  in  Table

XXXV.
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TABLE XXXIII

P h o to o x id a tio n  o f C o b a lt-C a rb o x y p e p tid a se -A y

ho|? ml n hxr s p e c .  a c t .  pcptfdcco

I C4.C

2 3 0 4 1 . 2

I
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TABLE XXXIV

P h o to o x id a tio n  o f C a rb o x y p e p tid a se -A y in  0 . 0 5  M sodium  
a c e ta te ,  0 . 0 5  M T r is , 1 .0  M N aC l bu ffer

ho If  min hv
I _____________________

2 5 4 m/4

_ _ _ _ _ I _ _ _ _ _ I 3 0 0 .0 1 2  6

2 ------ 0 . 0 2  4 2

h a l f min h i r A / y l n i n  2 5 4  nyx 
________ _ --

I 3 0 0 . 0 1 7 0

2
-

0 .0 2 1 0
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TABLE XXXV

P h o to o x id a tio n  o f C a rb o x y p ep tid a se  
in  A ce ta te  Ion Buffer

I h a l f m i n hiM A / y ' m i n  2 5 4

I 3 0 0 .0118

2 ------- 0 . 0 2 3 3
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P ho to o x lda tio n  o f c a rb o x y p ep ti d a s e -A y w ith  Rose B engal and 
d e te rm in a tio n  o f sed im e n ta tio n  v e lo c i ty . A 2 00 yl po rtio n  o f a ca rb o x y - 

p e p tid a se -A y  so lu tio n  (28 .14  m g/m l) d is s o lv e d  in  3 M N aC l w as d ilu te d  
w ith  0 .8  ml o f 0 . 1 M Tri s b u ffe r, pH 7 .5  a t  4 °  C . , c o n ta in in g  0 . 77  M 
N a C l. A sm all q u a n tity  of Rose B engal (unm easured) w as ad d ed  to  the  
so lu tio n . The p e p tid a se  a c t iv i ty  o f th is  so lu tio n  w as th en  de term ined  
in  th e  u su a l m anner by rem ov ng a 10 pi a liq u o t and  d ilu tin g  i t  to  1 .0  ml 
w ith  0.1 M Tris b u ffe r . A 50 pi a liq u o t.o f  th is  so lu tio n  w as a s s a y e d  for 
p e p tid a se  a c t iv i ty .  The rem a in d er o f th e  enzym e so lu tio n  w as p h o to - 
o x id iz e d  for 2 .1/2 h o u r s . The enzym e w as p h o to o x id ized  a cc o rd in g  to  

M ethod A. The in i t ia l  s p e c if ic  a c t iv i ty  o f th e  enzym e so lu tio n  w as ■ 
d e te rm in ed  to  be 5 3 . 4  u n its /m g , and  fo llow ing  2 ,1/2 hours o f p h o to ­
o x id a tio n  w as 2 2 . 6  u n its /m g  A 0 .6  ml port on o f th e  p h o to o x id ized  

enzym e so lu tio n  w as th e n  p la c e d  in  a s in g le  s e c to r  c e ll  and  th e  
sed im e n ta tio n  v e lo c i ty  d e te rm in ed  a t  6 0 , 000  rpm in th e  Beckm an model 
E u l t r a -c e n tr i fu g e .  The m ost -s ig n ifica n t o b se rv a tio n  m ade from th is  
s tu d y  w as th a t  th e  p h o to o x id iz e d  enzym e d id  n o t sed im en t a s  a s in g le  
s p e c i e s , b u t ra th e r  a s  a c o m p le te ly  h e te ro g en o u s  sy s te m , in  w hich  none 

o f th e  com ponen ts w ere o f s u f f ic ie n t c o n c e n tra tio n  to  a p p e a r  a s  a s in g le  
sed im en tin g  b o u n d a ry .

Ph o to o x id a tio n  o f c a rb o x y p e p tid a se -A y in  v a rio u s  b u ffe r s y s te m s , 
The ra te  o f in a c t iv a tio n  a s  a re s u l t  o f p h o to o x id a tio n  in  v a rio u s  buffer 
sy s te m s  w as s tu d ie d . F ifty  m ic ro lite rs  o f a s to c k  c a rb o x y p ep tid a se -A y  
s o lu tio n  (8.1 m g/m l) w as d ilu te d  w ith  6 ml o f th e  fo llow ing  bu ffer 

so lu tio n s : 0,1 M sodium  c itra te  b u ffe r, pH 7 . 0 ,  c o n ta in in g  1 .0  M N aC l; 

0.1 M Tris b u f f e r , .pH 7 . 0 ,  c o n ta in in g  1 .0  M NaCl;. 0.1 M Tris b u ffe r, 
pH 7 . 0 ,  c o n ta in in g  1 .0  M N agS O ^. Each b u ffer so lu tio n  w as d iv id ed  
in to  s ix  p a r t s , and  e a c h  p a rt e x p o se d  to  v a rio u s  p e rio d s  o f p h o to o x id a tio n . 

The l ig h t so u rc e  w as th a t  d e sc r ib e d  in  M ethod  B. T ab le  XXXVI .sum m arizes 
th e  lo s s  o f e s te r a s e  a c t iv i ty . in  th e  v a rio u s  -buffer s y s te m s . The e s te r a s e  
a c t iv i ty  w as d e te rm in ed  a s  d e sc r ib e d  in  " M eth o d s"  .



- 7 0 -

TABLE XXXVI

P hotooxicja tion  o f C a rb o x y p e p tid a se -Ay 
in  V arious Buffer S ystem s

sp e c .  act.  I spoc.  act. spec.
c i t r a t e

5 6 4



DISCUSSION AND CONCLUSIONS

The ex p e rim en ta l d a ta  d is c u s s e d  in  th is  s e c t io n  w ere s e le c te d  
from th o se  ex p erim en ts  w hich  w ere perform ed a f te r  the- ex p erim en ta l 

m ethods had b e en  p e r f e c te d . M any, o f th e  ex p erim en ts  in  th e  p rev ious 
s e c t io n  w ere  o f a p rob ing  n a tu r e , and  su b se q u e n tly  th e  r e s u l ts  o b ta in ed  
w ere in fe r io r  to  th o s e  r e s u l ts  o b ta in e d  la te r .  The re a d e r  sh o u ld  be aw are  
th a t  tw o m ethods o f p h o to o x id a tio n  w ere  u se d  in  o b ta in in g  d a ta ,  and 
sh o u ld  no t q u a n ti ta t iv e ly  com pare d a ta  o b ta in e d  by d iffe re n t m e th o d s .
In a d d itio n , a tte n tio n  sh o u ld  be p a id  to  the. enzym e c o n c e n tra tio n s  of 
th e  v a r io u s  e x p e r im e n ts , s in c e  th e  ra te  o f o x id a tio n  is  c o n ce n tra tio n  
d e p e n d e n t.

S ince  i t  is  n e c e s s a ry  to  pho to  o x id iz e  bo th  the  n a tiv e  and the
apoenzym e in  o rd e r to  de te rm in e  i f  h is t id in e  w as in v o lv ed  in  b ind ing
z in c , a co n v en ie n t m ethod for th e  p re p a ra tio n  o f th e  apoenzym e had to
be fo u n d . V allee  h as  p re v io u s ly  d e sc r ib e d  th e  p re p a ra tio n  of

( 3 )
a p o ca rb o x y p e p tid a se -A y  on a S ephadex  G -2 5 c o lu m n /  H ow ever, 
th is  p re p a ra tio n  is  s ta b le  o n ly  o v e r sh o rt p e rio d s  of t im e . In ad d itio n  
to  the  in s ta b i l i ty .o f  th e  apoenzym e p rep a red  by  th e  co lum n m ethod , 
o th e r  in c o n v e n ie n c e s  a re  en co u n te re d  w ith  th is  m ethod . The apoenzym e 
is  re a c t iv a te d  ra p id ly  by th e  m eta l io n s  w h ich  are  p re s e n t in  m inute 
q u a n tity  in  th e  p la s t i c  w are  an d  g la s s  w a re . Extrem e p re c a u tio n s  m ust 
be em ployed to  p re v e n t th is  r e a c t iv a t io n , and  th e y  w ere found to  be too  
in c o n v e n ie n t to  em ploy on a re g u la r  b a s i s .  T herefore th e  apoenzym e w as 

p rep a red  by sim p ly  in c u b a tin g  th e  n a tiv e  enzym e in  th e  p re s e n c e  of 
1, 1 0 -p h e n a n th ro lin e . The apoenzym e p rep a red  in  th is  m anner can  be 
fu lly  re a c t iv a te d  by  th e  a d d itio n  o f a s u i ta b le  q u a n tity  o f z in c  i o n s . 
H aving  now  a sy s te m  in  w hich  one can  ra p id ly  p rep are  the  a p o en z y m e , 
p h o to o x id a tio n  w as -undertaken  u s in g  th e  dye m ethy lene  b lu e . The d a ta  
in  F igure 13 show s th e  e f fe c t  o f th e  p h o to o x id a tio n  on th e  p e p tid a se  
a c t iv i ty .  The lo s s  o f p e p tid a se  a c t iv i ty  fo llo w in g -a  s im ila r  p h o to o x i­

d a tio n  o f th e  n a tiv e  enzym e is  no t .a p p re c ia b le . T hese  r e s u l ts  su g g e s t 

th a t  z in c  b in d in g  h as  a p ro te c tiv e  e f fe c t .  The re s u l ts  in  F igure 14 re v e a l 
a s tr ik in g  d iffe ren c e  b e tw een  th e  e ffe c t o f p h o to o x id a tio n  on th e  gamma
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Figure 13. Bar A re p re s e n ts  th e  n a tiv e  a c t iv i ty  of c a rb o x y p e p tid a se -A y  
a t  a c o n c e n tra tio n  o f 0 . 0 2 3  m g /m l. Bar B re p re se n ts  th e  a c t iv i ty  
rem ain in g  a f te r  p h o to o x id a tio n  o f th e  n a tiv e  enzym e w ith  m eth y len e  b lu e . 
Bar C re p re s e n ts  th e  a c t iv i ty  rem ain ing  a f te r  p h o to o x id a t on o f th e  e n ­
zym e w ith  m eth y len e  b lue  in  th e  p re s e n c e  o f 5 x  10"^ M 1, 1 0 -p h e n a n th ro - 
Iin e  su b se q u e n t to  re a c t iv a t io n  w ith  IO- * M ZnClg b u ffe r. The m ethy lene  
b lu e  c o n c e n tra tio n  w as 0 . 002  m g/m l in  a ll  c a s e s . P h o to o x id a tio n  w as 
c a rr ie d  o u t a cc o rd in g  to  M ethod A.
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Figure 14. P h o to o x id a tio n  o f c a rb o x y p e p tid a se -A y  in  1 .0  M N a C l, 0.1 
M T r is , 0.10 m g/m l Rose B en g a l, pH 7 . 5 ,  a t  3° C.  P ro te in  c o n ce n ­
tra tio n  0 . 0 2 8  m g /m l. 500 w a tt l ig h t so u rc e  fo c u sed  th ro u g h  an  f 1 .6  
le n s  w as u s e d . S am ples w ere p la c e d  4 .3  cm from th e  l e n s .  E s te ra se  
a c t iv i ty  (x -x ) and  p e p tid a s e  a c t iv i ty  (o -o ) w ere  d e te rm in ed  s p e c tro -  
p h o to m e tr ic a lly  a s  d e sc r ib e d  in  " M e th o d s " .
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form o f th e  enzym e w hen com pared  to  th e  d e lta  f o r m Phot ooxi da t l on 
of 6 -c a rb o x y p e p tid a se -A  r e s u l ts  in  a lo s s  o f p e p tid a se  a c tiv ity , and  in  a 
tw o -fo ld  in c re a s e  in  th e  e s te r a s e  a c t iv i ty .  The d a ta  in  F igure 14 in d ic a te s  
th a t  p h o to o x id a tio n  w ith  m eth y len e  b lu e  o f ap o ca rb o x y p e p tid a se -A y  r e ­
d u c es  th e  e s te r a s e  a c t iv i ty  a t  th e  sam e ra te  a s  th e  p e p tid a se  a c tiv ity  is  
lo s t ,  w h ich  in d ic a te s  a s ig n if ic a n t  d iffe re n c e  b e tw een  th e  tw o en zy m atic  
fo rm s . I t  w as n e c e s s a ry  to  de term in e  i f  th e  p h o to o x id a tio n  w as th e  r e s u l t  

■ o f m eth y len e  b lu e  s e n s i t iz a t io n ,  o r th e  r e s u l t  o f th e  1, 1 0 -p h en an th ro lin e  
z in c  co m p lex . E xperim ents w ere c a rrie d  o u t in  w hich  s e n s i t iz a t io n  by 
I ,.10 -p h en an th ro lin e  w as te s te d  by ex p o sin g  th e  enzym e to  l ig h t in  the  
p re se n c e  o f OP ,but a b se n c e  o f m eth y len e  b lu e . T hese  ex p erim en ts  show  
th a t  1, 1 0 -p h en an th ro lin e  had  no p h o to ch em ica l e f fe c t  on th e  e n zy m e , and 
d e m o n stra te  th a t  th e  lo s s  o f p e p tid a se  and  e s te r a s e  a c t iv i ty  is  so le ly  the  
r e s u l t  o f th e  m eth y len e  b lu e  s e n s i t iz a t io n .  In o rd er to  co m p le te ly
e lim in a te  th e  p o s s ib i l i ty  o f m eta l c h e la to r  or c h e la te d  com plex  InvoTve-

( 3 )
m en t, a p o ca rb o x y p e p tid a se -A y  w as p rep a red  by th e  m ethods o f V allee  '  

on a S ep h ad ex  G -25 co lum n . The re s u lt in g  enzym e w as p h o to o x id ized  

in  th e  p re s e n c e  o f m eth y len e  b lu e , and  th e  re s u l ts  w ere found to  be 
c o m p le te ly  a n a lo g o u s  to  th e  p h o to o x id a tio n s  in  th e  p re s e n c e  of th e  m eta l 
c h e la to r  1 ,1 0 -p h e n a n th ro lin e . P h o to o x id a tio n  o f c a rb o x y p e p tid a s e -Ay in 
th e  p re s e n c e  o f th e  se c o n d  c h e la to r , .EDTA, w as in v e s t ig a te d ,  and  w as 

found to  have  th e  sam e g e n e ra l e f fe c t  on th e  p e p tid a se  and  e s te r a s e  
a c t iv i ty ,  a s  show n in  Table V. I t sh o u ld  be n o ted  th a t  th e  in c u b a tio n  of 
c a rb o x y p ep tid a se -A y  in  th e  p re se n c e  o f EDTA re s u lte d  in  a d e c re a se d  
a b i l i ty  o f th e  apoenzym e to  be re a c t iv a te d  w ith  z in c ,  w h ich  w as not 
o b se rv ed  w ith  I., 1 0 -p h e n a n th ro lin e . No o th e r  c h e la tin g  a g e n ts  w ere tr ie d .

S ev e ra l enzym es have  b een  p h o to o x id ized  u s in g  th e  dye Rose
B en g a l. ^ ^  W es th e ad  h a s  d e sc r ib e d  th e  re s u l ts  o f R ose Bengal

s e n s i t iz e d  p h o to o x id a t on on th e  enzym e e n o la s e ,  and  h a s  in d ic a te d
■ ( 1 4 )

th a t  th e  Rose B engal may be q u ite  s p e c if ic  for h is t id in e  d e s t r u c t io n . 
T h e re fo re , in  an  a tte m p t to  e lim in a te  som e of the  p o s s ib i l i t ie s  o f r e s i ­
d u es  b e in g  a tta c k e d  in  th e  p h o to o x id a tio n  o f c a rb o x y p ep tid a se -A y ,
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Rose B engal w as u se d  u n d e r th e  sam e ex p e rim en ta l c o n d itio n s  a s  the  
m eth y len e  b lue  . The r e s u l t s  o f F igure 15 c le a r ly  in d ic a te  th a t  Rose Ben­
g a l ra p id ly  d e c re a s e s  bo th  th e  p e p tid a se  and  e s te r a s e  a c t iv i ty  o f 
c a rb o x y p e p tid a se -A y . In c o n tra s t  to  th e  m eth y len e  b lue  s e n s i t iz e d  
p h o to o x id a tio n , i t  w as found th a t  Rose B engal d id  no t req u ire  the  
p re se n c e  o f th e  m eta l c h e la to r . The dye w as eq u a lly  e ffe c t iv e  in  r e ­
d u c in g  th e  p e p tid a se  and  e s te r a s e  a c t iv i ty  o f th e  n a tiv e  e n z y m e , w hich  

in d ic a te s  th a t  th e  m ech an ism  of a c tio n  o f th e  d yes a re  d if fe re n t. This 
d iffe ren c e  co u ld  be e x p la in e d  in  th e  m anner in  w hich  th e y  b ind  to  the  
p ro te in . Rose Bengal is  an  a n io n ic  com pound o f a ro m atic  n a tu re , and 
c o n ta in s  a  free  carb o x y l g ro u p . I t sh o u ld  be n o ted  th a t  th e  s u b s tra te s  
o f c a rb o x y p e p tid a se  a re  lik e w is e  a ro m a tic  and  c o n ta in  free ' carboxy l 
groups T h u s , one m ight e x p e c t th a t  Rose B engal cou ld  b ind  to  the  
enzym e in  a  fa sh io n  s im ila r  to  th a t  o f th e  s u b s t r a te .  In th is  c a s e , one 
w ould  e x p e c t th a t  Rose B engal Would be c o n c e n tra te d  m ore in  th e  a re a  

o f th e  a c t iv e  c e n te r  o f th e  enzym e th a n  m eth y len e  b lu e , w h ich  is  
c a t io n ic .  The fa c t  th a t  m eth y len e  b lu e  re q u ire s  a m eta l c h e la to r  can  be 
e x p la in e d  in  th e  fo llo w in g  m anner. -M ethy lene  b lu e , w h ich  is  c a t io n ic , 
w ould be e x p e c te d  to  in te ra c t  ,w ith  a re a s  o f n e g a tiv e  ch arg e  on th e  

enzym e s u r f a c e . T h u s, w hen th e  z in c  ion  is  p r e s e n t ,  th e  dye w ill be 
a t tr a c te d  to  a re a s  on th e  enzym e su rfa ce  h av in g  a n e g a tiv e  charge  
d e n s i ty .  S ince  th e  enzym e is  n o t ra p id ly  p h o to o x id ized  u n d e r th e s e  
c o n d itio n s , one can  a ssu m e  th a t  th e s e  in te ra c t io n  s i t e s ,  and  th e  s u b s e ­
q u en t o x id a tio n s  a t  th e s e  s i te s  a re  n o t  c r i t ic a l  to  th e  c a ta ly t ic a l  a c t iv i ty .  
Rem oval o f th e  z in c , h o w ev er, w h ich  is  a  p o s it iv e  s p e c ie s ,  w ill ex p o se  
a new  n e g a tiv e ly  ch arg ed  b in d in g  s i t e .  This new  s i t e ,  w h ich  is  known 

to  be c a ta ly t ic a l ly  fu n c tio n a l, w ill a ls o  a t t r a c t  th e  m eth y len e  b lu e , and 
s u b se q u e n t p h o to o x id a tio n  a t  th is  s i te  w ould  be e x p ec te d  to  have  g ro ss  

e f fe c ts  on th e  a c t iv i ty  o f  th e  e n z y m e . W hile  th e  above e x p lan a tio n  
seem s to  s a t i s f a c to r i ly  e x p la in  th e  d a t a ,. a l te rn a te  e x p la n a tio n s  can  a ls o  

be g iv e n . .M e ta ls  have  b een  know n to  in d u ce  co n fo rm atio n a l ch an g es  in  

p ro te in s . I t  is  p o s s ib le  th a t  th e  b in d in g  of z in c  to  th e  apoenzym e and
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F igure 15. C o m parison  o f th e  d y es  Rose B engal and  m e th y len e  b lue  a s  
e ffe c t iv e  s e n s i t iz e r s  in  th e  p re s e n c e  and  a b se n c e  o f 1, 1 0 -p h e n a n th ro lin e . 
M eth y len e  b lu e  and  R ose B engal c o n c e n tra tio n s  w ere  0 . 0 9 5  m g /m l. 
P ro te in  c o n c e n tra tio n  w as 0 . 0 2 3  m g /m l. ZnClg w as ad d ed  w here in d i­
c a te d  to  re v e rs e  in a c t iv a t io n  by 1, 1 0 -p h e n a n th ro lin e . The e s te r a s e  
a c t iv i ty  w as d e te rm in ed  a s  d e sc r ib e d  in  " M e th o d s " .
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th e  rem oval o f z in c  from th e  n a tiv e  enzym e a re  acco m p an ied  by ch an g es
in  co n fo rm a tio n . T hese  ch an g es  m ight a llo w  th e  m eth y len e  b lue  to  be
e ffe c tiv e  on th e  a p o en zy m e , and  n o t on th e  n a tiv e  e n z y m e . P rev ious
s tu d ie s  on c a rb o x y p e p tid a s e -Ay h ave  sh o w n ; h o w e v er, th a t  rem oval of

th e  m eta l p ro d u ced  an  apoenzym e w h ich  cou ld  no t be d is tin g u is h e d  from
n a tiv e  c a rb o x y p e p tid a s e -Ay by any  of th e  p h y s ic a l c r i te r ia  W hich re la te

(17)to  th e  g ro ss  c o n fig u ra tio n  o f th e  m o le c u le .
The h y p o th e s is  o f th e  b in d in g  o f Rose Bengal to  th e  a c tiv e  s i te  

can  be te s t e d  in  s e v e ra l  w a y s . I t  h a s  b e en  d em o n stra ted  p re v io u s ly  
th a t  p e p tid a se  and  e s te r a s e  s u b s tr a te s  form m e ta llo  e n z y m e -su b s tra te  
co m p lex es  w h ich  p re v e n t th e  d is s o c ia t io n  o f th e  m eta l io n , and  th e re ­
fore th e  e x ch an g e  of one m e ta l for a n o th e r .^ ^  In a d d it io n , the  

co m p etitiv e  in h ib ito r  |3 -p h en y lp ro p io n a te  m arked ly  re ta rd s  th e  ex change
of ^ Z n ^ +<Z.n^+ a t  th e  a c tiv e  s i te  o f th e  e n zy m e . ^  ^  This phenom enon

2_|_ 2 + (2 0)
w as a ls o  show n for th e  Cd and  Co c a rb o x y p e p tid a s e s  . '  ; The
re s u l ts  show n in  F igure 16 e s ta b l is h  th a t  Rose B engal in te r fe re s  w ith  th e  
ex ch an g e  of z in c  for co p p er in  co p p er c a rboxyp e p tid a s e . The r e a c t iv a ­
tio n  w as a cc o m p lish e d  by th e  a d d itio n  o f 1 , 1 0 -p h en an th ro lin e  to  the  
in a c tiv e  co p p er enzym e sy s te m , in  th e  p re s e n c e  of R ose B engal, 
fo llo w ed  by th e  a d d itio n  o f z in c  i o n s . As th e  c o n c e n tra tio n  o f Rose 

B engal w as in c re a s e d ,  th e  a b il i ty  to  r e a c t iv a te  th e  enzym e w ith  the  
a d d itio n  o f z in c  io n s  w as d e c r e a s e d ,  in d ic a tin g  th a t  th e  R ose Bengal 
w a s ,  in  e f fe c t ,  in te rfe r in g  w ith  e i th e r  th e  reb in d in g  of th e  z in c  io n , or 

th e  r e le a s e  o f th e  co p p er io n  from th e  en zy m e . The la t te r  w ould be 
c o n s is te n t  w ith  th e  r e s u l ts  o b se rv ed  by V allee  w ith  th e  s u b s tra te  HPLA 
and  .p -p h e n y lp ro p io n a te . S eco n d ly , i f  Rose Bengal is  b in d in g  a t  the  

a c tiv e  s i t e ,  i t  sh o u ld  be a co m p e titiv e  in h ib ito r  o f th e  en zy m e .

The a b i l i ty  o f Rose B engal to  fu n c tio n  a s  a c o m p e titiv e  in h ib ito r  
w as in v e s t ig a te d ,  and  th e  r e s u l ts  a re  show n in  F igure 17. I t ap p ea rs  
th a t  R ose B engal is  in d e ed  a co m p e titiv e  in h ib ito r  of c a rb o x y p ep tid a se -A y . 
As m en tio n ed  p re v io u s ly , Rose B engal and  th e  s u b s tr a te s  o f c a rb o x y - 

p e p tid a se  a re  a n io n ic . T h u s , i t  w ould  n o t be too su rp ris in g  th a t  Rose
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F igure 16. The e f fe c t  o f R ose Bengal on th e  ex ch an g e  o f Cu and Zn 
io n s  in  c a rb o x y p ep tid a se -A y . P ro te in  c o n c e n tra tio n  w as  0 .134 m g/m l 
in  a l l  d e te rm in a tio n s . R e a c tiv a tio n  of th e  in a c tiv e  c o p p e r ca rb o x y p ep - 
t id a s e  w as  a c c o m p lish e d  by in c u b a tin g  th e  co p p er e n zy m e , in  the  
p re s e n c e  o f v a ry in g  c o n c e n tra tio n s  o f R ose Bengal b u ffe r , w ith  2 x  10 
M , 1, 1 0 -p h en an th ro lin e  and  th en  ad d in g  a s u i ta b le  a liq u o t o f IO- ^ M 
ZnCl2 b u ffe r . The R ose B engal b u ffer u s e d  had  a c o n c e n tra tio n  of 
3 m g /m l.
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Figure 17. L inew eav er-B u rk  p lo t o f c a rb o x y p e p tid a se  a c t iv i ty  in  the  
p re s e n c e  an d  a b s e n c e  o f Rose B engal. Rose Bengal c o n c e n tra tio n  
w as 0 .001 m g /m l. P ro te in  c o n c e n tra tio n  w as 0 . 0054  m g /m l. The 
e s te r a s e  a c t iv i ty  in  th e  p re s e n c e  of R ose B engal, ( o - o ) , and  in  the  
a b s e n c e  o f Rose B engal ( o - o ) , w as d e te rm in ed  a t th e  ap p ro p ria te  
s u b s tr a te  c o n c e n tra tio n s  a s  d e sc r ib e d  in  "M eth o d s"  .
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B engal w ould  b ind  a t  th e  a c tiv e  c e n te r  o f th e  en zy m e . This b in d in g  is  no t 
th e  o n ly  in s ta n c e  o f a p p a re n t a c tiv e  s i te  b ind ing  of R ose B engal. S tu d ies  

on l iv e r  a lco h o l d eh y d ro g en ase ., w h ich  a ls o  b in d s  a n io n ic  s u b s t r a t e s , 
in d ic a te  th a t  Rose B engal is  bound to  th e  a c tiv e  s i te  o f th is  enzym e and 
fu n c tio n s  a s  w e ll a s  a co m p e titiv e  in h ib ito r . ^

In a d d itio n , a n o th e r  k in e tic  s tu d y  w as u n d e rta k e n , in  w h ich  th e  
lo s s  o f p e p tid a se  and  e s te r a s e  a c t iv i t ie s  w ere p lo tte d  a s  a fu n c tio n  of 
tim e . A se m i-lo g a rith m ic  p lo t o f th e s e  d a ta  g iv e s  th e  cu rve  in  F igure 
18 w ith  tw o in d e p en d e n t s lo p e s .  .The fa c t  th a t  su ch  a k in e tic  curve 
w as o b ta in e d  m ight in d ic a te  th a t  m ore th a n  one re a c tio n  is  o c cu rrin g .

The in i t ia l  m ore rap id  re a c tio n  can  be a s s o c ia te d  w ith  th e  in i t ia l  lo s s  
o f th e  p e p tid a se  and  e s te r a s e  a c t iv i ty ,  th e  r e s u l t  o f p h o to o x id a tio n  of 
th e  a c tiv e  s i t e .  .The s lo w er re a c tio n  can  be ra t io n a l iz e d .  I t  is  l ik e ly  
th a t  th e  in i t ia l  o x id a tio n  o ccu rs  a t  th e  a c tiv e  s i te  o f th e  enzym e and 

m a n ife s ts  i t s e l f  in  th e  lo s s  o f p e p tid a se  and  e s te r a s e  a c t iv i ty .  If 
th e  o x id iz e d  re s id u e  had  in  a d d itio n  to  i t s  c a ta ly t ic  fu n c tio n , a 
s tru c tu ra l  r o le , o r i f  o x id a tio n  o f a re s id u e  in  th e  a c tiv e  s i te  ex p o sed  
to  o x id a tio n  a sec o n d  re s id u e  o f s tru c tu ra l im p o rtan c e , th e  te r t ia ry  
s tru c tu re  of th e  enzym e w ould  be a l t e r e d . As th e  d e n a tu ra tio n  o f the 
p ro te in  m o le c u le s  p ro g re s se d  th e re  w ould  be m ore and  m ore p h o to - 
o x id iz a b le  re s id u e s  e x p o se d , and  th e s e  w ould  com pete  for th e  dye 
m o lecu le s  and  s in g le t  oxygen, th u s  c a u s in g  an  a p p a ren t d e c re a s e  in  

ra te  o f lo s s  of p e p tid a se  and  e s te r a s e  a c t iv i ty  w ith  tim e .
The d y e , c ry s ta l  v io le t ,  h a s  b een  show n to  be s p e c if ic  for the

( 21)
p h o to o x id a tio n  o f c y s te in e  r e s id u e s .  ' T h e re fo re , c ry s ta l  v io le t  

s e n s i t iz e d  p h o to o x id a tio n  o f th e  c a rb o x y p ep tid a se -A y  w as u n d e rta k en , 
and  i t  w as found th a t  th e  enzym e w as n o t a ffe c te d  u n d er th e s e  c o n d i­
t i o n s , ev en  in  th e  p re s e n c e  o f th e  c h e la to r ,  1 ,1 0 -p h e n a n th ro lin e .

The p h o to o x id a tio n  o f h is t id in e  h a s  b een  show n to  be pH - 
d e p e n d e n t . The re la t iv e  ra te s  o f o x id a tio n  of h is t id in e  a s  a 
fu n c tio n  o f pH w as s ig m o id a l, and  had  an  in f le c tio n  n e a r pH 7 . 3 .  The 
am ino a c id s  try p to p h a n , ty ro s in e ,  and  m e th io n in e , w h ich  a re  a lso
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60
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F igure 18. S e m i-lo g a rith m ic  p lo t o f lo s s  o f e s te r a s e  a c t iv i ty  a s  a 
fu n c tio n  o f tim e . P ro te in  c o n c e n tra tio n  w as 0 . 02  8 m g /m l. Rose 
B engal c o n c e n tra tio n  w as 0.10 m g /m l. P h o to o x id a tio n s  w ere  
c o n d u c te d  in  0 .1  M Tris b u ffe r , pH 7 .5  a t  3 °  C . , c o n ta in in g  1.0 M 
N a C l. 500 w a tt l ig h t so u rce  w as fo c u se d  th rough  an  f 1 .6  le n s .
S am ples w ere  4 .3  cm from th e  le n s .  The e s te r a s e  a c t iv i ty  w as 
d e te rm in ed  a s  d e sc r ib e d  in  "M eth o d s"  .
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s u s c e p t ib le  to  p h o to o x id a tio n  do n o t show  th is  pH d e p en d e n c e  „ 
S ig n if ic a n tly , w hen  c a rb o x y p e p tid a se -A y  is  p h o to o x id ized  in  th e  p re ­
se n c e  o f Rose B en g a l, o r in  th e  m eth y len e  b lu e  1 , 1 0 -p h en an th ro lin e  
s y s te m , (F igure 19), a s ig m o id a l pH p ro file  is  o b ta in ed  w h ich  is  a lm o st 
id e n tic a l  to  th a t  e x h ib ite d  for th e  enzym e e n o l a s e : ^ 4  ̂ This pH  d e ­
p e n d en c e  o f th e  p h o to o x id a tio n  o f c a rb o x y p ep tid a se -A y  s u g g e s ts  th a t 
th e  ra te  lim itin g  s te p  is  c o n tro lle d  by th e  o x id a tio n  of a  h is t id in e  
r e s id u e .

If  s u b s tra te  o r co m p e titiv e  in h ib ito rs  w ere to  p ro te c t th e  
enzym e from p h o to o x id a tio n , s u b s ta n t ia l  e v id e n c e  th a t  th e  in i t ia l  
o x id a tio n  w as o ccu rrin g  a t  th e  a c tiv e  s i te  o f th een zy m e  w ould  be o b ­
ta in e d . T h u s, s tu d ie s  w ere  u n d e rtak en  to  determ ine  i f  th e  su b s tra te  
w ould  p ro te c t .  The s u b s tr a te  c h o se n  w as h ip p u ry l-L -p h e n y la la n in e , 
th e  p e p tid a se  s u b s t r a t e . S u b s ta n tia l s u b s tra te  p ro te c tio n  w as 
o b se rv ed  in  th e  R ose B engal sy stem  (F igure 20) .  The co m p etitiv e  
in h ib ito r , .(3-phenylpropionate w as a ls o  tr ie d  a s  a p ro te c to r  a g a in s t
th e  p h o to o x id a tio n . .P rev ious s tu d ie s  have  show n th a t  g -pheny lp ro -

( 2 2  - 23)p io n a te  b in d s  to  the  a c t iv e  s i te  o f th e  en zy m e. ' '  I t  is  obv ious

from th e  d a ta  in  F igure 21 tha t-(B -pheny lp rop ionate  d o es  p ro te c t the  
enzym e a g a in s t  p h o to o x id a tio n . L ik e w is e , .X -ray s tu d ie s  h ave  show n 
th a t  g ly c y l ty ro s in e , a s u b s tra te  o f th e  e n z y m e , b inds o n ly  a t  the  
m e ta l b in d in g  s i t e ; T h e re fo re , i f  the  p h o to o x id a tio n  w ere  occu rrin g  

on th e  su rfa ce  o f th e  enzym e a t  random , one w ould  n o t e x p e c t 
g ly c y lty ro s in e  to  p r o te c t . G ly c y lty ro s in e  s u b s tra te  p ro te c tio n  w as 
u n d e r ta k e n , and  i t  w as found to  s ig n if ic a n tly  h in d er-th e  p h o to o x id a tio n  

o f th e  enzym e (F igure 22) .  This r e s u l t  e s ta b l is h e s  th a t  th e  p h o to - 
o x id a tio n  le a d in g  to  in a c tiv a tio n  o f .the enzym e is  .o ccu rrin g  a t  the  
a c tiv e  s i te  o f th e  en zy m e . I t  w as o f in te r e s t  to  de term in e  i f  any  g ro ss  
co n fo rm atio n a l ch an g es  o ccu rred  su b se q u e n t to  th e  p h o to o x id a tio n  of 
c a rb o x y p e p tid a s e . I t  w as fe lt  th a t  th e s e  co n fo rm atio n a l c h an g e s  m ight 
be d e te c te d  th rough  S ephadex  ch ro m a to g rap h y . .A s e r ie s  o f  ex p erim en ts  
w ere u n d e rta k en  w here  c a rb o x y p e p tid a se  w as p h o to o x id ized  w ith  Rose
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Figure 19. The pH d e p e n d e n c e  o f th e  m e th y len e  b lu e -1 ,10-p h e n a n th ro lin e  
s e n s i t iz e d  p h o to o x id a tio n  (o -o ) and  th e  R ose B engal s e n s i t iz e d  p h o to ­
o x id a tio n  (o -o ) a re  sh o w n . P ro te in  c o n c e n tra tio n  w as 0 . 0 2  m g /m l.
The c o n c e n tra tio n s  o f m e th y len e  b lu e  and  R ose B engal w ere  0.19 m g/m l 
and  0 .10 m g /m l re s p e c t iv e ly .
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F igure 2 0 . P ro tec tio n  a g a in s t  Rose B engal p h o to o x id a tio n  o f 
c a rb o x y p e p t id a s e -Ay w ith  th e  s u b s tr a te  h ip p u ry l-L -p h e n y la la n in e . 
H ip p u ry l-L -p h e n y la la n in e  c o n c e n tra tio n  w as 10~2 M . R ose Bengal 
c o n c e n tra tio n  w as 0 . 0 4  m g/m l and  th e  p ro te in  c o n c e n tra tio n  w as 
0 . 0 4  m g /m l. P e p tid a s e  a c t iv i ty  w as d e te rm in ed  by rem oving  a 
10 \j X  a l iq u o t an d  a s s a y in g  in  th e  norm al m anner.

% a c t i v i t y  remaining

30  m i  n h v

Figure 21. P ro tec tio n  a g a in s t  Rose B engal p h o to o x id a tio n  w ith  
g -p h e n y lp ro p io n a te . R ose B engal c o n c e n tra tio n  w as 0 . 0 3  m g /m l. 
g -p h e n y lp ro p io n a te  c o n c e n tra tio n  w as  2 x  10~2 m . P ro te in  c o n c e n ­
tra tio n  w as 0 . 0 8  m g /m l. The e s te r a s e  a c t iv i ty  w as d e te rm in ed  a s  
d e sc r ib e d  in  " M e th o d s " .
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Figure 2 2 . P ro te c tio n  a g a in s t  Rose B engal p h o to o x id a tio n  w ith  
g ly c y l ty ro s in e . F in a l c o n c e n tra tio n s  o f com ponen ts  w ere  a s  fo llow s: 
Rose B en g a l, 0 . 0 3  m g/m l; c a rb o x y p e p tid a s e , 0 . 0 8  m g /m l; g ly c y l­
ty ro s in e ,  0.001 M.  The p e p tid a se  a c t iv i ty  w as d e te rm in ed  a s  
d e sc r ib e d  in  “ M e th o d s " .



- 8 6 -

B en g a l, and  th e n  p la c e d  on a G -75 co lum n . The e lu tio n  p a tte rn s  in  th e  
ex p e rim en ta l s e c t io n  (F igures 1 , 2 ,  and  3 ), in d ic a te  th a t  a s  p h o to o x i­
d a tio n  tim e in c r e a s e s , a ra p id ly  m oving p eak  a p p ea rs  in  th e  e lu tio n  
p a tte rn  o f  th e  e n z y m e , w h ich  s u g g e s ts  th a t  p o s s ib ly  som e a g g reg a tio n  
is  o c cu rrin g . This a g g re g a tio n  w as su b se q u e n tly  confirm ed  w hen it  
w as found th a t  upon p ro longed  p h o to o x id a tio n  th e  p ro te in  a c tu a lly  

p re c ip ita te d  from so lu tio n . .This p re c ip i ta te  w as c o lle c te d  by c e n tr ifu ­
g a tio n , w ash ed  w ith  w a te r , and  th en  s u b je c te d  to  am ino a c id  a n a ly s is ,  
and  no h is tid in e  co u ld  be d e te c te d  in  th e  s a m p le s . C hrom atography  on 
TEAE c e llu lo s e  p ro d u ced  a v e ry  in te re s t in g  and  som ew hat su rp ris in g  
r e s u l t .  .W hen th e  u n o x id iz e d  enzym e w as p a s s e d  th rough  th e  TEAE 
column., five  p e a k s  w ere  o b se rv ed  in  th e  e lu e n t p a t te rn . W h e n  fra c tio n s  
w ere c o lle c te d  a s  th e  v a rio u s  p e ak s  em erged  from th e  co lu m n , and the  
p e p tid a s e  a c t iv i ty  d e te rm in e d , i t  w as found th a t  e a c h  p eak  c o n ta in ed  

en zy m a tic  a c t i v i ty . C arb o x y p ep tid ase -A y  a p p a re n tly  e x is t s  in  a t  l e a s t  

five  a c tiv e  con fo rm atio n s  a s  i t  is  p u rc h a se d , or a s  p rep a red  by the  
m ethod o f A nson . T h ese  v a rio u s  forms have  l ik e w is e  b een  o b se rv ed  by 
D r. ,N eurath  and  cow orkers  a t  th e  U n iv e rs ity  o f W ash in g to n , who have 

b een  a b le  to  s e p a ra te  th e s e  subform s by ch rom atography  on DEAE 
c e l lu lo s e  in  th e  p re s e n c e  o f th e  in h ib ito r  p -p h e n y lp ro p io n a te  . ^ ^  It 
a p p ea rs  th a t  TEAE is  c a p a b le  o f p a r t ia l  s e p a ra tio n  o f th e s e  forms 
w ith o u t th e  p re s e n c e  o f the  in h ib ito r . If the  p h o to o x id ized  enzym e 
is  p la c e d  on th e  TEAE co lum n , a s im ila r  p a tte rn  is  o b se rv e d , a s  show n 
in  F ig u res  4 , .5, and  6 in  th e  ex p e rim en ta l s e c t io n .  One sh o u ld  n o te , 
h o w ev er, th a t  a s  p h o to o x id a tio n  tim e in c r e a s e s ,  th e  am ount o f enzym e 
e lu te d  from th e  colum n is  d e c r e a s e d ,  b u t th e re  is  no ch an g e  in  the  

a c t iv i ty  p ro file  o f th e  e lu tio n  p a t te r n , w h ich  s u g g e s ts  th a t  th e  p h o to - 
o x id iz e d  enzym e is  t ig h tly  bound to  th e  colum n and  is  n o t e lu te d . 
A ttem pts w ere  m ade to  e lu te  th e  o x id iz e d  enzym e from th e  TEAE colum n 
by in c re a s in g  th e  s a l t  c o n c e n tra tio n  o f th e  e lu e n t . The sodium  ch lo rid e  
c o n c e n tra tio n  w as in c re a s e d  to  four m o la r, w ith o u t e lu tio n  o f p ro te in  

from th e  co lum n. S ince  h igh  s a l t  c o n c e n tra tio n s  fa ile d  to  e lu te  the
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o x id iz e d  enzym e from th e  co lu m n , i t  w as  co n c lu d ed  th a t  ir re v e rs ib le  
a g g re g a tio n  had  o ccu rred  fo llo w in g  th e  pho toox ida tion .. No fu rth er 
a tte m p ts  w ere m ade to  u s e  ion  e x ch an g e  colum ns to  s e p a ra te  the  
o x id iz e d  enzym e from u n o x id ized  en zy m e. P h o to o x id ized  enzym e 
w as s u b je c te d  to  S ep h ad ex  G -75 colum n ch rom ato g rap h y , and  th e  
r e s u l ts  su p p o rt th e  h y p o th e s is  th a t  p h o to o x id a tio n  is  le a d in g  to  

a g g re g a tio n . F ig u res  8 , - 9 ,  and  10 o f th e  ex p e rim en ta l s e c tio n  show  
th e  e lu tio n  p a tte rn s  o f p h o to o x id iz e d  enzym e on S ephadex  G -7 5 . The 
f a s t  runn ing  p e ak  a p p e a rs  w ith  p h o to o x id a tio n , and  in c re a s e s  in  in te n ­
s i ty  w ith  in c re a s e d  tim e o f p h o to o x id a tio n . O ne c o n c lu d e s  from th is  
th a t  p h o to o x id a tio n  d o es  r e s u l t  in  a g g re g a tio n  of the  enzym e m o le c u le s . 
This a g g re g a tio n  m ay r e s u l t  by s e v e ra l  m e ch a n ism s . The p h o to o x id a tio n  
o f th e  n a tiv e  p ro te in  m ay a l te r  th e  su rfa ce  charge  d is tr ib u tio n  so  th a t 
e le c t r o s ta t ic  in te ra c t io n  le a d s  to  a g g re g a tio n . If th e  a g g re g a tio n  is  of 

th is  ty p e , th e  ch arg e  in te ra c t io n s  m ust be ex trem ely  s tro n g , s in c e  4 M 
N aC l d o es  no t b reak  i t  up.. A sec o n d  p o s s ib i l i ty  is  th a t  p h o to o x id a tio n  
le a d s  to  co n fo rm atio n a l ch an g e  o f th e  n a tiv e  m o le c u le , and  th a t  th e se  
conform ers th en  a g g re g a te . This pos s ib i l i ty  is  c o n s is te n t  w ith  th e  ra te  
d a ta ,  th e  am ino a c id  a n a ly s is  d a ta ,  and  th e  sed im en ta tio n  s tu d y . As 
p re v io u s ly  m entioned ., tw o d is t in c t  ra te s  a re  o b se rv ed  (F igure 18),
T hese  ra te s  co u ld  co rre sp o n d  to  (a) the  ra te  o f o x id a tio n  o f n a tiv e  
e n z y m e , and  (b) p h o to o x id a tio n  o f n ew ly  form ed conform ers . Amino 
a c id  a n a ly s is  o f th is  a g g re g a te d  m a te r ia l ,  c o lle c te d  by p re c ip i ta t io n , 
show s th a t  a l l  the  h is t id in e  h as  b een  d e s tro y e d . I t is  Very tem pting  
to  s u g g e s t  th a t  th e  co m p le te  d e s tru c tio n  o f th e  rem ain ing  h is t id in e s  is  
o ccu rrin g  a f te r  th e  n ew ly  form ed conform ers a re  p ro d u ced . If  confo r­

m a tio n a l c h an g e s  are  o c c u rr in g , th is  w ould  be th e  f i r s t  su ch  change 
o b se rv ed  in  an  e n zy m a tic  sy s tem  w hich  w as p h o to o x id iz e d .

The e f fe c ts  o f v a rio u s  o th e r m e ta l io n s  s u b se q u e n t to  p h o to ­
o x id a tio n  o f th e  enzym e w ere in v e s t ig a te d .  It h a s  b een  show n th a t  if  

th e  n a tiv e  z in c  enzym e is  in c u b a te d  w ith  o r th o -p h e n a n th ro lin e , a n d  
th e  sy s te m  th e n  flo o d ed  w ith  c o b a lt  io n , th e  a c t iv i ty  is  in c re a s e d
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roughly  tw o -fo ld  from th a t  of the  n a t iv e  e n z y m e . If the  enzym e is  
p h o to o x id ized  fo llow ing  the  in c u b a t io n  w ith  1,1 0 -p h e n a n th ro l in e , and 
th en  c o b a l t  i s  ad d ed  to  the  s y s te m ,  the  a c t iv i ty  is  d e c r e a s e d  p ro ­
p o r t io n a te ly  w ith  the  tim e o f p h o to o x id a tio n  a s  w as  o b se rv ed  w ith  z in c .
In o th e r  w o rd s ,  i f  i t  i s  o b se rv ed  th a t  in  a c e r ta in  pe riod  of time fifty 
p e rc e n t  o f  the  a c t iv i ty  w as  l o s t ,  w ith  the  re a d d i t io n  of z in c ,  i t  would 
a l s o  be o b se rv ed  th a t  f if ty  p e rc e n t  of the  a c t iv i ty  is  lo s t  on the  

a d d i t io n  of c o b a l t .  This in d ic a te s  th a t  the  p h o to o x id a tio n  n o t only  
d e s t ro y s  the  c a p a c i ty  of z in c  to  r e a c t iv a te  the  en zy m e , bu t a l s o  the
c a p a c i ty  o f  c o b a l t  to  r e a c t iv a te  th e  en zy m e . A c o b a l t  c a rb o x y p ep t id a se

(2 5)w as  p rep a red  by d i a ly s i s  o f  the  z in c  enzym e a g a in s t  a c o b a l t  so lu t io n .  
This c o b a l t  enzym e w as  p h o to o x id ized  and  found to  have  e s s e n t i a l l y  
the  sam e p ro p e r t ie s  a s  th a t  of the  z in c  en zy m e . That i s ,  p h o toox ida tion  
of the  c o b a l t  enzym e le a d s  to  the  d e s t ru c t io n  of both  p e p t id a s e  and 
e s t e r a s e  a c t i v i t i e s .  O ther  m e ta l lo en zy m es  were p rep a red  a s  d e sc r ib e d  
in  the  e x p e r im en ta l  s e c t io n ,  and  th e i r  p ro p e r t ie s  s u b se q u e n t  to  p h o to o x i­
d a t io n  d e te rm in e d .  The r e s u l t s  of t h e s e  p h o to o x id a tio n s  w ere  s im ila r  to  
th o s e  o b ta in e d  w ith  the  z in c  enzym e . T hese  exp er im en ts  support  the  
h y p o th e s is  th a t  th e  a c t iv a t in g  m eta l io n s  b ind  a t  the  sam e s i t e  in  the  

enzym e .
The ra te  of p h o to o x id a tio n  seem ed  to  depend  to some e x te n t  

upon the  buffer  sy s te m  em ployed during  the  p h o to o x id a t io n .  I t w ould  

be in te r e s t in g  to  fu r ther in v e s t ig a te  the  e f fe c t  of v a r io u s  buffers  on the  
p h o to o x id a tio n  of o th e r  enzym es  a s .w e l l  a s  c a rb o x y p ep t id a se -A y . I 
have  o b se rv ed  th a t  th e  r a te  of p h o to o x id a tio n  ch an g e s  w ith  d if fe ren t  

buffer s y s te m s ,  bu t th e  g e n e ra l  a p p e a ra n c e  o f  the  s e m i- lo g  ra te  p lo t  
rem ains  th e  s am e .  It is  p o s s ib le  th a t  the  d iffe r ing  r a te s  may re f le c t  
m inor c h a n g e s  in  the  conform ation  o f th e  to ta l  p ro te in  m o le c u le .

.A ty p ic a l  amino a c id  a n a ly s i s  s u b se q u e n t  to  p h o to o x id a tio n  is  

show n in  F igure 23 . The m o s t im portan t a s p e c t  of th is  a n a ly s i s  i s  the  
a lm o s t  to ta l  d e s t ru c t io n  o f  h is t id in e  in  p h o to o x id ized  m o le c u le s .  H i s t i ­
d ine  is  th e  p r in c ip a l  amino a c id  a f f e c te d ,  th e  a n a ly s i s  show ing  l i t t l e  

l o s s  o f  any  o th e r  amino a c id .
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Figure 23 . A ty p ic a l  am ino a c id  a n a ly s i s  o f  o x id iz e d  (p. mole**) and 
u n o x id ized  (p mole*) c a rb o x y p ep tid a se -A y . The lo s s  of c y s te in e  w as  
v a r ia b le  d ep en d in g  on the  oxygen  c o n te n t  of the  h y d ro ly s is  m ix tu re .
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The p h o to o x id a tio n  o f  c a rb o x y p e p t i d a s e -A § i s  w orthy  of fu rther
( 3 )

com m ent. This p h o to o x id a tio n  r e s u l t s  in  in c re a s e d  e s t e r a s e  a c t iv i ty ,  
and  d e c r e a s e d  p e p t id a s e  a c t i v i ty .  .At l e a s t  tw o e x p la n a t io n s  can  be 
g iven  for th is  a p p a re n t  d is c r e p a n c y .  .E ither the  conform ation  of the  
a p o -§  form in  th e  z in c  b ind ing  s i t e  i s  su ch  th a t  i t  in h ib i ts  the  dye  
b in d in g ,  or th e  m e ta l  b ind ing  s i t e  d o es  no t in v o lv e  h i s t id in e .



SUMMARY

It  w as  found th a t  d y e - s e n s i t i z e d  p h o to o x id a tio n  u s in g  e i th e r  
m e th y len e  b lue  or Rose Bengal a s  s e n s i t i z e r s  rap id ly  d im in ish e s  both 
th e  p e p t id a s e  and e s t e r a s e  a c t i v i t i e s  o f  c a rb o x y p e p t id a s e -A y . It is  
s ig n i f ic a n t  th a t  bo th  a c t i v i t i e s  a re  s im u l ta n e o u s ly  d im in ish e d  by th is  
ch em ica l  m o d if ica t io n  p ro c e d u re , s in c e  h e re to fo re  a dua l in a c t iv a t io n  
h a s  b een  a c c o m p lish e d  on ly  by rem oval o f  the  m eta l  from th e  enzym e.

All o th e r  c h em ica l  m o d if ica t io n s  em ployed on c a rb o x y p ep t id a se -A  
p re v io u s ly  re p o r te d ,  in c lu d in g  m ethy lene  b lue  s e n s i t i z e d  p h o to o x id a ­
t io n  o f  c a rb o x y p ep t id a se -A §  have  r e s u l te d  in  an  in c r e a s e  in  e s t e r a s e  
a c t iv i ty  and  a d e c r e a s e  in  p e p t id a s e  a c t iv i ty .

A d if fe ren c e  w as  found i n  the  m echan ism  of a c t io n  be tw een  
Rose Bengal and  m e th y len e  b lu e .  Rose Bengal fu nc tions  a s  a ve ry  
e f fe c t iv e  s e n s i t i z e r  for bo th  c a rb o x y p ep t id a se -A y  and  a p o ca rb o x y p e p -  

t id a s e -A y ,  w h ile  m e th y len e  b lue  s e n s i t i z e s  the  p h o to o x id a tio n  of only  
the  m e ta l - f r e e  form o f . th e  enzyme.. Both s e n s i t i z e r s  show  a marked 
pH d e p en d e n c e  and  g ive  id e n t i c a l  s igm oida l cu rves  w hich  a re  ty p ic a l  

of the  pH d e p en d e n c y  o f  th e  d y e - s e n s i t i z e d  p h o to o x id a tio n  o f  the  
im id azo le  m o ie ty .  C ry s ta l  v io le t ,  a  s e n s i t i z e r  w h ich  is  rep o r ted  to  be 
s p e c i f ic  for c y s te in e  r e s i d u e s ,  w as  found to  be c o m p le te ly  in e f fe c t iv e  
on a p o ca rb o x y p e p t id a se -A y .

Amino a c id  a n a ly s i s  .of p h o to o x id ized  enzym e re v e a le d  the  lo s s  
of on ly  h is t id in e  r e s i d u e s . P h o to s e n s i t iv e  amino a c id s  su c h  a s  
c y s t e in e ,  ty r o s in e ,  and  m eth ion ine  rem ained  e s s e n t i a l l y  u n a l t e r e d . 
S ig n if ic an t  p ro te c t io n  a g a in s t  th is  p h o to o x id a tio n  w as  d em o n s tra ted  

u s in g  the  s u b s t r a t e s  h ip p u ry l -L -p h e n y la la n in e , g ly c y l ty r o s in e , and the  • 
co m p eti t iv e  in h ib i to r  p -p h e n y lp ro p io n a te . K inetic  s tu d ie s  in d ic a te  th a t  
Rose Bengal a l s o  fu n c tio n s  a s  a co m p e ti t iv e  in h ib ito r  o f  c a rb o x y p e p t i ­
d a se -A y  and  p re v e n ts  the  e x ch an g e  of m e ta l  ions  a t  the  a c t iv e  cen te r  

of th e  en zy m e . The p h o to la b i l i ty  o f  s e v e ra l  m e ta llo  d e r iv a t iv e s  of 
c a rb o x y p ep t id a se -A y  w ere  in v e s t ig a te d .  C onform ationa l c h a n g e s  s u b ­
s e q u e n t  to  p h o to o x id a tio n  and  the  p h o to la b i l i ty  of th e  enzym e in  v a rious  
buffer s y s te m s  w ere  a l s o  in v e s t ig a te d .
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