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Summary 

The zinc(II) complex of pyridine-2-azo-p~limethylaniline is bound to 
several acid proteinases, at pH 5.0, accompanied by a change in the visible 
absorption spectrum. Streptomyces pepsin inhibitor, which was discovered by 
Satoi and Murao (Satoi, S. and Murao, S. (1970) Agric. Biol. Chem. 34, 
1265--1267 and Satoi, S. and Murao, S. (1971) Agric. Biol. Chem. 35, 1482--  
1487), is also bound to acid proteinases. Spectrophotometr ic  studies with ten 
acid proteinases from different sources have revealed that in several acid 
proteinases, zinc(II)-pyridine-2-azo-p-dimethylaniline is released from the en- 
zyme by the inhibitor, while some acid proteinase forms a quaternary complex, 
zinc(II)-pyridine-2-azo-p-dimethylaniline-inhibitor-enzyme. It is speculated that 
zinc(II)-pyridine-2-azo-p-dimethylaniline is bound to two catalytic carboxylate 
groups in the active site of the acid proteinases and the inhibitor is bound 
mainly to the substrate-binding site of the enzymes. The binding of the 
inhibitor may overlap the catalytic site completely or partially. The degree of 
overlapping is characteristic of the kind of  acid proteinases. 

Introduct ion 

In 1954, Klotz and Ming [1] pointed out  from the change in the visible 
absorption spectrum that the azo dye, pyridine-2-azo-p-dimethylaniline(PAD), 
which cannot  be bound to pepsin by itself, can be bound in the presence of 

Abbreviation: PAD, pyridine-2-azo-p-dimethylaniline. 
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certain transition metal ions such as zinc(II). The proposed model was the 
metal-mediated mixed complex, (dye)-(metal ion)-(pepsin) [1] ,  but  neither the 
detailed structure of the mixed complex nor the binding site of the metal ion in 
the pepsin molecule have been elucidated. Our preliminary experiments showed 
that some other acid proteinases also exhibit the same spectral behaviour as 
pepsin at pH 5. However, lysozyme (hen egg white), amylases (liquefying 
s-amylase, and glucoamylase), and neutral or alkali proteinases such as ~- 
chymotrypsin or subtilisin did not show any such spectral change at pH 5. 
Thus, the formation of the mixed zinc(II)-PAD-enzyme complexes seems to be 
specific to certain acid proteinases. 

On the other hand, there have been found two kinds of pepsin inhibitors 
which are very similar in structure, Streptomyces pepsin inhibitor by Satoi and 
Murao [2,3] and pepstatin by Umezawa et al. [4] .  The inhibiting specificity of 
these inhibitors towards various acid proteinases has been studied [3,4].  In this 
paper, we aimed to obtain information about  the structure of the active site of 
several acid proteinases through the interaction of Streptomyces pepsin inhibi- 
tor with the enzymes using the zinc(II)-PAD complex. The interaction between 
the inhibitor and acid proteinases was also studied directly by ultraviolet 
difference spectrophotometry.  The results showed that the ten acid proteinases 
studied can be classified into three groups according to their behaviour toward 
the inhibitor and the zinc(II)-PAD complex. 
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Streptmyces p e p s i n  i n h i b i t o r  

Materials and Methods 

Three-times recrystallized pepsin (EC 3.4.23.1) was purchased from Miles. 
Acid proteinase from Rhizopus chinensis (EC 3.4.23.9), acid proteinase A and 
B from Aspergillus niger (EC 3.4.23.6) were purchased from Seikagaku Kogyo 
Co. Ltd. Acid proteinases from Rhodotorula [5,6] ,  Cladosporium [7] ,  Asper- 
gillus saitoi (EC 3.4.23.6) [8] ,  Scytalidiurn lignicolum (type AI, AII, and B) 
[9,10] and Streptomyces pepsin inhibitor [2,3] were prepared as described 
elswhere. Zinc sulfate and PAD were obtained commercially from Nakarai Co. 
Ltd. All sample solutions were prepared with 0.05 M acetate buffer (pH 5.0}. 
Visible spectra were measured with a Shimadzu UV 200 spectrophotometer  at 
25 ° C. The proteinase activity was measured by the modified Anson's method 
[11]. 
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Results 

Zinc(II)-PAD complex has an absorption maximum at about 530 nm at 
pH 5.0, and increases its absorbance in the presence of pepsin or other acid 
proteinases. Fig. 1 shows the spectral change in the case of pepsin and acid 
proteinase A from A. niger. In the absence of zinc(II), however, spectral change 
caused by the addition of enzymes was very small or negligible except for type 
B of Scytalidium which showed some change in the dye's absorption spec- 
trum. Streptornyces pepsin inhibitor has been known as a competitive inhibitor 
for several kinds of acid proteinases [14]. The spectral behavior caused by the 
addition of the inhibitor to zinc(II)-PAD-enzyme solutions are classified into 
three groups depending on the kind of acid proteinases. 
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Fig. 1. Absorpt ion  spectra of PAD, z inc( I I ) -PAD,  and z i n c ( I I ) - P A D - e n z y m e  a t  p H  5.0 (0 .05  M acetate 
buf fe r ) .  (a) peps in ,  (b) A, niger ( t ype  A) acid p ro tease .  A: PAD alone  (2 .89  - 10 -s  M), B: PAD plus ZnSO 4 
(2 " 10  -3 M) C: PAD plus ZnSO 4 and the  e n z y m e  (1 m g / m l ) .  
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Fig.  2. A b s o r p t i o n  s p e c t r a  o f  zine(II)-PAD-Cladosporium a c i d  p r o t e i n a s e - i n h i b i t o r  s y s t e m .  T h e  m e a n i n g  

of  A,  B, a n d  C are  t h e  s a m e  as  t h o s e  in  F ig .  1. D is t h e  a b s o r p t i o n  s P e e t r u m  o f  z i n c ( I I ) - P A D - e n z y m e -  

i n h i b i t o r  a t  t h e  l a rge  e x c e s s  o f  t h e  i n h i b i t o r .  T h e  s p e c t r u m  C s h i f t s  to  t h e  s p e c t r u m  D u p o n  a d d i t i o n  o f  

t h e  i n h i b i t o r .  

(1) The absorption spectrum characterized by zinc(II)-PAD-enzyme mixed 
complex decreases and approaches the initial absorption spectrum of zinc(II)o 
PAD. 

(2) The absorption spectrum shifts to the shorter wavelength, which 
indicates the existence of quaternary zinc(II)-PAD-inhibitor-enzyme complex. 

(3) No spectral change is brought about by the inhibitor. 
The enzymes belonging to Class 1 are pepsin, acid proteinases from R. 

chinensis, from Rhodotorula, and from A. saitoi, and acid proteinase B from A. 
niger. To Class 2 belongs acid proteinase from Cladosporium; the spectral 
changes are shown in Fig. 2. Class 3 involves acid proteinase A from A. niger, 
and acid proteinase (type AI, AII, and B) from Scytalidium. The titration of 
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Fig .  3. T i t r a t i o n  o f  p e p s i n  w i t h  Streptomyces p e p s i n  i n h i b i t o r  b y  t h e  i n h i b i t i o n  o f  e n z y m e  a c i t i v i t y  a n d  

v i s ib l e  a b s o r b a n c e  c h a n g e  a t  5 7 0  n m .  A :  E n z y m e  a c t i v i t y ,  m e a s u r e d  a t  p H  2 . 0  ( e n z y m e  c o n c e n t r a t i o n ,  
6 . 3 5  • 1 0  °5 M).  Ae/Aeo:  R e l a t i v e  a b s o r b a n c e  c h a n g e  a t  5 7 0  n m  a n d  p H  5 .0  ( e n z y m e  c o n c e n t r a t i o n  2 . 2 5  • 

1 0  -S M).  T h e  s o l u t i o n  c o n t a i n s  P A D  ( 2 . 8 9  • 10-  s M) a n d  Z n S O 4  (2  • 1003) .  I/E: I n h i b i t o r - e n z y m e  r a t i o .  
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T A B L E  I 

S U M M A R Y  O F  T H E  P R O P E R T I E S  O E  A C I D  P R O T E I N A S E S  F R O M  V A R I O U S  S O U R C E S  T O W A R D  

S E V E R A L  R E A G E N T S  

P o s i t i v e  a n d  n e g a t i v e  e f f e c t s  a r e  s h o w n  b y  t h e  s y m b o l s  + a n d  - r e s p e c t i v e l y .  E v i d e n c e  f o r  S t r c p l o m y c e s  

p e p s i n  i n h i b i t o r  ( S P I )  b i n d i n g  is o b t a i n e d  f r o m  t h e  a p p e a r a n c e  o f  an  u l t r a v i o l e t  d i f f e r e n c e  s p e c t r u m .  

E n z y m e  M o l .  w t  Z n -  SPI  R e l e a s e  I n h i b i t i o n  

( P A D )  2+ b i n d i n g  o f  Zn-  by  SPI  

b i n d i n g  ( P A D )  2+ 

by  SPI  

I n a c t i v a t i o n  b y  

d i a z o a c e t y l -  

n o r l e u c i n e  

m e t h y l e s t e r  

P e p s i n  3 5 0 0 0  + + 1 1 2 1  + + [ 3 ]  + 1 1 6 1  

R h o d o t o r ,  la 3 2 0 0 0  + + 1141 + + [ 3 ]  + [ 1 4 1  

R. chi,~e,zsis 3 4 0 0 0  + +* + + [ 1 5 ]  + 11 5]  

A. sai to i  3 5 0 0 0  + +* + + + 1171  

A. t~i~!~,r ( t y p e  B) 3 4 0 0 0  + +* + + + 1171  

C l a d o s p o r i . m  3 0 0 0 0  + + [ 1 4 ]  + [ 3 ]  + [ 1 4 ]  

A.  tHI4er ( t y p e  A)  1 9 0 0 0  + - *  - [ 1 8 ]  

ScY la l id iu rn  ( t y p e  A I )  4 0 0 0 0  + - [ 9 ]  - [ 9 , 1 0 ]  - [ 1 8 ]  

S c y t a l i d i t t m  ( t y p e  A I I )  4 0 0 0 0  + - [ 9 ]  - - [ 9 , 1 0 ]  - [ 1 8 ]  

S c y t a l i d i u m  ( t y p e  B) 2 1 0 0 0  + + [ 9 ]  - [ 9 , 1 0 ]  + [ 1 8 1  

* N a k a t a n i ,  H . ,  u n p u b l i s h e d  d a t a .  

pepsin with the inhibitor using the spectral change at 570 nm is shown in 
Fig. 3. The residual absorbance was always detected even in the large excess of 
the inhibitor. This is probably due to the inactive enzyme and/or residual 
minor binding sites for zinc(II)-PAD which cannot interact with the inhibitor. 
The titration by proteinase activity shows the same behaviour as the spectro- 
scopic titration (Fig. 3). Binding of Streptomyces pepsin inhibitor to acid 
proteinases could be detected directly by ultraviolet difference spectrophoto- 
metry. Difference spectra caused by the inhibitor always appeared for the 
enzymes of  Classes 1 and 2 (refs 12 and 14 and Nakatani, H., unpublished 
data). No difference spectrum was observed for the enzymes of Class 3, except 
type  B from Scytalidium which shows a difference spectrum with a large excess 
of the inhibitor [ 9].  The results together with some other characteristics of the 
enzymes are summarized in Table I. 

Discussion 

It has been established that the catalytic function of pepsin is performed 
by two carboxyl groups interacting with each other [13] .  It would be a 
reasonable statement that the catalytic site of acid proteinases of microbial 
source is also composed of at least two carboxyl groups, judging from the 
similarity in opt imum pH and reactivity towards chemical modifiers between 
pepsin and acid proteinases of microbial source. Most acid proteinases are 
inactivated by esterification of the carboxyl groups by diazoacetylnorleucine 
methylester, but  the acid proteinases of types AI, AII, and B from Scytalidium 
are not  inactivated by this chemical; these enzymes are considered to be acid 
proteinases of  a new type [11] (Table I). The spectral change of  zinc(II)-PAD 
caused by acid proteinase (Fig. 1) is very similar to that by  oxalic acid. It is 
quite reasonable to consider that the spectral change of  zinc(II)-PAD by the 



4 2 0  

addition of oxalic acid is due to the formation of the mixed complex of the 
type 

O O 

]1 II 
C - 0  C - - 0  
I + Zn(PAD)2+ ;" . . . .  I > Zn(PAD) 
C - - O -  C 0 
kl II 
© 0 

Since the spectral change of zinc(II)-PAD, caused by the addition of the acid 
proteinases, is the same as that  observed with oxalic acid and since two 
carboxyl groups as catalytic residues may be common for most acid protein- 
ases, it is reasonable to consider that  zinc(II)-PAD binds to the catalytic 
residues in acid proteinases, forming a mixed chelate complex. However, the 
concentration of oxalic acid necessary to cause the same spectral change is 
about 100 times larger than that  of acid proteinases (Nakatani, H., unpub- 
lished). 

As Streptomyces pepsin inhibitor inhibits the activity of many acid 
proteinases and protects them from esterification of the carboxyl group in the 
catalytic site, it is clear that the inhibitor binds at the active site, probably the 
substrate-binding site, of acid proteinases. If the inhibitor completely covers 
the catalytic site, zinc(II)-PAD coordinating to the catalytic carboxyl groups 
may be replaced by the inhibitor. This is just what has been seen in the case of 
Class 1 enzymes. If the inhibitor covers the catalytic site partially, zinc(II)-PAD 
may still be bound simultaneously on the active site of acid proteinases, then 
Class 2 enzyme, Cladosporium acid proteinase, would be the case. The Class 3 
enzyme, which cannot bind the inhibitor on the active site, is only able to bind 
zinc(II)-PAD on the catalytic site. Although type B from Scytalidium binds the 
inhibitor, causing ultraviolet difference spectra [9],  zinc(II)-PAD is not re- 
leased from the enzyme and its proteolytic action is not inhibited by the 
inhibitor [9].  Therefore the binding site for the inhibitor in this enzyme must 
be far from the catalytic site. 

Finally, the following consideration may be possible; as the zinc(II) ion 
tends to form tetrahedral or octahedral complexes, the distance between two 
oxygen atoms of the catalytic carboxylates, to which the zinc(II)-PAD coordi- 
nates, is about 3 •, using the data from the geometrical coordination structure 
of zinc(II) complexes [19].  
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