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SUMMARY 

PART I 

Two p e p t i d e d i a z o m e t h y l k e t o n e s , T o s - P h e C H N 2 and i t s heavy atom 

a n a l o g I p s - P h e C H ^ , were prepared f o r use as i n h i b i t o r s o f peps in and 

Rhizopus c h i n e n s i s a c i d p r o t e a s e in k i n e t i c s t u d i e s and f u t u r e c r y s t a l l o -

g r a p h i c i n v e s t i g a t i o n s . Both compounds were shown to be e x t r e m e l y good 

a c t i v e - s i t e - d i r e c t e d i r r e v e r s i b l e i n h i b i t o r s o f the two enzymes. The 

r e l a t i v e k , , / [ l ] v a l u e s were found to be v e r y s i m i l a r i n d i c a t i n g t h a t obsd' J ° 

the replacement o f the i o d i n e atom f o r the methy l s u b s t i t u e n t had l i t t l e 

e f f e c t upon the i n h i b i t o r y a c t i v i t y o f the compounds. However, in 

c o n c e n t r a t i o n - d e p e n d e n t s t u d i e s the r e l a t i v e k^/k^ v a l u e s were u n o b t a i n 

a b l e due to the v e l o c i t y o f the i n h i b i t i o n r e a c t i o n . 

PART I I 

A s e r i e s o f f i v e a c y l c a r b a z a t e s was t e s t e d f o r r e a c t i v i t y towards 

chymotryps in A , s u b t i l i s i n B P N ' , and s u b t i l i s i n C a r l s b u r g . The f i v e com

pounds A c - B z c - O N p , A c - A l a - B z c - O N p , A c - A l a - M e c - O N p , A c - A l a - A l a - M e c - O N p , 

and A c - A l a - A l a - P r o - M e c - O N p (Bzc = N H - N ( C H 2 C 6 H 5 ) C O ; Mec = N H - N ( C H 3 > C O ) 

were shown to r e a c t w i t h the t h r e e enzymes a t s u b s t a n t i a l l y d i f f e r e n t 

r a t e s . Chymotryps in was r a p i d l y i n a c t i v a t e d by the two b e n z y l c a r b a z a t e s 

and r e a c t e d w i t h A c - A l a - A l a - P r o - M e c - O N p somewhat more s l o w l y . The two 

s u b t i l i s i n s r e a c t e d w i t h a l l f i v e compounds and were r a p i d l y i n a c t i v a t e d 

by the two b e n z y l c a r b a z a t e s . However, the t h r e e methy l c a r b a z a t e s had 
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v e r y f a s t d e a c y l a t i o n r a t e s . T h i s r a p i d t u r n o v e r may be a r e s u l t o f a 

l o o s e f i t o f the methy l group in the b i n d i n g pocket o f the s u b t i l i s i n s 

s i n c e t h e s e enzymes are known to have a broader s p e c i f i c i t y f o r l a r g e 

hydrophobic s i d e c h a i n s . In a l l c a s e s where a r a t e c o u l d be measured, 

s u b t i l i s i n C a r l s b u r g was more r e a c t i v e towards the c a r b a z a t e s than s u b -

t i l i s i n BPN*. The burs t o f p - n i t r o p h e n o l o b t a i n e d upon r e a c t i o n o f c h y 

motryps in or the s u b t i l i s i n s was a lways e s s e n t i a l l y s t o c h i o m e t r i c . 
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CHAPTER I 

INTRODUCTION 

Enzymes which c a t a l y z e p r o t e i n h y d r o l y s i s , r e f e r r e d to a s p r o t e o l y t i c 

enzymes, are among the most w i d e l y s t u d i e d enzymes i n the f i e l d o f b iochem

i s t r y t o d a t e . These enzymes are i n v o l v e d i n such p h y s i o l o g i c a l p r o c e s s e s 

as food d i g e s t i o n , zymogen a c t i v a t i o n , ovum f e r t i l i z a t i o n , b lood c o a g u l a 

t i o n , and t i s s u e i n f l a m a t i o n . The u t i l i t y o f p r o t e o l y t i c enzymes ranges 

from t h e i r use i n i n d u s t r i a l p r o c e s s e s i n v o l v e d w i t h the d e g r a d a t i o n o f 

p r o t e i n raw m a t e r i a l s to p h a r m a c e u t i c a l s t u d i e s i n v o l v e d w i t h the i n v e s t i 

g a t i o n o f d i s e a s e s which f a c i l i t a t e t i s s u e d e s t r u c t i o n . 

A c i d p r o t e a s e s are a p a r t i c u l a r type o f p r o t e o l y t i c enzyme which 

a r e c h a r a c t e r i z e d by p o s s e s s i n g an a c i d i c pH optimum. Some o f the t y p e s 

o f enzymes which be long t o t h i s c l a s s are the g a s t r i c p r o t e a s e s o f peps in 

a s w e l l as the m i c r o b i a l a c i d p r o t e a s e s such a s p e n i c i l l o p e p s i n , Rhizophus 

c h i n e n s i s a c i d p r o t e a s e and the m i l k c l o t t i n g enzyme, chymos in . A c o n 

s i d e r a b l e amount o f i n f o r m a t i o n has been o b t a i n e d about t h e s e enzymes w i t h 

r e s p e c t t o amino a c i d s e q u e n c e s , primary s u b s t r a t e s p e c i f i c i t i e s and o v e r 

a l l r e a c t i o n mechanism. A l t h o u g h much o f the o v e r a l l c a t a l y t i c mechanism 

i s s t i l l in q u e s t i o n , i t i s thought t h a t t h e s e enzymes appear to pos se s s 

s i m i l a r c a t a l y t i c c e n t e r s , s i n c e they are i n h i b i t e d s e l e c t i v e l y by a c t i v e -

s i t e - d i r e c t e d r e a g e n t s such as d i a z o a c e t y l - L - p h e n y l a l a n i n e e t h y l e s t e r and 

p - t o l u e n e s u l f o n y l - L - p h e n y l a l a n y l diazomethane ( D e l p i e r r e and F r u t o n , 1966) 

or d i a z o a c e t y l - D L - n o r l e u c i n e methy l e s t e r ( R a j a g o p a l a n , e t a l . , 1966) . 
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I t was found t h a t , in the case o f g a s t r i c peps in ( B a y l i s s , e t a l . , 

1969) and p e n i c i l l o p e p s i n (Sodek and Hofmann, 1970) , the s i t e o f a t t a c k by 

such d i a z o compounds i s the f3-carboxyl group o f an a s p a r t i c a c i d r e s i d u e 

in homologous sequences ( p e p s i n : I l e - V a l - A s p - T h r - G l y - T h r - S e r ; p e n i c i l l o 

p e p s i n : I l e - A l a - A s p - T h r - G l y - T h r - L e u ) . Upon comple t ion o f the amino a c i d 

sequence o f p r o c i n e p e p s i n , the a s p a r t y l r e s i d u e s e n s i t i v e to the d i a z o 

compounds was i d e n t i f i e d as Asp-215 (Tang, e t a l . , 1973) . I t was a l s o 

observed t h a t s u b s t r a t e - l i k e epox ides s e l e c t i v e l y i n h i b i t e d peps in (Tang, 

1972) . However, i t was shown t h a t the a s p a r t y l group which was m o d i f i e d 

was Asp-32 (Hartsuck and Tang, 1973) . 

Another f u n c t i o n o f a c i d p r o t e a s e s i s t h e i r a b i l i t y to c a t a l y z e 

t r a n s p e p t i d a t i o n r e a c t i o n s under c e r t a i n c o n d i t i o n s . T h i s p r o p e r t y has 

a i d e d in the u n d e r s t a n d i n g o f t h e c a t a l y t i c mechanism f o r enzymat ic h y 

d r o l y s i s . A number o f mechanisms have been proposed f o r the a c t i o n o f 

p r o c i n e p e p s i n , w i t h many h a v i n g the c e n t r a l f e a t u r e o f a c o v a l e n t amino 

i n t e r m e d i a t e (C lement , 1973) . The e v i d e n c e f o r the amino i n t e r m e d i a t e 

comes from t r a n s p e p t i d a t i o n r e a c t i o n s c a t a l y z e d by peps in i n v o l v i n g t h e 

t r a n s f e r o f t h e C - t e r m i n a l amino a c i d from a s m a l l s u b s t r a t e . Neuman, 

et a l . (1959) and F r u t o n , e t a l . (1961) showed t h a t t h e s e t r a n s p e p t i d a 

t i o n r e a c t i o n s r e q u i r e d a c o v a l e n t l y bound i n t e r m e d i a t e . F u r t h e r m o r e , 

s t u d i e s i n d i c a t e d t h a t in h y d r o l y t i c r e a c t i o n s t h e r e i s a nonrandom r e 

l e a s e o f p r o d u c t s i n an order t h a t i s c o n s i s t e n t w i t h the p o s t u l a t e o f an 

amino enzyme ( K i t s o n and Knowles , 1971) . I t has been p o i n t e d o u t , how

e v e r , t h a t the same o b s e r v a t i o n s would be e x p e c t e d f o r an a c y l i n t e r m e d i a t e 

in t h e s e peps in c a t a l y z e d r e a c t i o n s . T h i s p r o p o s a l i s supported by the 

18 
o b s e r v a t i o n t h a t peps in c a t a l y z e s the exchange o f 0 between a s u b s t r a t e 
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and water (Sharon , e t a l . , 1962) . I t was shown t h a t an 0 exchange 

c a t a l y z e d by peps in a l s o o c c u r s in the absence o f s u b s t r a t e (Shkarenkova , 

et a l . , 1968) . T h i s o b s e r v a t i o n c o n s e q u e n t l y l ed t o the p r o p o s a l o f a 

18 

mechanism which accounted f o r the 0 exchange w i t h o u t i n v o l v i n g a c o v a 

l en t a c y l i n t e r m e d i a t e . More r e c e n t l y Takahash i and Hofmann (1975) showed 

t h a t t r a n s p e p t i d a t i o n r e a c t i o n s i n v o l v i n g N - t e r m i n a l amino a c i d s w i t h 

p e n i c i l l o p e p s i n e x h i b i t e d s p e c i f i c b i n d i n g requ irements f o r c a t a l y s i s . 

The major p r o d u c t s o b t a i n e d when P h e - T y r - T h r - P r o - L y s - A l a and M e t - L e u - G l y 

were used as s u b s t r a t e s were Phe-Phe and M e t - M e t , r e s p e c t i v e l y . When 

M e t - L e u - G l y was employed as the s u b s t r a t e , the t e t r a p e p t i d e M e t - M e t - L e u -

G l y was observed as a probab le i n t e r m e d i a t e . The d i p e p t i d e s L e u - P h e , 

P h e - L e u , L e u - L e u , and Phe-Phe were a l l observed as p r o d u c t s when L e u - T y r -

Leu and P h e - T y r - T h r - P r o - L y s - A l a were c o - i n c u b a t e d w i t h the enzyme. These 

r e s u l t s s u g g e s t e d t h a t two amino a c i d s w i t h l a r g e hydrophobic s i d e c h a i n s 

a r e r e q u i r e d i n order f o r t r a n s p e p t i d a t i o n t o o c c u r . The a d d i t i o n o f 

n u c l e o p h i l i c compounds o t h e r than p e p t i d e s ( h y d r o x y l amine , d i n i t r o p h e n y l -

h y d r a z i n e and a l i p h a t i c a l c o h o l s ) to the r e a c t i o n m i x t u r e d id not r e s u l t 

in a t t a c k on an enzyme a c y l i n t e r m e d i a t e . 

On the b a s i s o f t h e s e o b s e r v a t i o n s s e v e r a l mechanisms have been 

proposed most o f which i n v o l v e an a c y l i n t e r m e d i a t e (Bender and Kezdy , 

1965) , amino i n t e r m e d i a t e (Knowles , 1970) , or both (Takahash i and Hofmann, 

1975) . The major f e a t u r e s o f the mechanism i n v o l v i n g the a c y l i n t e r m e d i 

a t e are shown in F i g u r e 1. The i n i t i a l b i n d i n g to form the enzyme s u b 

s t r a t e complex i s b e l i e v e d to o c c u r through the hydrophobic s i d e c h a i n s 

i n the S^ and S j s u b s i t e s (Berger and S c h e c h t e r , 1970) . The a c y l i n t e r 

media te i s s u b s e q u e n t l y formed r e s u l t i n g from n u c l e o p h i l i c a t t a c k on the 
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c a r b o n y l carbon by one o f the a c t i v e s i t e a s p a r t i c a c i d r e s i d u e s and 

l e a v i n g the amino moie ty of the p e p t i d e to form an ion p a i r w i t h the 

o t h e r a c t i v e s i t e a s p a r t i c a c i d . The a c y l i n t e r m e d i a t e i s b e l i e v e d to be 

s t a b i l i z e d by the hydrophobic environment and t h e ion p a i r which i s formed. 

At t h i s p o i n t the product a t the S j s u b s i t e may be r e l e a s e d a l l o w i n g f o r 

the b i n d i n g o f a new m o l e c u l e o f s u b s t r a t e a t t h e S | and s u b s i t e s and 

r e a c t i n g w i t h the f r e e c a r b o x y l a t e group on the enzyme (Wang, e_t a l . , 

1974) . The p a r t i a l w i t h d r a w a l o f the proton on the amino group by the 

a c t i v e s i t e a s p a r t i c a c i d may a i d in the n u c l e o p h i l i c a t t a c k on the a n 

h y d r i d e to y i e l d the t r a n s p e p t i d a t i o n product and the r e g e n e r a t e d a c t i v e 

s i t e . 

The proposed mechanism f o r c a t a l y s i s i n v o l v i n g an amino i n t e r m e d i 

a t e i s summarized in F i g u r e 2 (Knowles , 1970) . The i n i t i a l b i n d i n g o f 

the s u b s t r a t e i s s u b s e q u e n t l y f o l l o w e d by n u c l e o p h i l i c a t t a c k o f one a s 

p a r t i c a c i d r e s i d u e on the c a r b o n y l carbon ( I I ) . T h i s s t e p i s a i d e d by 

the second a s p a r t i c a c i d r e s i d u e a c t i n g as a proton donor . T h i s l e a d s 

to a rearrangement to y i e l d the amino enzyme i n t e r m e d i a t e . The r e l e a s e 

o f the c a r b o x y l a t e group may l ead to e i t h e r h y d r o l y s i s o f the amino en

zyme i n t e r m e d i a t e or the b i n d i n g o f an a c y l amino a c i d a c c e p t o r s p e c i f i c 

a l l y which would r e s u l t in t r a n s p e p t i d a t i o n and the s y n t h e s i s o f a new 

p e p t i d e . 

I t has r e c e n t l y been p o s t u l a t e d (Takahashi and Hofmann, 1975) 

t h a t not a l l p e p s i n - and p e n i c i l l o p e p s i n - c a t a l y z e d r e a c t i o n s proceed v i a 

the same mechanism. I t was f u r t h e r s u g g e s t e d t h a t the c o u r s e o f the 

r e a c t i o n would be determined by the n a t u r e o f the s u b s t r a t e and thus would 

d i c t a t e the type o f i n t e r m e d i a t e formed. The proposed pathways are sum-
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marized in F i g u r e 3 . The f i r s t s t e p a g a i n would i n v o l v e the format ion 

o f an e n z y m e - s u b s t r a t e complex. The complex may then f o l l o w one o f t h r e e 

pathways . One o f the p o s s i b l e r o u t e s would l e a d to the format ion o f an 

a c y l i n t e r m e d i a t e which would then r e a c t w i t h an a c c e p t o r or undergo 

h y d r o l y s i s . A second p o s s i b l e r o u t e would be t h a t the s u b s t r a t e would 

undergo h y d r o l y s i s w i t h o u t the format ion o f a c o v a l e n t i n t e r m e d i a t e . 

T h i s p o s s i b i l i t y has been s u g g e s t e d p r e v i o u s l y by S i l v e r and S t o d a r d 

(1972) . The t h i r d p o s s i b l e r o u t e o f c a t a l y s i s would i n v o l v e the forma

t i o n o f an amino i n t e r m e d i a t e from the e n z y m e - s u b s t r a t e complex . The 

amino i n t e r m e d i a t e may then undergo h y d r o l y s i s or r e a c t w i t h an a c c e p t o r 

to y i e l d the t r a n s p e p t i d a t i o n p r o d u c t . 

I t i s apparent from the above d i s c u s s i o n t h a t s e v e r a l q u e s t i o n s 

remain to be r e s o l v e d w i t h r e s p e c t to the c a t a l y t i c mechanism f o r t r a n s 

p e p t i d a t i o n r e a c t i o n s and h y d r o l y s i s o f p e p t i d e s u b s t r a t e s w i t h a c i d p r o 

t e a s e s . In hopes o f o b t a i n i n g a b e t t e r u n d e r s t a n d i n g o f the mode o f a c t i o n 

f o r a c i d p r o t e a s e s , an i n v e s t i g a t i o n i n t o the i r r e v e r s i b l e i n h i b i t i o n o f 

a homologous enzyme, Rhizopus c h i n e n s i s a c i d p r o t e a s e (Hofmann, et_ a l . , 

1972) was undertaken w i t h the purpose o f o b t a i n i n g "heavy atom" d e r i v a 

t i v e s o f the enzyme f o r f u t u r e c r y s t a l l o g r a p h i c s t u d y . S i n c e i t had been 

shown p r e v i o u s l y t h a t p e p t i d e a n a l o g s o f d i a z o ke tones i r r e v e r s i b l y i n 

h i b i t e d the Rhizopus a c i d p r o t e a s e s e l e c t i v e l y ( T s u r u , e_t a l . , 1973) i t 

appeared t h a t t h i s c l a s s o f compounds would be good c a n d i d a t e s f o r our 

s t u d i e s . I n h i b i t i o n s t u d i e s o f peps in employing T o s - P h e C H ^ showed t h i s 

p a r t i c u l a r i n h i b i t i o n t o be ex treme ly potent as w e l l as s e l e c t i v e ( D e l -

p i e r r e and F r u t o n , 1965) . I t appeared t h a t the isomorphous replacement 

o f the m e t h y l s u b s t i t u e n t on the t o s y l group w i t h an i o d i n e atom would 
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F i g u r e 3. A l t e r n a t i v e Pathways f o r E n z y m e - c a t a l y z e d R e a c t i o n s 
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s erve as a s u i t a b l e "heavy atom" d e r i v a t i v e o f the i n h i b i t o r ( F i g u r e 4 ) . 

T h i s t h e s i s , Part I , i s a r e p o r t on the s y n t h e s i s and k i n e t i c i n v e s t i g a 

t i o n o f two p e p t i d e d i a z o m e t h y l ketones as p o s s i b l e s p e c i f i c i r r e v e r s i b l e 

i n h i b i t o r s o f Rhizophus c h i n e n s i s a c i d p r o t e i n a s e . 
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F i g u r e 4. S t r u c t u r e s o f P e p t i d e C a r b a z a t e s 

(1_ r e p r e s e n t s N - T o s y 1 - L - p h e n y l a l a n y l d i a z o m e t h y l ketone (Tos-Phe-CHN^) 
w h i l e 2. r e p r e s e n t s N - p - ( I o d o b e n z e n e s u l f o n y l ) - p h e n y l a l a n y 1 d i a z o m e t h y l 
k e t o n e . ) 
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CHAPTER I I 

METHODS 

Reagents and M a t e r i a l s 

P r o c i n e peps in ( tw ice c r y s t a l l i z e d ) was o b t a i n e d from Worth ington 

B i o c h e m i c a l C o r p o r a t i o n ( l o t PM 3AU) . The enzyme was f u r t h e r p u r i f i e d by 

d i s s o l v i n g 25 mg in 15 ml o f 6.25 mM a c e t a t e b u f f e r (pH 5 .4) and d i a l i z i n g 

the s o l u t i o n o v e r n i g h t a t t h r e e degrees a g a i n s t one l i t e r o f b u f f e r ( D e l -

p i e r r e and F r u t o n , 1966) . Rhizopus c h i n e n s i s p r o t e a s e ( t h r e e t imes c r y s 

t a l l i z e d ) was o b t a i n e d from Se ikagakn Kogyo Company ( l o t 8U06) and was 

p u r i f i e d as d e s c r i b e d f o r p e p s i n . The hemoglobin s u b s t r a t e was o b t a i n e d 

from Worth ington B i o c h e m i c a l C o r p o r a t i o n . A l l r e a g e n t s and s o l v e n t s used 

were o f a n a l y t i c a l g r a d e . Mass s p e c t r a were taken on a H i t a c h i P e r k i n -

Elmer RMU-7L i n s t r u m e n t . N u c l e a r m a g n e t i c resonance (nmr) s p e c t r a were 

taken on a V a r i a n T-60 i n s t r u m e n t . S o l v e n t s used f o r nmr s p e c t r a were 

d e u t e r o c h l o r o f o r m (CDCl^) and d e u t e r o d i m e t h y l s u l f o x i d e (DMSO-d^) . I n f r a 

red ( i r ) s p e c t r a were taken on a P e r k i n - E l m e r 457 i n s t r u m e n t . A l l i r 

s p e c t r a were taken i n e i t h e r c h l o r o f o r m (CHCl^) or i n a n u j o l m u l l . I n 

h i b i t i o n exper iments were c a r r i e d out w i t h the a i d o f a Beckman Model-25 

s p e c t r o p h o t o m e t e r . Thin l a y e r chromatography ( t i c ) was performed u s i n g 

Merck s i l i c a g e l G p l a t e s . Column chromatography was c a r r i e d out u s i n g 

F i s h e r brand f l o r i s i l . 

N - T o s y l - L - p h e n y l a l a n i n e (Tos-Phe-OH) 

N - t o s y l - L - p h e n y l a l a n i n e was prepared by the method o f F i s c h e r and 
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L i p s h i t z (1915) w i t h m o d i f i c a t i o n s . To a s o l u t i o n c o n t a i n i n g 10.5 g 

(63.0 mmoles) o f L - p h e n y l a l a n i n e in 100 ml o f 1.0 N NaOH was added 12.0 g 

(63.0 mmoles) o f t o s y l c h l o r i d e in 200 ml o f d i e t h y l e t h e r . The m i x t u r e 

was a l l owed t o s t i r a t room temperature f o r four hours f o l l o w e d by a c i d i 

f i c a t i o n to pH 2 . The e t h e r l a y e r was removed i n v a c u o . The r e s u l t i n g 

emuls ion was e x t r a c t e d w i t h e t h y l a c e t a t e and evapora ted down to the 

o i l . The o i l was c r y s t a l l i z e d from methano l -water (1:8) to g i v e 11.59 g 

(57.9%) o f a w h i t e s o l i d , mp 166-16# ( F i s c h e r and L i p s h i t z (1915) r e p o r t 

1 6 5 ° ) . The mass spectrum had major peaks at m/e 171 ( T o s - N H 2

+ ) , 155 

( T o s + ) , 91 ( C 7 H 7

+ ) , a n d 64 ( S O ^ . The nmr (DMS0-d 6 ) had major peaks a t 

j) 8 .28 ( d , l H ) , 7.48 (m,9H) , 3 .98 ( m , l H ) , 2.98 ( d , 2 H ) , and 2.48 ( s , 3 H ) . 

The i n f r a r e d spectrum ( n u j o l ) had bands a t 1710 cm 1 ( c a r b o n y l ) . A n a l . 

c a l c d f o r C l 6 H 1 7 N 0 4 S : C , 56 .89; H , 4 . 7 7 . Found: C , 5 6 . 6 0 ; H , 4 . 6 5 . 

N - p - I o d o b e n z e n e s u l f o n y l - L - p h e n y a l a n i n e ( I p s - P h e - O H ) 

N - p - i o d o b e n z e n e s u l f o n y l - L - p h e n y a l a n i n e was prepared by a method 

s i m i l a r to T o s - P h e - O H . The product was r e c r y s t a l l i z e d from methano l -water 

(1:8) t o g i v e 2.29 g (53.57o) o f a w h i t e s o l i d , mp 164-165° . The mass 

spectrum had major peaks a t m/e 283 ( I p s - N H 2

+ ) , 267 ( I p s + ) , 91 ( C

7

H

7

+ ) , 

and 64 ( S 0 2 ) . The nmr (DMS0-d 6 ) had peaks a t 6 8.28 ( d , l H ) , 7.48 (m,9H) , 

3 .9 ( m , l H ) , and 2.98 ( d , 2 H ) . The i n f r a r e d spectrum ( n u j o l ) had a band 

a t 1710 cm" 1 ( c a r b o n y l ) . A n a l , c a l c d f o r C ^ H ^ I N O ^ : C , 4 1 . 7 6 ; H , 

3 . 2 5 . Found: C , 4 1 . 8 3 ; H , 3 .34 . 

N - T o s y l - L - p h e n y l a l a n y l c h l o r i d e ( T o s - P h e - C l ) 

N - t o s y l - L - p h e n y l a l a n y l c h l o r i d e was prepared by the method o f 

Popenoe and Vigneaud (1954) w i t h m o d i f i c a t i o n s . To a s o l u t i o n c o n t a i n i n g 

1.0 g (2 .31 mmol) o f the p r e v i o u s l y prepared Tos -Phe -OH in anhydrous e t h e r 
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(15 ml) was added 0.85 g o f PC1,_. T h i s was f o l l o w e d by the a d d i t i o n o f 

3 .0 ml o f anhydrous t e t r a h y d r o f u r a n . The m i x t u r e was a l l owed to s t i r 

o v e r n i g h t a t room tempera ture . The a c i d c h l o r i d e was c r y s t a l l i z e d from 

t e t r a h y d r o f u r a n - p e t e t h e r ( 1 : 5 ) . The c r y s t a l l i n e product was washed w i t h 

30 ml o f c o l d water and r e c r y s t a l l i z e d from t e t r a h y d r o f u r a n - p e t e t h e r 

(1:5) to g i v e 0.81 g (78.6%) o f a w h i t e s o l i d , mp 130-131° (Popenoe and 

Vigneaud (1954) r e p o r t mp 1 2 8 - 1 2 9 ° ) , R f 0 .76 ( C H C 1 3 - C H 3 0 H , 9 : 1 ) . The 

mass spectrum had major peaks at m/e 171 ( T o s - N H 2

+ ) , 155 ( T o s + ) , 91 

( C ? H 7

+ ) , 64 ( S 0 2 ) , and 36 ( H C l ) . The nmr spectrum (DMS0-d 6 ) had peaks 

a t j$ 8 .2 ( d , l H ) , 7.4 (m,9H) , 3 .9 ( m , l H ) , 2 .9 ( d , 2 H ) , and 2.4 ( s , 3 H ) . 

The i n f r a r e d spectrum ( n u j o l ) had a band a t 1810 cm ^ ( c a r b o n y l ) . A n a l . 

c a l c d f o r C n £ H , , C l N 0 o S : C , 56 .89; H , 4 . 7 7 ; C l , 10 .50 . Found: C , 56 .88 ; 
lb ib 3 

H , 4 . 7 8 ; C l , 0 . 5 6 . 

N - p - I o d o b e n z e n e s u l f o n y l - p h e n y l a l a n y l c h l o r i d e ( I p s - P h e - C l ) 

N - p - i o d o b e n z e n e s u l f o n y l - p h e n y l a l a n y l c h l o r i d e was prepared by a 

method s i m i l a r to T o s - P h e - C l . The product was r e c r y s t a l l i z e d from t e t r a 

h y d r o f u r a n - p e t e t h e r (1:5) t o g i v e 0 .80 g (76.2%) o f a w h i t e s o l i d , mp 

176-177° , R f 0 .75 ( C H C 1 3 - C H 3 0 H , 9 : 1 ) . The mass spectrum had major peaks 

a t m/e 283 ( I p s - N H 2

+ ) , 267 ( I p s + ) , 91 ( C y H 7

+ ) , 64 ( S O ^ , and 36 ( H C l ) . 

The nmr (DMS0-d 6 ) had major peaks a t _6 8 . 2 ( d , l H ) , 7.4 (m,9H) , 3 .9 ( m , l H ) , 

and 2 .9 ( d , 2 H ) . The i n f r a r e d spectrum ( n u j o l ) had a band a t 1810 cm-'1" 

( c a r b o n y l ) . A n a l , c a l c d f o r C ^ H ^ C I I N O ^ : C , 38 .60 ; H , 3 . 0 2 ; C l , 7 . 6 0 . 

Found: C , 38 .99; H, 2 .95 ; C l , 7 . 8 3 . 

N - T o s y l - L - p h e n y l a l a n y l d i a z o m e t h y l ketone (Tos -PheCHN 2 ) 

N - t o s y l - L - p h e n y l a l a n y l d i a z o m e t h y l ketone was prepared by the 

method o f D e l p i e r r e and F r u t o n (1966) w i t h m o d i f i c a t i o n s . To a s o l u t i o n 
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c o n t a i n i n g diazomethane ( c a . 25 mmol) in 20 ml o f anhydrous e t h e r was 

added 1.1 g (3 .25 mmol) o f T o s - P h e - C l a t 0 ° . A f t e r the m i x t u r e had been 

kept a t room temperature ( in the dark) f o r 16 h o u r s , the s o l v e n t was r e 

moved tin v a c u o , and the r e s i d u e was r e c r y s t a l l i z e d from e t h y l a c e t a t e -

c y c l o h e x a n e ( 1 : 3 ) . A second r e c r y s t a l l i z a t i o n y i e l d e d 0.37 g (33.0%) o f 

a p a l e y e l l o w s o l i d , mp 110-112° (Schoel lman and Shaw (1963) r e p o r t 94-97° 

w h i l e D e l p i e r r e and Fruton (1966) r e p o r t 1 1 2 - 1 1 4 ° ) , R f 0.68 ( C H C l ^ C H ^ O H , 

9 : 1 ) . The mass spectrum had major peaks a t m/e 185 ( T o s - N H - C H 2

+ ) , 155 

( T o s + ) , 91 ( c

7 H y

+ ) , and 64 ( S 0 2 ) . The nmr ( C D C 1 3 ) had peaks a t j> 7.4 

(m,9H) , 5 . 3 ( s , l H ) , 5 .2 ( d , l H ) , 3 .9 ( m , l H ) , 2 .9 ( d , 2 H ) , and 2.4 ( s , 3 H ) . 

The i n f r a r e d spectrum ( n u j o l ) had bands a t 2100 cm 1 ( d i a z o group) and 

1625 cm" 1 ( c a r b o n y l ) . A n a l , c a l c d f o r C ^ H ^ N ^ S : C , 59 .46 ; H , 4 . 9 9 ; 

N , 12 .24 . Found: C , 59 .68 ; H , 4 . 9 8 ; N , 1 1 . 8 3 . 

N - p - I d o b e n z e n e s u l f o n y 1 - L - p h e n y l a l a n y l d i a z o m e t h y l ketone ( I p s - P h e C H N 2 ) 

N - p - i d o b e n z e n e s u l f o n y l - L - p h e n y l a l a n y l d i a z o m e t h y l ketone was p r e 

pared by the method o f Schoel lmann and Shaw (1954) w i t h m o d i f i c a t i o n s . 

To a s o l u t i o n c o n t a i n i n g diazomethane ( c a . 5 mmole) in 20 ml o f anhydrous 

e t h e r was added 0 .8 g (1.78 mmole) o f I p s - P h e - C l . The m i x t u r e was a l l o w e d 

to s t i r a t i c e ba th temperature f o r 1.5 hours f o l l o w e d by t h e removal o f 

the s o l v e n t jLn v a c u o . Work up o f the crude m i x t u r e i n v o l v e d t a k i n g up 

t h e r e s i d u e w i t h 15 ml o f e t h e r and washing w i t h NaHCO^ s o l u t i o n , d r y i n g 

over anhydrous MgSO^, and e v a p o r a t i o n o f t h e e t h e r s o l v e n t . The product 

was c r y s t a l l i z e d from e t h y l a c e t a t e - c y c l o h e x a n e (3:1) t o g i v e a y e l l o w 

s o l i d (39.0%) mp 104-105° , R f 0 .68 ( C H C l ^ C R ^ O H , 9 : 1 ) . The mass spectrum 

had major peaks a t m/e 297 ( I p s - N H - C H 2

+ ) , 267 ( I p s + ) , 91 ( C ^ * ) , and 64 

( S 0 2 ) . The nmr ( C D C 1 3 ) had peaks a t ^ 7.4 (m,9H) , 5 . 3 ( s , l H ) , 5 .2 ( d , l H ) , 
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3 .9 ( m , l H ) , and 2.9 ( d , 2 H ) . The i r spectrum ( C H C 1 3 ) had bands a t 2100 

cm ^ (d iazo group) and 1625 cm ^ ( c a r b o n y l ) . A n a l , c a l c d f o r C ^ H - ^ I N ^ O ^ S : 

C , 4 2 . 2 1 ; H , 3 . 1 0 ; N , 9 . 2 3 . Found: C , 4 2 . 3 5 ; H , 2 .98 ; N , 8 . 7 6 . 

R e a c t i o n o f Peps in w i t h I n h i b i t o r s 

I n h i b i t i o n o f peps in w i t h the p e p t i d e d i a z o m e t h y l ke tones was 

c a r r i e d out w i t h a t l e a s t a t e n f o l d e x c e s s o f i n h i b i t o r over enzyme and 

a t a c u p r i c a c e t a t e c o n c e n t r a t i o n o f 0 .01 M. S t o c k s o l u t i o n s o f i n h i b i 

t o r in e t h a n o l were prepared at a c o n c e n t r a t i o n o f 3 .0 mM and used w i t h i n 

four d a y s . A l i q u o t s o f the s t o c k s o l u t i o n s were d i l u t e d t o 0 . 3 - 0 . 6 mM 

w i t h e t h a n o l . A s t o c k s o l u t i o n o f peps in was prepared in a 6.25 mM 

b u f f e r (pH 5 .4) and s t o r e d a t 4° and had a c o n c e n t r a t i o n o f 0 .11 mg/ml 

by uv a b s o r b a n c e . The i n h i b i t i o n r e a c t i o n s were c a r r i e d out a t 23° and 

were s t a r t e d by m i x i n g 2 .0 ml o f the s t o c k enzyme s o l u t i o n w i t h 250 (jlI o f 

the i n h i b i t o r ( 0 . 3 - 0 . 6 mM). The f i n a l c o n c e n t r a t i o n s were as f o l l o w s : 

i n h i b i t o r 0 .03 mM or a graded s e r i e s ( c o n c e n t r a t i o n - d e p e n d e n t s t u d i e s ) ; 

enzyme, 2.5 c u p r i c a c e t a t e , 0 .001 M c u p r i c a c e t a t e ; e t h a n o l 10% ( v / v ) . 

I n the c o n c e n t r a t i o n dependent s t u d i e s , the i n h i b i t o r c o n c e n t r a t i o n v a r i e d 

over a range o f 0 . 3 to 0 .6 mM. S i x or seven a l i q u o t s (100 (jlI) were r e 

moved from the i n h i b i t i o n m i x t u r e a t g i v e n t ime i n t e r v a l s and measured 

f o r r e s i d u a l peps in a c t i v i t y by means o f the hemoglobin a s s a y . C o n t r o l 

exper iments which were i d e n t i c a l w i t h the i n h i b i t i o n runs but e x c l u d e d 

i n h i b i t o r i n d i c a t e d t h a t l e s s than 2% d e c r e a s e i n enzymat ic a c t i v i t y o c 

c u r r e d over a t h r e e hour p e r i o d . For each i n h i b i t i o n r e a c t i o n the k i n e t i c 

parameters k , , and k 0 , = k , , / [ l ] were o b t a i n e d from the e q u a t i o n r obsd 2nd obsd' 

V = k , , [ E ] = k 0 , [ l ] [ E ] obsd 2nd 
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by the use o f a l e a s t - s q u a r e s computer program. C o r r e l a t i o n c o e f f i c i e n t s 

o f 0 .992 or b e t t e r were o b t a i n e d . 

R e a c t i o n o f Rhizophus c h i n e n s i s w i t h I n h i b i t o r s 

I n h i b i t i o n exper iments o f Rhizophus c h i n e n s i s p r o t e a s e w i t h the 

p e p t i d e d i a z o m e t h y l ke tones were c a r r i e d out under e s s e n t i a l l y the same 

c o n d i t i o n s as t h o s e used f o r the i n h i b i t i o n o f p e p s i n . S t o c k s o l u t i o n s 

o f enzyme, i n h i b i t o r , and c u p r i c a c e t a t e were prepared as p r e v i o u s l y 

d e s c r i b e d . The f i n a l c o n c e n t r a t i o n s were as f o l l o w s : enzyme, 2 .2 uM 

(by u v ) ; i n h i b i t o r , 0 .03 mM; c u p r i c a c e t a t e , 0.001 M; and e t h a n o l , 10% 

( v / v ) . Measurement o f the r e s i d u a l enzymat i c a c t i v i t y was a g a i n p e r 

formed by the hemoglobin method o f Anson (see A p p e n d i x ) . I t was n e c e s 

s a r y t o run b l a n k s on the i n h i b i t o r s o l u t i o n s as w e l l as the c o n t r o l due 

to the f a c t t h a t the i n h i b i t o r absorbed i n the r e g i o n where enzymat i c 

a c t i v i t y was be ing m o n i t o r e d . A g a i n c o r r e l a t i o n c o e f f i c i e n t s o f b e t t e r 

than 0 .992 were o b t a i n e d . 
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T o s - C l + Phe-OH 

NaOH 

Tos -Phe-OH 

P C I , 

t 

T o s - P h e - C l 

C H 2 N 2 

Tos-PheCHN, 

I p s - C l + Phe-OH 

NaOH 

I p s - P h e - O H 

p c i 5 

f 

I p s - P h e - C l 

C H 2 N 2 

I p s - P h e C H N 2 

F i g u r e 5. The S y n t h e t i c P r e p a r a t i o n o f T o s - P h e C H N 9 and Ips -PheCHN 
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CHAPTER I I I 

RESULTS 

S y n t h e s i s o f the I n h i b i t o r s 

The two p e p t i d e d i a z o m e t h y l ke tones were prepared by the c o u p l i n g 

o f a l a n i n e w i t h the a p p r o p r i a t e s u l f o n i c a c i d f o l l o w e d by r e a c t i o n w i t h 

P C I , , and subsequent r e a c t i o n s w i t h diazomethane (Scheme 1 ) . At t empts 

were a l s o made a t the p r e p a r a t i o n of the p e p t i d e d i a z o m e t h y l ke tones by 

the use o f a mixed anhydr ide procedure (Penke, e t a l . , 1970); however, 

a c r y s t a l l i n e product was u n o b t a i n a b l e . A l l new compounds were c h a r a c 

t e r i z e d by mass s p e c t r a , t i c , combust ion a n a l y s i s , nmr, and i r . The i r 

s p e c t r a proved to be e s p e c i a l l y u s e f u l i n the i s o l a t i o n o f the p e p t i d e 

d i a z o m e t h y l ketones s i n c e the i n h i b i t o r s d i s p l a y e d a c h a r a c t e r i s t i c d i a z o 

band (2100 c m ' 1 ) . 

I t was observed t h a t pro longed exposure to a i r and l i g h t r e s u l t e d 

in a r e l a t i v e d e c r e a s e in the i n t e n s i t y o f the d i a z o band i n d i c a t i n g t h e 

p r o b a b i l i t y o f d e c o m p o s i t i o n . D e s p i t e t h i s f a c t , the s y n t h e s i s and i s o l a 

t i o n o f the p e p t i d e d i a z o m e t h y l ke tones was r e l a t i v e l y easy w i t h the e x 

c e p t i o n o f minor d i f f i c u l t i e s in the r e c r y s t a l l i z a t i o n o f the p r o d u c t . 

The compounds a l l e x i s t as c r y s t a l l i n e s o l i d m a t e r i a l s , modera te ly s o l u b l e 

in e t h a n o l , but o n l y s l i g h t l y s o l u b l e in w a t e r . Due t o the a r o m a t i c s i d e 

c h a i n s , they are a l s o s o l u b l e in benzene . The compounds a r e b e l i e v e d to 

decompose around t h e i r m e l t i n g po in t by the o b s e r v a t i o n o f the e v o l u t i o n 

o f n i t r o g e n upon c h a n g i n g p h a s e s . 
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Peps in I n h i b i t i o n S t u d i e s 

The two p e p t i d e d i a z o m e t h y l ke tones were found to be e x c e l l e n t 

i r r e v e r s i b l e i n h i b i t o r s o f p e p s i n . Good p s e u d o - f i r s t - o r d e r k i n e t i c s , 

i . e . where [I]/[E] 5 10, were observed f o r a l l i n h i b i t i o n r e a c t i o n s . 

The s p e c i f i c a c t i v i t y o f p e p s i n , expressed as A a b s o r b a n c e / l O min/mg i n 

3 

the i n i t i a l a s s a y , was 1.5 x 10 . The i n h i b i t o r s o l u t i o n s were prepared 

f r e s h s i n c e the p e p t i d e d i a z o m e t h y l ketones appeared to be somewhat u n 

s t a b l e in the s o l i d s t a t e . A l s o i n h i b i t o r s o l u t i o n s c o n t a i n e d 10% ( v / v ) 

e t h a n o l to a i d in the s o l v a t i o n o f t h e compounds. The r e a c t i o n c o n d i 

t i o n s were s e l e c t e d i n order t o o b t a i n o p t i m a l r a t e s which c o u l d be 

f o l l o w e d f o r the hemoglobin a s s a y . T h i s was accompl i shed by a d j u s t i n g 

the i n h i b i t o r c o n c e n t r a t i o n as low as p r a c t i c a b l e so t h a t r a t e s c o u l d be 

measured e a s i l y and a c c u r a t e l y . I n a l l exper iments the r e a c t i o n was 

a l l owed to proceed through c a . two h a l f - l i v e s . 

T a b l e 1 shows the r e s u l t s f o r the f i x e d - c o n c e n t r a t i o n exper iments 

in which peps in was i n h i b i t e d by the two p e p t i d e d i a z o m e t h y l k e t o n e s . 

I t was observed t h a t both compounds were v e r y potent i r r e v e r s i b l e i n 

h i b i t o r s . The v a l u e s o f k . , / t l ] f o r the two p e p t i d e d i a z o m e t h y l ke tones 
obsd' r r 

were r e l a t i v e l y comparable in v a l u e i n d i c a t i n g t h a t the s u b s t i t u t i o n o f 

the i o d i n e atom f o r the methy l s u b s t i t u e n t had l i t t l e e f f e c t on the i n 

h i b i t o r y a c t i v i t y o f t h e s e compounds. The s e c o n d - o r d e r r a t e c o n s t a n t 

k o k s c j / C l ] m a y be u t i l i z e d f o r purposes o f approximate r e a c t i v i t y com

p a r i s o n s between the two i n h i b i t o r s . 
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T a b l e 1. I n h i b i t i o n o f Pepsin w i t h P e p t i d e D iazomethy l Ketones 

I n h i b i t o r [ i ] x 1 0 5 (M) 1 0 3 k L , H a l f - l i f e k , J[l] 
obsd obsd' 

(sec ^) (min) (M 1 sec ^) 

Tos-PheCHN, 3 .0 1.49 7.73 50 

I p s - P h e C H N 2 3.0 1.39 8.31 46 

Peps in c o n c e n t r a t i o n 2.5 |iM, c u p r i c a c e t a t e c o n c e n t r a t i o n 
5 .0 mM a c e t a t e b u f f e r (pH 5 . 4 ) , 107o e t h a n o l , 2 3 ° . 
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Rhizopus c h i n e n s i s I n h i b i t i o n S t u d i e s 

The i n h i b i t i o n o f Rhizopus c h i n e n s i s a c i d p r o t e a s e by the p e p t i d e 

d i a z o m e t h y l ketones was performed under s i m i l a r c o n d i t i o n s to those used 

f o r the peps in i n h i b i t i o n s t u d i e s . I n h i b i t i o n s o l u t i o n s c o n t a i n e d 10% 

( v / v ) e t h a n o l t o a i d in d i s s o l v i n g o f the i n h i b i t o r in the i n h i b i t i o n 

m i x t u r e . Both i n h i b i t i o n r e a c t i o n s were c a r r i e d out to a t l e a s t two 

h a l f - l i v e s w i t h both h a l f - l i v e s b e i n g l e s s than seven m i n u t e s . 

T a b l e 2 g i v e s the r e s u l t s f o r the f i x e d c o n c e n t r a t i o n r a t e s t u d i e s 

o f the Rhizopus c h i n e n s i s a c i d p r o t e a s e w i t h the two p e p t i d e d i a z o m e t h y l 

k e t o n e s . The compounds were shown to be v e r y e f f e c t i v e i n h i b i t o r s o f the 

enzyme when a t e n f o l d e x c e s s o f i n h i b i t o r to enzyme was employed. The 

v a l u e s o b t a i n e d f o r k ^ ^ / t 1 J" w i t h Tos-PheCHN^ were a p p r o x i m a t e l y the 

same as those o b t a i n e d f o r the i n h i b i t i o n of peps in w i t h T o s - P h e C H ^ and 

I p s - P h e C H N 0 w h i l e the k , , / [ l ] f o r the i n h i b i t i o n o f Rhizopus c h i n e n s i s r 2 obsd 7 c 

a c i d p r o t e a s e w i t h I p s - P h e C H ^ was found t o have a somewhat g r e a t e r v a l u e . 

K i n e t i c s o f I n h i b i t i o n 

I n c e r t a i n c a s e s , the k i n e t i c s o f i n h i b i t i o n w i t h i r r e v e r s i b l e i n 

h i b i t o r s i n d i c a t e s the e x i s t e n c e o f a r e v e r s i b l e complex between enzyme 

and i n h i b i t o r p r i o r to the format ion o f a c o v a l e n t bond. T h i s sequence 

may be expres sed by E q . 1 w h i l e the d i s s o c i a t i o n c o n s t a n t f o r the r e v e r s 

i b l e b i n d i n g s t e p i s shown as E q . 2 . In t h i s sequence E » I r e p r e s e n t s the 

n o n c o v a l e n t l y - b o u n d e n z y m e - i n h i b i t i o n complex w h i l e the i r r e v e r s i b l y i n 

h i b i t e d enzyme i s r e p r e s e n t e d by E - I . The l i m i t i n g r a t e o f i n a c t i v a t i o n 

i s g i v e n as k^. P s e u d o - f i r s t - o r d e r k i n e t i c s are o b t a i n e d i n the i n h i b i 

t i o n r e a c t i o n when the i n i t i a l enzyme c o n c e n t r a t i o n i s much g r e a t e r than 
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Table 2 . I n h i b i t i o n o f Rhizophus c h i n e n s i s P r o t e a s e w i t h D i a z o 
methy l K e t o n e s 3 

I n h i b i t o r [ i ] x 10 (M) 10 k , , H a l f - l i f e k t , / [ l ] 
obsd obsd' 

(sec (min) (M 1 sec ^) 

T o s - P h e C H N 2 3.0 1.6 7.0 5 5 

Ips -PheCHN 3.0 2.1 5.4 71 

Rhizophus c h i n e n s i s p r o t e a s e c o n c e n t r a t i o n 2.2 |j,M, c u p r i c a c e t a t e 
c o n c e n t r a t i o n 0 . 0 0 1 M, 5.0 mM a c e t a t e b u f f e r (pH 5 . 4 ) , 107o e t h a n o l , 2 3 ° . 
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the i n i t i a l i n h i b i t o r c o n c e n t r a t i o n . Under t h e s e c o n d i t i o n s k , , . the 
o b s d ' 

observed f i r s t - o r d e r r a t e c o n s t a n t , i s g i v e n by E q . 3 and Eq . 4 ( K i t z and 

W i l s o n , 1962; K u r a c h i , e t a L , 1973) . 

h k 3 
E + I 4=^. E - I — ^ > E - I (1) 

KT = [ E ] [ l ] / [ E - I ] (2) 

k 3 [ l ] 
k o b s d = - • " T l < 3 > Kj. + LlJ 

1 K I 1 1 

V —
 = k T ' T I T k T ( 4 ) 

obsd 3 3 

The parameter most o f t e n used to e v a l u a t e i n h i b i t o r s on a r e l a t i v e 

b a s i s i s the i n h i b i t i o n c o n s t a n t k^/K^ which i s ana logous t o the c a t a l y t i c 

c o n s t a n t ^ c

c a t / ^ j y I

 a n c * i - s comparable to the s e c o n d - o r d e r r a t e c o n s t a n t 

( k 2 n d ) . When the i n h i b i t o r c o n c e n t r a t i o n i s on the order o f then 

k , w i l l v a r y over a range o f i n h i b i t o r c o n c e n t r a t i o n s and the v a l u e s obsd 

o f k^ and K .̂ can be o b t a i n e d from a d o u b l e - r e c i p r o c a l p l o t o f l / ^ 0 ^ S ( j V s • 

l / [ l l . I f , however, the i n h i b i t o r c o n c e n t r a t i o n s used are a p p r e c i a b l y 

s m a l l e r than the v a l u e of , then E q . 4 reduces to E q . 5 and the v a l u e 

o f k , j / [ l ] w i l l remain c o n s t a n t over the i n h i b i t o r c o n c e n t r a t i o n mea-obsd 

s u r e d . Under t h e s e c o n d i t i o n s the v a l u e o f k^/K^ may be o b t a i n e d w h i l e 

the v a l u e s o f k^ and K .̂ may n o t . 
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When the v a l u e o f the i n h i b i t i o n c o n s t a n t k^/K^ has not been 

o b t a i n e d , i t i s p o s s i b l e t o compare the r e a c t i v i t y o f the two i n h i b i t o r s 

on t h e b a s i s o f t h e i r k . v a l u e s . T h i s i s shown i n T a b l e s 1 and 2 
obsd' 

f o r the f i x e d c o n c e n t r a t i o n e x p e r i m e n t s . T h u s , the magnitude o f k , , / [ l ] 
r obsd' 

r e f l e c t s the e f f e c t s o f s u b s t i t u e n t changes upon the b i n d i n g o f the i n 

h i b i t o r s to the enzyme as w e l l as the turnover r a t e . At t h i s po in t a 

comparison o f t h e s e v a l u e s on t h i s b a s i s should be made w i t h r e s e r v a t i o n 

s i n c e the ^0^S(^/^^-J v a l u e s may v a r y under c o n d i t i o n s where the i n i t i a l 

i n h i b i t i o n c o n c e n t r a t i o n s are on the order o f the i n h i b i t o r K .̂ v a l u e s . 

Once i t i s shown t h a t the i n h i b i t o r c o n c e n t r a t i o n s are not on the order 

o f the K_j. v a l u e s , a more r i g o r o u s comparison o f t h e s e v a l u e s may be 

employed. 

C o n c e n t r a t i o n - D e p e n d e n t S t u d i e s 

The r e s u l t s o f the c o n c e n t r a t i o n - d e p e n d e n t s t u d i e s a r e shown i n 

T a b l e 3 f o r the i n h i b i t i o n of peps in w i t h the two p e p t i d e d i a z o m e t h y l 

ketones in a graded s e r i e s o f i n h i b i t o r c o n c e n t r a t i o n s . A se t o f f i v e 

i n h i b i t i o n runs was performed f o r both p e p t i d e d i a z o m e t h y l k e t o n e s . The 

i n h i b i t i o n r e a c t i o n s were c a r r i e d out over a t e n f o l d r a n g e , w i t h the 

h i g h e s t i n h i b i t o r c o n c e n t r a t i o n s b e i n g l i m i t e d by the v e l o c i t y o f t h e 

r e a c t i o n . I n both c a s e s , the v a l u e s o f k , - . / i l l remained r e l a t i v e l y 
' obsd' J 

c o n s t a n t over the i n h i b i t o r c o n c e n t r a t i o n s t e s t e d , i n d i c a t i n g t h a t the 

i n h i b i t o r c o n c e n t r a t i o n s were not l a r g e enough to be w i t h i n t h e r e g i o n 

o f t h e Kj. v a l u e . P s e u d o - f i r s t - o r d e r k i n e t i c s were m a i n t a i n e d over a l l 

i n h i b i t i o n runs through two h a l f - l i v e s by m a i n t a i n i n g [ l ] / [ E ] > 10. 

The e f f e c t i v e n e s s o f the two p e p t i d e d i a z o m e t h y l ke tones as 
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T a b l e 3 . C o n c e n t r a t i o n - D e p e n d e n t I n h i b i t i o n o f Peps in 
w i t h P e p t i d e Diazomethy l K e t o n e s 3 

I n h i b i t o r [ l ] x 10 (M) 
L 

10 k. , j obsd 

(sec ) (M sec ) 

Tos-PheCHN, 3 .0 

3 .8 

4 .5 

5.25 

6 .0 

1.50 

2.02 

2.54 

2.70 

3.60 

49 .8 

54.0 

56 .5 

51.4 

51.9 

Ips -PheCHN, 3 .0 

3.25 

3 .8 

4 .5 

6 .0 

1.39 

1.50 

1.84 

2.09 

2.64 

4 6 . 3 

4 6 . 2 

4 8 . 2 

46.4 

44 .0 

Peps in c o n c e n t r a t i o n 2 .5 |iM, c u p r i c a c e t a t e c o n c e n t r a t i o n 0.001 M, 
5 .0 mM a c e t a t e b u f f e r (pH 5 . 4 ) , 10% e t h a n o l , 2 3 ° . 
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i n h i b i t o r s may now be e v a l u a t e d on the b a s i s o f t h e i r r e l a t i v e ^ 0 ^ S ( j / f ^ - 1 

which i s a p p r o x i m a t e l y equa l to k^/K-j- (Eq. 5 ) , s i n c e i t has been shown 

t h a t k ^ ^ / [ i ] does not v a r y a p p r e c i a b l y over i n c r e a s i n g i n h i b i t o r c o n 

c e n t r a t i o n s . The i n d i v i d u a l v a l u e s o f the parameters and K_̂ ., however , 

c o u l d not be o b t a i n e d f o r the reasons p r e v i o u s l y s t a t e d . 
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CHAPTER I V 

DISCUSSION 

Two p e p t i d e d i a z o m e t h y l ke tones were prepared and t e s t e d as 

p o s s i b l e i n h i b i t o r s o f both p o r c i n e peps in and Rhizopus c h i n e n s i s a c i d 

p r o t e a s e . In both c a s e s the two compounds proved to be ex treme ly potent 

i n h i b i t o r s w i t h e x c e l l e n t c o r r e l a t i o n o f r e s u l t s . 

P r e p a r a t i o n o f A c i d P r o t e a s e I n h i b i t o r s 

The s y n t h e s i s o f the two p e p t i d e d i a z o m e t h y l ke tones as p r e v i o u s l y 

s t a t e d proceeded w i t h r e l a t i v e l y few c o m p l i c a t i o n s . The c r i t i c a l p o r t i o n 

o f the s y n t h e s i s proved to be the l a s t s t e p in the sequence in which the 

p e p t i d e c h l o r o f o r m a t e was a l l o w e d to r e a c t w i t h d iazomethane . Once the 

p e p t i d e d i a z o k e t o n e had been g e n e r a t e d , the p o s s i b i l i t y e x i s t e d f o r the 

a d d i t i o n o f HCl a c r o s s the d i a z o group which would y i e l d an u n d e s i r e d 

p e p t i d e c h l o r o k e t o n e . The p r e p a r a t i o n o f T o s - P h e C H ^ has been r e p o r t e d 

by Schoe l lman and Shaw (1963) as w e l l as by D e l p i e r r e and Fruton (1966) . 

The m e l t i n g p o i n t of the compound r e p o r t e d by Schoe l lman and Shaw was 

94-97° w h i l e t h a t f o r the compound r e p o r t e d by D e l p i e r r e and Fruton was 

112-114° . I t was observed in the p r e p a r a t i o n o f T o s - P h e C H ^ as w e l l as 

in I p s - P h e C H N 2 t h a t the f u r t h e r p u r i f i c a t i o n o f both compounds y i e l d e d a 

compound o f a h i g h e r m e l t i n g p o i n t . I n the p r e p a r a t i o n o f T o s - P h e C H ^ 

the f u r t h e r p u r i f i c a t i o n o f the compound y i e l d e d a compound which had a 

m e l t i n g po in t a p p r o x i m a t e l y the same as t h a t r e p o r t e d by D e l p i e r r e and 

F r u t o n . 
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E f f e c t i v e n e s s o f P e p t i d e D i a z o k e t o n e s as I n h i b i t o r s 

The r e s u l t s o f the k i n e t i c s t u d i e s o f the i n h i b i t i o n o f peps in and 

Rhizopus c h i n e n s i s a c i d p r o t e a s e w i t h the two p e p t i d e d i a z o m e t h y l ke tones 

were e x c e l l e n t a c i d p r o t e a s e i n h i b i t o r s . I t has been shown p r e v i o u s l y in 

the c a s e o f Tos-PheCHN^ t h a t the i n h i b i t o r r e a c t s s t o c h i o m e t r i c a l l y w i t h 

peps in a t an a c t i v e s i t e a s p a r t a t e r e s i d u e ( D e l p i e r r e and F r u t o n , 1966) . 

Upon c o n s i d e r a t i o n o f the mode o f i n h i b i t i o n , one may e n v i s i o n a 

r e a c t i o n pathway expressed by Eq . 6. The f i r s t s t e p i s r e p r e s e n t e d as 

the i n i t i a l b i n d i n g o f the i n h i b i t o r t o the enzyme. 

The produce o f t h i s e q u i l i b r i u m s t e p E « I r e p r e s e n t s the n o n c o v a l e n t l y -

the E - I complex . T h i s i s s u b s e q u e n t l y f o l l o w e d by the i n a c t i v a t i o n s t e p , 

where E - I i s the c o v a l e n t l y bound i r r e v e r s i b l y i n h i b i t e d enzyme p r o d u c t . 

The r a t e c o n s t a n t o f t h i s r a t e l i m i t i n g s t e p i s g iven by k^. T h i s type 

o f r e a c t i o n scheme has been proposed f o r o t h e r p r o t e o l y t i c enzymes 

(Bender and K e z d y , 1964) . 

An a l t e r n a t i v e e x p l a n a t i o n f o r t h e s e r e s u l t s i s t h a t the enzyme 

and i n h i b i t o r are undergo ing a s imple b i m o l e c u l a r r e a c t i o n i n which no 

p r i o r b i n d i n g o f i n h i b i t o r t o enzyme i s i n v o l v e d . T h i s p o s s i b i l i t y may 

not be d i s c o u n t e d s i n c e i t has been shown t h a t c e r t a i n a c i d p r o t e a s e 

c a t a l i z e d r e a c t i o n s r e q u i r e the presence o f extended b i n d i n g s i t e i n t e r 

a c t i o n s . I n p a r t i c u l a r , i n h i b i t i o n s t u d i e s employing p e p t i d e a l d e h y d e s 

as c o m p e t i t i v e i n h i b i t o r s o f peps in showed t h a t the p e p t i d e a n a l o g 

(6) 

bound e n z y m e - i n h i b i t o r complex , where K.̂  i s the d i s s o c i a t i o n c o n s t a n t o f 
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Z - P h e - H was not a c o m p e t i t i v e i n h i b i t o r o f peps in w h i l e Z - P h e - P h e - H was 

an e x c e l l e n t c o m p e t i t i v e i n h i b i t o r o f peps in ( K i s h i and Nakamingo, 1974) . 
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CHAPTER V 

CONCLUSIONS 

In c o n c l u s i o n , the k i n e t i c r e s u l t s o f the i n h i b i t i o n s t u d i e s o f 

the two p e p t i d e d i a z o m e t h y l ke tones w i t h p o r c i n e peps in and Rhizopus 

c h i n e n s i s a c i d p r o t e a s e showed the two compounds to be e x c e l l e n t i r r e v e r 

s i b l e i n h i b i t o r s o f both enzymes. However, c o n c e n t r a t i o n - d e p e n d e n t 

s t u d i e s were u n s u c c e s s f u l in y i e l d i n g the i n d i v i d u a l parameters k^ and 

. As a r e s u l t , t h e r e e x i s t s some q u e s t i o n as to the n a t u r e o f the 

i n h i b i t i o n r e a c t i o n , _id. e s t , whether the r e a c t i o n i s p r o c e e d i n g in such a 

way t h a t the i n h i b i t o r i s bound t o the enzyme p r i o r t o the format ion o f a 

c o v a l e n t l i n k a g e between the enzyme and the compound or i s merely under

g o i n g a s imple b i m o l e c u l a r r e a c t i o n between the enzyme and the i n h i b i t o r 

in which no p r i o r b i n d i n g i s i n v o l v e d . 

A l t h o u g h these s t u d i e s have p r o v i d e d some i n s i g h t i n t o the i n h i 

b i t i o n o f the two a c i d p r o t e a s e s w i t h the two p e p t i d e d i a z o k e t o n e s , the 

major g o a l o f t h i s p r o j e c t w i l l not be r e a l i z e d u n t i l the c r y s t a l s t r u c 

t u r e o f the "heavy atom" d e r i v a t i v e o f the Rhizopus c h i n e n s i s a c i d p r o 

t e a s e i s c o m p l e t e d . 
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CHAPTER V I 

RECOMMENDATIONS 

A u s e f u l e x t e n s i o n o f t h e s e s t u d i e s would be the d e t e r m i n a t i o n o f 

the s u b s i t e s p e c i f i c i t i e s f o r t h e s e a c i d p r o t e a s e s s i n c e few r e a s o n a b l y 

good s y n t h e t i c s u b s t r a t e s of these enzymes are known. T h i s may be accom

p l i s h e d by employing a s e r i e s o f a c y l c a r b a z a t e s as p o t e n t i a l a c i d p r o 

t e a s e i n h i b i t o r s . These compounds can be r e a d i l y prepared by a c o u p l i n g 

r e a c t i o n o f the a p p r o p r i a t e p e p t i d e h y d r a z i d e w i t h the proper i s o c y a n a t e 

compound. These s t u d i e s may be a i d e d by the f u t u r e x - r a y c r y s t a l l o g r a p h i c 

i n v e s t i g a t i o n . 
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APPENDIX 

ACID PROTEASE ASSAY PROCEDURE 

The d e c r e a s i n g a c t i v i t y o f the two a c i d p r o t e a s e s d u r i n g i n h i b i t i o n 

runs was measured by the hemoglobin a s s a y method o f Anson ( 1 9 3 8 ) . The 

s u b s t r a t e s t o c k s o l u t i o n c o n s i s t e d o f 2 . 5 % denatured hemoglobin in 0 . 0 6 M 

H C l . The s t o c k s o l u t i o n was kept r e f r i g e r a t e d and was good for up to one 

week. The r e s i d u a l enzymat i c a c t i v i t y was determined by adding 1 0 0 | i l 

o f an a l i q u o t c o n t a i n i n g 0.7 jig from the i n h i b i t i o n m i x t u r e to 1.0 ml of 

the s u b s t r a t e s t o c k s o l u t i o n . The m i x t u r e was a l l owed to s t i r f o r e x 

a c t l y ten minutes a t which p o i n t the r e a c t i o n was quenched by the a d d i t i o n 

o f 2.0 ml o f a 5.07o t r i c h l o r o a c e t i c a c i d s o l u t i o n . The suspens ion was 

f i l t e r e d through Whatman No . 5 0 hardened f i l t e r paper and the absorbance 

o f the s o l u b l e p e p t i d e s was measured at 2 8 0 nm a g a i n s t d i s t i l l e d w a t e r . 

A b lank was a l s o taken by adding the 5.07o t r i c h l o r o a c e t i c a c i d t o the 

s u b s t r a t e s t o c k s o l u t i o n p r i o r to the a d d i t i o n o f the 1 0 0 |j,l a l i q u o t from 

the i n h i b i t i o n m i x t u r e . The v a l u e o b t a i n e d from the b lank was s u b t r a c t e d 

from the v a l u e s o f the t e s t runs and the f i g u r e s thus o b t a i n e d r e p r e s e n t 

the absorbance o f the h y d r o l y s i s p r o d u c t . 

R e f e r e n c e 

Anson , M. L . ( 1 9 3 8 ) , J. G e n . P h y s i o l . , 2 2 , 7 9 . 
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CHAPTER I 

INTRODUCTION 

For a d i s c u s s i o n o f the f u n c t i o n and importance o f the c l a s s o f 

enzymes known as p r o t e o l y t i c enzymes, p l e a s e r e f e r to the I n t r o d u c t i o n 

o f t h i s t h e s i s , Par t I . These enzymes are known to c l e a v e p e p t i d e bonds 

a t c e r t a i n p o i n t s a l o n g a g iven p e p t i d e c h a i n . 

Of the s e v e r a l groups o f p r o t e o l y t i c enzymes, a group o f enzymes 

r e f e r r e d to as "ser ine p r o t e a s e s " has undergone a most i n t e n s i v e i n v e s t i 

g a t i o n . These enzymes are c h a r a c t e r i z e d by the presence o f a r e a c t i v e 

s e r i n e r e s i d u e a t the enzyme's a c t i v e s i t e . C h y m o t r y p s i n , s u b t i l i s i n , 

t r y p s i n , e l a s t a s e , thrombin , and plasmin are among the enzymes which b e 

long t o t h i s f a m i l y . S t u d i e s d i r e c t e d at the d e t e r m i n a t i o n o f the a c t i o n 

o f t h e s e enzymes have y i e l d e d a w e a l t h o f i n f o r m a t i o n about t h e i r p h y s i 

c a l as w e l l a s c h e m i c a l p r o p e r t i e s i n c l u d i n g a d e t a i l e d t h r e e d i m e n s i o n a l 

c r y s t a l s t r u c t u r e f o r four o f the enzymes, primary s u b s t r a t e s p e c i f i c i 

t i e s , complete amino a c i d sequences f o r s e v e r a l s p e c i e s as w e l l a s a 

theory f o r the c a t a l y t i c a c t i o n o f t h i s group o f enzymes. A l t h o u g h the 

a c t i v e s i t e s o f s e r i n e p r o t e a s e s are e s s e n t i a l l y i d e n t i c a l , the major 

d i f f e r e n c e s between s e r i n e p r o t e a s e s l i e in t h e i r i n d i v i d u a l s u b s t r a t e 

s p e c i f i c i t i e s f o r c e r t a i n types o f amino a c i d s . 

Much o f the c h a r a c t e r i z a t i o n s t u d i e s d e a l i n g w i t h t h e s e enzymes 

was performed w i t h the use o f s m a l l p e p t i d e s and p e p t i d e e s t e r s and am

i d e s . On the b a s i s o f these s t u d i e s a mechanism was proposed by which 
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a l l o f t h e s e s e r i n e p r o t e a s e s are b e l i e v e d to o p e r a t e (Bender and Kezdy , 

1964) . T h i s mechanism i s shown in E q . 1. 

K s k 2 k 3 E + S ^ - ^ 7 E - S * E - S + P 1 — ^ > E + P x + P 2 (1) 

The i n i t i a l b i n d i n g o f a s u b s t r a t e m o l e c u l e to the enzyme which forms a 

r e v e r s i b l e e n z y m e - s u b s t r a t e complex E * S , i s f o l l o w e d by the c l e a v a g e o f 

an a p p r o p r i a t e p e p t i d e bond by an a c t i v e s i t e s e r i n e r e s i d u e to form an 

a c y l - e n z y m e i n t e r m e d i a t e . The format ion o f t h i s a c y l - e n z y m e i n t e r m e d i a t e 

i s u s u a l l y found to be the r a t e - l i m i t i n g s t e p w i t h amides . A water mo le 

c u l e s u b s e q u e n t l y a t t a c k s the i n t e r m e d i a t e r e s u l t i n g i n d e a c y l a t i o n and 

r e g e n e r a t i o n o f the f r e e enzyme. Such methods as a m i n o - a c i d a n a l y s i s , 

x - r a y c r y s t a l l o g r a p h i c i n v e s t i g a t i o n as w e l l as v a r i o u s k i n e t i c s t u d i e s 

have shown an e x t e n s i v e amount o f homology among t h e s e enzymes, e s p e c i 

a l l y i n the a c t i v e s i t e r e g i o n . T h i s has been shown by the f a c t t h a t 

s u b t i l i s i n , c h y m o t r y p s i n , t r y p s i n , and e l a s t a s e a l l c o n t a i n the same 

c a t a l y t i c g r o u p s , s e r i n e , h i s t i d i n e , and a s p a r t i c a c i d a t the a c t i v e 

s i t e in a charge r e l a y system w i t h e s s e n t i a l l y the same s p a t i a l a r r a n g e 

ment. A charge r e l a y system between t h e s e t h r e e c a t a l y t i c r e s i d u e s i s 

b e l i e v e d t o be r e s p o n s i b l e f o r the u n u s u a l l y h i g h n u c l e o p h i l i c i t y o f the 

a c t i v e - s i t e s e r i n e r e s i d u e . F i g u r e 1 d e p i c t s the o v e r a l l mechanism f o r 

the c a t a l y t i c a c t i v i t y o f s e r i n e p r o t e a s e s . 

The major d i f f e r e n c e s observed among s e r i n e p r o t e a s e s l i e s in the 

v a r i a t i o n s i n the s u b s t r a t e s p e c i f i c i t y o f each enzyme f o r c e r t a i n t y p e s 

o f amino a c i d s i n the p o r t i o n o f the s u b s t r a t e undergo ing c l e a v a g e . Each 



A c y l a t i o n 

F i g u r e 1. A Diagram of the Role o f the Charge T r a n s f e r System f o r A c y l a 
t i o n and D e a c y l a t i o n o f Chymotryps in 
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s e r i n e p r o t e a s e c o n t a i n s a "pocket" a d j a c e n t to the c a t a l y t i c r e s i d u e s 

which has a s p e c i f i c s i z e , shape , and p o l a r i t y . The b i n d i n g pocket or 

" t o s y l h o l e " ( S t e i t z , e t a l . , 1969) a t the enzyme S-^'s s u b s i t e (nomencla

t u r e o f S c h e c h t e r and B e r g e r , 1967) d i c t a t e s i t s primary s u b s t r a t e s p e c i 

f i c i t y . T h i s has been shown by the use o f x - r a y s t r u c t u r a l s t u d i e s o f 

bound enzyme d e r i v a t i v e s (see F i g u r e 2 ) . From t h e s e s t u d i e s i t has been 

shown t h a t f o r c h y m o t r y p s i n , the b i n d i n g pocket i s hydrophobic and narrow 

in shape which a l l o w s i t to accommodate a phenyl group and thus g i v e s i t 

a primary s u b s t r a t e s p e c i f i c i t y for p h e n y l a l a n i n e , t y r o s i n e , and t r y p t o 

phane r e s i d u e s . In the c a s e o f t r y p s i n , however, the presence o f an 

a n i o n i c c a r b o x y l a t e group near the r e a r o f the pocket r e s u l t s in a s p e c i 

f i c i t y towards p o s i t i v e l y charged s i d e c h a i n s such a s a r g i n i n e or l y s i n e . 

In e l a s t a s e , the b i n d i n g pocket i s found to be p a r t i a l l y f i l l e d by the 

a l k y l s i d e c h a i n of V a l - 2 1 6 which d e c r e a s e s the o v e r a l l s i z e o f the p o c k e t . 

As a r e s u l t , the s p e c i f i c i t y o f e l a s t a s e i s f o r r e s i d u e s w i t h s m a l l s i d e 

c h a i n s , such as a l a n i n e , serine, and v a l i n e . For s u b t i l i s i n , the b i n d i n g 

pocket i s found to be somewhat l a r g e r and more f l e x i b l e . Because o f t h i s 

f a c t , t h i s enzyme has a much broader s p e c i f i c i t y f o r r e s i d u e s w i t h a r o 

m a t i c or l a r g e branched a l i p h a t i c s i d e c h a i n s such as p h e n y l a l a n i n e and 

l e u c i n e . A l t h o u g h i t has been shown t h a t the primary s u b s i t e s p e c i f i c i t y 

i s v e r y important i n b i n d i n g i n t e r a c t i o n s , the enzyme's o v e r a l l s p e c i f i 

c i t y i s determined by the t o t a l i n t e r a c t i o n w i t h a s u b s t r a t e which i n 

c l u d e s extended b i n d i n g s i t e i n t e r a c t i o n s . 

The most w i d e l y s t u d i e d o f the s e r i n e p r o t e a s e s i s c h y m o t r y p s i n . 

T h i s enzyme has been e x t e n s i v e l y c h a r a c t e r i z e d by x - r a y c r y s t a l l o g r a p h i c 

i n v e s t i g a t i o n as w e l l as numerous k i n e t i c s t u d i e s . The e s s e n t i a l c a t a -
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F i g u r e 2 . Three Dimens iona l Drawing o f the A c t i v e S i t e 
o f Monocarbamyl Chymotryps in A ^ ( R o b i l l a r d , 
J . D . , Powers, J . C , and W i l c o x , P . E . (1972) , 
B i o c h e m . , 1 1 , 349) 
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F i g u r e 3 . S t r u c t u r e s o f P e p t i d e C a r b a z a t e s 

( S t r u c t u r e s 1 and 2 r e p r e s e n t the two b e n z y l c a r b a z a t e s A c - B z c - O N p and 
A c - A l a - B z c - O N p w h i l e s t r u c t u r e s 3 , 4 , and _5 r e p r e s e n t A c - A l a - M e c - O N p , 
A c - A l a - A l a - M e c - O N p , and A c - A l a - A l a - P r o - M e c - O N p , r e s p e c t i v e l y . ) 



44 

l y t i c r e s i d u e s w i t h i n the c h a r g e r e l a y system a r e S e r - 1 9 5 , H i s - 1 5 7 , and 

A s p - 1 0 2 . The t h r e e d i m e n s i o n a l s t r u c t u r e o f t o s y l - c h y m o t r y p s i n as w e l l 

a s the n a t i v e enzyme was determined by x - r a y s t u d i e s which gave the s p a 

t i a l arrangement o f the c a t a l y t i c groups (Blow, e_t a l . , 1969; Blow, 1971; 

B i r k t o f t and Blow, 1972) . On the b a s i s o f the s t r u c t u r a l s t u d i e s as w e l l 

as k i n e t i c i n v e s t i g a t i o n s (Henderson, e t a l . , 1971; H e s s , 1971) the o v e r 

a l l mechanism f o r chymotryps in a c t i v i t y has become w e l l e s t a b l i s h e d . As 

p r e v i o u s l y s t a t e d , chymotryps in e x h i b i t s a s u b s t r a t e s p e c i f i c i t y f o r a r o 

m a t i c r e s i d u e s , w i t h a phenyl s i d e c h a i n f i t t i n g t i g h t l y i n t o the e n 

zyme's b i n d i n g p o c k e t . 

L i k e w i s e , the s u b t i l i s i n s have undergone an i n t e n s i v e i n v e s t i g a 

t i o n . The present nomenclature f o r t h e s e enzymes (DeLong and S m i t h , 1968) 

i s as f o l l o w s : the enzyme i s o l a t e d by O t t e s e n and S p e c t o r (1960) i s 

c a l l e d s u b t i l i s i n C a r l s b u r g and the enzyme i s o l a t e d by H a g i h a r e (1954) i s 

r e f e r r e d to as s u b t i l i s i n B P N ' . S u b t i l i s i n B P N ' , which i s the more w i d e l y 

s t u d i e d enzyme, has been the s u b j e c t o f x - r a y c r y s t a l l o g r a p h i c i n v e s t i g a 

t i o n ( W r i g h t , et a l . , 1969; K r a u t , et a l . , 1972) as w e l l as d e t a i l e d 

k i n e t i c a n a l y s i s (Morihara and Oka , 1970) . A l l o f t h e s e s t u d i e s i n d i c a t e 

t h a t t h e s e enzymes employ the same g e n e r a l mechanism as c h y m o t r y p s i n . 

The major p r o p e r t y which d i s t i n g u i s h e s t h e s e enzymes from chymotryps in i s 

t h e i r broader primary s u b s i t e s p e c i f i c i t y f o r a r o m a t i c s i d e c h a i n s . 

A c y l c a r b a z a t e s have been shown to r e a c t w i t h s e r i n e p r o t e a s e s 

(Kurtz and Nermann, 1961; Elmore and Smyth , 1968) when the a p p r o p r i a t e 

s u b s t i t u e n t s are added. These compounds are a n a l o g s o f amino a c i d s i n 

which the a-methine group has been r e p l a c e d by a n i t r o g e n atom ( F i g u r e 3) . 

T h i s a d j a c e n t n i t r o g e n atom g i v e s a s p e c i a l s t a b i l i t y to the a c y l enzyme 
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a g a i n s t d e a c y l a t i o n ( R o b i l l a r d , et a l . , 1972) . The r e a c t i o n o f the 

enzyme w i t h the s u b s t r a t e f o l l o w s the g e n e r a l r e a c t i o n scheme shown in 

E q . 1 (Kezdy and K a i s e r , 1970) . The use o f p - n i t r o p h e n o l as o f f e r s 

s e v e r a l a d v a n t a g e s . p - N i t r o p h e n o l i s an e x c e l l e n t l e a v i n g group and i t s 

e s t e r s have h i g h k^/k^ v a l u e s w i t h chymotryps in ( H a r t l e y and K i l b y , 1954) . 

These e s t e r s are r e l a t i v e l y s t a b l e in aqueous s o l u t i o n s a t n e u t r a l pH. 

More i m p o r t a n t l y , the r e l e a s e o f p - n i t r o p h e n o l as a product s e r v e s as a 

u s e f u l means o f m o n i t o r i n g the r e a c t i o n between the a c y l c a r b a z a t e and 

the enzyme s i n c e p - n i t r o p h e n o l has a h i g h absorbance in the v i s i b l e r e 

g i o n o f the spectrum (E = 18,300) (Kezdy and Bender, 1962) . 

More r e c e n t l y , Powers and C a r r o l l (1975) prepared t h r e e a c y l 

c a r b a z a t e s : A c - A l a - B z c - O N p , A c - A l a - M e c - O N p , and Z - A l a - A l a - P r o - M e c - O N p . 

The r e a c t i o n s o f t h e s e compounds and E l m o r e ' s r e a g e n t ( A c - B z c - O N p ) w i t h 

c h y m o t r y p s i n , s u b t i l i s i n B P N 1 , and e l a s t a s e were performed. Chymotryps in 

was i n a c t i v a t e d by both b e n z y l c a r b a z a t e s and s l o w l y r e a c t e d w i t h Z - A l a -

A l a - P r o - M e c - O N p w h i l e s u b t i l i s i n BPN 1 was a c y l a t e d by a l l four compounds 

but underwent a r a p i d d e a c y l a t i o n w i t h the two m e t h y l c a r b a z a t e s . T h i s 

t h e s i s , P a r t I I , i s a r e p o r t on the d e t a i l e d i n v e s t i g a t i o n o f the r e a c 

t i o n o f a s e r i e s o f f i v e a c y l c a r b a z a t e s (see F i g u r e 3) w i t h chymotryps in 

A , s u b t i l i s i n B P N ' , and s u b t i l i s i n C a r l s b u r g . These s t u d i e s were aimed 

a t o b t a i n i n g a b e t t e r u n d e r s t a n d i n g o f the requ irements f o r r e a c t i v i t y o f 

c a r b a z a t e s w i t h t h e s e s e r i n e p r o t e a s e s and in p a r t i c u l a r o b t a i n i n g an 

e x p l a n a t i o n f o r the unusua l r e a c t i v i t y o f the s u b t i l i s i n s towards the 

m e t h y l c a r b a z a t e s w i t h r e s p e c t t o the a c y l a t i o n and d e a c y l a t i o n r a t e s . 
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CHAPTER I I 

METHODS 

M a t e r i a l s and Methods 

Chymotryps in A ^ ( l o t CDI1BK) was o b t a i n e d from Worth ington 

B i o c h e m i c a l Company and used w i t h o u t f u r t h e r p u r i f i c a t i o n . The chymo

t r y p s i n s u b s t r a t e , A c - T y r - O E t was prepared by D r . P e t e r Tuhy. S u b t i l i s i n 

BPN' ( l o t P-5255) and s u b t i l i s i n C a r l s b u r g ( l o t P-5380) were o b t a i n e d 

from Sigma C h e m i c a l Company and used w i t h o u t f u r t h e r p u r i f i c a t i o n . The 

benzy l c a r b a z a t e A c - B z c - O N p was o b t a i n e d from N u t r i t i o n a l B i o c h e m i c a l s 

C o r p o r a t i o n . The methy l c a r b a z a t e A c - A l a - A l a - P r o - M e c - O N p was prepared 

by Dr . Ronald Boone. The b e n z y l h y d r a z i d e A c - A l a - N H - N H - B z and the methy l 

c a r b a z a t e A c - A l a - M e c - O N p were prepared by M r . David C a r r o l l . The methyl 

c a r b a z a t e A c - A l a - A l a - M e c - O N p was prepared by D r . P e t e r Tuhy. Thin l a y e r 

chromatography was c a r r i e d out w i t h Merck s i l i c a g e l G p l a t e s . Column 

chromatography was performed w i t h s i l i c a g e l 60 a d s o r b e n t . Mass s p e c t r a 

were taken on a H i t a c h i P e r k i n - E l m e r RMU-71 ins t rument and n u c l e a r mag

n e t i c resonance (nmr) s p e c t r a were taken on a V a r i a n T-60 i n s t r u m e n t . 

D e u t e r o c h l o r o f o r m (CDCl^) was the s o l v e n t used w i t h a l l nmr s p e c t r a . 

I n f r a r e d ( i r ) s p e c t r a were taken on a P e r k i n - E l m e r 457 i n s t r u m e n t . The 

i r s p e c t r a were taken in n u j o l m u l l s . A s s a y s were performed on a Beckman 

Model -25 spec trophotometer and a Radiometer automated p H - s t a t Model TTT11. 

N - A c e t y l - L - a l a n y l - 2 - b e n z y l c a r b a z o i c A c i d - p - n i t r o p h e n y l E s t e r 

A c - A l a - B z c - O N p was prepared by the method o f Powers and C a r r o l l 
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(1975) w i t h m o d i f i c a t i o n s . To a 100 ml round bottom f l a s k was added 

1.16 g (5 .02 mMoles) o f A c - A l a - N H - N H - B z in 40 ml o f p y r i d i n e . A f t e r f i v e 

minutes o f s t i r r i n g a t 0 ° , 1.08 g (5.31 mMoles) o f p - n i t r o p h e n y l c h l o r o -

formate in 5 .0 ml o f anhydrous t e t r a h y d r o f u r a n was added dropwise t o the 

r e a c t i o n m i x t u r e over a 30 minute p e r i o d . The r e a c t i o n m i x t u r e was a l 

lowed to s t i r f o r one hour a t 0 ° , and one a d d i t i o n a l hour a t room tem

p e r a t u r e . The s o l v e n t was then removed i n vacuo and the r e s u l t i n g y e l l o w 

o i l was chromatographed on a 30X2 cm s i l i c a g e l co lumn. The product was 

r e c r y s t a l l i z e d from a c e t o n e t o g i v e 0.86 g (43.3%) o f a w h i t e s o l i d , mp 

156-158° , R f 0 .36 ( C H C l ^ C H ^ O H , 9 : 1 ) . The mass spectrum had major peaks 

a t m/e 261 ( M - H 0 - P h - N 0 2 ) , 139 ( H 0 - P h - N 0 2

+ ) , 114 ( A c - A l a ) , and 91 ( C ? H 7

+ ) . 

The nmr spectrum ( C D C 1 3 ) had peaks a t _6 10.0 ( s , l H ) , 8 .4 and 7.3 ( q , 4 H ) , 

7.4 ( s , 5 H ) , 6 .2 ( d , l H ) , 4 .8 ( s , 2 H ) , 4 . 5 ( t , l H ) , 1.9 ( s , 3 H ) , and 1.3 ( d , 3 H ) . 

The i r spectrum showed bands at 1735 cm ^ ( c a r b o n y l o f e s t e r ) and 1670 

cm ^ ( c a r b o n y l o f a m i d e ) . A n a l , c a l c d f o r C 1 _ H o _ N , 0 , : C , 5 7 . 0 0 : H , 
19 20 4 6 

5 .00 ; N , 14 .00 . Found: C , 56 .94; H , 4 . 9 7 ; N , 14 .21 . 

R e a c t i o n o f Enzymes w i t h A c y l C a r b a z a t e s 

The r e a c t i o n of the t h r e e s e r i n e p r o t e a s e s w i t h the four a c y l c a r 

b a z a t e s was c a r r i e d out w i t h c a . a f i f t y f o l d e x c e s s o f s u b s t r a t e over 

enzyme. S t o c k s o l u t i o n s o f s u b s t r a t e in a c e t o n i t r i l e were prepared a t a 

c o n c e n t r a t i o n o f 5 .0 mM and used w i t h i n f o u r days o f p r e p a r a t i o n . S t o c k 

s o l u t i o n s o f chymotryps in A ^ , s u b t i l i s i n B P N ' , and s u b t i l i s i n C a r l s b u r g 

were made up in 1 mM H C l , s t o r e d a t 4 ° , and had a c o n c e n t r a t i o n o f c a . 

100 (iM (exact c o n c e n t r a t i o n determined by uv a b s o r b a n c e ) . Four b u f f e r 

s o l u t i o n s were prepared f o r pH dependence s t u d i e s : pH 7.0 (0 .10 M phos -
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phate ) , pH 6.0 (0.10 M c i t r a t e ) , pH 5.0 (0 .10 M c i t r a t e ) , and pH 4 .0 

(0.10 M a c e t a t e ) . A l l r e a c t i o n s were c a r r i e d out at 25° and were i n i t i 

a t e d by m i x i n g 100 jjlI o f the s u b s t r a t e w i t h 2.0 ml of the a p p r o p r i a t e 

b u f f e r in a c u v e t . An i d e n t i c a l sample was prepared as a r e f e r e n c e and a 

b a s e l i n e recorded s p e c t r o p h o t o m e t r i c a l l y a t 345 nm. T h i s was f o l l o w e d 

by the a d d i t i o n o f 100 ^1 o f 1 mM HC1 to the r e f e r e n c e cuve t and 100 p,l 

o f the enzyme s t o c k s o l u t i o n to the sample cuve t and the r e a c t i o n r a t e 

o b s e r v e d . The i n i t i a l c o n c e n t r a t i o n s were as f o l l o w s : enzyme, c a . 5 |iM; 

s u b s t r a t e , 250 uM; a c e t o n i t r i l e , 5% ( v / v ) ; in a t o t a l volume o f 2 .2 m l . 

D e t e r m i n a t i o n o f D e a c y l a t i o n R a t e s 

The measurement o f "slower" d e a c y l a t i o n r a t e s was performed by the 

method o f W i l c o x (1970) employing A c - T y r - O E t as the s u b s t r a t e f o r chymo

t r y p s i n A ^ . A s t o c k s o l u t i o n o f A c - A l a - B z c - O N p i n a c e t o n i t r i l e was p r e 

pared a t a c o n c e n t r a t i o n o f 5 .0 mM and used i m m e d i a t e l y . A s t o c k s o l u t i o n 

o f chymotryps in A ^ was made up in 1 mM HC1 and had a c o n c e n t r a t i o n o f 100 

\jH ( exac t c o n c e n t r a t i o n determined by uv absorbance ) . The r e a c t i o n was 

i n i t i a t e d by the a d d i t i o n o f 100 u.1 o f the s u b s t r a t e s t o c k s o l u t i o n t o 2 .0 

ml o f the 0 .10 M c i t r a t e b u f f e r (pH 5 . 0 ) . T h i s was f o l l o w e d by the a d d i 

t i o n o f 100 [hi o f the enzyme s t o c k s o l u t i o n t o the r e a c t i o n m i x t u r e . The 

m i x t u r e was a l l o w e d to i n c u b a t e f o r f i v e m i n u t e s . A 200 jjlI p o r t i o n o f 

the r e a c t i o n m i x t u r e was withdrawn and added to 2 .0 ml o f the a p p r o p r i a t e 

b u f f e r s o l u t i o n . At g i v e n t ime i n t e r v a l s , 100 f r a c t i o n s were w i t h 

drawn and as sayed employing the s u b s t r a t e A c - T y r - O E t and a p H - s t a t (see 

Appendix f o r f u r t h e r d e s c r i p t i o n o f a s s a y p r o c e d u r e ) . The i n i t i a l c o n 

c e n t r a t i o n s were as f o l l o w s : enzyme, c a . 5 x 10~^; s u b s t r a t e , 23 mM; 



49 

a c e t o n i t r i l e 0.5% ( v / v ) ; in a t o t a l volume o f 2 . 2 m l . The d e t e r m i n a t i o n 

o f d e a c y l a t i o n r a t e s was a ided by the use o f a l e a s t - s q u a r e s computer 

program. C o r r e l a t i o n c o e f f i c i e n t s o f b e t t e r than 0.994 were o b t a i n e d . 
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CHAPTER I I I 

RESULTS 

R e a c t i o n o f Chymotryps in w i t h A c y l C a r b a z a t e s 

The s e r i e s o f p e p t i d e c a r b a z a t e s r e a c t e d w i t h chymotryps in a t 

v a r i o u s r a t e s depending upon the n a t u r e o f the s u b s t i t u e n t s . R e s u l t s 

were v e r y r e p r o d u c i b l e under c o n d i t i o n s where [s] » [E ] . Assay s o l u t i o n s 

were f r e s h l y prepared s i n c e the p e p t i d e c a r b a z a t e s underwent a slow h y 

d r o l y s i s upon s t a n d i n g in b u f f e r e d aqueous s o l u t i o n s . A l s o i n h i b i t o r 

s o l u t i o n s c o n t a i n e d 5% ( v / v ) a c e t o n i t r i l e to i n c r e a s e the s o l u b i l i t y o f 

the compounds in the a s s a y s o l u t i o n s . The r e a c t i o n c o n d i t i o n s were s e 

l e c t e d in order t o o b t a i n r e a c t i o n r a t e s which c o u l d be measured e a s i l y 

and a c c u r a t e l y . 

Tab le 1 shows the r e s u l t s f o r the r e a c t i o n between chymotryps in 

and each o f the f i v e p e p t i d e c a r b a z a t e s . The enzyme was a c y l a t e d by the 

two b e n z y l c a r b a z a t e s v e r y r a p i d l y over a pH range o f 4 t o 7 a l t h o u g h t h e 

pH optimum f o r chymotryps in i s c a . 8 . I n c o n t r a s t , the methy l c a r b a z a t e 

A c - A l a - M e c - O N p d i d not r e a c t w i t h the enzyme a t a l l over t h i s pH range 

w h i l e the methy l c a r b a z a t e A c - A l a - A l a - M e c - O N p a c y l a t e d the enzyme a t a 

s u b s t a n t i a l l y s lower r a t e than the two b e n z y l c a r b a z a t e s . The p e p t i d e 

c a r b a z a t e A c - A l a - A l a - P r o - M e c - O N p a c y l a t e d chymotryps in r a t h e r s l o w l y a t 

lower pH v a l u e s but a c y l a t e d the enzyme r a p i d l y a t h i g h e r pH v a l u e s . I n 

a l l c a s e s where chymotryps in r e a c t e d w i t h an a c y l c a r b a z a t e , the d e c y l a -

t i o n r a t e s f o r t h e s e r e a c t i o n s c o u l d not be moni tored on the t ime s c a l e 



Table 1. R e a c t i o n o f A c y l C a r b a z a t e s w i t h Chymotryps in A 
a 

S u b s t r a t e pH [E] x 10 6 2 B 

Burst x 10 
2 C 

A c y l a t i o n x 10 k 
a - l 

k _ 
c a t ^ 

(M) (A) (A) (min ) (min ) 

A c - A l a - M e c - O N p 4.0 4.4 2.8 0 0 . . . 
5.0 4.4 2.7 0 0 
6.0 4.4 2.7 0 0 
7.0 4.4 2.8 0 0 

A c - A l a - A l a - M e c - O N p 4.0 5.0 2.9 0 0 
5.0 5.4 3.3 0 1.7 x 10 _ I 

6.0 5.0 3.2 3.0 1.4 < 1.1 x 10"2 

7.0 5.4 3.5 3.1 1.9 < 1.1 x 10"2 

A c - A l a - A l a - P r o - M e c - O N p 4.0 5.0 2.5 2.2 1.2 x 10"1 < 1.1 x 10"2 

5.0 5.0 2.5 2.3 3.8 < 1.1 x 10"2 

6.0 5.0 2.5 2.3 > 7.0 < 1.1 x 10"2 

7.0 5.0 2.6 2.3 > 7.0 < 1.1 x 10"2 

A c - B z c - O N p 4.0 4.4 2.3 2.3 > 7.0 < 1.1 x 10'2 

5.0 4.4 2.4 2.3 > 7.0 < 1.1 x 10"2 

6.0 4.4 2.3 2.2 > 7.0 < 1.1 x 10"2 

7.0 4.4 2.4 2.2 > 7.0 < 1.1 x 10"2 

A c - A l a - B z c - O N p 4.0 5.4 3.2 2.8 > 7.0 < 1.1 x 10~2 

5.0 5.4 3.2 2.7 > 7.0 < 1.1 x 10"2 

6.0 5.4 3.1 2.7 > 7.0 < 1.1 x 10~2 

7.0 5.4 3.0 2.9 > 7.0 < 1.1 x I0~z 

a A c y l c a r b a z a t e c o n c e n t r a t i o n 2.3 x 10"^ M, 5% ( v / v ) a c e t o n i t r i l e , a t 25°. 
^ T h e o r e t i c a l burs t of p - n i t r o p h e n o l c a l c u l a t e d from enzyme c o n c e n t r a t i o n and a c y l c a r b a z a t e ex

t i n c t i o n c o e f f i c i e n t . 

Observed i n i t i a l r e l e a s e o f p - n i t r o p h e n o l due to a c y l a t i o n . 
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o f the a s s a y procedure b e i n g employed. 

-2 -1 

The lower l i m i t v a l u e o f 1.1 x 10 min f o r the d e a c y l a t i o n 

r a t e s was determined by p r e p a r i n g a s e r i e s o f l i n e s o f known s l o p e s and 

super impos ing each l i n e on a p r e v i o u s l y recorded b a s e l i n e . The l i n e w i t h 

the s m a l l e s t s l o p e v a l u e which had a p e r c e p t i b l e d e v i a t i o n from the b a s e 

l i n e was used to c a l c u l a t e the lower l i m i t v a l u e . The upper l i m i t v a l u e 

o f 7.0 min 1 f o r the a c y l a t i o n r a t e s was determined from E q . 2 where k ^ 

i s the a c y l a t i o n r a t e and t^ ^ i s the t ime r e q u i r e d to a c y l a t e 90% o f the 
enzyme 

k = i s - 1 2 (2) 
a c *0.9 

S i n c e a minimum o f twenty seconds was r e q u i r e d t o mix the a s s a y s o l u t i o n 

and a l l o w f o r ins trument e q u i l i b r a t i o n , t h i s number was used t o c a l c u l a t e 

the upper l i m i t v a l u e . 

R e a c t i o n o f S u b t i l i s i n s w i t h A c y l C a r b a z a t e s 

A l l o f the f i v e p e p t i d e c a r b a z a t e s r e a c t e d r a p i d l y w i t h both s u b 

t i l i s i n BPN 1 and s u b t i l i s i n C a r l s b u r g . I d e n t i c a l a s s a y c o n d i t i o n s were 

employed f o r t h e s e s t u d i e s in order t o a l l o w f o r a ready comparison o f 

r e s u l t s between chymotryps in and t h e s e enzymes. S i n c e i d e n t i c a l r e a c t i o n 

c o n d i t i o n s were u s e d , the same l i m i t i n g r a t e v a l u e s may be u t i l i z e d f o r 

t h e s e s t u d i e s . 

Tab le 2 shows the r e s u l t s f o r the s t u d i e s in which s u b t i l i s i n BPN 1 

was r e a c t e d w i t h each o f the f i v e p e p t i d e c a r b a z a t e s . The enzyme was 

a c y l a t e d r a p i d l y by a l l f i v e compounds over the pH range o f 4 t o 7. I n 

most c a s e s the a c y l a t i o n r a t e s exceeded the upper l i m i t v a l u e and c o u l d 

not be measured. 



T a b l e 2 . Reac t ion of A c y l C a r b a z a t e s w i t h S u b t i l i s i n BPN' 

S u b s t r a t e pH [E] x 10° Burst x 10 A c y l a t i o n x 10 k 
a - l 

k 
c a t ^ 

(M) (A) (A) (min ) (min ) 

A c - A l a - M e c - O N p 4 .0 4.4 2.8 2.7 7.1 x 10" 2 < 1.1 x 1 0 " 2 

5.0 3.6 2 .2 1.9 > 7.0 9 .5 x 1 0 " 2 

6.0 3.6 2 .3 2 .0 > 7.0 6.6 x 10" 1 

7.0 4.4 2.9 2.7 > 7.0 4 .8 

A c - A l a - A l a - M e c - O N p 4 .0 4.1 2.4 2 .2 > 7.0 1.4 x 1 0 " 2 

5.0 4.1 2 .5 2.4 > 7.0 3 .3 x 1 0 _ i 

6.0 4.1 2.6 2.4 > 7.0 5 .3 
7.0 4.1 2.7 2.4 > 7.0 1.1 x 1 0 1 

A c - A l a - A l a - P r o - M e c - O N p 4 .0 3.4 1.9 1.6 > 7.0 1.1 
5 .0 3.5 1.9 1.7 > 7.0 2.1 

-i 
6.0 3.5 1.9 1.6 > 7.0 1.0 x 1 0 1 

7.0 3.5 1.9 1.6 > 7.0 1.5 x 1 0 1 

A c - B z c - O N p 4 . 0 4.1 2.1 1.7 x 10" 2 

5.0 4.1 2.1 2.1 9 .3 x 1 0 " 2 < 1.1 x 1 0 " 2 

6.0 4.4 2 .2 2.1 1.1 < 1.1 x 1 0 " 2 

7.0 4.4 2 .2 2.1 > 7.0 < 1.1 x 1 0 " 2 

A c - A l a - B z c - O N p 4 . 0 4.1 2 .3 2 .0 > 7.0 < 1.1 x 1 0 " 2 

5.0 4.1 2 .3 2 .2 > 7.0 1.7 x 1 0 ~ 2 

6.0 4.1 2 .3 2 .0 > 7.0 6.4 x 1 0 - 2 

7.0 4.1 2 .2 2 .0 > 7.0 1.1 x 10" 1 

A c y l c a r b a z a t e c o n c e n t r a t i o n 2 .3 x 10" M, 570 ( v / v ) a c e t o n i t r i l e , a t 2 5 ° . 

^ T h e o r e t i c a l burs t o f p - n i t r o p h e n o l c a l c u l a t e d from enzyme c o n c e n t r a t i o n and a c y l c a r b a z a t e 
e x t i n c t i o n c o e f f i c i e n t . 

Observed i n i t i a l r e l e a s e of p - n i t r o p h e n o l due to a c y l a t i o n . 
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The d e a c y l a t i o n r a t e s f o r the r e a c t i o n s i n v o l v i n g the two b e n z y l c a r b a 

z a t e s were r a t h e r s low. T h i s i s p a r t i c u l a r l y t r u e f o r A c - B z c - O N p which 

had s lower d e a c y l a t i o n r a t e s than A c - A l a - B z c - O N p . I n c o n t r a s t , the r e a c 

t i o n s i n v o l v i n g the enzyme and each o f the t h r e e methy l c a r b a z a t e s had 

v e r y f a s t d e a c y l a t i o n r a t e s . Of t h e s e t h r e e methy l c a r b a z a t e s , A c - A l a -

A l a - P r o - M e c - O N p had the most r a p i d d e a c y l a t i o n r a t e when i t r e a c t e d w i t h 

s u b t i l i s i n B P N ' , 

Tab le 3 shows the r e s u l t s f o r the exper iments in which each o f the 

f i v e a c y l c a r b a z a t e s was r e a c t e d w i t h s u b t i l i s i n C a r l s b u r g . A l l f i v e 

compounds a c y l a t e d t h i s enzyme a t a r a t e which was too r a p i d to f o l l o w on 

the time s c a l e o f t h i s a s s a y p r o c e d u r e . The two b e n z y l c a r b a z a t e s were 

a g a i n noted t o have r a t h e r s low d e a c y l a t i o n r a t e s and the methy l c a r b a z a t e 

A c - B z c - O N p was shown to have a s lower d e a c y l a t i o n r a t e than A c - A l a - B z c - O N p . 

L i k e w i s e , the t h r e e methy l c a r b a z a t e s were a g a i n shown to have v e r y r a p i d 

d e a c y l a t i o n r a t e s and o f the t h r e e methy l c a r b a z a t e s , A c - A l a - A l a - P r o - M e c -

ONp had the f a s t e s t r a t e s . A comparison o f d e a c y l a t i o n r a t e s f o r the 

r e a c t i o n between a g i v e n a c y l c a r b a z a t e and each o f the two s u b t i l i s i n s 

shows s u b t i l i s i n C a r l s b u r g t o c o n s i s t e n t l y have more r a p i d d e a c y l a t i o n 

r a t e s than s u b t i l i s i n B P N ' . 

D e t e r m i n a t i o n o f D e a c y l a t i o n R a t e s 

The p e p t i d e c a r b a z a t e A c - A l a - B z c - O N p was r e a c t e d w i t h chymotryps in 

and the r a t e o f d e a c y l a t i o n was measured by employing the s u b s t r a t e A c -

T y r - O E t to moni tor the r e s i d u a l enzymat ic a c t i v i t y . A l t h o u g h the r e a c t i o n 

m i x t u r e was d i l u t e d by a f a c t o r o f t e n , the r e l a t i v e r a t i o s o f c a r b a z a t e 

t o enzyme were e s s e n t i a l l y i d e n t i c a l to those used in p r e v i o u s exper iments 



Table 3. Reac t ion o f A c y l C a r b a z a t e s w i t h S u b t i l i s i n C a r l s b u r g 

S u b s t r a t e pH [ E ] x io 6 2 b 

Burs t x 10 
2° 

A c y l a t i o n x 10 k 
a - l 

k _ c a t . 
CM) (A) (A) (min ) (min 

A c - A l a - M e c - O N p 4.0 3.3 2.0 1.7 > 7.0 1.4 x 10~-
5.0 3.3 2.0 1.6 > 7.0 5.5 x 10"-
6.0 3.3 2.0 1.8 > 7.0 4.3 
7.0 3.3 2.0 1.8 > 7.0 1.6 x 10 1 

A c - A l a - A l a - M e c - O N p 4.0 4.0 2.4 2.1 > 7.0 8.3 x 10": 

5.0 4.0 2.4 2.2 > 7.0 2.2 
6.0 4.0 2.5 2.2 > 7.0 1.3 x 10 1 

7.0 4.0 2.6 2.2 > 7.0 2.6 x 10 1 

A c - A l a - A l a - P r o - M e c - O N p 4.0 3.8 1.9 1.7 > 7.0 1.5 
5.0 3.8 1.9 1.7 > 7.0 4.5 
6.0 3.8 1.9 1.6 > 7.0 2.2 x 10^ 
7.0 3.8 2.0 1.6 > 7.0 3.6 x 10 1 

A c - B z c - O N p 4.0 3.3 1.7 1.5 > 7.0 < 1.1 x 10" 
5.0 3.3 1.7 1.5 > 7.0 2.3 x 10-
6.0 3.3 1.6 1.5 > 7.0 3.1 x 10' 
7.0 3.3 1.7 1.5 > 7.0 9.2 x 10' 

A c - A l a - B z c - O N p 4.0 3.5 2.0 1.6 > 7.0 4.1 x 10" 
5.0 3.5 2.0 1.8 > 7.0 6.5 x 10" 
6.0 3.5 2.0 1.8 > 7.0 3.5 x 10" 
7.0 3.5 1.9 1.8 > 7.0 7.2 x 10" 

1 

a A c y l c a r b a z a t e c o n c e n t r a t i o n 2.3 x 10" q M, 5% ( v / v ) a c e t o n i t r i l e , a t 25°. 
^ T h e o r e t i c a l burs t o f p - n i t r o p h e n o l c a l c u l a t e d from enzyme c o n c e n t r a t i o n and a c y l c a r b a z a t e 

e x t i n c t i o n c o e f f i c i e n t , 
c 

Observed i n i t i a l r e l e a s e of p - n i t r o p h e n o l due to a c y l a t i o n . 

.— Ui 
Ui 
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w i t h chymotryps in and s u b t i l i s i n . By m a i n t a i n i n g t h i s r a t i o , a comparison 

o f r a t e s w i t h p r e v i o u s r e s u l t s can be more r e a d i l y made. 

Table 4 shows the r e s u l t s o f the exper iments in which the d e a c y l a 

t i o n r a t e s were measured f o r the r e a c t i o n between chymotryps in and A c - A l a -

B z c - O N p . A l l o f the d e a c y l a t i o n r a t e s determined f o r t h i s r e a c t i o n were 

s u b s t a n t i a l l y s lower than any t u r n o v e r r a t e observed from the s p e c t r o -

photometr i c a s s a y . The exper iments in which the d e a c y l a t i o n r a t e s were 

determined over the pH range from 5 to 7 showed t h a t a t pH 5 the d e a c y l a 

t i o n r a t e was s l o w e s t . However, as the pH was i n c r e a s e d up to 7, the 

d e a c y l a t i o n r a t e s were s u b s t a n t i a l l y more r a p i d . An at tempt was made t o 

a l s o o b t a i n a d e a c y l a t i o n r a t e a t pH 4; however , the r e a c t i o n proceeded 

too s l o w l y to g i v e r e p r o d u c i b l e v a l u e s . 

D e t e r m i n a t i o n o f E x t i n c t i o n C o e f f i c i e n t s and Background 

H y d r o l y s i s Rates f o r A c y l C a r b a z a t e s 

The molar e x t i n c t i o n c o e f f i c i e n t s and background h y d r o l y s i s r a t e s 

were measured f o r a l l f i v e p e p t i d e c a r b a z a t e s . I n a l l s t u d i e s 5% ( v / v ) 

a c e t o n i t r i l e was present in order to s i m u l a t e c o n d i t i o n s used f o r the 

s p e c t r o p h o t o m e t r i c a s s a y . The e x p e r i m e n t a l c o n d i t i o n s were s e l e c t e d in 

order t o o b t a i n v a l u e s which c o u l d be measured e a s i l y and a c c u r a t e l y . 

T a b l e 5 shows the r e s u l t s f o r the exper iments in which the r a t e s 

o f background h y d r o l y s i s and the molar e x t i n c t i o n c o e f f i c i e n t s were d e t e r 

mined w i t h a l l f i v e p e p t i d e c a r b a z a t e s . E x t i n c t i o n c o e f f i c i e n t s were mea

sured f o r each compound a t pH 4 , 5 , 6, and 7 and showed good r e p r o d u c i 

b i l i t y . A l l p e p t i d e c a r b a z a t e s had r e l a t i v e l y s low background h y d r o l y s i s 

r a t e s over a pH range o f 4 to 7 showing t h a t the molar r a t i o o f enzyme to 
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Table 4 . D e t e r m i n a t i o n o f D e a c y l a t i o n Rates f o r R e a c t i o n 
o f Chymotryps in w i t h A c - A l a - B z c - O N p a 

S u b s t r a t e pH H a l f - l i f e k 
r c a t 

(min 1 ) (min 1 ) 

A c - A l a - B z c - O N p 5 1.95 x 1 0 3 3 .6 x 10 

6 2.48 x 1 0 2 2.8 x 10 

7 1.34 x 1 0 2 5 .2 x 10 

Chymotryps in A c o n c e n t r a t i o n 3 .7 x 10" M, a c y l c a r b a z a t e c o n c e n 
t r a t i o n 2 .3 x 1 0 ' 7 M, 5% ( v / v ) a c e t o n i t r i l e , a t 2 5 ° . 
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Table 5 . Molar E x t i n c t i o n C o e f f i c i e n t s and Background 
H y d r o l y s i s R a t e s f o r A c y l C a r b a z a t e s 

- 3 a 3 b 

Compound pH E . R x 10 k . x 10 

(min 1 ) 

A c - A l a - M e c - O N p 4 5 . 9 2 0.9 
5 6.19 0.9 
6 5 . 9 7 1.2 
7 6 . 0 2 1.9 

A c - A l a - A l a - M e c - O N p 4 5 . 8 8 1.1 
5 6 . 1 2 1.4 
6 6 . 3 2 1.9 
7 6 . 5 8 3.2 

A c - A l a - A l a - P r o - M e c - O N p 4 4 . 8 9 1.0 
5 4 . 9 3 1.0 
6 4 . 9 8 1.1 
7 5 . 1 6 2.2 

A c - B z c - O N p 4 5 . 2 2 1.0 
5 5 . 1 1 1.1 
6 4 . 9 2 1.7 
7 5 . 1 1 2.2 

A c - A l a - B z c - O N p 4 5 . 5 9 1.0 
5 5 . 5 9 1.2 
6 5 . 5 1 1.7 
7 5 . 3 4 2.9 

A c y l c a r b a z a t e c o n c e n t r a t i o n 2.3 x 10 M, KOH c o n c e n t r a t i o n 
1.8 x 1 0 - 4 M, 57o ( v / v ) a c e t o n i t r i l e in 2.2 m l . 

^ A c y l c a r b a z a t e c o n c e n t r a t i o n 7.0 x 1 0 " ^ M, 5 % ( v / v ) a c e t o n i t r i l e 
in 2 . 2 m l . 
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s u b s t r a t e remains r e l a t i v e l y unchanged over the t ime span r e q u i r e d f o r 

the s p e c t r o p h o t o m e t r i c a s s a y . 
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CHAPTER I V 

DISCUSSION 

A s e l e c t e d v a r i e t y o f p e p t i d e c a r b a z a t e s was t e s t e d as p o s s i b l e 

i n h i b i t o r s of c h y m o t r y p s i n , s u b t i l i s i n B P N ' , and s u b t i l i s i n C a r l s b u r g 

w i t h r e l a t i v e l y good c o r r e l a t i o n of r e s u l t s . The e f f e c t s o f s u b s t i t u e n t 

replacement upon the i n h i b i t o r y a b i l i t y a g a i n s t t h e s e t h r e e enzymes i s 

the major f i n d i n g o f t h i s work and t h e b a s i s f o r f u t u r e c h e m i c a l i n v e s 

t i g a t i o n . 

E f f e c t i v e n e s s o f S e r i n e P r o t e a s e I n h i b i t o r s 

The e x p e r i m e n t a l r e s u l t s o f these s t u d i e s demonstrate t h a t s e v e r a l 

o f the p e p t i d e c a r b a z a t e s are h i g h l y r e a c t i v e i n h i b i t o r s o f the t h r e e 

s e r i n e p r o t e a s e s . In c e r t a i n c a s e s the i n h i b i t i o n r e a c t i o n s proceeded 

r a p i d l y to form a r e l a t i v e l y s t a b l e a c y l i n t e r m e d i a t e even a t low pH 

v a l u e s . The k v a l u e s o b t a i n e d from t h e s e s t u d i e s s erve as a means o f c a t 

e v a l u a t i n g the e f f e c t i v e n e s s o f t h e s e p e p t i d e c a r b a z a t e s as i n h i b i t o r s 

o f t h e s e enzymes. P e p t i d e c a r b a z a t e s which had k v a l u e s which were 
Cci t 

-2 -1 
l e s s than 1.1 x 10 min were c o n s i d e r e d t o be good i n h i b i t o r s o f the 

_ o 
t h r e e enzymes w h i l e compounds w i t h k v a l u e s g r e a t e r than 1.1 x 10 Ccl t 

min ^ were c o n s i d e r e d t o be poorer s e r i n e p r o t e a s e i n h i b i t o r s . The bes t 

i n h i b i t o r s o f t h e s e enzymes were the two b e n z y l c a r b a z a t e s A c - B z c - O N p and 

A c - A l a - B z c - O N p . Both of t h e s e compounds a c y l a t e d the enzyme r a p i d l y over 

a pH range o f 4 t o 7 w h i l e m a i n t a i n i n g v e r y slow d e a c y l a t i o n r a t e s . No 

d i r e c t e v i d e n c e was o b t a i n e d to i n d i c a t e t h a t t h e s e p e p t i d e c a r b a z a t e s 
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were r e a c t i n g w i t h the a c t i v e s i t e s e r i n e r e s i d u e . However, i t i s r e l a 

t i v e l y c e r t a i n t h a t a l k y l a t i o n o f the r e a c t i v e s e r i n e group does o c c u r on 

the b a s i s o f p r e v i o u s s t u d i e s w i t h a n a l a g o u s s y s t e m s . I t has been shown 

t h a t p - n i t r o p h e n y l c y a n a t e a c y l a t e d chymotryps in a t Ser-195 on the 

b a s i s o f the c r y s t a l l o g r a p h i c i n v e s t i g a t i o n o f the carbamylated-enzyme 

d e r i v a t i v e ( R o b i l l a r d , et a l . , 1972) . F u r t h e r m o r e , the b e n z y l c a r b a z a t e s 

have been shown to be v e r y s p e c i f i c f o r chymotryps in and the s u b t i l i s i n s 

s i n c e they were found t o be v i r t u a l l y i n a c t i v e towards the c l o s e l y r e 

l a t e d enzymes e l a s t a s e and t r y p s i n (Powers and C a r r o l l , 1975) . T h i s 

s p e c i f i c i t y makes t h e s e compounds advantageous towards p h y s i o l o g i c a l e x 

per iments which r e q u i r e the s e l e c t i v e i n h i b i t i o n o f chymotryps in and s u b 

t i l i s i n i n p r e f e r e n c e to r e l a t e d enzymes. 

pH Dependence o f I n h i b i t o r A c t i v i t y 

The e x p e r i m e n t a l r e s u l t s o f t h e s e s t u d i e s showed t h a t where 

r e l a t i v e r e a c t i o n r a t e s were m e a s u r a b l e , t h e r e was a v e r y d i s t i n c t e f f e c t 

upon the r a t e s o f r e a c t i o n as a r e s u l t o f changes in pH. I t was f u r t h e r 

shown t h a t i n a l l measurable c a s e s , these r e a c t i o n r a t e s i n c r e a s e d w i t h 

i n c r e a s i n g pH. S i n c e the pH optimum f o r chymotryps in and the s u b t i l i s i n s 

w i t h s y n t h e t i c e s t e r s u b s t r a t e s i s between 7 and 8 (Cunningham and Brown, 

1956; G l a z e r , 1966) t h e s e r e s u l t s would be a n t i c i p a t e d i f the p e p t i d e c a r 

b a z a t e s were r e a c t i n g w i t h the a c t i v e s i t e s e r i n e r e s i d u e . 

S t o c h i o m e t r y o f I n h i b i t i o n 

In a l l c a s e s where a c y l a t i o n was o b s e r v a b l e , the r e a c t i o n s between 

the s e r i n e p r o t e a s e s and the p e p t i d e c a r b a z a t e s were a lways s t o c h i o m e t r i c . 

S i n c e the p e p t i d e c a r b a z a t e s pos se s s t h i s p r o p e r t y , t h e s e compounds shou ld 
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be c o n s i d e r e d as p o s s i b l e a c t i v e s i t e t i t r a n t s . The o v e r a l l r e a c t i o n 

scheme f o r s e r i n e p r o t e a s e s (Bender and Kezdy , 1964) i s shown in E q . 3 

where the r e a c t i o n o f the enzyme w i t h the s u b s t r a t e l e a d s t o the forma

t i o n o f an a c y l enzyme i n t e r m e d i a t e . 

S i n c e o p t i m a l enzyme t i t r a t i o n s should make use o f a s t o c h i o m e t r i c r e a c 

t i o n between the enzyme and the s p e c i f i c s u b s t r a t e , t h i s sys tem o f f e r s an 

e x c e l l e n t o p p o r t u n i t y to q u a n t i t a t e the t r a n s f o r m a t i o n o f E to E - S . 

However, a s t o c h i o m e t r i c t r a n s f o r m a t i o n i s o n l y p o s s i b l e under c o n d i t i o n s 

where k^ « (Kezdy and K a i s e r , 1970) . F u r t h e r m o r e , t h i s t r a n s f o r m a 

t i o n can o n l y o c c u r q u a n t i t a t i v e l y under c o n d i t i o n s where s u b s t r a t e c o n 

c e n t r a t i o n s are h i g h enough t o t r a n s f o r m a l l o f the enzyme i n t o the en 

zyme s u b s t r a t e complex and m a i n t a i n the complex upon f o r m a t i o n . S i n c e 

t h e s e p e p t i d e c a r b a z a t e s e x h i b i t v e r y slow d e a c y l a t i o n r a t e s w i t h t h e s e 

enzymes under p s e u d o - f i r s t - o r d e r r e a c t i o n c o n d i t i o n s , t h e s e compounds 

should be c o n s i d e r e d as l i k e l y a c t i v e s i t e t i t r a n t s o f s u b t i l i s i n and 

c h y m o t r y p s i n . 

The a c y l enzyme formed from the r e a c t i o n o f c h y m o t r y p s i n , s u b s t i l -

i s i n B P N ' , or s u b t i l i s i n C a r l s b u r g w i t h e i t h e r o f the two b e n z y l c a r b a 

z a t e s e x h i b i t e d an e x c e p t i o n a l s t a b i l i t y which i s r e f l e c t e d i n i t s v e r y 

slow r a t e o f d e a c y l a t i o n . I n c o n t r a s t , the t h r e e methy l c a r b a z a t e s which 

r e a c t e d w i t h the s u b t i l i s i n s had s u b s t a n t i a l l y more r a p i d d e a c y l a t i o n 

(3) 

S t a b i l i t y o f the A c y l Enzyme 
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r a t e s i m p l y i n g t h a t the a c y l enzyme formed from these r e a c t i o n s i s l e s s 

s t a b l e . 

One c o n t r i b u t i n g f a c t o r to the s t a b i l i t y o f the a c y l enzyme i s the 

e l e c t r o n i c c o n t r i b u t i o n of the a d j a c e n t n i t r o g e n atom. The presence o f 

the unshared p a i r o f e l e c t r o n s on the o / -ni trogen atom would l ead to a r e 

d u c t i o n in the e l e c t r o p h i l i c i t y o f the a d j a c e n t c a r b o n y l group which 

would cause the a c y l enzyme t o be more r e s i s t a n t to h y d r o l y s i s . S i n c e a 

s i m i l a r s i t u a t i o n would be expec ted to p r e v a i l in the base c a t a l y z e d 

h y d r o l y s i s o f t h e s e p e p t i d e c a r b a z a t e s , exper iments were conducted to 

q u a n t i t a t e the o v e r a l l c o n t r i b u t i o n o f t h i s e f f e c t (Kurtz and Neiman, 

1960) . A f i v e f o l d d i f f e r e n c e in the r a t e s o f base c a t a l y z e d h y d r o l y s i s 

o f A c - A l a - O N p and Ac-Mec-ONp was o b s e r v e d . A l t h o u g h t h e s e s t u d i e s i n d i 

c a t e t h a t the a - n i t r o g e n atom does c o n t r i b u t e t o the s t a b i l i t y o f the 

a c y l enzyme by r e d u c i n g the e l e c t r o p h i l i c i t y o f the a d j a c e n t c a r b o n y l 

g r o u p , i t does not appear r e a s o n a b l e t h a t t h i s e f f e c t can c o m p l e t e l y a c 

count f o r the l o s s o f s u b s t r a t e a c t i v i t y . 

A second f a c t o r which may c o n t r i b u t e to the s t a b i l i z a t i o n o f the 

a c y l enzyme would be the s t e r e o c h e m i c a l r equ irements f o r h y d r o l y s i s . 

From a s t e r e o c h e m i c a l s t a n d p o i n t , i t would be e x p e c t e d t h a t the h i g h e s t 

r a t e o f d e a c y l a t i o n would occur when the p o r b i t a l o f the c a r b o n y l carbon 

i s in a p o s i t i o n f o r maximum o v e r l a p w i t h the o r b i t a l s o f the incoming 

water m o l e c u l e . Fur thermore , i t has been proposed t h a t one o f the p r i 

mary f u n c t i o n s o f the b i n d i n g s i t e s on t h e s e s e r i n e p r o t e a s e s i s to b r i n g 

the p o r b i t a l s o f the a c y l carbon i n t o the proper o r i e n t a t i o n f o r maximum 

o v e r l a p w i t h the o r b i t a l s o f the a t t a c k i n g water ( R o b i l l a r d , et a l . , 1972) . 

I t has been shown t h a t i n d o l e a c r y l o y 1 and c a r b a n y l d e r i v a t i v e s o f chymo-
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t r y p s i n (Henderson, 1970; R o b i l l a r d , e t a l . , 1972) are a l s o e x c e p t i o n a l l y 

r e s i s t a n t to d e a c y l a t i o n which i s a t t r i b u t e d to the o r i e n t a t i o n o f the p 

o r b i t a l s o f the c a r b o n y l m o i e t y . The e f f e c t o f e x t e n d i n g the p o r b i t a l 

i n t e r a c t i o n s o f the c a r b o n y l group f o r the a c y l a t e d enzyme such a s in the 

case o f the i n d o l e a c r y l o y l and carbamyl chymotryps in d e r i v a t i v e s c o u l d 

r e s u l t in an o r i e n t a t i o n o f the c a r b o n y l group which i s l e s s f a v o r a b l e 

f o r o v e r l a p w i t h the o r b i t a l s o f the a t t a c k i n g water m o l e c u l e and r e s u l t 

i n g in a s lower r a t e o f d e a c y l a t i o n . I t has a l s o been shown i n c r y s t a l l o -

g r a p h i c s t u d i e s o f c h l o r o m e t h y l k e t o n e - i n h i b i t e d s u b t i l i s i n BPN' ( K r a u t , 

e t a l . , u n p u b l i s h e d r e s u l t s ) t h a t the c a r b o n y l oxygen o f the i n h i b i t o r 

p o r t i o n o f the d e r i v a t i v e i s h e l d in p l a c e by hydrogen bonds from the s i d e 

cha in NH^ o f Asn-155 and the backbone NH o f the a c t i v e s i t e S e r - 2 2 1 . The 

hydrogen bonding o f t h e s e r e s i d u e s w i t h the c a r b o n y l oxygen o f an a c y 

l a t e d enzyme would be e x p e c t e d to i n c r e a s e the n u c l e o p h i l i c s u s c e p t i b i l i t y 

o f the c a r b o n y l carbon making the a c y l enzyme l e s s r e s i s t a n t t o h y d r o l y s i s . 

The improper o r i e n t a t i o n o f the c a r b o n y l group which c o u l d min imize these 

hydrogen bonding i n t e r a c t i o n s would have the e f f e c t o f d e c r e a s i n g the 

e l e c t r o p h i l i c i t y o f the c a r b o n y l carbon making i t even l e s s s u s c e p t i b l e 

to n u c l e o p h i l i c a t t a c k by a water m o l e c u l e . 

These c o n c e p t s may be employed to e x p l a i n the l a r g e d i f f e r e n c e in 

the d e a c y l a t i o n r a t e s between the methy l and the b e n z y l c a r b a z a t e s w i t h 

the s u b t i l i s i n s . S i n c e i t has been p r e v i o u s l y proposed t h a t one o f t h e 

f u n c t i o n s o f the b i n d i n g s i t e o f these enzymes i s to b r i n g the p o r b i t a l 

o f the c a r b o n y l group i n t o the proper o r i e n t a t i o n f o r d e a c y l a t i o n , the 

proper s i d e c h a i n s u b s t i t u e n t would be r e q u i r e d f o r t h i s p r o c e s s by 

max imiz ing t h e s e b i n d i n g i n t e r a c t i o n s . L i k e w i s e , a c y l a t e d enzymes which 
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p o s s e s s unusua l r e s i s t a n c e to d e a c y l a t i o n due to improper o r i e n t a t i o n o f 

the c a r b o n y l moie ty would be expec ted t o m a i n t a i n t h i s l e v e l o f s t a b i l i t y 

on ly as long as the p o r b i t a l o f the c a r b o n y l group does not assume an 

o r i e n t a t i o n which i s f a v o r a b l e f o r h y d r o l y s i s . Thus the s t a b i l i z a t i o n o f 

the c a r b o n y l group in an o r i e n t a t i o n which i s u n f a v o r a b l e f o r d e a c y l a t i o n 

would r e s u l t in a more s t a b l e a c y l a t e d enzyme. T h i s may be accompl i shed 

by t a k i n g advantage o f the b i n d i n g s i t e i n t e r a c t i o n s . S i n c e i t i s known 

t h a t the s u b t i l i s i n s pos se s s a broad primary s u b s i t e s p e c i f i c i t y f o r long 

hydrophobic s i d e c h a i n s , i t would be e x p e c t e d t h a t the two b e n z y l c a r b a 

z a t e s would b ind t i g h t l y t o the enzyme r e s u l t i n g i n the s t a b i l i z a t i o n o f 

the a c y l a t e d enzyme by f i x i n g the c a r b o n y l in an improper o r i e n t a t i o n due 

to the presence o f the c f -n i trogen atom. I n c o n t r a s t , the methyl c a r b a 

z a t e s would be expec ted to f i t in the primary b i n d i n g s i t e more l o o s e l y 

which may a l l o w the c a r b o n y l group to assume a conformat ion which would 

be more s u s c e p t i b l e to n u c l e o p h i l i c a t t a c k by a water m o l e c u l e r e s u l t i n g 

in a more r a p i d r a t e o f d e a c y l a t i o n . I t i s a p p a r e n t , however , t h a t a 

b e t t e r u n d e r s t a n d i n g o f t h i s wobbl ing e f f e c t can be o b t a i n e d o n l y by 

s t u d y i n g the e f f e c t s o f v a r y i n g the s i d e c h a i n l e n g t h on these p e p t i d e 

c a r b a z a t e s . 
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CHAPTER V 

CONCLUSIONS 

A s e r i e s o f f i v e a c y l c a r b a z a t e s was t e s t e d f o r r e a c t i v i t y towards 

chymotryps in A , s u b t i l i s i n B P N ' , and s u b t i l i s i n C a r l s b u r g . The r e s u l t s 

o f t h e s e s t u d i e s i n d i c a t e t h a t the r a t e o f r e a c t i o n o f t h e s e compounds 

w i t h the enzymes was v e r y dependent upon the n a t u r e o f t h e c a r b a z a t e s u b 

s t i t u e n t s . Chymotryps in was r a p i d l y i n a c t i v a t e d by the two b e n z y l c a r b a 

z a t e s A c - B z c - O N p and A c - A l a - B z c - O N p , w h i l e the t h r e e methy l c a r b a z a t e s 

A c - A l a - M e c - O N p , A c - A l a - A l a - M e c - O N p , and A c - A l a - A l a - P r o - M e c - O N p r e a c t e d 

much s lower ( i f a t a l l ) . The two s u b t i l i s i n s r e a c t e d w i t h a l l f i v e com

pounds; however, a comparison o f d e a c y l a t i o n r a t e s showed a marked d i f f e r 

ence between the methy l and the b e n z y l c a r b a z a t e s . The t u r n o v e r r a t e s 

o f the methy l c a r b a z a t e s were v e r y r a p i d compared to the s i g n i f i c a n t l y 

s lower r a t e s observed f o r the b e n z y l c a r b a z a t e s . These o b s e r v a t i o n s may 

be a r e s u l t o f a l o o s e f i t o f the methy l group i n the b i n d i n g pocket o f 

t h e s u b t i l i s i n s s i n c e t h e s e enzymes are known to have a s p e c i f i c i t y f o r 

long hydrophobic s i d e c h a i n s . A comparison o f the r e l a t i v e r e a c t i o n r a t e s 

of the two s u b t i l i s i n s w i t h the f i v e c a r b a z a t e s i n d i c a t e s t h a t s u b t i l i s i n 

C a r l s b u r g i s c o n s i s t e n t l y more r e a c t i v e towards t h e s e s u b s t r a t e s than 

s u b t i l i s i n B P N ' . The i n i t i a l b u r s t o f p - n i t r o p h e n o l o b t a i n e d upon r e a c 

t i o n o f chymotryps in or the s u b t i l i s i n s w i t h t h e c a r b a z a t e s was a lways 

observed to be s t o c h i o m e t r i c i n d i c a t i n g t h a t t h e s e enzymes may be c o n 

s i d e r e d as p o s s i b l e a c t i v e - s i t e t i t r a n t s . 
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CHAPTER V I 

RECOMMENDATIONS 

As s t a t e d a b o v e , a wor thwhi l e experiment would be to prepare an 

a p p r o p r i a t e i s o b u t y l c a r b a z a t e and measure the r e a c t i o n r a t e s o f t h i s 

compound w i t h the two s u b t i l i s i n s . S i n c e the r e a c t i o n r a t e s have been 

determined f o r A c - A l a - B z c - O N p and A c - A l a - M e c - O N p , i t would be b e s t to 

prepare A c - A l a - I b c - O N p which would o f f e r a ready comparison o f the t h r e e 

r a t e s . The i s o b u t y l s i d e cha in should o f f e r a b e t t e r f i t i n t o the b i n d 

i n g pocket than the c o r r e s p o n d i n g methyl c a r b a z a t e but should f i t some

what l o o s e r than the b e n z y l g r o u p . I f the wobble h y p o t h e s i s i s c o r r e c t , 

one would expect to see a r a t e o f h y d r o l y s i s which i s i n t e r m e d i a t e b e 

tween t h a t observed f o r the methy l and the b e n z y l c a r b a z a t e s . I f t h i s 

t r end i s o b s e r v e d , i t may be a p p r o p r i a t e to prepare a v a l i n e and an i s o -

l e u c i n e a n a l o g o f t h e s e compounds which would g i v e a more complete p i c 

t u r e o f t h i s e f f e c t . 
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APPENDIX 

CHYMOTRYPSIN ASSAY PROCEDURE 

The r e g e n e r a t i o n o f enzymat ic a c t i v i t y d u r i n g the d e a c y l a t i o n 

s t u d i e s was measured a c c o r d i n g to the g e n e r a l a s s a y method o f Cunningham 

and Brown (1956) . The s u b s t r a t e s o l u t i o n c o n s i s t e d o f 0 .01 M A c - T y r - O E t 

and 0 .10 M C a C l 2 in 0.05 M phosphate (pH 7.0) and c o n t a i n e d 5% a c e t o n i 

t r i l e . The s u b s t r a t e s o l u t i o n s were kept r e f r i g e r a t e d and were used 

w i t h i n t h r e e days o f p r e p a r a t i o n . A f t e r the a c y l a t e d enzyme s o l u t i o n had 

been p r e p a r e d , s e v e r a l 100 [il a l i q u o t s were removed over a g i v e n t ime 

span and added t o 10.0 ml o f the s u b s t r a t e s o l u t i o n . The r e s i d u a l enzy 

m a t i c a c t i v i t y was moni tored on the p H - s t a t a t pH 7.8 w i t h 0 .10 N NaOH 

as the t i t r a t e . The r a t e s o f d e a c y l a t i o n were determined from the pH 

s t a t t r a c i n g s o b t a i n e d over the course o f the enzyme r e a c t i v a t i o n . 
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