
CHAPTER IV

RESULTS AND DISCUSSION /

4 .1  P ep tid e  s y n th e s is

4 .1 .1  Amide fo rm atio n
The s y n th e t ic  p e p t id e s , amino a c id  d e r iv a t iv e s  in  t h i s  

r e s e a rc h ,  were sy n th e s iz e d  by u s in g  th e  c o u p lin g  r e a c t io n  o f th e  
mixed anh y d rid e  method o f  Anderson and Zimmerman (7 6 ) .  An im p o rta n t 
p r e r e q u i s i te  i s  th e  c o n tro l  o f  ra c e m iza tio n  o f  th e  L-form  to  y ie ld  
th e  D-form , s in c e  th e  p re sen ce  o f  en an tio m ers would make th e  
e v a lu a t io n  o f  th e s e  i n h i b i t o r s  d i f f i c u l t ,  a s  i t  i s  l i k e l y  t h a t  th e  
enzymes would have s te r e o s p e c i f i c  p re fe re n c e s .

For t h i s  re a so n , th e  o p tim iz a tio n  c o n d it io n s  o f  th e  r e a c t io n s  
were c a r e f u l ly  chosen so a s  to  o b ta in  maximum y ie ld  and h ig h  p u r i t y ,  
as  w e ll a s  to  red u ce  in  th e  d eg ree  o f  ra c e m iza tio n  o ccu rin g  d u rin g  
th e  r e a c t io n .  By u s in g  th e  mixed an h y d rid e  method o f  Anderson 
e t .  a l . ,  i t  was found t h a t  u s in g  th e  optimum a c t iv a t io n  tim e of 
10-15 mins b e fo re  th e  a d d i t io n  o f an N -p ro te c te d  amino a c id ,  and 
th en  co n d u c tin g  th e  r e a c t io n  between -5  to  -10 ' c ,  optimum y ie ld s  
ran g in g  from 60 % to  90 % w ith  a h igh  p u r i ty  as  w e ll a s  a re d u c tio n  
in  th e  deg ree  o f  ra c e m iz a tio n  were o b ta in e d . Thus th e s e  c o n d it io n s  
were c a r e f u l ly  tak en  and used in  a l l  th e  ex p e rim en ts  fo r  making th e  
s y n th e t ic  p e p t id e s .

D esp ite  th e  f a c t  t h a t  th e  c o n d it io n s  as  m entioned w il l  
reduce th e  d eg ree  o f  ra c e m iz a tio n , i t  i s  s t i l l  d i f f i c u l t  to  t e l l  
w hether a l l  th e  s y n th e t ic  compounds a re  in  th e  L-form  o n ly . For t h i s
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re a s o n , i t  i s  n e c e ssa ry  to  f in d  th e  s e l e c t iv e  methods t h a t  can 
id e n t i f y  th e  s t r u c tu r e s  o f th e s e  compounds. I t  was re p o r te d  t h a t  NMR 
method a t  h ig h  freq uen cy  can be used to  i d e n t i f y  th e  c o n f ig u ra t io n  of 
some amino a c id  d e r iv a t iv e s  (7 7 ) . However, th e re  i s  n o t  a s in g le  
method to  be used fo r  f in d in g  o u t th e  a b s o lu te  c o n f ig u ra t io n  o f  
p e p tid e s  o r p r o te in s .  So th ro u g h o u t t h i s  re s e a rc h ,  we only 
sy n th e s iz e d  th e s e  p e p tid e s  under th e  c o n d it io n  m entioned above and 
i d e n t i f i e d  th e  s t r u c tu r e s  by e lem en ta l a n a ly z e r ,  IR sp e c tro p h o to ­
m e te r , 1H and 1^c NMR s p e c tro m e te r .

The mixed an h y dride  method in v o lv e s  th e  a d d i t io n  o f  e th y l  
c h lo ro fo rm a te  to  th e  N -p ro te c te d  amino a c id  in  dry  THF a t  -5  to  -10 

*c. T his g iv e s  a r e s u l t  in  th e  " a c t iv a t io n "  o f  th e  ca rb o x y l g ro up . 
C on sequen tly , th e  ca rb o x y l group o f  th e  mixed an h y d rid e  w i l l  th en  be 
more s u s c e p t ib le  to  n u c le o p h ile  a tta c k e d  by th e  p rim ary  amine o f  th e  
amino a c id  o r a lk y l  amine to  which i t  i s  to  be co u p led . In  
a d d i t io n ,  t r i e th y la m in e , th e  t e r t i a r y  base was used as  th e  HC1 
a c c e p to r  (Scheme ^ .1 ) .  S ince  t r ie th y la m in e  i s  a s tro n g  b a s e , i t  i s  
n ece ssa ry  to  c o n tro l  th e  q u a n ti ty  o f  t r ie th y la m in e  used  f o r  th e  
ex p e rim e n ts . I t  was found th a t  th e  u n rea c te d  t r ie th y la m in e  was 
th e  racem ize r (7 6 ) . I t  i s  i n t e r e s t in g  to  n o te  t h a t  d u rin g  th e  
p re p a ra t io n  o f  Bz-Phe-N H-C^H ^g, - d i f f e r e n t  p ro d u c ts  w ith  d i f f e r e n t  
m e ltin g  p o in ts ,  b u t a lm ost th e  same IR s p e c t r a ,  were o b ta in e d  by 
changing th e  amounts o f t r ie th y la m in e  from 1 eq u iv a len c e  to  2 
e q u iv a len c e  . There i s  much ev id en ce  t h a t  ra c e m iz a tio n  o f  a c t iv a te d  
acylam ino a c id s  o r a c y lp e p tid e s  can o ccu r by d i r e c t  p ro to n  
a b s t r a c t io n  o r by fo rm atio n  o f oxazolone in te rm e d ia te s  which a re  
r e a d i ly  racem ized  (78) (Scheme ^ .2 ) .
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(1) Form ation o f  th e  mixed a n h y d rid e .

CH3-CH2-0-C 0-C l 
dry  THF,
NEt3

CH3 + (CH3CH2 )3N-HC1

(2) Coupling

ร :
h- nh- ch- co- o- co- o- ch2- ch3

NEt3 , ร2HCl-NH2-CH-C0-0CH3 o r NH2~R
ร ฺ1 Rp *  R,î L LR-NH-CH-CO-NH-CH-CO-OCH3 or R-NH-CH-CO-NH-R + C02

+CH3-CH2-0H

where: R = z or Bz
R.J, R2 = s id e  cha in  o f  th e  amino a c id  
R = extended  p e p tid e  chain

R-NH-CH-COOH +

-5  to  -1 0  °c

?1 ' r 
R-NH-CH-C0-0-C0-0-CH2-

Scheme M.1 The co u p lin g  o f  amino a c id  v ia  th e  mixed an h y drid e  
method.

A nother im p o rtan t c r i t e r i a  fo r  th e  fo rm atio n  o f  th e  mixed 
a n h y d rid e , i s  t h a t  th e  s o lv e n t  must be d ry , s in c e  th e  p resen ce  o f 
w ater i n h i b i t s  th e  fo rm ation  o f  th e  an h y d rid e . However, th e
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(1) D ire c t  p ro to n  a b s t r a c t io n

R1 0
IIR-NH-CH-C-OH R-NH-C-C-OH ! + H-B

o r
(2) Form ation  o f  oxazolone in te rm e d ia te s

R1 01 II
r- nh- ch2- c- nh- ch- c- oh-

-H

'21
=N-CH-

10
1® \ h®

ร h
r- nh- ch2- c=n- c=co

w here: R

R1
Be

ะ z or Bz
ะ s id e  ch a in  o f  th e  amino a c id  
ะ base

Scheme U . 2  R acem ization  m echanism s.

co u p lin g  o f  amino a c id  o r  a lk y l  amine re s id u e ,  r e q u ire s  s l i g h t l y  
d i f f e r e n t  c o n d i t io n s .  W hile t h e ‘a lk y l  am ines a re  s o lu b le  in  o rg a n ic  
s o lv e n ts  ( e .g .  THF), th e  amino a c id  m ethyl e s t e r s  a re  on ly  s o lu b le  
in  a m ix tu re  o f  w ate r and THF. I t  was found th a t  even though w ate r 
was p re s e n t  in  th e  s o lv e n t  c o n ta in in g  th e  amino a c id  m ethyl e s t e r ,  
n e i th e r  th e  y ie ld  nor th e  p u r i ty  o f  th e  sy n th e s iz e d  p e p tid e  frag m en t 
was a f f e c te d  which was q u i te  d i f f e r e n t  from the  co u p lin g  o f  a lk y l  
am ines. I t  was a ls o  found t h a t  th e  a d d i t io n  o f  amino a c id  m ethyl
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e s t e r s  to  th e  mixed an h y d rid e  a t  low tem p e ra tu re s  d ec rea sed  th e  
chances o f  m o is tu re  h y d ro ly s in g  th e  an h y d rid e .

4 .1 .2  D ep ro te c tio n
As p a r t  o f  th e  p e p tid e  s y n th e s is ,  i t  i s  n e c e ssa ry  a t  c e r t a i n  

s ta g e s  to  d e p ro te c t  th e  C -term inus o f  a d ip e p t id e  fragm en t so th a t  
th e  a d d i t io n  o f  a n o th e r  amino a c id  o r an a lk y l  amine re s id u e  can be 
c a r r ie d  o u t .  The most common method o f d e e s t e r i f i c a t i o n  i s  b a s ic  
h y d ro ly s is  in  1 N NaOH (Scheme 4 .3 ) .

R-NH-CH-CO-NH-CH-CO-OCH3 
1 N NaOH, 
CH3OH

R-NH-CH-CO-NH-CH-COOH + CĤ OH

where: R = z o r Bz
R1 , R2 = s id e  ch a in  o f  th e  amino a c id

Scheme 4 .3  The d e e s t e r i f i c a t i o n  o f  a d ip e p tid e  frag m en t.

The h y d ro ly s is  o f  th e  m ethyl e s t e r  to  th e  f r e e  c a rb o x y lic  
a c id  was ach ieved  in  h igh  y ie ld s  o f  over 70 %, b u t in  t h i s  s te p  th e  
main problem  was th e  p u r i f i c a t i o n  o f  th e  p ro d u c t. Owing to  a long  
p erio d  o f  tim e (2-3  weeks) tak en  fo r  r e c r y s t a l l i s a t i o n  o f  some 
in te rm e d ia te s  in  t h i s  s t e p ,  th e se  f r a c t io n s  were used w ith o u t 
f u r th e r  p u r i f i c a t i o n  in  th e  s u c c e s s iv e  s y n th e t ic  pathway f o r  th e
s y n th e s is  o f th e  d e s ire d  f i n a l  compounds. The r e s u l t s  o f
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d e e s t e r i f i c a t i o n  were confirm ed by IR spectrum  showing th e  broad 
peak o f  ■ th e  -C00H group a t  2500-3200 cm  ̂ and by p ro to n  
NMR w ith  th e  lo s s  o f  th e  -OCH^ s ig n a l  a t  ร 3-7 ppm.

4 .2  S t r u c tu r a l  e lu c id a t io n  o f  th e  s y n th e t ic  p e p tid e s

Each o f th e  s y n th e t ic  p e p tid e s  was p u r i f ie d  by f r a c t io n a l  
r e c r y s t a l l i s a t i o n  from e th y l  a c e t a t e .  T h e ir p u r i ty  was confirm ed  by 
both  TLC, showing a s in g le  r e g u la r  round sp o t w ith o u t t a i l i n g  
when exposed to  uv r a d i a t io n ,  and c o r r e c t  e le m e n ta l a n a ly s is  
w ith in  + 0 . 4  % o f  th e  c a lc u la te d  v a lu e s .

The c h a r a c t e r i s a t i o n  o f  r e a c t io n  p ro d u c t was s u c c e s s f u l ly  
accom plished  by th e  a s s i s t a n c e  o f  th e  in s tru m e n ts  such as e le m e n ta l 
a n a ly z e r ,  IR sp e c tro p h o to m e te r , NMR and NMR s p e c tro m e te r .

IR s p e c t r a  o f  a l l  s y n th e t ic  p e p tid e s  (compound I-X ) 
e x h ib i te d  th e  c h a r a c t e r i s t i c  a b s o rp t io n  bands fo r  sym m etric and 
asym m etric N-H s t r e tc h in g  bands o f  secon d ary  amine a t  3290-3360 

cm- 1 , and amide I - I I  bands a t  1520-1660 cm~ . The p re sen ce  o f  phenyl 
groups were re v e a le d  by th e  ap p earan ce  o f  weak bands a t  3000-3100 

cm- ^ , and IR s p e c t r a  o f  th e  compounds I - V I I I  showed C-H o u t o f  p lan e  
bending  o f  m o n o su b s titu te d  benzene a t  730-745 and 690-695 cm , b u t
o f  th e  compounds IX and X e x h ib i te d  C-H o u t o f  p lan e  bend ing  o f  para ' 
s u b s t i tu te d  benzene a t  830 cm- 1 . In  a d d i t io n ,  th e  p re sen ce  o f  CH^'ร 
c h a in s  were re v e a le d  by th e  ap p earan ce  o f  s tro n g  bands a t  2800-2950 
cm- ^ .

1H NMR o f  10 compounds showed sh a rp  s i n g l e t  s ig n a l  fo r  
m ethylene p ro to n  c h a in s  a t  “b 1 .2 4 -1 .2 6  ppm and broad t r i p l e t  s ig n a ls  
fo r  m ethyl p ro to n s  a d ja c e n t  to  m ethylene c h a in s . NMR s p e c t r a  o f
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a l l  p e p tid e s  a ls o  showed broad m u l t ip le t  s ig n a ls  w h ich  o c c u rre d  from  

o v e r la p p in g  between s ig n a ls  o f  m e thy lene  p ro to n s  a d ja c e n t to  amide 

p ro to n  w ith  s ig n a ls  o f  m e thy lene  p ro to n s  a d ja c e n t to  benzene r in g  o f  

p h e n y la la n in e  o r t y r o s in e .  In  a d d i t io n ,  th e  s ig n a ls  f o r  m eth ine  

p ro to n  o f  p h e n y la la n in e  o r ty ro s in e  appeared as q u in te t  w h ich  

o ccu rre d  from  in t e r a c t io n  between m e th ine  p ro to n  w ith  n e ig h b o u rin g  

p ro to n s , m ethylene p ro to n s  and amide p ro to n , a t  4 .5 4 —4.83 ppm.

"*H NMR s p e c t r a  o f  compounds I I I ,  IV, V and IX showed 
m u l t ip le t  s ig n a ls  fo r  m ethine p ro to n  (CH-CH^) o f  a la n in e  a t  ‘o 4 .1 5 - 
4 .19  ppm, and d o u b le t s ig n a l s  f o r  m ethyl p ro to n s  a t  “b 1.34 ppm, and 
sharp  s i n g l e t  s ig n a ls  fo r  m ethylene p ro to n s  (Ar-CH2-0 )  a t  ร  5.07 
ppm. For compounds V I, V II , V III  and X, t h e i r  s p e c t r a  showed broad 
d o u b le t s ig n a ls  fo r  m ethylene p ro to n s  o f  g ly c in e  which were r e s u l t s  
appeared  o f th e  i n t e r a c t i o n  w ith  n e ig h b o u rin g  amide p ro to n  a t  
ร  3 .8 4 -4 .0 8  ppm.

The a ro m atic  p ro to n  s ig n a ls  fo r  a l l  s y n th e t i c  compounds a re  
d i f f e r e n t .  "*H NMR s p e c t r a  o f  compounds I ,  I I ,  V II and V III  showed 
sh arp  s i n g le t  s ig n a l s  f o r  a ro m a tic  p ro to n s  o f p h e n y la la n in e  and 
m u l t ip le t  s ig n a ls  fo r  a ro m a tic  p ro to n s  o f  benzoy l g ro up . For 
compounds I I I ,  IV, V and V I, t h e i r  s p e c t r a  showed o n ly  sh a rp  s i n g le t  
s ig n a ls  fo r  bo th  a ro m a tic  p ro to n s ' o f  p h e n y la la n in e  and carbobenzoxy 
g roup . However, compound IX showed a s i n g l e t  s ig n a l  fo r  a ro m atic  
p ro to n s  o f  carbobenzoxy group and d o u b le t o f  d o u b le t s ig n a ls  fo r  
a ro m a tic  p ro to n s  o f  ty r o s in e  which e x h ib i te d  th e  e x is te n c e  o f p a ra -  
s u b s t i tu te d  benzene r in g .  For compound X, i t s  s p e c t r a  showed 
m u l t ip le t  s ig n a ls  f o r  a ro m a tic  p ro to n s  o f  benzoy l group  and d o u b le t 
o f  d o u b le t s ig n a ls  fo r  a ro m a tic  p ro to n s  o f t y r o s i n e - l i k e  compound IX.
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H NMR s ig n a l s  fo r  compounds IX and X a ls o  showed -OH s ig n a l  
fo r  ty r o s in e  a t  s  7 .33  and 7.61  ppm r e s p e c t iv e ly .  NMR s ig n a ls  o f 
a l l  p e p t id e s  a ls o  showed broad s ig n a ls  f o r  amide p ro to n s  which were 
a f f e c te d  by o v e rla p p in g  w ith  a d ja c e n t p ro to n s . In  a d d i t io n ,  i t  was 
found t h a t  th e  chem ical s h i f t s  o f  amide p ro to n s  and hydroxy p ro to n s  
w il l  be s h i f t e d  to  dow nfie ld  when DMSO was used in s te a d  o f  CDCl^ 
because o f hydrogen bonding between such p ro to n s  and s o lv e n t .

NMR o f compounds VII and IX were shown in  T able *1.1 and 
4 .2 ,  r e s p e c t iv e ly .

13c NMR s ig n a ls  o f  th e s e  te n  compounds showed ca rb o n y l 
carbon  atom s a t  s  167 . 18- 172.59  ppm. The number o f  carbon atom s in  
th e  m olecu le  was a ls o  confirm ed by th e  app earance  o f  th e  a p p ro p r ia te  
number o f  s ig n a l s  in  th e  ^3C NMR s p e c t r a .  The s ig n a ls  o f m ethyl 
carbon a d ja c e n t to  m ethylene chain  and m ethyl carbon  o f  a la n in e  
appeared  a tt> 13 .9 2 -1 4 .08 and 1 7 . 98- 18.52  ppm, r e s p e c t iv e ly .  M ethylene 
carbon  c h a in s  showed many s ig n a ls  a t  ร  2 2 . 37- 38.89 ppm. The s ig n a ls  
o f m ethylene carbon  o f  p h e n y la la n in e  o r ty r o s in e  appeared  a t  “p 39 . 38-  
39.76 ppm, b u t m ethylene carbon  o f  carbobenzoxy group showed i t s  
s ig n a l  a t  ร  6 7 .1 2 -6 7 .2 3  ppm, and m ethylene carbon  o f  g ly c in e  showed 
th e  s ig n a l  a t  ‘& 43 .2 3 -4 4 .58 ppm. 13c NMR s p e c t r a  a ls o  showed 
m ethine carbon s ig n a l  o f a la n in e  a t  ร  5 0 .9 7 -5 1 .0 8  ppm. For 
compound I-X , ^3C NMR s p e c t r a  showed many peaks o f  a ro m a tic  carbon  
atom a t  ร  115 .22-155.91  ppm, e s p e c ia l ly  th e  p re se n c e  o f  -OH group in  
compounds IX and X, a ro m atic  carbon atom a tta c h e d  by -OH g ro up , i t s  
s ig n a l  was s h i f t e d  and appeared  a t  “o 155.91  ppm. In  a d d i t io n ,  the  
s ig n a l  fo r  th e  o r th o  a ro m a tic  carbon  atom w ith  -OH group appeared  a t  
th e  u p f ie ld  freq u en cy  a t  ‘& 115.22 ppm. ^3C NMR o f compounds IV and X 
were shown in  T ab les  4.3  and 4 .4  r e s p e c t iv e ly .
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J l  jj j ' ll h 9 f JL
^ ~ \-C-NH-CH2-C-NH-CH-CH2 - / r _ \

T a b le  4 .1  A ss ig n m en t o f  t h e  1H NMR o f  compound V II
(CDClg a s  s o l v e n t ) .

ฒ - CH 2-  (CH2 ) 10- CH 3
d c  ช a

Chem ical s h i f t
(ppm)

M u lt ip l ic i ty
\

A ssignm ents

0 .88 t r i p l e t ,  broad a
1.25 s in g le t b
3.09 m u l t ip le t c
5 .82 broad d
7 .20 s i n g l e t e
3.09 m u l t ip le t ,  o v e rlap p ed  w ith  

peak c
f

4 .56 q u a r te t g
6.75 d o u b le t ,  broad h
4.09 d o u b le t i
6.99 broad j
7 .62 m u l t ip le t k

7 .26 s i n g l e t CDC13
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T a b le  4 .2  A ssig n m en t o f  t h e  NMR o f  compound IX
(CDCl^ a s  s o l v e n t ) .

AT i A r  h 9 A ;^^-C H 2-0-C-NH-CH-C-NH-CH-CH2-^J>-0H
ch3 c=0

L-CH2-(CH2) 10- CH3
d e b  a

Chemical sh ift (ppm) M ultiplicity Assignments

0.87 t r ip le t ,  broad a
1.24 singlet b
3.05 multiplet c
5.93 sin g le t, broad d
7.33 s in g le t, overlapped with e

peak ท
6.87 doublet of doublet f
3.05 m ultiplet, overlapped with g

peak c
4.54 quartet h

- no observed i
4.15 m ultiplet j
1.34 doublet, overlapped with k

peak b
5.27 broad 1
5.07 sin g le t, broad m
7.33 singlet ท

7.26 singlet CDC13
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1, CH 2-0 -c-NH-ÇH-C-NH-ÇH-CH 2. ^ y  ท
n  H I [ 1 เ. VICH_ 1C=0

, ?  r
»H -C H 2 - ๓ 2 -  ( C H j ) 7 - CH2 -  CH2 -C H

T a b le  4 .3  A ss ig n m e n t o f  t h e  1^c NMR o f  compound IV

(CDCl^ a s  s o l v e n t ) .

Assignments 1 Chemical sh if t  (ppm)
C1 14.08

C2-C5 22.64, 2 6 . 8 1 , 29.25, 2 9 . 5 2 , 2 9 . 6 3 , 3 1 . 9 0

C6 38.40
C7 39.65
C8 54.60
C9 1 7 2 . 0 5

C10 1 7 0 . 2 1

C11 50.97
C12 18.41
c 13 155.96
C14 67.17
c 15 1 3 6 . 0 8

C16 129.26

c 17 1 2 8 . 0 6 , 1 2 8 . 2 8 , 1 2 8 . 6 1

C18 1 2 6 . 9 8

CDC13 75.62, 7 7 . 0 3 , 78.44
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. Q aL h^ ^ - L h-ÇH-C^^ OH
Æ H ฯ c =0 14 *

T a b le  4 .4  A ss ig n m e n t o f  th e  1^c NMR o f  compound X
(CDCl^ + DMSO-dg a s  s o l v e n t ) .

NH-CH2-CH2- (CH2)7- CH2-CH2-CH3 
b 5 4  3 ว. A

Assignments Chemical sh if t  (ppm)
C1 13.97

C2-C5 22.42, 2 6 . 7 6 , 29.14, 29.41, 3 1 . 6 9

C6 3 8 . 7 8

C7 39.76
C8 5 4 . 6 6

C9 169.34
C10 167.88
C11 4 3 . 6 6

C12 1 7 1 . 0 2

c 13 1 3 3 . 7 0

C1 n 1 2 7 . 5 8

C15 127.41
Cl 6 131.48
c 17 128.28
Cl 8 1 3 0 . 1 2

c 19 115.33
C20 1 5 5 . 9 1

CDC13 76.44, 77.90, 7 9 . 3 1

DMS0-d6 3 9 . 4 3
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4.3 Enzyme assay conditions

In th is  research, spectrophotometric method was used for 
enzyme assays by measuring of the increase in absorbance of 
colouring products. BAPNA was used as substrate for trypsin and Suc- 
Ala-Ala-Pro-Phe-pNA was used as substrate for cathepsin G and 
chymotrypsin. All of these enzymes are serine proteases which 
hydrolyze amide substrates by acyl-enzyme mechanism. The 
n itroanilide substrates are cleaved to yield free 4-n itroan iline , 
the yellow product, whose concentration was determined a t 405 nm 
(Eq.1 and 2).

trypsinBz-DL-Arg-NA + แ20 ------- -------- > Bz-DL-Arg + 4-nitroaniline . . . . ( 1 )

cathepsin G or chymotrypsinSuc-Ala-Ala-Pro-Phe-pNA + แ2_0 ------------------------------------------------^
Suc-Ala-Ala-Pro-Phe + 4-n itroaniline . . . ( 2 )

In enzyme kinetic study, many factors affecting in i t ia l  
velocity have to be taken into consideration such as substrate 
concentration and enzyme concentration. In addition, pH and 
temperature also affect enzyme ac tiv ity . For th is  reason, i t  is  
necessary to select and control such conditions to give suitable 
rate of reaction and optimum ac tiv ity  under the physiological 
conditions.

The concentration of substrate in enzyme kinetic study was 
generally prepared in saturation to enzyme because a t high substrate 
concentration the reaction will show zero-order k inetic and the 
reaction velocity w ill become independent of the concentration of



6 ’

th e  s u b s t r a t e .  However, bo th  s u b s t r a t e s  being  used in  t h i s  
experim ent were s y n th e t ic  s u b s t r a t e s .  I t  was found th a t  th e  
p re p a ra t io n  o f  s a tu r a te d  s u b s t r a te  c o n c e n tra t io n s  o f  each enzyme in  
o rd e r  to  g iv e  maximal v e lo c i ty  was d i f f i c u l t .  S u b s tra te s  were n o t 
co m p le te ly  d is s o lv e d  in  th e  s o lv e n t .  In  a d d i t io n ,  both  s y n th e t ic  
s u b s t r a te s  were very  h igh  e x p e n s iv e . So each s u b s t r a te  was 
p repared  a t  2 mM c o n c e n tra t io n  fo r  t h i s  s tu d y .

For enzyme c o n c e n tra t io n ,  i t  i s  w e ll known t h a t  i n i t i a l  
v e lo c i ty  in c re a s e s  w ith  th e  enzyme c o n c e n tra t io n  a t  c o n s ta n t  
s u b s t r a te  c o n c e n tra t io n .  Due to  th e  problem  o f  th e  p re p a ra t io n  o f 
th e  s a tu r a te d  s u b s t r a te  c o n c e n tra t io n  fo r  each enzyme, i t  i s  
n ec e ssa ry  to  choose th e  s u i t a b le  enzyme c o n c e n tra t io n  which shows 
re a so n a b le  a c t i v i t y  fo r  each enzyme. The enzyme a c t i v i t y  (A bs/m in) 
fo r  t h i s  s tu d y  i s  in  th e  range o f  0 .0 5 -0 .0 7 .

The s o lu t io n  fo r  enzyme a ssa y s  was p repared  to  g iv e  pH 7 .5 .  
Because t h i s  p h y s io lo g ic a l  pH g iv e s  optimum a c t i v i t y  fo r  c a th e p s in  G 
(79) and chym otrypsin  (80) as  w e ll a s  g iv e s  95 % a c t i v i t y  fo r  
t r y p s in  (8 1 ) . A ll exp erim en ts  were assayed  a t  the  p h y s io lo g ic a l
te m p e ra tu re , 37 c .
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4 .4  Enzyme I n h ib i t i o n  o f  S y n th e tic  I n h ib i to r s
j

Table 4 .5  e x h ib i t s  th e  i n h i b i t i o n  r e s u l t s  o f  amino a c id  
d e r iv a t iv e s  p ro te c te d  a t  th e  N -te rm in a l end by a carbobenzoxy (Bz) 
o r  benzoy l group (Z ). The in f lu e n c e  o f  th e  amino p r o te c t in g  g roups 
was in v e s t ig a te d  to  d e te rm in e  t h e i r  e f f e c t  on enzyme s p e c i f i c i t y  
and i n h i b i t i o n .  In  Comparison compound VI and V II which a re
d i f f e r e n t  on ly  in  t h e i r  p r o te c t in g  g ro up , i t  was found t h a t  
both  t r y p s in  and chym otrypsin  p re fe r re d  Bz to  z .  And compounds
I I I -V I  w ith  z a s  t h e i r  p r o te c t in g  g roups a ls o  showed no i n h i b i t i o n
f o r  t r y p s in .  In  a l l  c a s e s ,  th e  r e s u l t s  showed t h a t  th e  i n h ib i t io n s
a g a in s t  chym otrypsin  o f  a l l  s y n th e t ic  i n h ib i t o r s  a re  h ig h e r  th an
th e se  a g a in s t  t r y p s i n .  I t  i s  in  f a c t  t h a t  chym otrypsin  h as a
s i g n i f i c a n t  p re fe re n c e  fo r  hydrophobic  re g io n , e s p e c ia l ly  th e  
a ro m a tic  amino a c id  and t h a t  a l l  s y n th e t ic  compounds have a ro m atic  
amino a c id s  a t  p ^ .

In  o rd e r  to  d e te rm in e  th e  optimum cha in  le n g th  re q u irem en t 
fo r  th e  s p e c i f i c  i n h i b i t i o n ,  th r e e  s e r i e s  o f compounds were
s y n th e s iz e d : Bz-Phe-NHR, Z-Ala-Phe-NHR and Bz-Gly-Phe-NHR. Each
compound c a r r i e s  an a lk y l  c h a in  (R) o f  v a r io u s  le n g th .  In  a l l  c a s e s ,  
i t  was found t h a t  both  t r y p s in  and chym otrypsin  showed l i t t l e
d if f e r e n c e s  in  p e rc e n ta g e s  o f  in h ib i t io n  re g a rd in g  a lk y l  cha in  
le n g th . However, chym otrypsin  showed i t s  p re fe re n c e  to  th e  le n g th  o f  
th e  C -te rm in a l a lk y l  c h a in  in  th e  fo llo w in g  o rd e r 14>12>10.

The e f f e c t s  o f  amino a c id  seq u en ces , com paring in v e s t ig a te d  
by ta k in g  compounds I ,  I I ,  VII and V III a s  i n h i b i t o r s  a g a in s t  
t r y p s in .  I t  was found t h a t  th e  d eg ree  o f  i n h ib i t io n  in c re a s e d  when



69

they have a glycine moiety at Compounds IV and IX with the 

same z protecting group but d iffe rent amino acids at P-p showed 

that trypsin preferred Tyr to Phe at p^. On the other hand, 

compounds VII and X with the same Bz protecting group, showed 

that trypsin preferred Phe to Tyr at P j.

For chymotrypsin in comparing the effect of the amino acid 

sequences between compounds I ,  I I ,  VII and V III ,  i t  was found that 

the results were the same as trypsin. Comparing between compounds IV 

and IX and between compounds VII and X, i t  showed that chymotrypsin 

preferred Phe to Tyr at P^. While compounds IV and VI, showed that 

th is enzyme preferred Ala to Gly at P2 .

In a l l  cases, they showed that a l l  synthetic inh ib ito rs  were 

not good for trypsin, they showed a l i t t l e  inh ib ition  or no 

in h ib itio n . But fo r chymotrypsin, compounds I -V I I I  showed a good 

inh ib ito ry a c tiv ity  at concentrations less than 50 J X M. Compounds 

IX-X percentage inh ib itions are not so high as compounds I -V I I I ,  but 

they also showed good inh ib ition  for chymotrypsin. I t  may be 

possible that the structures of synthetic inh ib ito rs  are sim ilar 

to the structure of its  substrate and chymotrypsin is  acyl enzyme 

which prefers to cleave amide bond adjacent to aromatic amino acid.

For cathepsin G, in th is  research i t  was found that the 

a c tiv ity  of th is  enzyme was very low under the chosen conditions and 

its  a c tiv ity  could not be determined to get the percentage 

of inh ib ition  with synthetic inh ib ito rs . I t  may be possible that 

the physiological temperature, 37 ° c ,  being used in  th is  study is  

not suitable. Starkey and Barrett found that cathepsin G showed its  

high a c tiv ity  and adequate s ta b ility  at 50 ° c  (9). In addition, 

Tanaka et. a l. (2) showed that cathepsin G is  exceptionally
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unreactive and they concluded that the low in tr in s ic  k inetic 

re a c tiv ity  of cathepsin G was an inherent property of the enzyme 

and was related to the function of th is  enzyme. In th is  research, 

the reaction time was only 5 mins, in which i t  might not be enough 

for cathepsin G to complete its  reactions.

Table 4.5 Inh ib ition  by N-protected amino acid derivatives.

No Inh ib ito r 

P3 p2 P̂  p;

cone. 

{JJ- M)

% Inh ib ition

chymotrypsin trypsin

I Bz-Phe-NH-C H.- 50 72.92 7.5012 25
I I Bz-Phe-NH-C 1 11H 29 50 78.72 10.61

I I I Z-Ala-Phe-NH-C H21! 50 89.58 0

IV Z-Ala-Phe-NH-C12H25 50 90.38 0

V Z-Ala-Phe-NH-C11}H20, 50 94.64 0

VI Z-Gly-Phe-NH-C12H25 50 87.93 0

VII Bz-Gly-Phe-NH-C12H25 10 69.39 0

V III Bz-Gly-Phe-NH-C 111H29' 5 72.73 -

10 - 0

IX Z-Ala-Tyr-NH-C^2H25 50 28.04 5.55

X Bz-Gly-Tyr-NH-C^H 25'' 50 34.18 7.04
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4.5 The type of inh ib ition  and the value of k inetic  parameters

The type of in h ib itio n  and the kinetic constants were 

determined from the in i t ia l  rates of hydrolysis by the Lineweaver- 

Burk double reciprocal method, based on five separate substrate 

concentrations. The velocities measured with varying substrate 

concentration at three d iffe ren t inh ib ito r concentrations of 

chymotrypsin were shown in  Table I I . 1 to Table 11.10 and the ir 

graphical schemes were plotted as shown in  Fig. 3.1 to Fig. 3.10. 

For trypsin, the result with varying substrate concentration without 

in h ib ito r was shown in Table 3-2 and its  graphical scheme was 

exhibited in Fig. 3.11. In compliance with the requirements of 

regression analysis the reciprocal value of the Michaelis constant, 

1 /K m is  presented. Correlation coefficients were greater than 

0.99. The type of inh ib ition  of compounds I-X and the values of 

in h ib ito r constants are summarized in  Table 4.6 on chymotrypsin.

The Km value of trypsin in  BAPNA was 0.54 mM and that of 

chymotrypsin in Suc-Ala-Ala-Pro-Phe-pNA was 0.10 mM. The type of 

inh ib ition  of a l l synthetic inh ib ito rs against chymotrypsin was 

found to be a competitive one, therefore only the value of not K-£ 

can be determined. The value is  useful for comparing the 

strengths of binding of the inh ib ito rs  to the enzymes. In 

comparision between the percentages inh ib ition  of each inh ib ito r 

against chymotrypsin is shown in  Table 3.1. In addition, there was 

an evident to say that the higher the percentage of inh ib ition  is , 

the less the Revalue is . Because chymotrypsin has been shown to 

prefer aromatic amino acid residues at p  ̂ (82). I t  is  possible that
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t h i s  enzyme w i l l  b in d  to  s u b s tra te  o r in h ib i t o r  a t  th e  same s i t e .  

So i t  may be p o s s ib le  th a t  any new s y n th e t ic  in h ib i t o r s  h a v in g  

th e  s im i la r  s t r u c tu r e  as th e  in h ib i t o r s  deve loped in  t h i s  re s e a rc h  

may show the  same ty p e  o f  in h ib i t i o n .

Table 4.6 The type of inh ib ition and the inh ib itor constants of N- 
protected amino acids and peptides for chymotrypsin.

No Inh ib ito r Type KL (yUM)

I Bz-Phe-NH-C12H25 competitive 1 3 . 0 2

I I Bz-Phe-NH-C14H29 competitive 12.19

I I I Z-Ala-Phe-NH-C10H21 ' competitive 6.08

IV Z-Ala-Phe-NH-C12H25 competitive 11.87

V Z-Ala-Phe-NH-C14H29 1 competitive 4.65

VI Z-Gly-Phe-NH-C 12H2 J- competitive 11.16

VII Bz-Gly-Phe-NH-C12H25 : competitive 2.67

V III Bz-Gly-Phe-NH-C14H29 competitive 1.96

IX Z-Ala-Tyr-NH-C12H25 : competitive 96.31

X Bz-Gly-Tyr-NH-C12H25 competitive 70.93
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