
CHAPTER I

INTRODUCTION

1.1 General In tro d u c tio n

Serine p ro teases a re  involved in  a number o f im portant 
p h y sio lo g ica l processes in c lud in g  blood co ag u la tio n , the  complement 
system , f e r t i l i z a t i o n ,  and p ro te in  tu rnover (1 ). Many o f th ese  
enzymes a re  believed  to  be involved in  d isea se s  such as emphysema, 
a r t h r i t i s  and tum orogenesis (1 ) . The g ranu le  f ra c tio n  o f human 
polymorphonuclear leukocytes con ta in s alm ost equal amounts of two 
se r in e  p ro te a se s , human leukocyte ca thep sin  G (HLC-G) and human 
leukocyte e la s ta se  (HLE). These p ro teases  have given r i s e  to 
in c rea sin g  in te r e s t  in  recen t years due to  th e i r  p o ss ib le  
involvement in  degradation  o f connective t i s s u e s  in  a r t h r i t i s  and 
the d e s tru c tio n  o f lung t i s s u e  in  chronic  emphysema (2 ). Many 
research  groups have developed s p e c if ic  s u b s tr a te s ,  in  order to 
e s ta b lish  the p reference  and s u b s tra te  s e le c t iv i ty  and a lso  to  gain 
inform ation concerning the natu re  o f the a c tiv e  s i t e  and i t s  
su rrounding , o ther research  groups have syn thesized  in h ib i to r s  fo r 
th ese  p ro te a se s . This resea rch  invo lves a study o f sy n th e tic  human 
leukocyte cathepsin  G in h ib i to r s  and some re la te d  se r in e  p ro te a se s .

1.2 Human Polymorphonuclear Leukocyte Enzymes

S ev e ra l enzymes have been i s o la te d  from th e  g ra n u le  f r a c t io n  
o f  human polym orphonuclear leu k o c y te s  in  T able 1.1 (3 ) ,  b u t th e  most
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T able 1 .1  C ontents o f  human polym orphonuclear le u k o c y te  g ra n u le

Acid phosphatase N -A cetyl-p-galactosam inidase
Aminodipeptidase oC-Glucosidase
p(,-Amylase ji-G lucosidase
Cathepsin D N -A cetyl-b-glucosam inidase
Cathepsin G {3-Glucuronidase
C ationic p ro te in s L acto ferrin*
Collagenase* Laminarinase
Dextranase Lysozyme*
E lastase 0̂ -Mannosidase
(^-Fucosidase Myeloperoxidase
oC-Galactosidase
B -G alactosidase

Vitamin B12 binding p ro te in*

* These have been found in  s p e c if ic  g ran u le s .
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abundant enzymes a re  c o lla g é n a s e s , HLE and HLC-G. There is  ev idence  

to  show th a t  these enzymes a re  in v o lv e d  in  the  d e g ra d a tio n  o f  

c a r t i la g e  in  bo th  rheum ato id  and o s te o a r t h r i t i s  ( ^ - 5 ) .  The

d e s tru c t io n  o f  th e  e la s t i c  component o f  lu n g  co n n e c tive  t is s u e  in  

c h ro n ic  o b s t ru c t iv e  lu n g  d isease  i s  c u r r e n t ly  b e lie v e d  to  be caused 

by HLE and c a th e p s in  G. In  a r t h r i t i c  p a t ie n ts ,  the  g ra n u le  f r a c t io n s  

o f  th e  po lym orphonuc lea r le u k o c y te s , which have i n f i l t r a t e d  in t o  th e  

s y n o v ia l c a v i t y ,  have been shown to  c o n ta in  s e v e ra l a c t iv e

p r o te o ly t ic  enzymes ( 3 ) .  These in c lu d e  the  s e r in e  p ro te in a s e s  

e la s ta s e  and c a th e p s in  G, as w e l l  as co lla g é n a se s  ( 6 - 7 ) .

1.3 Human Leukocyte  C a theps in  G

During 197*1, sev e ra l groups independently rep o rted  the 
ex isten ce  o f a chym otrypsin-like p ro te in ase  in  human n eu tro p h il 
leukocytes (8 ) . Subsequently, S tarkey and B a rre tt is o la te d  a 
chym otrypsin-like enzyme from human spleen (9 ). Although 
chym otrypsin-like in  most r e s p e c ts , the enzyme a lso  d if fe re d  from 
chymotrypsin in  some ways, and c le a r ly  needed a name. I t  was 
suggested to  be named " ca thep sin  G " . The o f ca th ep sin  G
appears to  be c lo se  to  30,000 D in  SDS-gel e le c tro p h o re s is , but a 
value o f 23,000-2*1,000 D has been reported  on the b a s is  o f 
com positional data  (10). The N -term inal sequence shows d i s t in c t  
homology with th a t  o f chymotrypsin (10). The enzyme i s  c la s s i f ie d  as 
chym otrypsin-like due to  i t s  a b i l i ty  to ac t on some sy n th e tic  
su b s tra te s  o f chymotrypsin (e sp e c ia lly  of -chym otrypsin).

Human leukocyte ca thepsin  G has been im plica ted  in  the 
p ro te o ly s is  o f lung e la s t in  and i t  s tro n g ly  s tim u la te s  the r a te  o f



s o lu b i l iz a t io n  o f human lung e la s t in  by HLE. For in s ta n c e , the 
e la s to ly t i c  a c t iv i ty  o f an equimolar m ixture o f e la s ta se  and 
cathep sin  G i s  more than 5 tim es higher than th a t  o f e la s ta s e  alone 
(11 ). Cathepsin G has a lso  been im plicated  in  the p ro te o ly s is  of 
co llag en , c a r t i la g e  proteoglycan and o th er connective t is s u e
p ro te in s  and has been id e n t if ie d  in  rheumatoid synovium (12-14). 
Because o f d e s tru c tio n  in  lung e la s t in  and connective t i s s u e ,  th is  
enzyme is  believed  to  be probably resp o n sib le  fo r  the degradative 
r e s u l t s  o f d isea se s  such as pulmonary emphysema and rheumatoid 
a r t h r i t i s .  I t  has been suggested th a t ca thep sin  G may play a ro le  in 
the development o f hyp ertension , based on i t s  a b i l i ty  to  convert 
both angiotensinogen and ang io tensin  I  d i re c t ly  to  ang io tensin  I I  
w ithout requirem ent fo r ren in  or ang io tensin -conv erting  enzyme (15- 
16). A ngiotensin I I  i s  an octapep tide  which has poten t
v a so c o n s tr ic to r  and a ldoste ro ne  se c re tio n  a c t i v i t i e s  (17-18). Human 
ca th ep sin  G has a lso  been rep o rted  to  cleave myosin and thus may be 
involved in  muscle catabolism  (19). F ib ronectin  e i th e r  in  so lu tio n  
or in  m atrix  form i s  a ra th e r  s e le c tiv e  s u b s tra te  fo r ca thep sin  G, 
thus th i s  enzyme has been im plicated  in  the reg u la tio n  of
fib ro n ec tin -m ed ia ted  p ro cesses, such as c e l l  adhesion , c e l l  m o til ity  
and c e l l  m igration  (20-22).

1.4 In h ib i to rs  o f Human Leukocyte Cathepsin G

There a re  many c la sse s  of compounds rep o rted  in  the 
l i t e r a t u r e ,  which in h ib i t  human leukocyte ca thep sin  G. Some o f these
a re  l i s t e d  in  Table 1.2 .
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Table 1.2 Some HLC-G inh ib ito rs .

Class of compound References

Chloromethyl ketone 23

Heterocyclic transition-sta te analogues 24-25

and acylating agents

Sulfonyl fluorides 26

Azapeptides 27

Diisopropyl fluorophosphate 28-29

Tosylphenylalanyl chloromethane 28-29

Substituted isocoumarins 1

A ll the compounds in Table 1.2 have one or more reactiv 

functional groups. They are d i f f ic u lt ,  i f  not impossible, to targe 

onto receptor sites, as they are lik e ly  to react with the many 

components of the body available between the point of administration 

and the target at the receptor s ite . In addition, some of these 

compounds such as diisopropyl fluorophosphate, are rather poor 

inh ib ito rs  of cathepsin G. Tosylphenylalanyl chloromethane also 

in h ib its  cathepsin G much more slowly than i t  does chymotrypsin, so 

that the in h ib itio n  often appears incomplete (28-29). Many protein 

inh ib ito rs such as lima bean and soybean trypsin inh ib ito rs  (28), 

๙^-chymotrypsin in h ib ito r, ๙^-proteinase in h ib ito r, D^j-macroglobulin 

and aprotinin also in h ib it HLC-G.

In normal individuals, proteolytic enzymes such as HLE and 

HLC-G are prim arily inhibited by alpha-1-proteinase in h ib ito r ( c(̂ -PI
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or ^ -a n titry p s in ) which is  the major serum protease in h ib ito r and 

also a normal constituent in the flu id  of the bronchioalveolar 

system. However, th is  inh ib ito r is  unstable. I t  is  readily 

inactivated by oxidizing agents such as present in cigarette smoke. 

Janoff and Carp (29) had demonstrated that smoke condensate 

inactivates (^ -PI and they showed that C^-PI is  inactivated by 

oxidation of methionine residues. I t  is  also inactivated by oxidases 

such as myeloperoxidase. This particular oxidative enzyme is 

normally active in the phagocytic cells during inflammatory states. 

In addition, the presence of o(jpPI in humans is genetically 

dependent. Some persons are found to have the in h ib ito r levels as 

low as 25 %  of normal due to genetic reasons. Thus, in  persons with 

lower concentration of 0̂ -PI, the enzyme/inhibitor balance is  upset, 

so the onset of chronic emphysema is  fa c ilita te d . Since t^-PI is a 

rather large peptide, replacement or supplementation by using cloned 

D^-PI is  not feasible as i t  does not cross the c e ll wall. Therefore, 

a drug with a low molecular weight, which is  active as an elastase 

or cathepsin G inh ib ito r to supplement p(/|-PI would be a good 

candidate to prevent such degradative processes.

1.5 Synthetic Inh ib itors of HLC-G in This study

Since human leukocyte cathepsin G has a sign ificant 

preference for substrates with aromatic amino acids such as 

phenylalanine or tyrosine at active s ite  (2), we have sought to 

u til iz e  these preferences for the design and synthesis of specific, 

non-toxic inh ib ito rs  of HLC-G. However, the enzymes in both the

pancreas and the human polymorphonuclear leukocytes are mainly



7

serine proteases with cata lytic  mechanism and sequence homologies 

related to trypsin and chymotrypsin. Thus, in th is  research i t  was 

necessary to investigate the effect of synthetic inh ib ito rs  on other 

proteolytic enzymes such as trypsin and chymotrypsin, in  order to 

develop specific inh ib ito rs  of the selected enzymes only.

The general formulae are I  or I I

X-B-NH-R X-A-B-NH-R
( I )  ( I I )

where X is benzyloxycarbonyl or benzoyl 

A is  alanine or glycine 

B is tyrosine or phenylalanine 

R is  - ( ๓ 2)9CH3, - ( ๓ 2) 11CH3 or - ( ๓ 2) ๓

The individual compounds synthesized and tested are shown 

in Table 1.3

Table 1.3 Synthesized and tested compounds.

No Name Short formulae ^

1 Benzoyl-L-phenylalanylamido dodecane Bz-Phe-NH-C12

2 Benzoyl-L-phenylalanylamido tetradecane Bz-Phe-NH-C1̂

3 Benzyloxycarbonyl-L-alanyl-L- 

phenylalanylamido decane

Z-Ala-Phe-NH-C10

4 Benzyloxycarbonyl-L-alanyl-L- 

phenylalanylamido dodecane

Z-Ala-Phe-NH-C12

5 Benzyloxycarbonyl-L-alanyl-L- 

phenylalanylamido tetradecane

Z-Ala-Phe-NH-C.^
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T able  1 .3  C o n tin u e d .

No Name Short formulae â^

6 Benzyloxycarbonylglycyl-L- 

phenylalanylamido dodecane

Z-Gly-Phe-NH-C12

7 Benzoylglycyl-L-phenylalanylamido

dodecane

Bz-Gly-Phe-NH-C12

8 Benzoylglycyl-L-phenylalanylamido

tetradecane

Bz-Gly-Phe-NH-C11J

9 Benzyloxycarbonyl-L-alanyl-L- 

tyrosylamido dodecane

Z-Ala-Tyr-NH-C12

10 Benzoylglycyl-L-tyrosylamido dodecane Bz-Gly-Tyr-NH-C12

(a) The abbreviations in the short formulae are represented as 

follows ะ

Bz ะ: benzoyl

z = benzyloxycarbonyl

Gly - glycine

Ala = L-alanine

Phe = L-phenylalanine

Tyr = L-tyrosine

C10 = - ( ๓ 2>9๓ 3

C12 = -Cch‘ ) „ ch3

C14 ะ - ( ๓ 2) 13๓ 3



1 .6  O b j e c t iv e s  o f  T h is  s tu d y

In summary, the aims of th is  investigation are ะ

า. To synthesize and test the compounds, with respect to 

percentage inh ib ition  against the enzymes HLC-G, trypsin and 

chymotrypsin in  order to ascertain the ir mode of actions.

2. To synthesize and test compounds with various 

hydrocarbon chains in  order to study the e ffect of chain lengths.

3. To study the effect of the protecting groups.

4. To determine the type of in h ib itio n  of these compounds 

with respect to specific enzymes.
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