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Summary 

A method f o r the p u r i f i c a t i o n of a carboxypeptidase i n h i b i t o r , 
found i n potatoes Solanum tuberosum was d e v ised. The i n h i b i t o r was 
p u r i f i e d from two v a r i e t i e s of tubers (Pentland D e l l and U l s t e r 
P r i n c e ) and was judged to have been p u r i f i e d to homogeneity by a 
number of c r i t e r i a . 

Various p h y s i c a l p r o p e r t i e s of the i n h i b i t o r were determined. 

P r e l i m i n a r y k i n e t i c experiments were c a r r i e d out which showed t h a t 

the p r o t e i n was a competitive i n h i b i t o r of the mammalian carboxy

peptidase, carboxypeptidase A, but had no e f f e c t on the p l a n t 

carboxypeptidase t e s t e d . 

The primary s t r u c t u r e , of both v a r i e t i e s of the i n h i b i t o r , was 

determined. No d i f f e r e n c e was found between the two sequences. 

Attempts were made to determine the p o s i t i o n of the d i s u l p h i d e 

bonds w i t h i n the p r o t e i n and these were t e n t a t i v e l y a s c r i b e d . 

The s i g n i f i c a n c e of these r e s u l t s , i n r e l a t i o n to the p h y s i o l o g i c a l 

r o l e of the i n h i b i t o r i n the potato and the chemical i n t e r a c t i o n 

between i n h i b i t o r and enzyme, are d i s c u s s e d . 



A b b r e v i a t i o n s 

The a b b r e v i a t i o n s used I n t h i s t h e s i s a r e as recommended i n 

" I n s t r u c t i o n s to Authors", Biochem. J.131, 1-20, w i t h the f o l l o w i n g 

a d d i t i o n s : 

CBA = carboxypeptidase A 

CSC = carboxypeptidase C 

CB1 = carboxypeptidase i n h i b i t o r 
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INTRODUCTION 

P r o t e i n s which i n h i b i t the a c t i v i t y of p r o t e o l y t i c enzymes, have been 

found to occur n a t u r a l l y throughout the p l a n t and animal kingdoms. The 

presence of an i n h i b i t o r y f a c t o r i n p l a n t s was f i r s t recognised by Read 

and Hass i n 1938 (Read & Hass, 1938) but i t was not u n t i l 6 y e a r s l a t e r 

when i t was re d i s c o v e r e d independently by Bowman (1944) and Ham and Standstedt 

(1944) t h a t work on p l a n t protease i n h i b i t o r s can be considered to have begun. 

Thi s d i s c o v e r y of a p r o t e o l y t i c i n h i b i t o r which was p r o t e i n i n nature 

seemed to o f f e r a p e r f e c t e x p l a n a t i o n f o r the ob s e r v a t i o n 27 years e a r l i e r 

t h a t the n u t r i t i o n a l value of soybean meal was improved by h e a t i n g (Osborne 

& Mendel, 1917). Although t h i s l e d to much of the e a r l y work c o n s i s t i n g 

of the documentation of the occurrence of i n h i b i t o r s i n foodcrops (Borchers 

et a l , 1947; Sohonie & Bhandarkar, 1954, 1955; Artbe & Sohonie, 1956; 

Sohonie e_t al,1959) i t soon became apparent t h a t there were many i n t e r e s t i n g 

problems a s s o c i a t e d with these protease i n h i b i t o r s , other than those 

p e r t a i n i n g to n u t r i t i o n . T h i s i s r e f l e c t e d i n the wealth of l i t e r a t u r e 

which has appeared i n the l a s t 30 y e a r s f o l l o w i n g the p u r i f i c a t i o n and 

subsequent c r y s t a l l i z a t i o n of the f i r s t p l a n t protease i n h i b i t o r from 

soybeans ( K u n i t z , 1945, 1946). T h i s l i t e r a t u r e covers a v a r i e t y of 

d i s c i p l i n e s .e.g. pharmacology, n u t r i t i o n , physiology, chemistry and 

p r o t e i n s t r u c t u r e . ( P u s z t a i , 1967; Weyer, 1968; Vogel e t a l , 1968; 

L i e n e r & Kakade, 1969; Laskowski & Sealo c k , 1971; Ryan,1973; 

Tschesche,1974). 

A f t e r the d i s c o v e r y of a n t i t r y p t i c a c t i v i t y i n serum (Fermi & P e r n o s s i , 

1894) and the f i n d i n g t h a t i t s l e v e l s v a r i e d during d i s e a s e ( A s c o l i & 

Bezzola, 1903) the r o l e of p r o t e a s e s and i n h i b i t o r s i n the c o n t r o l of 

metabolism was examined. (Whipple, 1963 &, 1964; Heimburger e t a l , 1971) 

I n h i b i t o r s were seen to f u n c t i o n i n v a r i o u s processes of the blood, e.g. 

blood c l o t t i n g , f i b r i n o l y s i s and k i n i n l i b e r a t i o n ; and a n t i - t r y p t i c 

a c t i v i t y was found to i n c r e a s e d u r i n g a v a r i e t y of d i s o r d e r s , e.g. 
<!•!. 

1 3 1977 
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m e t a s t a t i c carcinoma, acute d i s e a s e s and inflammation (Weyer, 1968; 
Vogel et a l t 1 9 6 8 ; F r i t z St Tschesche,1971). These r e s u l t s l e d to some 
experimentation i n t o the use of p r o t e o l y t i c i n h i b i t o r s f o r t h e r a p e u t i c 
purposes. Although much of the experimental work has been c a r r i e d out 
u s i n g p r o t e o l y t i c i n h i b i t o r s from animals, e.g. The bovine k a l l i k r e i n 
t r y p s i n i n h i b i t o r , T r a s y l o l (Werle, 1970), the e f f e c t s of some p l a n t 
protease i n h i b i t o r s has a l s o been examined. The soybean t r y p s i n i n h i b i t o r 
has been used f o r a v a r i e t y of d i s o r d e r s ; e.g. peptone shock (Beraldo,1950) 
blood c l o t t i n g ( W i n e & Fishman, 1961) inflammation (Hladovec & Rybak.1963). 
Other i n h i b i t o r s , e . g . the Lima bean t r y p s i n i n h i b i t o r and the k a l l i k r e i n 
i n h i b i t o r i s o l a t e d from potatoes have a l s o been examined for p o s s i b l e 
t h e r a p e a u t i c use (Back e t al,1968; Mansfeld e t a l , 1960). F u r t h e r work 
i s s t i l l being c a r r i e d out by pharmacologists and p h y s i o l o g i s t s on the r o l e 
of endogenous proteases and i n h i b i t o r s , during both normal and abnormal 
metabolism, and thus i t can be expected t h a t the use of p r o t e o l y t i c 
i n h i b i t o r s as b e n e f i c i a l agent s w i l l i n c r e a s e p a r a l l e l to t h i s i n c r e a s e 
i n knowledge. 

I n t e r e s t i n the e f f e c t of p r o t e o l y t i c i n h i b i t o r s on the n u t r i t i o n a l 

value of foods has been an i n c e n t i v e f o r a g r e a t deal of study. O r i g i n a l 

work tended to show a c o r r e l a t i o n between i n h i b i t o r content and p r o t e i n 

e f f i c i e n c y r a t i o (Borchers e t al,1948; W e s t f a l l & Hauge, 1948; Van 

Buren et al,1964) but other s t u d i e s have not confirmed these r e s u l t s 

(Borchers & Ackerson,1950; J a f f e , 1950; Apte & Sohonie, 1957; Phadke 

& Sohonie,1962). S i n c e many of the e a r l i e r experiments were c a r r i e d 

out u s i n g bean meal or s i m i l a r u n r e f i n e d p r e p a r a t i o n s i t i s p o s s i b l e t h a t 

the d e l e t e r i o u s e f f e c t reported f o r c e r t a i n f o o d s t u f f s , c o n t a i n i n g 

p r o t e o l y t i c i n h i b i t o r s ^ m a y not be due to the i n h i b i t o r s themselves but 

to other f a c t o r s present i n the food, e.g. haemagglutinins ( L i e n e r , 1962). 

I n f a c t , commercially a v a i l a b l e p r e p a r a t i o n s of p r o t e o l y t i c i n h i b i t o r s 

have been found to c o n t a i n up to 50% i m p u r i t i e s ( R a c k i s et a l , 1 9 6 2 ) . 
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Although i t i s accepted t h a t i n g e s t e d soybean t r y p s i n i n h i b i t o r 
c a u s e s p a n c r e a t i c hypertrophy i n c h i c k s and r a t s (Chernick e t a l , 1948; 
Haines & Lyman,1961) there i s some disagreement as to whether t h i s 
a f f e c t s the growth of the animals. One area i n which i n h i b i t o r s p o s s i b l y 
appear to have some a f f e c t on animals i s i n the metabolic c o n v e r s i o n of 
methionine to c y s t i n e and the u t i l i s a t i o n of t h i s c y s t i n e f o r s y n t h e s i s 
of p r o t e i n s . (C a r r o l e t al,1953; Kwong & Barnes, 1963). 

The concern over n u t r i t i o n a l problems continues and much r e s e a r c h 

i s being c a r r i e d out. 

There i s some evidence t h a t the protease i n h i b i t o r s found i n c e r t a i n 

f o o d s t u f f s may have few, i f any, deleterious e f f e c t s , e.g. the growth 

i n h i b i t o r y a f f e c t s of crude t r y p s i n i n h i b i t o r p r e p a r a t i o n s were u n a f f e c t e d 

by treatment which d e s t r o y s 95% of the t r y p s i n i n h i b i t o r y a c t i v i t y ( P u s z t a i , 

1967), s i m i l a r l y , the n u t r i t i o n a l value of some seeds improves during 

germination whereas the i n h i b i t o r content remains constant (soybean:-

Everson e t al,1944; Desikachar & De,1947, 1950; legumes:-

Chattapadhyay & Banerjee, 1953; germinating b a r l e y : - K i r s i , 1974). 

However, the i n h i b i t o r content does not always remain constant during 

germination, there are r e p o r t s of both i n c r e a s e i n l e v e l s (Puszvtai,1972; 

K i r s i , 1 9 7 4 ) and decrease (Horiguchi & K i t a g i s h i , 1 9 7 1 ) . 

F u r t h e r work should l e a d to a g r e a t e r understanding of the i n h i b i t o r s 

r o l e ( s ) i n the metabolism of animals f o l l o w i n g i n g e s t i o n . 

There a r e v a r i o u s t h e o r i e s concerning the p o s s i b l e p h y s i o l o g i c a l 

f u n c t i o n of p r o t e o l y t i c i n h i b i t o r s . S i n c e they are found i n r e l a t i v e l y 

high c o n c e n t r a t i o n s i n seeds and storage organs ( 6 % of soybean p r o t e i n , 

R a c k i s & Anderson,1964; 10% of s o l u b l e p r o t e i n s i n b a r l e y and potato, 

M i k o l a & K i r s i , 1 9 7 ^ ; Ryan e t al,1968) one p o s s i b l e r o l e i s as a storage 

p r o t e i n (Ryan, 1973). S t u d i e s on the Chymotrypsin i n h i b i t o r from 

potatoes during a l l stages of growth have l e d Ryan and a s s o c i a t e s to 

the c o n c l u s i o n t h a t a t l e a s t p a r t of t h i s i n h i b i t o r ' s f u n c t i o n i s as a 

storage p r o t e i n (Ryan e t al,1968; Ryan & Huisman, 1967 & 1970; 



ShumwKyet a l , 1 9 7 2 ) . S i m i l a r r e s u l t s have been obtained f o r the 

A s p e r g i l l u s p r o t e i n a s e i n h i b i t o r found i n b a r l e y by K i r s i (KM*si 41974). 

The t r a n s i tory nature of some i n h i b i t o r s i n other organs of the p l a n t 

i s a l s o a t t r i b u t e d to a storage f u n c t i o n (Ambe & Sohonie,1956; Kirs.ifc 

Mikola,1971). 

Another idea i s that the i n h i b i t o r s may r e g u l a t e the endogenous 

proteases of the p l a n t . As e a r l y as 1956 i t was suggested by Ambe a n { j 

Sohonie (1956) that p r o t e o l y t i c i n h i b i t o r s might play an important pa r t 

i n the c o n t r o l of p r o t e i n metabolism. The o b s e r v a t i o n s by Honovar and 

Sohonie (1955), that there i s a higher c o n c e n t r a t i o n of i n h i b i t o r i n 

young and growing l e a v e s of green gram and sweet potato as compared 

to o l d e r t i s s u e , and that of Ryan and Huisman(l967), t h a t Chymotrypsin 

i n h i b i t o r 1 i s s y n t h e s i s e d i n the l e a v e s and t r a n s p o r t e d to the 

m e r i s t e m a t i c regions, give some support to t h i s theory. However, many 

of the p r o t e o l y t i c i n h i b i t o r s a c t on the proteases of animal or m i c r o b i a l 

o r i g i n and were seen to have l i t t l e or no e f f e c t on the endogenous 

proteases of the p l a n t . ( O f e l t e t a l , 1955; Mikola & Soulina,1969; 

M e l v i l l e & Sc a n d a l i o - s , 1972; H i t e s ejt a l , 1951; McDonald & Chen,1964). 

Other r e p o r t s give d i f f e r e n t r e s u l t s and show a number of i n h i b i t o r s 

which do a c t on endogeneous prot e a s e s (Shain & Meyer, 1965 & 1968; 

K i r s i & Mikola,1971; Mikola & E n a r i , 1970; P e r l s t e i n & Kfeszdy,1973; 

Mate m e t al,1974; Horiguchi & Kitagisrf.,1971; Polanowski, 1967 ; 

Yamamoto & Hayashi,1963). I t i s p o s s i b l e that the presence of i n h i b i t o r s 

of endogenous proteases could have been overlooked as i t was shown that 

the t r y p s i n i n h i b i t o r i n b a r l e y accounted f o r 4-5% of the water s o l u b l e 

p r o t e i n (Mikola & S o u l i n a , 1969) and the i n h i b i t o r s of chymotrypsin 

and m i c r o b i a l proteinase a f u r t h e r 4-5% (Matsushima,1955, 1957; S o u l i n a 

e t a_l,1968) whereas the i n h i b i t o r of b a r l e y proteases was only 0.5-1.0% 

(Mikola & E n a r i ; 1970). The r o l e of i n h i b i t o r s a g a i n s t endogenous 

prote a s e s may be d i f f i c u l t to a s c e r t a i n f o r another reason. Although 



-5-

most i n h i b i t o r s are seen to net on t r y p s i n or c hymotrypsin-like proteases 

the i n h i b i t o r s may be f a i r l y s p e c i f i c for the n a t u r a l protease, and 

t h e r e f o r e show a n e g l i g i b l e r a t e with bovine t r y p s i n or other standard 

protease. T h i s could be analogous to r e p o r t s of some p l a n t proteases 

with t h e i r n a t u r a l s u b s t r a t e s . Spencer and Spencer,(1974) have 

d e s c r i b e d a p r o t e i n a s e from germinating pumpkin seeds that i s h i g h l y 

a c t i v e with pumpkin seed g l o b u l i n but showed l i t t l e a c t i v i t y with bovine 

serum albumen (B.S.A.) as s u b s t r a t e . S i m i l a r l y , Harvey and Oakes 

(1974) reported an a c i d protease from maize endosperm which hydrolysed 

the n a t u r a l s u b s t r a t e s , glifl.din and g l u t e l i n , more r e a d i l y than BSA. 

F u r t h e r c o n f l i c t i n g r e s u l t s are found i n s t u d i e s on the compart-

m e n t a l i s a t i o n of the i n h i b i t o r s and p r o t e a s e s . Many of the b e t t e r 

c h a r a c t e r i z e d p l a n t proteases, e.g. papain, chymopapain, f i c i n and 

bromelain, have low pH optima and are l o c a t e d i n the c e l l sap (Arnon, 

1970). However, there i s some evidence that c e r t a i n seed p r o t e a s e s 

are l o c a t e d i n p r o t e i n bodies, the conspicuous o r g a n e l l e found i n c e l l s 

cotyledons (Schnarrenberger e t aL,1972; St.Angelo e t al,1970; Hobday 

e t aJL 1973) Some workers have l i k e n e d these p r o t e i n bodies to lysosomes 

( Y a t s u & Jacks,1968; Ory & Henningsen,1969) . I t has been reported 

(Hobday et al_,1973) that the t r y p s i n - i n h i b i t o r y a c t i v i t y present i n 

pea seeds i s found outside the p r o t e i n bodies and t h i s would t h e r e f o r e 

seem to exclude t h i s i n h i b i t o r from r e g u l a t i n g p r o t e o l y s i s t a k i n g place 

i n the p r o t e i n bodies during germination. However, Shumway e_t j»l 

,(1972) have shown that i n h i b i t o r I i s almost c e r t a i n l y l o c a t e d i n the 

v a c u o l a r p r o t e i n bodies of the t i s s u e s of various members of the 

Sola-ziaceae. Work on proteases and t h e i r i n h i b i t o r s i n y e a s t by 

Matern £t a l (1974 ) and Feeney et al (1974) support the i d e a that 

the proteases and i n h i b i t o r s are segregated w i t h i n the c e l l . The 

l a t t e r workers suggest the p o s s i b i l i t y that the i n h i b i t o r l o c a t e d i n 

the cytoplasm p r o t e c t s the exfcravacuolar p r o t e i n s i n the event of 
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leakage of proteases from the vacuole. They a l s o suggest that the 

i n h i b i t o r s could p o s s i b l y be involved i n the t r a n s p o r t oi" newly 

s y n t h e s i z e d proteases from the cytoplasmic polysomes to the vacuoles 

as enzyme-inhibitor complexes. The d i s c o v e r y of an enzyme-inhibitor 

complex i n seeds of rye (Polanowski,1967) which r e a d i l y d i s s o c i a t e s at 

pH 4.5 g i v e s some support to t h i s l a s t view and a l s o to the notion 

t h a t i n h i b i t o r s play some part i n the c o n t r o l of at l e a s t some 

endogenous p r o t e a s e s . 

During germination there i s a decrease i n the p r o t e i n content of 

the seeds and a concomitant i n c r e a s e i n f r e e amino a c i d s as amides 

( C h i b n a l l , 1 9 3 9 ) . I t i s assumed that p r o t e o l y t i c enzymes play some 

part i n t h i s i n c r e a s e i n metabolic a c t i v i t y by degrading storage 

p r o t e i n s which can then be u t i l i z e d by the developing embryo (Amen, 

1968; P u s z t a i & Duncan,1971). The a c t u a l r o l e that protease i n h i b i t o r s 

may play i n preventing premature p r o t e o l y s i s or c o n t r o l l i n g germination 

i s a t present unknown. I n f a c t , P u s z t a i (1972) has followed the 

occurrence of the t r y p s i n - i n h i b i t i n g p r o t e i n s i n kidney bean (Phaseolus 

v u l g a r i s ) during germination and concluded that t h e i r main f u n c t i o n 

might not be r e l a t e d to t h e i r t r y p s i n - i n h i b i t i n g a c t i v i t y . 

S i n c e many p l a n t p r o t e o l y t i c i n h i b i t o r s i n h i b i t m i c r o b i a l and animal 

prot e a s e s i t has been p o s t u l a t e d that another f u n c t i o n may be as some kind 

of p r o t e c t i v e mechanism a g a i n s t damage or i n f e c t i o n . 

The d i s c o v e r y that p r o t e o l y t i c i n h i b i t o r s found i n soybean prevent 

normal growth and development of v a r i o u s i n s e c t l a r v a e common as p e s t s 

on soybean ( L i p k e e t £l,1954; B i r k & Applebau m, 1960; B i r k e t £1^1963) 

l e d to much i n t e r e s t i n the d e f e n s i v e r o l e a g a i n s t i n s e c t damage. A 

number of s t u d i e s (Kafatos e t a_l,1967; M e l v i l l e & S c a n d a l i o r s , 1972; 

Yang &. Davis,1971 and 1972; Z w i l l i n g , 1968; Gfcebel e t a l , 1971) on 

i n s e c t d i g e s t i o n have shown t h a t i n s e c t s c o n t a i n a number of p r o t e a s e s 

which a r e t r y p s i n - or c h y m o t r y p s i n - l i k e i n a c t i v i t y and are i n h i b i t e d 



by some p l a n t protease i n h i b i t o r s . A s p e c i f i c i n h i b i t o r of l a r v a l gut 

p r o t e o l y s i s of T r i b o l i u m ca staneum and T.confusum has been i s o l a t e d 

from soybean by B i r k ej: jQ (1963). 

Damage to tomato or potato l e a v e s , e i t h e r m e c h a nically (Ryan & 

Huisman, 1967) or by a d u l t Colorado b e e t l e s or t h e i r l a r v a e (Green & 

Ryan # 1972 ) , has been shown to cause a c c u m u l a t i o n of chymotrypsin 

i n h i b i t o r I i n the l e a v e s . T h i s coupled w i t h the l a t e r i s o l a t i o n of 

a hormone, P I I F ( P r o t e i n a s e i n h i b i t o r inducing f a c t o r ) which governs t h i s 

a c c u m u l a t i o n (Green 8t Ryan, 1973; Ryan, 1974) appears to lend support 

to t h i s p r o t e c t i v e r o l e . 

Many fungi and b a c t e r i a have been, shown to produce e x t r a c e l l u l a r 

proteases (Kuc & Williams,1962; Van E t t e n & Bateman,1965; Kuc,1962; 

Keen ^ t £1,1967 a & b) which have t r y p s i n - or c h y m o t r y p s i n - l i k e 

a c t i v i t i e s and i t i s l i k e l y t h a t these are i n h i b i t e d by p r o t e o l y t i c 

i n h i b i t o r s found i n p l a n t s . An i n h i b i t o r , or i n h i b i t o r s , a g a i n s t the 

protease of A s p e r g i l l u s oryzae has been found i n a v a r i e t y of beans and 

c e r e a l s (Matsush.jna, 1955 ) . 

As can be seen, the p o s s i b l e p h y s i o l o g i c a l r o l e of p r o t e i n a s e 

i n h i b i t o r s i n p l a n t s i s as y e t undecided. I t seems probable t h a t a l l 

i n h i b i t o r s do not have the same f u n c t i o n a l r o l e , d i f f e r e n t i n h i b i t o r s 

having d i f f e r e n t f u n c t i o n s . Conversely, the same i n h i b i t o r may have 

d i f f e r e n t f u n c t i o n s a t d i f f e r e n t times w i t h i n the p l a n t , e.g.Chymotrypsin 

i n h i b i t o r I which has been d e s c r i b e d as having storage, p r o t e c t i v e and 

r e g u l a t o r y r o l e s (Ryan & Huisman, 1967 & 1970). 

I n v e s t i g a t i o n s i n t o the chemical and s t r u c t u r a l a s p e c t s of p l a n t 

protease i n h i b i t o r s are one of the newer, expanding f i e l d s , though much 

of the pioneer work of K u n i t ^ (1945,1946) r e s u l t e d i n the foundation f o r 

many of the modern t h e o r i e s of p r o t e i n - i n h i b i t o r i n t e r a c t i o n s . 

The p l a n t protease i n h i b i t o r s tend to have a number of p r o p e r t i e s 
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i n common. They form a group of r e l a t i v e l y low molecular weight 
p r o t e i n s , t h e i r molecular weights ranging from 4000 to 60,000 the 
m a j o r i t y being below 20,000. Many of the l a r g e r p r o t e i n s are seen 
to c o n s i s t of a number of r e l a t i v e l y low molecular weight chair.s 
(Hochstrass'Sr ejt a l , 1970a; B e l i t z e_t £ 1 1 9 7 1 ; M e l v i l l e & Ryan i1972; 
Iwasaki e t £1^1972; Sahekiet a l , 1974). 

Exceptions to t h i s are the t r y p s i n i n h i b i t o r from sweet potato, 

M.W.23,500 (Sugiura et £1,1973), soybean t r y p s i n i n h i b i t o r , K u n i t z , 

M.W. 22,000 (Ozawa & La*>kowski J r , 1 9 6 8 ) , and the i n h i b i t o r from o a t s , 

M.W. 43,500 (Mikola & K i r s i ( 1 9 7 2 ) . One of the l a r g e s t n a t u r a l l y 

o c c u r r i n g protease i n h i b i t o r s i s a papain i n h i b i t o r found i n potatoes, 

(Rodis, 1974) which has a molecular weight of approximately 80,000. 

Although many of the animal protease i n h i b i t o r s , e s p e c i a l l y the ovomucoids, 

co n t a i n a l a r g e proportion of carbohydrate, those of p l a n t o r i g i n appear 

to be devoid of carbohydrate, w i t h the exception of the papain i n h i b i t o r 

i n potatoes (Rodis, 1974) and an i n h i b i t o r i n navy bean (Wagner & 

Riehm,1967). Many of the i n h i b i t o r s c o n t a i n a high proportion of 

c y s t i n e i n d i s u l p h i d e band formation, most c o n t a i n i n g 9-18% h a l f - c y s t i n e 

(Laskowski Jr.& Sea l o c k ,1971). T h i s f a c t o r , together w i t h the small 

s i z e of the i n h i b i t o r s , tends to make them very s t a b l e to extreme c o n d i t i o n s 

e.g.heat (Bowman,1946; Vogel e t a l , 1 9 6 8 ) . 

P r o t e o l y t i c enzymes are d i v i d e d i n t o 4 groups depending upon t h e i r 

r e a c t i v e s i t e s and mechanism of a c t i o n (Harfley,1960). These groups 

are the s e r i n e proteases (e.g. t r y p s i n and chymotrypsin), the a c i d 

p r o t e a s e s (e.g. pepsin and r e n n i n ) , the s u l p h y d r y l p r o t e a s e s (e.g. 

papain and f i c i n ) and the metallo p r o t e a s e s (e.g. carboxypeptidase 

A and B and aminopeptidases). A l l these c l a s s e s a re i n h i b i t e d by 

v a r i o u s i n h i b i t o r s , some being very s p e c i f i c and a c t i v e a g a i n s t only 

one or two c l o s e l y r e l a t e d proteases (Belew e t £1,1975), whereas 

othe r s have a broad s p e c i f i c i t y and are a b l e to i n h i b i t a v a r i e t y of 

enzymes. 
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Much of the o r i g i n a l work was c a r r i e d out u s i n g i n h i b i t o r s of the 
s e r i n e protease, t r y p s i n ( P u s z t a i , 1 9 6 7 ) . I t was l a t e r seen that many 
of these i n h i b i t o r s were a l s o r e a c t i v e a g a i n s t the c l o s e l y relatedt 
enzyme, chymotrypsin (Kassel,1970; Vogel e t a l , 1 9 6 8 ) . I n v e s t i g a t i o n s 
i n t o the a c t i v e s i t e s d i v i d e d these i n h i b i t o r s i n t o two groups, those 
i n which the s i t e was the same f o r the two enzymes (Bidlingmeyer e t a l , 
1972) and those w i t h two d i f f e r e n t s i t e s (Odeni e t £1^1971; Tan & Stevens, 
1974). However, not a l l t r y p s i n i n h i b i t o r s a r e a c t i v e a g a i n s t chymotrypsin 
(Sugiura e t a l ; 1 9 7 3 ; Wilson & Laskowski, S r . 1 9 7 3 ) . S i m i l a r l y not a l l 
i n h i b i t o r s of chyraotrypsin i n h i b i t t r y p s i n (Kiyohara e t al,1972; Iwasaki 
e t a l , 1 9 7 1 ) . Other s e r i n e proteases i n h i b i t e d are e l a s t a s e (Wilson and 
Laskowski Sr,1975), thrombin (Warsy e t a l , 1 9 7 4 ) , s u b t i l i s i n (Ikenaka e t 
£11,1974; Yoshikawa e t a l , 1976) plasmin and k a l l i k r e i n (Sakato, 1975). 
Some i n h i b i t o r s of s e r i n e proteases are a l s o r e a c t i v e a g a i n s t p r o t e a s e s 
from other groups, e.g. the t r y p s i n and chymotrypsin i n h i b i t o r from broad 
beans i s a l s o a c t i v e a g a i n s t papain (Warsy e t al.,1974); the p r o t e i n a s e 
i n h i b i t o r s from the c u l t u r e d c e l l s of S c o p o l i a j a p o n i c a were i n h i b i t o r y 
to pepsin, (Sakato e t a l , 1 9 7 5 ) ; and the soybean t r y p s i n i n h i b i t o r ( K u n i t z ) 
has a l s o been shown to i n h i b i t c l o s t r i p a i n , which, although r e l a t e d to 
t r y p s i n , i s a s u l p h y d r y l protease ( S i f f e r t e t a l J 1 9 7 6 ) . 

There are only a few r e p o r t s of i n h i b i t o r s a c t i v e a g a i n s t the a c i d 

p r o t e a s e s , these i n c l u d e those from S c o p o l i a (Sakoto e t al,1975) and some 

produced by microorganisms, e.g. the a c i d proteinaseA i n y e a s t i s 

i n h i b i t e d by an endogenous p r o t e o l y t i c i n h i b i t o r (Saheki e t a l 1974) 

and, a pepsin i n h i b i t o r , p e p s t a t i r y l s produced by some Actinomycetes 

(Suda e t al.,1972). 

S i m i l a r l y t h e r e a r e a l i m i t e d number of i n h i b i t o r s of the s u l p h y d r y l 

proteases..Rodis (1974) has p u r i f i e d on i n h i b i t o r from potatoes which i s 

a c t i v e a g a i n s t papain, chymopapain and f i c i n but not bromelain. The 

i s o - i n h i b i t o r s of bromelain, found i n pineapple stems, are a l s o i n h i b i t o r s 
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of f i c i n and papain ( P e r l s t e i n & Kezdy,1973). Some i n h i b i t o r s of 
m i c r o b i a l o r i g i n e.g. l e u p e p t i n and a n t i p a i n , are found to i n h i b i t papain, 
hut these are s m a l l , a c y l a t e d peptides r a t h e r than macromolecules 
(Torstensson, 1973; Suda e t al,1972) . 

The m a j o r i t y of the i n h i b i t o r s examined are seen to be i n h i b i t o r s 

of endopeptidases (Vogel e t al_, 1968; Laskowski J r . & Sealock. 1971; 

Tschesche,1974), the only recorded i n h i b i t o r of an exopeptidase from 

p l a n t s being t h a t reported by Rancour and Ryan (1968) which forms the 

s u b j e c t of t h i s study. There i s , however, a r e p o r t of s m a l l (M.W.500-

800) peptides which i n h i b i t carboxydipeptidase a c t i v i t y (GreeiB,1974) and 

an i n h i b i t o r from A s c a r i s l u m b r i c o i d e s which i n h i b i t s carboxypeptidases 

(Homandberg & Peanasky,1974). 

Much of the recent i n t e r e s t i n p r o t e o l y t i c i n h i b i t o r s has c e n t r e d 

around the e l u c i d a t i o n of the a c t i v e s i t e and mechanism of i n h i b i t i o n . 

P r o t e o l y t i c i n h i b i t o r s provide an i d e a l system f o r examining the protein*, 

p r o t e i n i n t e r a c t i o n and much work has been c a r r i e d out i n t h i s f i e l d . 

(Tschesche, 1974). The soybean t r y p s i n i n h i b i t o r f i g u r e s very prominently 

i n the l i t e r a t u r e . T h i s i s due to a number of reasons, mainly t h a t i t 

was one of the f i r s t p l a n t i n h i b i t o r s p u r i f i e d (Kunitz,1945) and a l s o 

i t soon became commercially a v a i l a b l e . 

As more work was c a r r i e d out i n t o the k i n e t i c s of the i n t e r a c t i o n s 

between v a r i o u s p l a n t protease i n h i b i t o r s and t h e i r s u b s t r a t e s , i t became . 

c l e a r , t h a t f o r a complete understanding of the i n h i b i t i o n mechanism of 

protease i n h i b i t o r s , the e l u c i d a t i o n of the amino a c i d sequence of these 

p r o t e i n s was very important. By 1972, the amino a c i d sequence of a 

number of p l a n t p r o t e o l y t i c i n h i b i t o r s was known ( s e e Dayhoff, 1969,1972, 1973). 

These were the soybean t r y p s i n i n h i b i t o r , K u n i t z (Koide e t al,1972) 

Bowman-Birk soybean i n h i b i t o r (Odani & Ikenaka,1972), Lima -bean t r y p s i n 

i n h i b i t o r (Tan . &' Stevens, 1971), groundnut i n h i b i t o r ( H o c h s t r a s s e r e t 

a l , 1970b). and corn seed i n h i b i t o r (Hoohstrasser e t a l , 1970a), 

S i n c e t h i s time a number of sequences have been published 
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f o r v a r i o u s i n h i b i t o r s : chymotryptic i n h i b i t o r I from potatoes 

(Richardson, 1974; Richardson & Cossins /1974 and 1975), bromelain 

i n h i b i t o r from pineapples (Reddy e t a l ^ l 9 7 5 ) , the garden bean (Phaseolus 

v u l g a r i s ) i n h i b i t o r (Wilson & Laskowski S r . , 1 9 7 3 ) , an a c t i v e fragment 

of potato p r o t e i n a s e i n h i b i t o r I I a ( I w a s a k i e t al^1976), p a r t i a l sequence 

of a c h i c k pea t r y p s i n i n h i b i t o r (Belew & E a k e r / 1 9 7 6 ) and a carboxy-

peptidase i n h i b i t o r from potatoes (Hass_et a l f 1 9 7 5 ) . 

As more sequences became known, work was i n s t i g a t e d to d i s c o v e r 

the r e a c t i v e s i t e s of the i n h i b i t o r s . Ozawa and Laskowski (1966) 

f i r s t proposed the r e a c t i v e s i t e model, whereby the i n t e r a c t i o n of 

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

cleavage of a s i n g l e LYS-X or ARG - X peptide bond i n the i n h i b i t o r . 

I n the case of chymotryptic i n h i b i t o r s the bond c l e a v e d was expected 

to be LEU-X,TYR-X, PHE-X or TRP-X. Most f r e q u e n t l y , these s i t e s have 

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

w i t h c a t a l y t i c amounts of the enzyme, a t low pH (2.4-4.0) and then 

s e p a r a t i n g the c l e a v e d fragments a f t e r any n e c e s s a r y r e d u c t i o n and S-

a l k ' y l a t i o n . (Ozawa & Laskowski, 1966; H o c h s t r a s s e r & Werle.,1971) 

R e a c t i v e s i t e s have s i n c e been l o c a t e d i n a v a r i e t y of i n h i b i t o r s ; soy 

bean, Bowman-Birk i n h i b i t o r (Odani & Ikenaka,1972; Ikenaka e t a l f 

1974), c h i c k peas, Phaseolus v u l g a r i s var nanus, ( B e l i t z & F u c h s f 1 9 7 3 ) , 

black eyed peas, (Gennis & Cantor, 1976), potato i n h i b i t o r , I l a and l i b 

( I w a s a k i e t al,1973 a & b ) , potato chymotryptic i n h i b i t o r I (Richardson 

& Cossins, 1974). Various chemical and enzymic m o d i f i c a t i o n s have 

been c a r r i e d out which provide a b e t t e r understanding of the mechanism 

of a c t i o n (Odani & Ikenaka, 1973; Kowalski & Laskowski, 1976 a & b ) . 
63 64 

For example, the LYS- ALA bond of the soybean t r y p s i n i n h i b i t o r 
63 

( K u n i t z ) was c l e a v e d and the LYS removed and r e p l a c e d by ARG. T h i s 

r e s u l t e d i n an i n h i b i t o r s t i l l a c t i v e a g a i n s t t r y p s i n . Replacement of 
63 

LYS by TRP r e s u l t e d i n the formation of a chymotrypsin i n h i b i t o r . 
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As the. r e a c t i v e s i t e s of t r y p s i n and chymotrypsin i n h i b i t o r s 
i n v o l v e an amino a c i d which the i n h i b i t e d enzyme s p e c i f i c a l l y c l e a v e s 
i t would be expected that the a c t i v e s i t e of a carboxypeptidase 
i n h i b i t o r would be l o c a t e d i n the carboxyterminal r e g i o n . 

S i n c e the i n t e n t i o n of t h i s i n v e s t i g a t i o n was to examine the 

s t r u c t u r e and p r o p e r t i e s of an i n h i b i t o r of an exopeptidase i t i s 

p e r t i n e n t to d i g r e s s s l i g h t l y and examine, b r i e f l y , the occurrence 

of carboxypeptidases i n p l a n t s ( f o r reviews on mammalian carboxy-

peptidaees see Hart suck &' Lipscomb, 1971- Folk., 1971) 

A carboxypeptidase i n p l a n t s was f i r s t d i s c o v e r e d i n the l e a v e s of 

c i t r u s f r u i t s (Zuber, 1964) and subsequently carboxypeptidases were found 

i n a v a r i e t y of s p e c i e s and p l a n t organs: f r e n c h bean l e a v e s (Van E t t e n 

& Bateman,1965; W e l l s / 1 9 6 5 ) , corn root t i p s (Zuber & Matile,1968), 

germinating b a r l e y (Mikola e t £1,1971; Moeller e t a l f 1 9 7 0 ; V i s u r i 

e t al f1968)corn£otyledons ( I h l e & Dure, 1972) and v a r i o u s tubers (Hojima 

e t £1,1971 a & b ) . Peptidases w i t h carboxypeptidase a c t i v i t y have a l s o 

been i s o l a t e d from v a r i o u s fungi; brewers y e a s t ( F e l i x & B r o u i l l e t , 1966), 

Phymatotrichum.. omnivo.rum ( P r e s c o t t & Boston, 1967; Boston & P r e s c o t t , 

1968). 

Plantcarboxypeptidases a r e seen to d i f f e r s l i g h t l y amongst them

s e l v e s , e.g. carboxypeptidases p u r i f i e d from orange and lemon l e a v e s 

have s l i g h t l y d i f f e r e n t p h y s i c a l and chemical p r o p e r t i e s ( S p r o s s l e r 

eit a l , 1 9 7 1 ) . However, they are seen to resemble one another more 

c l o s e l y than those of mammalian o r i g i n , from which they d i f f e r g r e a t l y 

i n both s p e c i f i c i t y and mode of a c t i o n ; e.g. p l a n t carboxypeptidases 

a r e d i i s o p r o p y l fluorophosphate (DFP) s e n s i t i v e and a r e t h e r e f o r e 

c l a s s e d as s e r i n e p r o t e a s e s ( B a i & Hayashi,1975). The r e a c t i v e 

s e r i n e has been i d e n t i f i e d i n p h a s e o l i n , a carboxypeptidase found i n 

beans. (Shaw & Wells ; 1967). 

The r o l e of carboxypeptidases i n the p l a n t i s u n c e r t a i n , but 



-13-

r e p o r t s of a carboxypeptidase i n c o m root t i p s which was a s s o c i a t e d w i t h 
lysosomal o r g a n e l l e s (Zuber & MatHe ,1968) suggests t h i s enzyme may be 
i n v o l v e d w i t h . i n t r a c e l l u l a r d i g e s t i o n . 

Die purpose of t h i s study was to i n v e s t i g a t e the carboxypeptidase 

i n h i b i t o r found i n potatoes (Rancour & Ryan,1968). T h i s was of i n t e r e s t 

f o r a v a r i e t y of reasons, f i r s t l y , i t was one of the s m a l l e s t , n a t u r a l l y 

o c c u r r i n g p r o t e i n p r o t e o l y t i c i n h i b i t o r s known. O r i g i n a l l y i t s 

molecular weight was estimated a t 3500 (Ryan y1971). A l s o of i n t e r e s t 

was the f a c t t h a t i t was the only i n h i b i t o r of ex.opeptidases p u r i f i e d 

from p l a n t s , and only one other i s known from A s c a r i s lumbricoides 

(Homandberg & Peanasky,1974). Although i n h i b i t o r s have been found f o r 

a l l c l a s s e s of protease ( H a r t l e y , 1 9 6 0 ) , very l i t t l e was known about any 

othe r than the s e r i n e peptidase i n h i b i t o r s s i n c e the bulk of the work has 

been c a r r i e d out u s i n g e i t h e r t r y p s i n or chymotrypsin i n h i b i t o r s . 

At the time when t h i s study s t a r t e d (October 1972) nothing was 

known about the primary s t r u c t u r e , mode of a c t i o n or r e a c t i v e s i t e 

of the potato carboxypeptidase i n h i b i t o r or any s i m i l a r i n h i b i t o r of an 

exopeptidase. However, during the course of t h i s work, r e s u l t s s t a r t e d 

to appear of a p a r a l l e l i n v e s t i g a t i o n of the same i n h i b i t o r i n the 

l a b o r a t o r i e s of Prof.Ryan and Prof,Neurath(Washington S t a t e U n i v e r s i t y ) . 

These r e s u l t s a r e d i s c u s s e d i n l a t e r s e c t i o n s of t h i s t h e s i s . 
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MATERIALS 

B i o l o g i c a l m a t e r i a l s 

Potatoes (Solanum tuberosum var Pentland D e l l and var U l s t e r P r i n c e ) 

were purchased from J.Crawford L i m i t e d , Reform P l a c e , Durham. 

Chemicals and Reagents 

With the expections l i s t e d below, a l l chemicals were obtained from B r i t i s h 

Drug Houses (BDH) L i m i t e d , Poole, Dorset, and were of a n a l y t i c a l grade 

when a v a i l a b l e . 

Chymotrypsin, E.C.3.4.4.5. (Three time r e c r y s t a l l i z e d ) 

Papain E.C.3.4.4.10. (Twice r e c r y s t a l l i z e d ) 

T r y p s i n E.C.3.4.4.4. (Twice r e c r y s t a l l i z e d , s a l t f r e e TPCK 
(L - ( l - t o s y l a m i d o - 2 - p h e n y l ) e t h y l chloromethyl ketone 
t r e a t e d ) . 

were obtained from the Worthington Biochemical Corporation, Freehold, New 

J e r s e y , U.S.A. 

Carboxypeptidase A E.C.3.4.2.1.(di-isopropylphosphoro-fluoridate-

t r e a t e d , c r y s t a l l i n e suspension i n water) 

was obtained from Sigma Chemical Co., S t . L o u i s , MO., U.S.A. 

N - carbobenzoxy g l y c i n e 

N - a c e t y l - a l a n i n e 

N - a c e t y l - g l y c i n e 

N - formyl - methionine 

4 - Dimethylamino benzaldehyde 

Hippuryl - L - Phenylalanine 

Triethanolamine 

Chyraotrypsinogen 

Bovine p a n c r e a t i c R Nase A, Type 1A 

Lima Bean t r y p s i n i n h i b i t o r , Type I I - L 

I n s u l i n , bovine p a n c r e a t i c 

Lysozyme, egg white, grade I 

CytochromeC, horse h e a r t , Type I I I 

Dowex 50, hydrogen form 

were obtained from Sigma Chemical Co.Limited, London. 
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Sephadex G10 

Sephadex G25 

Sephadex G75 

Sephadex G100 

Blue Dextran 2000 

were obtained from P h a r m a c i a Limited, Uppsala, Sweden. 

Hydrazine (95%+) 

was obtained from Eastman Chemicals L i m i t e d . 

Ampholine c a r r i e r ampholytes, 8% (w/w) acrueous s o l u t i o n , pH 3-10 and 

pH 4-6 

were obtained from LKB, Productor AB, Stockholm, Sweden 

Ninhydrin ( I n d a n t ^ r i o n e hydrate) Puriss* grade, 9-10 - Phenanthrctquinane 

were obtained through Koch-Light L a b o r a t o r i e s L i m i t e d , Colnbrook, Bucks., 

England. 

P y r i d i n e 

was obtained through Rathburn Chemicals, Walkerburn, P e e b l e s h i r e . 

Pepsin E.C.3.4.4.1. ( C r y s t a l l i s e d ) 

was obtained through Research Products D i v i s i o n , Miles L a b o r a t o r i e s I n c . , 

Kanhakee, IU, 60901, U.S.A. 

Sperm whale myoglobin 

was obtained through Miles - Seravac ( P t y . ) L t d . , Maidenhead, Berks. 

Thermolysin ( c r y s t a l l i n e ) 

was obtained through Dawa Ka>rkei K.K.Osaka, Japan. 

A r g i n y l a r g i n i n e 

was obtained from Cyclochemical Corporation, Los Angcksf C a l i f o r n i a , U.S.A. 
(R) 

Bovine t r y p s i n / k a l l i k r e i n i n h i b i t o r , T r a s y l o l 

was obtained from Bayer U.K.Limited, Hayward's Heath, W.Sussex. 

Carboxypeptidase C 

was obtained through Rohm and Hass, U.K.Limited, Masons Avenue, Croydon. 

P l a s t o c y a n i n from g i a n t Hogweed, Heracleum mantegazianum was a 
g i f t from Dr.B.Haslett. 
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A l l chemicals were used as s u p p l i e d except f o r p h e n y l i s othiocyanate, 
which was vacuum d i s t i l l e d once before use. 
Other M a t e r i a l s 

Polyamide s h e e t s were obtained through BDH from the Chen Chin Trading 

Co.Limited, T a i p e i , Taiwan. 

V i s king tubing was obtained from the S c i e n t i f i c Instrument Centre 

L i m i t e d , Leeke S t r e e t , London W.C.I. 
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METHODS 

I . P u r i f i c a t i o n of carboxypeptidase i n h i b i t o r 

1) Assay of carboxypeptidase i n h i b i t o r 

Carboxypeptidase i n h i b i t o r ( C B I ) was assayed q u a l i t a t i v e l y using 

a m o d i f i c a t i o n of the method of Folk and Schimer (1964). 

Assays were c a r r i e d out using a Unicam SP800 A spectrophotometer, 

f i t t e d w i t h a constanttemperature c e l l housing (SP870), and a s c a l e 

expansion a c c e s s o r y , (SP850), connected to a V i t a t r o n c h a r t r e c o r d e r . 

3 ml samples of limM - h i p p u r y l - L - p h e n y l a l a n i n e , i n oOmM- T r i s - HC1, 

1.0M - NaCl and 10% (W/V) L i C l , pH 7.5, were e q u i l i b r a t e d a t 25°C. 

Samples to be assayed were a d j u s t e d to pH 7.5 wi t h lOmM-KOH and pre-

incubated f o r 10 min. w i t h an equal volume of carboxypeptidase A (CBA), 

1.0 - 1.5 U/ml.in 10% (W/V) L i C l . 100,111 a l i q u o t s were mixed r a p i d l y 

w i t h the s u b s t r a t e and the change i n a b s o r p t i o n a t 259 nm. was recorded 

over a 3 m p e r i o d . 

R e a c t i v i t i e s were expressed as percentage i n h i b i t i o n , t a k i n g no 

change i n absorption as 100% i n h i b i t i o n and the amount of change due to 

5 0 / i l of CBA s o l u t i o n as 0%. 

2) E x t r a c t i o n 
o 

E x t r a c t i o n was c a r r i e d out a t 0-4 C. The potatoes were washed 

i n running tap water to remove s u r f a c e d i r t , damaged and d i s e a s e d potatoes were 

d i s c a r d e d . The potatoes were cut i n t o s l i c e s and snahed i n sodium d i t h i o n i t e 

s o l u t i o n ( 6 g A . ) f o r 1-4 hours and homogenized i n a 51 Waring blendor s e t a t 

maximum speed f o r 5 minutes. The homogenate was f i l t e r e d through a 

t e r y l e n e bag (Type 1481F, Samuel H i l l L i m i t e d , Rochdale, Lanes.) f i t t e d 

i n a 21'' p e r f o r a t e d basket c e n t r i f u g e . (Type 86, Thomas Broadbent and 

Sons L i m i t e d , H u d d e r s f i e l d ) . The f i l t r a t e was a d j u s t e d to pH 3.0 w i t h 

6 N-HC1 and the p r e c i p i t a t e was removed by f i l t r a t i o n through Whatman 

No.6 paper on 2 7 " Buchner funnels under reduced p r e s s u r e . 

3. Ammonium sul p h a t e f r a c t i o n a t i o n 

F i n e l y ground ammonium sulphate was s l o w l y added to give a 45% or 

70% s a t u r a t e d s o l u t i o n , the degree of s a t u r a t i o n being determined by 
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the nomogram of Dixon (1953), i g n o r i n g the presence of any s a l t 
o r g i n a l l y i n the s o l u t i o n . The s o l u t i o n was s t i r r e d f o r 2-4 hours 
and the p r e c i p i t a t e was c o l l e c t e d by f i l t r a t i o n under reduced p r e s s u r e 
u s i n g 27" Buchner funnels and Whatmann No.6 paper. 

The p r e c i p i t a t e was d i s s o l v e d i n a minimal amount of water and 

f i l t e r e d through Whatman No.6 paper, the c l e a r f i l t r a t e s being s t o r e d 

a t -20°C for up to 2 days. 

4. Heat f r a c t i o n a t i o n 
o 

500ml samples i n 21 f l a s k s were heated to 80 C i n b o i l i n g water 
o 

and then maintained a t t h i s temperature f o r 1 or 5 man i n an 80 C 

water bath. The r e s u l t i n g p r e c i p i t a t e was removed, w h i l s t s t i l l 

warm, by f i l t r a t i o n through Whatmann No.6 paper, under reduced p r e s s u r e . 

The c l e a r f i l t r a t e was concentrated x 3 by r o t a r y evaporation a t 
o 

45 C and d i v i d e d i n t o 300 ml.portions which were frozen and s t o r e d a t 
o 

-20 C f o r up to 2 weeks. 

5. Column chromatography 

a) Sephadex G-75 was e q u i l i b r a t e d with T r i s / K C l b u f f e r (50mM-

T r i s , lOOmM-KCl, pH 7.5 or pH8.3) and packed as a s l u r r y i n a. 10.0 cm x 

100 cm column, with a constant operating p r e s s u r e of about 100 cm., 

maintained by a Mariotte f l a s k . 

300 ml. samples were ad j u s t e d to pH7.5 or pH 8.3 usi n g lOmM-Tris 

and loaded on to the column. The column was developed a t a f l o w r a t e 

of 120-150 ml/h. and f r a c t i o n s of 13-14 ml were c o l l e c t e d . The 

column e l u a t e was monitored a t 280 run f o r presence of p r o t e i n s . 

b) A column (4cm x 200 cm) of Sephadex G-25 e q u i l i b r a t e d i n 

lOmM-NH^HCOg was used a t an operating p r e s s u r e of 120 cm. Samples 

(10ml) were loaded onto the column and developed a t a flow r a t e of 

180 ml/h, f r a c t i o n s of 4 ml being c o l l e c t e d . 

c ) Sephadex G-10 was e q u i l i b r a t e d with SOmM-NH^HCO^ and packed 

i n t o e i t h e r 3cm x 195 cm column or 6 cm x 70 cm column. Sample s i z e s 
of 100-175 ml were d e s a l t e d on these columns, which were developed a t 
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a flow r a t e of 150-200 ml/h., f r a c t i o n s of 13 m l . b e i n g * c o l l e c t e d . 

6. Concentration 

F r a c t i o n s or samples were concentrated u s i n g a r o t a r y evaporator 

(Buchi rotavapor, Orme S c i e n t i f i c Limited, Middleton, Manchester) operated 
o 

a t 45 C under reduced p r e s s u r e . 

7. Ion-exchange chromatography 

a) Regeneration and p r e p a r a t i o n of the r e s i n 

New or used r e s i n was s t i r r e d g e n t l y with 15 volumes of 0.5N-NaOH 

f o r 1 hour and then allowed to s e t t l e . The supernatant was decanted 

and a f u r t h e r 15 volumes of 0.5N-NaOH were added and g e n t l y s t i r r e d f o r 

1-2 hours. The r e s i n was then e x t e n s i v e l y washed (on a s i n t e r e d g l a s s 

f u n n e l ) with d i s t i l l e d water, u n t i l the f i l t r a t e reached pH 8.0. The 

procedure was then repeated u s i n g 0.5N HC1 and the r e s i n was washed u n t i l 

the f i l t r a t e reached pH 4.0. 

The regenerated r e s i n was thenwashed with lOmM-sodium c i t r a t e , pH 

3.2 u n t i l the f i l t r a t e was s t a b l e a t pH3.2 . 

b) Absorption 

The columns (2.1cm x 16 cm and 1.5cm x 11cm) were packed from a 

s l u r r y of P l l p hosphocellulose e q u i l i b r a t e d w i t h lOmM-sodium c i t r a t e , 

pH3.2, by pumping through b u f f e r a t a flow r a t e of 25-40 ml/h. Freeze 

d r i e d crude i n h i b i t o r (50O-75Qng) was d i s s o l v e d i n 40-100ml of b u f f e r , 

a d j u s t e d to pH 3.2 with lOmM-citric a c i d , and loaded onto the column. 

The column was washed w i t h 30-50ml of e q u i l i b r a t i o n b u f f e r (lOmM-

sodium c i t r a t e , p H 3.2) and developed with a l i n e a r g r a d i e n t of 0-0.4M-

KC1(2 x 300ml) orO-0.6M-KCl(2x200ml) i n the e q u i l i b r a t i o n b u f f e r . 

The g r a d i e n t was co n s t r u c t e d u s i n g a device as d e s c r i b e d by Bock and L i n g (1954) 

8. Polyacrylamide g e l electrophoresis 

a ) pH4.3 

Th i s was e s s e n t i a l l y the system used by R e i s f e l d e t a l (1962) 

except t h a t the sample g e l was ommitted and the sample was s t a b i l i z e d 
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w i t h 50% ( v / v ) g l y c e r o l or 40% (w/v) s u c r o s e . 

E l e c t r o p h o r e s i s was c a r r i e d out i n g e l s (0.6cm x 6cm) f o r 1-2 hours 

with a voltage of 25V a t UinAmps/gel, using mo thy 1 green as a marker dye. 

10-70^1 samples were electrophorosed. 

b) pH8.3 

Th i s was the system as d e c r i b e d by O m s t e i n (1964) and Davis (1964). 

E l e c t r o p h o r e s i s was c a r r i e d out i n g e l s (0.6cm x 6cm) f o r 40 minutes to 2 

hours w i t h a v o l t a g e of 75V a t 3mA.mps/gel.Brono.phenolblue was used as an 

e l e c t r o p h o r e t i c marker. 20-70x»l samples were an a l y s e d . 

c ) S t a i n i n g procedure 

Gels were s t a i n e d i n 1% (w/v) amido black i n 7% ( v / v ) a c e t i c a c i d 

f o r 1 - l J hours. D e s t a i n i n g was achieved by d i f f u s i o n i n 7% ( v / v ) a c e t i c 

a c i d a t room temperature. D e s t a i n i n g took up to 7 days w i t h repeated changes 

of a c e t i c a c i d . 
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I I . Methods of P r o t e i n C h a r a c t e r i z a t i o n 

1. Determination of moisture content 

D u p l i c a t e samples of CBI were weighted and d r i e d a t 105°C f o r 2 hours, 

allowed to cool i n a d e s i c c a t o r over NaOH and then reweighed. T h i s was 

repeated u n t i l the weight remained constant. 

2. E s t i m a t i o n of p r o t e i n content 

The p r o t e i n content was determined by us i n g the method of Lowry et ail 

( 1 9 51). Samples c o n t a i n i n g approximately 300/ig/ral were analysed. 

Absorbance a t 50Onm was measured on a spectrometer (Perkin-Elmer 402) and 

compared w i t h a standard curve of bovine serum albumin (B.S.A. ). B.S.A. 

standard samples were analysed a t the same time as the unknown samples. 

3. Molecular weight determination 

The molecular weight was determined by ge l f i l t r a t i o n on Sephadex 

G-50 (Whitaker.1963) and Bio-Gel P30 ( P u s z t a i & Watt, 1970). 

a ) Gel F i l t r a t i o n on Sephadex G-50 

A column (1cm x 200cm) of Sephadex G-50 e q u i l i b r a t e d . i n 50mM-NH4HCO3 

was used with an operating p r e s s u r e of 100-120cm. The column was 

developed a t a flow r a t e of 18-20 ml/h.and f r a c t i o n s of 1ml.were c o l l e c t e d . 

CBI was run concomitantly with standard p r o t e i n s and/or peptides and 

the e l u t i o n volume was determined. The void volume was c a l c u l a t e d u s i n g 

Dextran Blue 2000. 

b) Gel f i l t r a t i o n on Bio-Gel P30 

A column, (1cm x 200cm) of Bio-Gel P30 e q u i l i b r a t e d w i t h 70% (V/V) formic 

a c i d was used. The standard proteins were d i s s o l v e d i n 0.4ml of 70% ( v / v ) 

formic a c i d f o r a p p l i c a t i o n to the column. The flow r a t e of the column 

was maintained a t 6ml/h and f r a c t i o n s of 1.1ml were c o l l e c t e d . The 

f r a c t i o n s were monitored f o r p r o t e i n a t 28Q*\m. The void volume of the 

column was determined f o r each run by the use of Dextran Blue 2000. 

4. Carbohydrate determination 

The monosaccharide composition of CBI was determined by the method 

of Clamp e t a l (1971). Freeze d r i e d samples of CBI (1-3 mg) were 
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examined by g a s - l i q u i d chromatography (of t h e i r T r i m e t h y l s i l y l d e r i v a t i v e s ) 
o 

a f t e r methanolysis a t 90 C under n i t r o g e n . 

5. Gel i s o e l e c t r i c f o cusing 

T h i s method was based on that of Wrigley (1971). The g e l s were 

i n i t i a l l y 6min i n diameter and 80mm i n l e n g t h and contained 7.5% (w/v) 

acrylamide,1% Amphollne (pH3-10 or 4-6). Samples (0.2 - 0.75 mg) were 

d i s s o l v e d i n 2% (w/v) c a r r i e r ampholytes i n 20% (w/v) sucrose and were 

a p p l i e d to the upper ( c a t h o d i c ) end of the polymerized g e l s under a 

p r o t e c t i v e l a y e r of 2% (w/v) c a r r i e r ampholytes i n 10% (w/v) s u c r o s e . 

The lower e l e c t r o d e compartment (anode) contained 0.2% ( v / v ) H^SO^; the 

upper e l e c t r o d e compartment (cathode) was f i l l e d w i t h 0.4% ( v / v ) ethanalamine. 

A c u r r e n t of 2m Amps/gel was a p p l i e d u n t i l the voltage reached 300V (about 

90 mins.) and the voltage was then maintained a t 300V f o r a f u r t h e r 6-10 

hours. 

P r o t e i n s t a i n i n g methods:-

a) Gels were e x t e n s i v e l y washed i n 5% (w/v) t r i c h l o r o a c e t i c a c i d (8 

changes of 50 ml/gel a t 1-4 hour i n t e r v a l s ) to remove c a r r i e r ampholytes, 

and then s t a i n e d i n 1% (w/v) amido black i n 7% ( v / v ) a c e t i c a c i d . Gels 

were d e s t a i n e d by d i f f u s i o n i n 7% ( v / v ) a c e t i c a c i d . 

b) Gels were a l s o s t a i n e d without p r i o r removal of ampholytes (Awdeh, 

1968) i n 0.2% (w/v) bromophonol blue i n ethanol: water: g l a c i a l a c e t i c 

a c i d (10:9:1 by v o l . ) Gels were d e s t a i n e d i n 30% ethanol, 7% a c e t i c a c i d . 

c ) Gels were scanned d i r e c t l y without p r i o r s t a i n i n g using a Joyce Loebl 

densitometer scan 400 a t 265mm. 

The pH g r a d i e n t i n the gel was determined by measurement, of the pH of water 

e x t r a c t s (2ml f o r 12 hours) of 5mm s l i c e s of unstained g e l s , e l e c t r o -

phoresed a t the same time as the samples. 

6. K i n e t i c s t u d i e s 

K i n e t i c s t u d i e s were c a r r i e d out u s i n g both bovine CBA and 

carboxypeptidase C from c i t r u s l e a v e s . The i n h i b i t i o n of carboxy-
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peptidase A was assayed e s s e n t i a l l y as d e s c r i b e d i n Method 1,1. The 

change i n r a t e of r e a c t i o n with v a r y i n g c o n d i t i o n s was monitored u s i n g 

an SP800 spectrophotometer f i t t e d with temperature compensator and 

s c a l e expansion. 

Ki v alues f o r the i n h i b i t i o n of CBA h y d r o l y s i s o f h i p p u r y l - L -

phenyalanine (1.5 x 10~ 4M - 1 x 10~ 3M) by CB1 (1.8 x 10~ 7M - 3.7 x 
-7 

10 M) were determined by the double r e c i p r o c a l p l o t of i n i t i a l v e l o c i t y 

v e r s u s s u b s t r a t e c o n c e n t r a t i o n (Lineweaver & Burk,1934). The CBA 

c o n c e n t r a t i o n was determined s p e c t r o p h o t o m e t r i c a l l y u s i n g f o l l o w i n g 

e x t i n c t i o n c o e f f i c i e n t s : 
E 0__ 6.41 x 1 0 4 M " 1 CM ~ 1 , (Simpson e t a l 1 9 6 3 ) ; £ n o . 5 5.27 &7o ' 22^ 

x 10 M 1 cm 1 (Whitaker e t j a l f 1 9 6 6 ) . S i n c e i t has been shown 

(McClure & Ne urath^ 1966) t h a t CBA e x h i b i t s a negative d e v i a t i o n from 

Beer's law a t absorbances > 1 u n i t , s o l u t i o n s were d i l u t e d to produce a 

f i n a l absorbance i n the region of 0.5 u n i t , where p o s s i b l e . 

CBC i n h i b i t i o n was determined using method of Tschesche and Kupfer 

(1972) using carbobenzoxyleucyl-L-phenylalanine as the s u b s t r a t e . 
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I I I Determination of P r o t e i n Sequence 

1. Reduction and S-Carboxymethylation 

The method used was a m o d i f i c a t i o n of the method of C r e s t f i e l d e t al 

(1963). Up to 30 mg.of CBI were d i s s o l v e d i n 6M-guanidine HC1, 0.5M-Tris, 

pH8.6 and the s o l u t i o n was flushed with n i t r o g e n . 30jui of 2 mercaptoe-

thanol were added and the mixture l e f t under n i t r o g e n f o r 4 hours a t room 

temperature. 0.3 ml of f r e s h l y prepared i o d o a c e t i c a c i d (0.268 g/ml) 

i n O.lM-NaOH was added and the s o l u t i o n kept i n the dark f o r 15 minutes. 

The r e a c t i o n products were then separated, i n the dark, on a column of 

Sephadex G-10 (2cm x 51 cm) e q u i l i b r a t e d with 5raM-NH HCO . The column 

was developed w i t h a f l o w r a t e of 20ml/h and 3 m l . f r a c t i o n s were c o l l e c t e d . 

The reduced and S-carboxyme^thylated p r o t e i n was l o c a t e d .spectrophoto-

m e t r i c a l l y a t 280run and the p r o t e i n peak was pooled and l y o p h i l i z e d . 

2. P r o t e o l y t i c d i g e s t i o n 

a) General procedure 

Reduced and S-carboxymethylated CBI (2-4 JU moles) was d i s s o l v e d i n 

0.5-l.Oml of appropriate b u f f e r (Table I ) and the enzyme s o l u t i o n was 

added to g i v e a f i n a l enzyme to i n h i b i t o r c o n c e n t r a t i o n of 2% (w/v). 

A l l i n c u b a t i o n s took p l a c e a t 35°C f o r v a r y i n g times, 2-24 hours, and 

were terminated by l y o p h i l i z a t i o n . 

3. Chemical cleavage 

a) D i l u t e a c i d h y d r o l y s i s 

Reduced and S-carboxymethylated or n a t i v e CBI was hydrolysed u s i n g 

0.03M-UCl.Upto 5 mg;/ml was placed i n heavy walled "Pyrex" tubes, f l u s h e d 

w i t h n i t r o g e n and s e a l e d under reduced p r e s s u r e . H y d r o l y s i s proceeded 

f o r 10-48 hours a t 105°C and was terminated by l y o p h i l i z a t i o n . 

b) A s p a r t y l - p r o l i n e peptide bond cleavage 

D i l u t e a c i d h y d r o l y s i s was c a r r i e d out using the method of F r a s e r 

e t a l (1972). 10 mg of reduced and S-carboxymethylated CBI were 

hydrolysed with 10% ( v / v ) a c e t i c a c i d / p y r i d i n e , pH2.5 at 10°C f o r 

5 days. The s o l u t i o n was flushed with n i t r o g e n and s e a l e d unde r a 
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n i t r o g e n b a r r i e r . The r e a c t i o n was terminated by l y o p h i l i z a t i o n . 

c ) Cleavage with N-Bromosuccinimide 

Th i s was based on the method of Ramacha ndran and Witkop (1967). 

2.0mg of reduced and S-carboxymethylated CBI were d i s s o l v e d i n 2.5 ml 

of 7 0 % ( v / v ) a c e t i c a c i d and placed i n a 1cm quartz c u v e t t e . The UV 

absorption i n the range 200-450 nm was recorded using a Unicam SP800 

recording spectrophotometer. 10>Lil a l i q u o t s of a s o l u t i o n of N-

bromosuccinimide (NBS) (10 >umoles/ml) i n 70% ( v / v ) a c e t i c a c i d were 

added w i t h r a p i d s t i r r i n g . The decrease i n absorbance a t 280nm was 

recorded aft«r each a d d i t i o n u n t i l a minimum was reached. The number 

of tryptophanresidues/mole p r o t e i n were c a l c u l a t e d according to the 

method of Spande and Witkop (1967). 

n = OP x 1.31 x M.W. x V 
W x 5500 

n = of tryp.residues/mole p r o t e i n 
OD = dec . i n abs.at 280nm. 

V = i n i t i a l volume 
W = wht.of p r o t e i n (mg) 
MW = mol.wht.of p r o t e i n 
5500 = ext..coeff of t r y p . a t 280«n-i • 

18 mg of reduced and S-carboxymethylated CBI were d i s s o l v e d i n 

70% ( v / v ) a c e t i c a c i d and lOmM-NBS was added to give a r a t i o of NBS: 

tryptophan of 2:1. The r e a c t i o n was terminated a f t e r 3 h.by 

l y a p h i l i z a t i o n . 

d) Cleavage with Cyanogen bromide(Kasper 1970) 

The protean v/ns d i s s o l v e d i n 70% (v/v) formic a c i d (up to 10 mg/ 

ml) and a 100 f o l d molcu- excess of cyanogen bromide with r e s p e c t to 

methfc nine was added. The r e a c t i o n took p l a c e f o r 24 hours i n the 

dark a t room temperature i n a stoppered f l a s k . Excess reagent and 

by-products were removed by l y o p h i l i z a t i o n . 

o) Determination of s u l p h y d r y l and d i s u l p h i d e groups 

The method used was tha t of Robyt j 3 t £l (1971) using Ellman's 

reagent (5,5' - d i t h i o b i s 2 - n i t r o b e n z o i c a c i d DTNB) which r e a c t s 



-26-

w i t h r e a c t i v e s u l p h y d r y l groups to give a t h i o anion(3-carboxylato-4-
nitrothiophenolate.CNT) which has a maximum absorbance a t 412nm. 
5. Peptide P u r i f i c a t i o n 

a) Column chromatography 

( i ) A column (2.1cm x 150cm or 2.0cm x 200cm) of Sephadex 

0-50 e q u i l i b r a t e d i n 70% ( v / v ) formic a c i d was used w i t h an operating 

p r e s s u r e of 35-50 cm. The column was developed w i t h 70% ( v / v ) formic 

a c i d a t a flow r a t e of 40-45 ml/h.and 1ml f r a c t i o n s were c o l l e c t e d . 

Peptides were l o c a t e d by e i t h e r monitoring the e l u a t e a t 260nm or 280nm. 

A l t e r n a t i v e l y , the presence of peptideswas detected byremoving s m a l l 

samples (10-50jul) f o r N-terminal and s e m i - q u a n t i t a t i v e aminoacid 

a n a l y s i s by the d a n s y l - c h l o r i d e method ( s e e l a t e r s e c t i o n ) . 

( i i ) Some peptides were separated u s i n g a column (2cm x 60cm) of 

B i o g e l P-4 e q u i l i b r a t e d i n 70% ( v / v ) a c e t i c a c i d . The column was 

developed with a flow r a t e of 15ml/h., 1.5 ml f r a c t i o n s being c o l l e c t e d . 

Peptides were l o c a t e d as above. 

( i i i ) I n some ca s e s i o n exchange chromatography u s i n g Dowex 50 r e s i n 

was used. The r e s i n was prepared f o r use as d e s c r i b e d by Kasper (1970). 
\ 

The sample was loaded onto the column i n 0.2M-pyridine a c e t a t e , pH 3.1 and 

the column was then e x t e n s i v e l y washed w i t h d i s t i l l e d water u n t i l the pH of the 

e l u a t e was n e u t r a l . The column was then developed by i n c r e a s i n g both 

the i o n i c s t r e n g t h and the pH of the e l u t i n g b u f f e r s i n a stepwise 

manner. ' 

A g r a d i e n t was c o n s t r u c t e d u s i n g 50 ml of 0.2 M-pyridine a c e t a t e , pH 

3.1 and 50 ml of 0.5M - p y r i d i n e a c e t a t e , pH 4.1. The column was then 

washed w i t h 50ml of the l a s t b u f f e r and a second g r a d i e n t of 50 ml of 

0.5M-pyridine a c e t a t e pH 4.1 and 50 ml of 1,3M-pyridine a c e t a t e , pH 

6.5 was a p p l i e d . 

F r a c t i o n s of 2ml were c o l l e c t e d and examined f o r the presence of 

peptides by a n a l y s i s of small samples (10-367^) by N-terminal and semi-



-27-

q u a n t i t ^ a t i v e amino a c i d a n a l y s i s u s i n g the d a n s y l - c h l o r i d e method 

(see Methods I I I , 8 ( a ) and ( b ) ) . 

b) E l e c t r o p h o r e t i c s e p a r a t i o n 

S o l u t i o n s : 

i ) E l e c t r o p h o r e s i s b u f f e r s 

pH 6.5 p y r i d i n e 250 ml 

A c e t i c a c i d ( g l a c i a l ) 10 ml 

Water 2250 ml 

pH 1.9 A c e t i c a c i d ( g l a c i a l ) 200 ml 

Formic a c i d (98-100%) 50 ml 

Water 2250 ml 

i i ) E l e c t r o p h o r e s i s standard s o l u t i o n . 

A r g i n y l a r g i n i n e was d i s s o l v e d i n lM-sodium hydrogen carbonate to 

giv e a 0.1M s o l u t i o n and t h i s wastreated with an equal volume of 0.2M 
o 

danEjwdchlorida i n acetone. A f t e r i n c u b a t i o n a t 37 C f o r 1 hour the 

s o l u t i o n was d i l u t e d 1000 f o l d and e t h a n o l i c d a n s y l - a r g i n i n e was added 

to g i v e a c o n c e n t r a t i o n of O.lmM. 

Peptides were separated by high voltage paper e l e c t r o p h o r e s i s a t 

pH 6.5 on Whatman 3MM paper (15 cm) i n a f l a t p l a t e apparatus (107cm x 

15 cm., The L o c a r t e Co.,London). S e p a r a t i o n was achieved u s i n g a 

voltage of 9KV to gi v e a c u r r e n t of 30-50 mA f o r 90-120 min. a t 7 p . s . i . 

p r e s s u r e . 

Peptides r e q u i r i n g f u r t h e r s e p a r a t i o n were p u r i f i e d by e l e c t r o p h o r e s i s 

a t pH1.9. The ap p l i e d voltage was 9Kv to gi v e a c u r r e n t of 50-60 mA 

fo r 60-120 mih.at 7 p . s . i . p r e s s u r e . 

c ) Paper chromatography 

S o l u t i o n s : 

: BAWP s o l v e n t . 

Butan -1 - o l 150ml 
A c e t i c a c i d ( g l a c i a l ) 30ml 
P y r i d i n e 100ml 

Water 120ml 

The s o l v e n t was f r e s h l y prepared f o r each chromatographic• s e p a r a t i o n . 
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i i Chromatography marker s o l u t i o n 

A O.lmM - s o l u t i o n o f d a n s y l - a r g i n i n e i n 95% ( v / v ) 

e t h a n o l was used. 

P e p t i d e s were s e p a r a t e d on Whatman 3MM chromatography paper (55 cm x 

46 cm) by descending-chromatography u s i n g t h e BAWP s o l u t i o n as d e v e l o p e r . 

The samples were chromatographed f o r 18 hours a t 24°C. 

d ) P e p t i d e l o c a t i o n 

P e p t i d e s were l o c a t e d u s i n g 10% s t r i p s o f t h e e l e c t r o p h o r e t o g r a m o r 

chromatogram. The d e t e c t i o n r e a g e n t s were used i n t h e o r d e r s and 

c o m b i n a t i o n s recommended by Eas l e y (1965) w i t h t h e a d d i t i o n t h a t i t was 

fou n d t h a t t h e p h e n a n t h r a q u i n o n e r e a g e n t c o u l d be used b e f o r e t h e m o d i f i e d 

n i n h y d r i n and E h r l i c h r e a g e n t s . 

i ) Cadmium n i n h y d r i n r e a g e n t (Heilmann, et a l 1957) 

S o l u t i o n A: 

Cadmium a c e t a t e 100 mg 
Water 10 ml 
A c e t i c a c i d ( g l a c i a l ) 5 ml 
Acetone 100 ml 

A 1 % (w/v) s o l u t i o n o f n i n h y d r i n i n t h e above s o l u t i o n was p r e p a r e d , 

j u s t b e f o r e i t was r e q u i r e d . The paper was d i p p e d o r sprayed and 
o <-a l l o w e d t o d r y a t room t e m p e r a t u r e and t h e n a t 60-80 C f o r 10 min. 

C o l o u r e d s p o t s on a w h i t e background showed a p o s i t i v e r e a c t i o n , some 

r e g i o n s developed more s l o w l y and r e q u i r e d l o n g e r p e r i o d f o r c o m p l e t i o n 

o f t h e r e a c t i o n . Paper chromatograms i n w h i c h t h e BAWP s o l v e n t was 

used were n o t heated due t o t h e development o f a h i g h background c o l o u r 

w h i c h made d e t e c t i o n o f n i n h y d r i n p o s i t i v e r e g i o n s d i f f i c u l t . These 

l o c a t i o n s t r i p s were a i r d r i e d a t room t e m p e r a t u r e and t h e p o s i t i v e 

n i n h y d r i n c o l o u r developed o v e r a number o f h o u r s . 

i i ) E h r l i c h r e a g e n t 

2% 4 - dime t h y l a m i n o b e n z a l d e h y d e i n 20% HC1 i n acetone 
( v / v ) f r e s h l y p r e p a r e d . 
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The paper was passed t h r o u g h t h e above s o l u t i o n . A p u r p l e 
c o l o u r a t i o n , w h i c h faded a f t e r 10 m i n u t e s , i n d i c a t e d a p o s i t i v e r e a c t i o n 
f o r t r y p t o p h a n . G r e a t e r s e n s i t i v i t y was o b t a i n e d when t h i s t e s t 
f o l l o w e d n i n h y d r i n s t a i n i n g ( E a s l e y , 1 9 6 5 ) . The p i n k n i n h y d r i n s p o t s 
t u r n c o l o u r l e s s and a p o s i t i v e p u r p l e c o l o u r appears. 

i i i ) P a u l y - d i a z o r e a g e n t . 

S o l u t i o n A: 1 % s u l p h a n i l j c a c i d (w/v) i n 10% ( v / v ) HC1 

S o l u t i o n B: 5% (aqueous ) sodium n i t r i t e (w/v) 

S o l u t i o n C: 10% (aqueous ) sodium c a r b o n a t e (w/v) 

A l l s o l u t i o n s were p r e p a r e d f r e s h and c h i l l e d i n an i c e - b a t h . Equal 

volumes o f s o l u t i o n s A and D were mixed i m m e d i a t e l y p r i o r t o use. The 

chroraatograms were sprayed l i g h t l y and l e f t t o d r y , and t h e n s p r a y e d w i t h 

s o l u t i o n C. H i s t i d i n e gave a red/orange c o l o u r on a y e l l o w background. 

i v ) Rydon-Smith r e a g e n t (Rydon & Sm i t h , 1952) 

S o l u t i o n A: 1 % ( aqueous) s o l u b l e s t a r c h (w/v) 

i n 1 % ( aqueous) K l (w/v) 

The chromatogram was t h o r o u g h l y d r i e d and t h e n exposed t o c h l o r i n e gas 

f o r a minimum o f 15 m i n u t e s . ( C h l o r i n e produced by m i x i n g an e q u a l volume 

o f 10% (aqueous ) KMn0 4(w/v) and 3M-HC1.) 

Excess c h l o r i n e was removed by ha n g i n g t h e paper i n a fume hood f o r 

12-16 h o u r s as r e s i d u a l c h l o r i n e gave a dense background c o l o u r . The 

s t r i p s were t h e n sprayed w i t h s o l u t i o n A. p e p t i d e s gave a p o s i t i v e r e a c t i o n 

as b l u e - b l a c k s p o t s on a p a l e b l u e background. 

v ) Phenanthraquinone r e a g e n t (Yamada & I t a n o y 1 9 6 6 ) 

S o l u t i o n A: 5 mg 9,10 - p h e n a n t h r a q u i n o n e i n 25 ml 90% ( v / v ) e t h a n o l 

S o l u t i o n B: 2.5 g.NaOH i n 70% ( v / v ) 

Equal volumes o f s o l u t i o n A and B were mixed and t h e chromatogram 

d i p p e d i n t h e s o l u t i o n and d r i e d a t room t e m p e r a t u r e . P o s i t i v e 

r e a c t i o n s were observed as f l u o r e s c e n t r e g i o n s under U . V . l i g h t (350nm), 

i n d i c a t i n g t h e presence o f a r g i n i n e . 
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v i ) P h e n a n t h r a q u i n o n e - n i n h y d r i n r e a g e n t (Yam>ad a & ^8110 , 1 9 6 6 ) . 
S o l u t i o n A; Cadmium a c e t a t e 100 mg 

A c e t i c a c i d ( g l a c i a l ) 20 ml 

Water 5 ml 

Acetone 80 ml 

A f r e s h 1 % ( w / v ) , n i n h y d r i n s o l u t i o n was made u s i n g s o l u t i o n A. 

The paper was d i p p e d and a l l o w e d t o d e v e l o p a t room t e m p e r a t u r e . 

C o l o u r e d r e g i o n s on a w h i t e background i n d i c a t e d a p o s i t i v e r e a c t i o n f o r 

p e p t i d e s . 

e ) P e p t i d e E l u t i o n s 

P e p t i d e s were e l u t e d f o r 4 hours i n t o " P y r e x " screw-cap t u b e s 

( l c m x 5cm) u s i n g 20% ( v / v ) p y r i d i n e . The s t r i p s were d r i e d a t room 

t e m p e r a t u r e and r e - e l u t e d f o r a f u r t h e r 4 h o u r s . The e l u t e d samples 
o 

were l y o p h i l i z e d and s t o r e d a t -20 C. 

f ) P e p t i d e m o b i l i t i e s 

i ) E l e c t r o p h o r e s i s 

The m o b i l i t i e s o f t h e p e p t i d e s a t pH 6.5 were measured f r o m a t r u e 

n e u t r a l p o i n t d e t e r m i n e d as 4/11 o f t h e d i s t a n c e between t h e s t a n d a r d 

d a n s y l - a r g i n y l a r g i n i n e and t h e 1 - d i m e t h y l a m i n o n a p h t h a l e n e -5- s u l p h o n i c 

a c i d measured f r o m t h e d a n s y l - a r g i n y l a r g i n i n e . 

A t pH 1.9 t h e m o b i l i t i e s were measured f r o m t h e 1-dimethylamino 

n a p h t h a l e n e -5- s u l p h o n i c a c i d and expressed r e l a t i v e t o t h e d i s t a n c e 

o f t h e d a n s y l - a r g i n i n e s t a n d a r d . 

i i ) Chromatography 

The m o b i l i t i e s o f t h e (peptides were measured f r o m t h e o r i g i n and 

expressed r e l a t i v e t o t h e d i s t a n c e moved by t h e d a n s y l - a r g i n i n e s t a n d a r d . 

6. Q u a n t i t a t i v e amino a c i d c o m p o s i t i o n o f p r o t e i n s and p e p t i d e s 

The amino a c i d c o m p o s i t i o n was d e t e r m i n e d u s i n g a L o c a r t e amino a c i d 

a n a l y s e r . P r o t e i n (0.2 - 1.0 mg) o r p e p t i d e (0.05 - 0.25/imole) was 
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h y d r o l y s e d w i t h 0.5 ml c o n s t a n t b o i l i n g 5.7M - HC1 i n evacuated Pyrex 

t u b e s . (Moore & S t e i n , 1963). P r o t e i n samples were h y d r o l y s e d f o r 

24, 48 and 72 hours t o o b t a i n z e r o t i m e v a l u e s f o r s e r i n e and t h r e o n i n e 

and maximum v a l u e s f o r v a l i n e , i s o l e u c i n e and l e u c i n e . P e p t i d e samples 

were h y d r o l y s e d f o r 24 h o u r s . A f t e r h y d r o l y s i s t h e samples were d r i e d 
o 

i n vacuo o v e r NaOH and s t o r e d a t -20 C u n t i l a n a l y s e d . 

C y s t e i n e was d e t e r m i n e d as c y s t e i c a c i d f o l l o w i n g o x i d a t i o n by 

p e r f o r m i c a c i d a c c o r d i n g t o t h e method o f Schram e t a l ( 1 9 5 4 ) . 

T r y p t o p h a n c o n t e n t was d e t e r m i n e d s p e c t r o p h o t o m e t r i c a l l y by t h e 

method o f Beaven and H o l i d a y (1952) and c h e m i c a l l y by N-bromosuccinimide 

t i t r a t i o n (Ramachandran &. Witkop,1967; see NBS c l e a v a g e , I I I 3 c ) . 

7. S e m i - q u a n t i t a t i v e amino a c i d c o m p o s i t i o n o f p e p t i d e s 

An a l i q u o t o f p e p t i d e ( lOnmol ) was d r i e d i n vacuo o v e r NaGH 

i n a Durham tu b e (6mm x 30mm, A.Gallenkamp L i m i t e d , London). 5Qul 

o f c o n s t a n t b o i l i n g 5.7 M-HC1 was added and t h e tu b e s e a l e d under p a r t i a l 

vacuum and heated a t 105°C f o r 18 h o u r s . The a c i d was removed i n vacuo 

o v e r NaOH and t h e f r e e amino a c i d s i n t h e h y d r o l y s a t e were l a b e l l e d by 

th e d a n s y l method o f Gray and H a r t l e y ( 1 9 6 3 a ) , o m i t t i n g t h e f i n a l 

h y d r o l y s i s . The d a n s y l d e r i v a t i v e s o f t h e amino a c i d s were i d e n t i f i e d 

by chromatography on polyamide s h e e t s (see methods I I I . 8 b ) . 

8. Methods o f P e p t i d e sequencing 

P e p t i d e s were sequenced u s i n g t h e N - t e r m i n a l dansyl-Edman p r o c e d u r e 

o f Gray and H a r t l e y ( 1 9 6 3 b ) . 5-20% o f t h e p e p t i d e s t a r t i n g m a t e r i a l 

(20-500nmol) was used t o i d e n t i f y t h e N - t e r m i n a l amino a c i d a t t h e end 

o f each c y c l e o f t h e Edraan d e g r a d a t i o n method, 

C - t e r m i n a l sequences were d e t e r m i n e d u s i n g d i g e s t i o n s w i t h 

c a r b o x y p e p t i d a s e A. The l i b e r a t e d amino a c i d s were i d e n t i f i e d as t h e i r 

d a n s y l - d e r i v a t i v e s w i t h o u t a c i d h y d r o l y s i s . 

The f r e e amino a c i d a f t e r t h e f i n a l Edman d e g r a d a t i o n and any 

c o n t a m i n a t i n g f r e e amino a c i d s were i d e n t i f i e d u s i n g t h e d a n s y l p r o c e d u r e 
w i t h o u t a c i d h y d r o l y s i s . 
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a) Dansyl method 

T h i s was based on t h e method o f Gray and H a r t l e y (19G3b).5-50 n mol. 

o f p e p t i d e were d r i e d i n vacuo over NaOH i n a Durham t u b e . Equal volumes 

o f a s o l u t i o n c o n t a i n i n g ; d a n s y l c h l o r i d e (5 mg/ml) i n acetone and a s o l u t i o n 

o f 0.1M- t r i - e t h y l a m i n e were mixed and 1 0 / j l were added t o t h e d r i e d p e p t i d e . 

The t u b e was s e a l e d w i t h ' P a r a f i l m ' and i n c u b a t e d a t 45°C f o r 45 min. 

The r e a c t i o n was t e r m i n a t e d by d r y i n g i n vacuo o v e r NaOH. 5 0 / j l o f c o n s t a n t 

b o i l i n g 5.7 M-HC1 was added and t h e tub e was s e a l e d under a p a r t i a l vacuum. 
o 

The p e p t i d e was h y d r o l y s e d a t 105 C f o r 5-18 hours and t h e h y d r o l y s a t e 

d r i e d i n vacuo o v e r s o l i d NaOH. 

b) Chromatography o f d a n s y l d e r i v a t i v e s 

The s o l v e n t s used i n t h e chromatography o f d a n s y l d e r i v a t i v e s o f 

amino a c i d s on polyamide sheets were:-

S o l v e n t A: 1.5% ( v / v ) f o r m i c a c i d (Woods & Wang, 19 6 7 ) . 

S o l v e n t B: Toluene: a c e t i c a c i d ( 9 : 1 , ( v / v ) ) 
S o l v e n t C: B u t y l a c e t a t e : methanol: a c e t i c a c i d ( 3 0 : 2 0 : 1 , by 

v o l . ) (Ramshaw e t 8 ^ 1 9 7 0 ) 

S t a n d a r d chromatography marker s o l u t i o n : 

0.1mg/ml o f d a n s y l - a r g i n i n e , d a n s y l - g l u t a m i c a c i d , d a n s y l - g l y c i n e , 

d a n s y l - i s o l e u c i n e , d a n s y l - p h e n y l a l a n i n e , d a n s y l - p r o l i n e and d a n s y l -

s e r i n e i n 95% ( v / v ) e t h a n o l . 

Dansyl d e r i v a t i v e s were i d e n t i f i e d by chromatography on p o l y a m i d e 

sh e e t s (Woods & Wang, 1967). The sample was d i s s o l v e d i n 5-10 jal 

o f 50% ( v / v ) p y r i d i n e and s p o t t e d o n t o d o u b l e s i d e d polyamide s h e e t s . 

Samples were a p p l i e d t o b o t h s i d e s o f t h e s h e e t , on a common o r i g i n , i n 

a 4:1 r a t i o and d r i e d under a h o t a i r d r a u g h t . 'Jul o f a s t a n d a r d marker 

s o l u t i o n was a p p l i e d t o t h e o r i g i n t o co-chromatograph w i t h 20% o f t h e 

sample. 

The chromatograms were developed by r u n n i n g i n s o l v e n t A f o r 45-

60 m i n u t e s , d r y i n g and t h e n r u n n i n g a t r i g h t a n g l e s i n s o l v e n t B. 
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A f t e r d r y i n g , t h e she e t s were examined under U . V . l i g h t (350nm) and t h e 
r e s u l t s r e c o r d e d ( F i g u r e 1 ) . The chromatograms were t h e n developed 
i n s o l v e n t C, i n t h e same d i r e c t i o n as s o l v e n t B, f o r 45-60 m i n u t e s . 
The d a n s y l d e r i v a t i v e s r e s o l v e d by t h i s system were t h e n examined and 
r e c o r d e d ( F i g u r e 2 ) . 

Polyamide sh e e t s c o u l d be reused up t o 60 t i m e s , a f t e r washing f o r 

1 h o u r i n acetone-M-ammonia s o l u t i o n ( 1 : 1 by v o l . ) 

c ) Edman d e g r a d a t i o n p r o c e d u r e 

The Edman d e g r a d a t i o n p r o c e d u r e was based on t h e methods o f Edman 

(1956) and Blomback e t a l ( 1 9 6 6 ) . 

The p e p t i d e was d i s s p l v e d i n up t o 150jul o f 20% ( v / v ) p y r i d i n e . 

150JLI1 o f 5% ( v / v ) r e d i s t i l l e d p h e n y l i s o t h i o c t j o n a t e (PITC) i n p y r i d i n e 

was added and t h e s o l u t i o n s mixed. The sample was i m m e d i a t e l y f l u s h e d 

w i t h oxygen f r e e ' n i t r o g e n ( U s e ^ ' Edman, 1963) and capped q u i c k l y . The 

samples were r e a c t e d a t 45°C f o r 1 hour and t h e excess PITC and v o l a t i l e 

b y - p r o d u c t s were removed by d r y i n g i n vacuo o v e r NaOH and P„0 a t 60°C. 

When t h e sample was c o m p l e t e l y d r y , t h e tub e was f l u s h e d w i t h n i t r o g e n 

( P e r c y & Buchwald, 1972) and 200JU1 o f anhydrous t r i f l o n r o a c e t i c a c i d (TFA) 

was added (Elmore & Tose l a n ,1956). The tube was s e a l e d w i t h ' P a r a f i l m ' 

and i n c u b a t e d a t 45°C f o r 30 m i n u t e s . Excess r e a g e n t was removed by 
o 

d r y i n g i n vacuo over NaOH a t 60 C. The degraded p e p t i d e was d i s s o l v e d i n 

200 A i l o f d i s t i l l e d w a t e r and e x t r a c t e d t w i c e w i t h 1.5 ml o f b u t y l a c e t a t e 

(Gray, 1967) and t h e n d r i e d i n vacuo o v e r c o n c e n t r a t e d H 2 S ° 4 a n d N a 0 H « 

d) D e t e r m i n a t i o n o f C t e r m i n a l amino a c i d s 

C t e r m i n a l amino a c i d s were d e t e r m i n e d u s i n g c a r b o x y p e p t i d a s e A 

d i g e s t i o n . 

I O A I I o f c a r b o x y p e p t i d a s e A - d i i s o p r o p y l p h o s p h o r o f l u o r i d a t e (CBA-

DFP) suspen s i o n (180-20Qul) were washed t h r e e t i m e s w i t h d i s t i l l e d w a t e r . 
o 

The enzyme was suspended i n 15Qul0.2M -NaHCO a t 0-2 C and d i s s o l v e d 
o 

u s i n g 100-150jul O.lM-NaOH. The s o l u t i o n was n e u t r a l i z e d w i t h 100-150wl 



FIGURE 1. 

Chromatography of dansyl-amino acids on polyamide 

thin layera. 

Development was by solvent A (1.5% (v/v) formic acid) 

i n the f i r s t dimension, and solvent B (Toluene:Acetic 

acid* 9:1, v/v) i n the second dimension. 
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FIGURE 2. 

Chromatography of dansyl-amino acids on polyamide 

thin layers. 

Development was by solvent A (1.5% (v/v) formic 

acid) i n the f i r s t dimension, and solvent B (Toluene: 

Acetic acid> 9:1, v/v) followed by solvent C (Butyl 

acetatemethanol:acetic acid, 30:20:1, by vol.) i n the 

second dimension. 
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0.1M-HCL.. The s o l u t i o n was t h e n made up t o 1.5 ml w i t h 0.2M-N-ethyl-

m o r p h o l i n e a c e t i c a c i d b u f f e r , pH 8.5. 

Samples o f t h e p r o t e i n o r p e p t i d e t o be d i g e s t e d were d r i e d i n a 

Durham t u b e i n vacuo over NaOH. 20 Jul o f t h e CBA s o l u t i o n were added and 

t h e tube s e a l e d w i t h ' P a r a f i l m ' . The i n c u b a t i o n s t o o k p l a c e f o r 
o 

v a r y i n g t i m e s , 15 s e e s . t o 24 hours, a t 37 C. The r e a c t i o n was t e r m i n a t e d 

by d r y i n g i n vacuo o v e r NaOH. The l i b e r a t e d amino a c i d s were d e t e r m i n e d 

by d a n s y l a t i o n w i t h o u t h y d r o l y s i s . 

e ) A c e t y l and f o r m y l group d e t e r m i n a t i o n 

A c e t y l and f o r m y l groups were d e t e r m i n e d as t h e i r l - a c e t y l - 2 - d a n s y l 

h y d r a z i n e d e r i v a t i v e s o r as t h e i r 1 - f o r m y l - 2 - d a n s y l h y d r a z i n e d e r i v a t i v e s 

(Schmer & K r i e 1 , 1 9 6 9 ) . The p e p t i d e sample was d r i e d i n vacuo over NaOH 

i n a Durham tu b e and 2 5 j t l l o f 0.1M-HC1 was added and d r i e d in vacuo a t 60°C 

2Qul o f 95% + ( v / v ) h y d r a z i n e was added and t h e t u b e s e a l e d under p a r t i a l 

vacuum and he a t e d a t 105°C f o r 18 h o u r s . The sample was d r i e d i n vacuo 

a t 60°C and t h e n d i s s o l v e d i n 5,ul 0.2M sodium c i t r a t e b u f f e r , pH 3.0. 

5>il o f d a n s y l c h l o r i d e (2.5 mg/fal i n a c e t o n e ) was added and t h e t u b e s 

s e a l e d w i t h ' P a r a f i l m ' and i n c u b a t e d a t 45°C f o r 16 h o u r s . The sample 

was d r i e d and chromatographed on polyamide s h e e t s and compared w i t h 

s t a n d a r d f o r m y l and a c e t y l d a n s y l h y d r a z i n e d e r i v a t i c e s . 

f ) D e t e r m i n a t i o n o f amide r e s i d u e s 

Amide r e s i d u e s were d e t e r m i n e d where p o s s i b l e f r o m p e p t i d e m o b i l i t i e s 

a t pH 6.5 u s i n g t h e method o f O f f o r d ( 1 9 6 6 ) (see F i g u r e s 3 and 4 ) . 

g ) S o l i d phase p e p t i d e sequencing 

P e p t i d e s were sequenced u s i n g an Anachem A.P.S.2400 s o l i d phase 

sequencer. The p e p t i d e was c o u p l e d t o t h e s u p p o r t ( N - ( 2 - a m i n o e t h y l ) -

3-aminopropyl g l a s s ; B r i d g e n , 1975) by c o n v e r s i o n o f a r g i n i n e r e s i d u e s 

t o o r n i t h i n e (Anachem manual). D e g r a d a t i o n was c a r r i e d o u t u s i n g t h e 

DITC method o f Lau r s e n et a l ( 1 9 7 2 ) . Amino a c i d r e s i d u e s were 

i d e n t i f i e d as r e p o r t e d by H a s l e t t a n d B o u l t e r ( 1 9 7 6 ) . 



FIGURE 3. 

The mobility of peptides on pH 6.5 electrophoresis. 

The electrophoretic mobility of peptides r e l a t i v e 

to dansyl-arginylarginine at pH 6.5 i s plotted against 

t h e i r molecular weight for charges (E) of ±1 to ±3 

at pH 6.5. Peptides containing h i s t i d i n e or c y s t e i c 

acid do not conform d i r e c t l y to t h i s diagram. 
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FIGURE 4. 

The mobility of peptides on pH 1.9 electrophoresis. 

The electrophoretic mobility of peptides r e l a t i v e 

to dansyl-arginine at pH 1.9 i s plotted against t h e i r 

molecular weight for charges (E) of +1 to +4 at 

pH 1.9. 



5 0 

2 0 

E=+3 
CD 

E=+2 

E=+1 
• ' • 1 « . . . 1 1 1 1 1 

200 1000 5000 

M O L E C U L A R W E I G H T 



-35-

R e s u l t s and D i s c u s s i o n 

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

R e s u l t s 

D u r i n g p r e l i m i n a r y i n v e s t i g a t i o n s i n t o methods o f p u r i f y i n g 

t h e c a r b o x y p e p t i d a s e i n h i b i t o r (CBI) v a r i o u s t e c h n i q u e s and methods 

were t e s t e d w h i c h f o r v a r i o u s reasons were e i t h e r u n s u c c e s s f u l o r 

u n s u i t a b l e . The r e s u l t s o f these t r i a l s a r e shown i n Appendix 1 . 

CBI was p u r i f i e d from 3 batches o f s t a r t i n g m a t e r i a l , two 

were p o t a t o t u b e r s o f t h e v a r i e t y " P e n t l a n d D e l l " and one from v a r i e t y . 

" U l s t e r P r i n c e " . Both p u r i f i c a t i o n s i n v o l v i n g P e n t l a n d D e l l p o t a t o e s 

were e s s e n t i a l l y t h e same and no d i f f e r e n t i a t i o n i s made between them. 

I n t h e case o f t h e U l s t e r P r i n c e p u r i f i c a t i o n a s l i g h t l y d i f f e r e n t b u f f e r 

system was used i n some stages and t h i s i s d e a l t w i t h s e p a r a t e l y . 

1 ) P u r i f i c a t i o n o f CBI f r o m Solanum tuberosum L. v a r P e n t l a n d D e l l 

a ) E x t r a c t i o n 

The p o t a t o e s were s t o r e d a t 0.-4°C. 2cwt (102kg) o f p o t a t o e s 

were used f o r each p u r i f i c a t i o n and these were t r e a t e d i n 1 cwt ( 5 1 k g ) 

b a t c h e s . 

The p o t a t o e s were washed i n r u n n i n g t a p w a t e r and any s u f f e r i n g 

f r o m d i s e a s e o r damage were d i s c a r d e d . I n a l l p u r i f i c a t i o n s i t was 

o n l y necessary t o r e j e c t a few p o t a t o e s f o r t h e s e r e a s o n s . A f t e r washing 

t h e p o t a t o e s were c u t i n t o s l i c e s and i m m e d i a t e l y soaked i n a s o l u t i o n 

o f sodium d i l t h i o n i t e ( 6 g / L) and t h e n homogenized. 

The homogenate was e a s i l y f i l t e r e d u s i n g a 2 1 " b a s k e t c e n t r i f u g e 

and 50-60;Lof a creamy brown f i l t r a t e were c o l l e c t e d . The f i l t r a t e was 

s t i r r e d g e n t l y and t h e pH a d j u s t e d t o pH3.0 u s i n g 6N-HCL. The r e s u l t i n g 

p r e c i p i t a t e was removed by f i l t r a t i o n , t h r o u g h l a r g e Buchner f u n n e l s , 

under reduced p r e s s u r e . The f i l t r a t i o n was more e f f i c i e n t once a l a y e r 

o f p r e c i p i t a t e had c o l l e c t e d on t h e f i l t e r . As t h e f i l t r a t i o n p r o c e s s 
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was slow (200 ml/h) i t was normally c a r r i e d out overnight at 4°c and 
the r e s u l t i n g c l e a r f i l t r a t e s were pooled the f o l l o w i n g morning. This 
gave approximately 50 I . of l i q u i d . 

b.) Ammonium sulphate p r e c i p i t a t i o n 

F i n e l y ground ammonium sulphate was s t i r r e d i n t o the c l e a r 

f i l t r a t e to give 45% s a t u r a t i o n . The r e s u l t i n g suspension was a creamy 

yellow. The p r e c i p i t a t e was c o l l e c t e d by f i l t r a t i o n and then redissolved 

i n a minimal amount of water (5L.) and f i l t e r e d t o g i v e a c l e a r yellow 

f i l t r a t e . 

c l Heat f r a c t i o n a t i o n 
o 

500ml a l i q u o t s of t h i s f i l t r a t e were heated a t 80 C f o r 1 min. 

The dense white p r e c i p i t a t e which formed was removed by f i l t r a t i o n . The 

volume of the c l e a r yellow/green f i l t r a t e was reduced by 50% using a 

r o t a r y evaporator, i n vacuo, at 45°C and y i e l d e d 2-3L. of l i q u i d . This 

was d i v i d e d i n t o 300 ml p o r t i o n s which were frozen and stored at -20°C. 

d) Column chromatography 

On thawing, some of the p r o t e i n p r e c i p i t a t e d out, but r e a d i l y 

redissolved when the s o l u t i o n was adjusted t o pH 7.5 w i t h 50mM-Tris. 

The 300 ml samples were chromatographed on a 10.0cm x 100 cm. column 

of Sephadex G-75, e q u i l i b r a t e d w i t h 50mM-Tris, lOOmM-KCL, pH7.5. The 

column was e l u t e d w i t h the same b u f f e r and CB1 a c t i v i t y was assayed 

q u a l i t a t i v e l y and p o s i t i v e f r a c t i o n s were c o l l e c t e d and pooled. (Figure 5 ) . 

This step was repeated a number of times (6-8) and the i n h i b i t o r y f r a c t i o n s 

were combined and concentrated to give approximately 21.of s o l u t i o n , 

e) Concentration and d e s a l t i n g 

I t has been reported (Rancour & Ryan, 1968) t h a t CBI r e a d i l y 

passes through d i a l y s i s t u b i n g . This observation was confirmed during 

these studies (Appendix I ) . I n view of these f i n d i n g s a l l preparations 

of CBI were desalted by using columns of Sephadex G-10, e q u i l i b r a t e d 

w i t h 50mM-NH.HC0 . Those f r a c t i o n s c o n t a i n i n g m a t e r i a l which absorbed 
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a t 280njn were c o l l e c t e d and concentrated using a r o t a r y evaporator 
o 

and the r e s u l t i n g s o l u t i o n was l y o p h i l i z e d . and stored a t -20 C. 

f ) lon-excha:nge chromatography 

750mg. of freeze d r i e d , crude i n h i b i t o r , dissolved i n 100 ml 

of s t a r t i n g b u f f e r , were loaded onto a column of phosphocellulose 

e q u i l i b r a t e d w i t h the same b u f f e r . A yellow band was seen t o e l u t e 

from the column as the sample was being loaded. Examination of t h i s 

f r a c t i o n f o r CBI a c t i v i t y gave a negative r e s u l t . The column was washed 

w i t h approximately 50ml of b u f f e r p r i o r t o a gradient of i n c r e a s i n g i o n i c 

s t r e n g t h being a p p l i e d . A t y p i c a l e l u t i o n p r o f i l e i s shown i n f i g u r e 6. 

The f r a c t i o n s showing CBI a c t i v i t y were c o l l e c t e d and pooled. Ion 

exchange chromatography was repeated a number of times (10) and a l l 

i n h i b i t o r y f r a c t i o n s were pooled. 

The pooled i n h i b i t o r peaks were analysed by polyacrylamide gel 

el e c t r o p h o r e s i s a t pH4.3 and pH8.3 (Figure 7 ) . The pH 4.3 gels showed 

one major band but the JJH8.3 gels showed a major band and at l e a s t one 

other minor band. An analysis of the N t e r m i n a l amino acids y i e l d e d 

glutamic a c i d and a s p a r t i c a c i d w i t h a t r a c e of l y s i n e . These r e s u l t s 

suggested the presence of more than one p r o t e i n and t h e r e f o r e f u r t h e r 

p u r i f i c a t i o n was necessary. 

g) Concentration, d e s a l t i n g and gel f i l t r a t i o n 

The pooled s o l u t i o n s were concentrated by r o t a r y evaporation 
o 

at 45 C, care being taken n e i t h e r t o concentrate the s o l u t i o n too much 

causing the p r o t e i n s t o p r e c i p i t a t e , nor t o allow foaming and t h e r e f o r e 

possible denaturation of the p r o t e i n s . 

The r e s u l t i n g s o l u t i o n was t r e a t e d i n two ways. Some of the 

concentrated s o l u t i o n was desalted on Sephadex G-10 columns (6cm x 73cm) 

using 50mM-NH HCO as elua t e . The strong 280nm absorbing peak was 

pooled and again concentrated by r o t a r y evaporation. Samples (10ml) 

of t h i s concentrated s o l u t i o n were then chromatographed on a column of 



FIGURE 5. 

Chromatography of p a r t i a l l y p u r i f i e d CBT from 

Solanum tuberosum v a r . Pentland D e l l . 

A column (10.0 cm x 100 cm) of Sephadex G-75 i n 

50 mM-Tris, 100 mM-KCl, pH 7.5 was used. Samples 

of 300 ml were chromatographed, f r a c t i o n s (14 ml) 

were c o l l e c t e d a t a flow r a t e of 150 ml/h and assayed 

f o r i n h i b i t o r y a c t i v i t y . absorbance a t 280 nmy 

i n h i b i t o r a c t i v i t y . 

FIGURE 6. 

Ion-exchange chromatography of p a r t i a l l y p u r i f i e d 

CBl from Solanum tuberosum v a r . Pentland D e l l . 

A column (2.1 cm x 16 cm) of P l l phosphocellulose 

e q u i l i b r a t e d i n 10 mM-sodium c i t r a t e , pH 3.2 was used. 

Samples, 750 mg i n 100 ml of s t a r t i n g b u f f e r , were 

chromatographed. The column was developed with a 

l i n e a r g radient of 0-0.4 M-KC1 (2 x 300 ml) i n 10 mM-

sodium c i t r a t e , pH 3.2. F r a c t i o n s (3.5 ml) were 

c o l l e c t e d a t a flow r a t e of 30 mlA and were assayed 

f o r i n h i b i t o r a c t i v i t y . absorbance a t 280 nm; 

i n h i b i t o r a c t i v i t y ? — * — • — • b u f f e r tfCl 

concentrat ion. 
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FIGURE 7. 

Polyacrylamide g e l e l e c t r o p h o r e s i s of CBI during 

v a r i o u s stages of p u r i f i c a t i o n . 

The pH 4.3 g e l s contained 15% acrylamide. 60 ug 

of p r o t e i n i n 50% (v/v) g l y c e r o l were appli e d to the 

g e l s (0.6 cm x 6 cm) and e l e c t r o p h o r e s i s performed 

f o r 90 min with a c u r r e n t of 3 mA/gel. The g e l s were 

s t a i n e d i n amido black and destained i n 7% (v/v) 

a c e t i c a c i d . 

The pH 8.3 g e l s contained 7% acrylamide. 40-70 

ug of p r o t e i n were a p p l i e d to the g e l s (0.6 cm x 6 cm) 

and e l e c t r o p h o r e s i s performed f o r 40-80 min with a c u r r e n t 

of 3 mA/gel. The g e l s were s t a i n e d and destained 

as above. 

A - i n h i b i t o r f r a c t i o n a f t e r chromatography 
on Sephadex G-75. 

B - i n h i b i t o r f r a c t i o n a f t e r chromatography 
on P l l phosphocellulose. 

C - i n h i b i t o r y f r a c t i o n a f t e r chromatography 
on Sephadex G-25. 

D - i n h i b i t o r y f r a c t i o n a f t e r high-voltage 
paper e l e c t r o p h o r e s i s . 
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Sephadex G-25 (3.1cm x 200cm). The elute d f r a c t i o n s were assayed f o r 
CBI a c t i v i t y and those showing a p o s i t i v e r e a c t i o n were pooled, ( f i g u r e 
8) 

Jt was thought t h a t the speed of t h i s operation could be increased 

i f the d e s a l t i n g and gel f i l t r a t i o n steps were combined on the column 

of Sephadex G-25. However, the presence of s a l t i n the sample meant 

t h a t a more d i l u t e sample, i n respect to p r o t e i n was chromatographed, 

and t h i s necessitated repeating t h i s stage a greater number of times 

than i f the sample had f i r s t been desalted. I t was t h e r e f o r e found 

t h a t there was no b e n e f i t i n combining these stages. 

The i n h i b i t o r peak was examined by polyacrylamide g e l el e c t r o p h o r e s i s 

at pH4.3 and pH8.3 ( f i g u r e 7) and i t appeared t h a t the preparation was 

s t i l l contaminated w i t h very low l e v e l s of other p r o t e i n s . 

h) Electrophoresis 

Samples of t h e l y o p h i l i z e d i n h i b i t o r a f t e r chromatography on Sephadex 

G-25 were electrophoreses on paper at pH6.5. The pr o t e i n s were located 

by s t a i n i n g a guide s t r i p w i t h n i n h y d r i n and a l l n i n h y d r i n p o s i t i v e areas 

were elut e d separately and tested f o r i n h i b i t o r y a c t i v i t y (Figure 9 ) . 

The i n h i b i t o r y f r a c t i o n was seen t o fluoresce s t r o n g l y under u l t r a 

v i o l e t l i g h t (350nm) and i n f u t u r e p u r i f i c a t i o n s i t was located d i r e c t l y 

by t h i s method. 

On examination by polyacrylamide gel electrophox'esis at pH4.3 

and pH8.3 the i n h i b i t o r y f r a c t i o n was seen to migrate as a s i n g l e 

band (Figure 7 ) . Analysis of the N-terminal amino acid by dansyl 

method yielded no dansyl-amino a c i d . I t was assumed, at t h i s stage, 

t h a t the p r o t e i n contained a blocked N-terminus. 

The f i n a l y i e l d of CBI was approximately 120 mg /100 kg. 

2. P u r i f i c a t i o n of CBI from Solanum tuberosum L var U l s t e r Prince 

a) E x t r a c t i o n 

This was the same as f o r the Pentland D e l l p u r i f i c a t i o n s and yi e l d e d 

approximately 451. of f i l t r a t e . 



FIGURE 8. 

Column chromatography of p a r t i a l l y p u r i f i e d 

CBI. 

A column (3.1 cm x 200 cm) of Sephadex 6-25 i n 

10 tnM-NH4HC03 was used. Samples of 10 ml were 

chromatographed, f r a c t i o n (4 ml) were c o l l e c t e d 

a t a flow r a t e of 180 tnl/h and were assayed f o r 

i n h i b i t o r y a c t i v i t y . absorbance a t 280 nmy 

i n h i b i t o r y activity„ 

FIGURE 9. 

Diagram of high-voltage paper e l e c t r o p h o r e s i s 

a t pH 6.5. 

6 mg of p a r t i a l l y p u r i f i e d CBI were electropho-

resed a t pH 6.5 f o r 1 h with a voltage of 9 Kv t o 

gi v e a cu r r e n t o f 50 mA. A guide s t r i p was s t a i n e d , 

f o r p r o t e i n s and peptides, using the ninhydrin method, 

and p o s i t i v e areas were e l u t e d and t e s t e d f o r 

i n h i b i t o r y a c t i v i t y . 
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b) Ammonium sulphate p r e c i p i t a t i o n 

Powdered ammonium sulphate was s t i r r e d i n t o the f i l t r a t e to give 

70% s i t u r a t i o n . The mixture was s t i r r e d f o r 1 hour and the f i l t r a t e 
o 

was c o l l e c t e d by vacuum i i i t r a t i o n a t 4 C. The p r e c i p i t a t e was 

dissolved i n 2-31 of water and f i l t e r e d t o give a c l e a r yellow f i l t r a t e . 

c ) Heat f r a c t i o n a t i o n 

The c l e a r f i l t r a t e was d i v i d e d i n t o 500 ml po r t i o n s and heated at 80°C 

f o r 5 minutes. A dense white prepcipate formed which was removed by 

f i l t r a t i o n . The c l e a r yellow f i l t r a t e was concentrated by approximately 

50%, using a r o t a r y evaporator, and t h i s was d i v i d e d i n t o 300ml f r a c t i o n s 
o 

which were frozen and stored a t -20 C. 

d) Column chromatography 

The 300 ml f r a c t i o n s were thawed and any p r e c i p i t a t e which formed was 

redissolved by gentle s t i r r i n g and adjustment of the pH t o 8.3 w i t h 50mM-

T r l s . The samples were loaded on t o a column(10.Ocm x 100cm) o f Sephadex 

G-7o e q u i l i b r a t e d w i t h 50mM-Tris, lOOmM-KCl, pH8.3. The column was 

developed w i t h the same b u f f e r and the f r a c t i o n s assayed f o r CBI a c t i v i t y 

(Figure 10). Those f r a c t i o n s showing a p o s i t i v e r e a c t i o n were pooled. 

This was repeated and a l l CBI con t a i n i n g f r a c t i o n s were combined and 

concentrated by vacuum evaporation to give approximately 1-21 of s o l u t i o n . 

e) Concentrating and d e s a l t i n g 

The r e s u l t i n g s o l u t i o n was desalted on columns (6cm x 70cm) of 

Sephadex G-10 e q u i l i b r a t e d , w i t h 50mM - NH.HCO . The p r o t e i n peak was 
i o 

o 
c o l l e c t e d and concentrated using a r o t a r y evaporator a t 45 C. The 

• o 

s o l u t i o n was l y o p h i l i z e d and stored at -20 C. 

f ) Ion-exchange chromatography 

An i o n i c gradient using sodium c i t r a t e and potassium c h l o r i d e 

was again employed but owing to the s l i g h t l y d i f f e r e n t composition of 

the p r o t e i n s i n s o l u t i o n a b e t t e r separation was obtained using a 

shallower g r a d i e n t . (Figure 11) 600-800mg of l y o p h i l i z e d p r o t e i n were 



FIGURE 10. 

Chromatography of p a r t i a l l y p u r i f i e d CBI from 

Solanum tuberosum v a r . U l s t e r P r i n c e . 

A column (10 cm x 100 cm) of Sephadex G-75 i n 

50 mM-Tris, 100 mM-KCl, pH 8.3 was used. Samples of 

300 ml were chromatographed, f r a c t i o n s (13 ml) were 

c o l l e c t e d a t a flow r a t e of 150 ml/h and assayed f o r 

i n h i b i t o r y a c t i v i t y . ~ — — absorbance a t 280 nmr 

i n h i b i t o r a c t i v i t y . 

FIGURE 11. 

Ion-exchange chromatography of p a r t i a l l y p u r i f i e d 

CBI from Solanum tuberosum v a r . U l s t e r P r i n c e . ————— 
A column (1.5 cm x 11 cm) of P l l phosphocellulose 

e q u i l i b r a t e d i n 10 mM-sodium c i t r a t e , pH 3.2 was used. 

The column was developed with a l i n e a r g r a d i e n t of 

0-0.6 M-KC1 (2 x 200 ml) i n 10 mM-sodium c i t r a t e , 

pH 3.2. F r a c t i o n s (3 ml) were c o l l e c t e d a t a flow r a t e 

of 25 ml/h and were assayed f o r i n h i b i t o r y a c t i v i t y . 

absorbance a t 280 nmy i n h i b i t o r y a c t i v i t y ; 
Kct 

— . — • — • b u f f e r concentration. 
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dissolved i n 50-70ml of s t a r t i n g b u f f e r and loaded on to a column of 
phosphocellulose (1.5cm x 11cm). The column was washed w i t h 40-50ml 
of s t a r t i n g b u f f e r and a f a i n t yellow band was seen to e l u t e from the 
column during t h i s stage. This was c o l l e c t e d and was found to have 
no i n h i b i t o r y a c t i v i t y . The column was developed using an i n c r e a s i n g 
i o n i c gradient and the eluate was assayed f o r CBI a c t i v i t y and r e a c t i v e 
f r a c t i o n s were pooled. 

As i n the Pentland D e l l p u r i f i c a t i o n , these f r a c t i o n s were found 

to contain some i m p u r i t i e s a f t e r examination w i t h polyacrylamide gel 

ele c t r o p h o r e s i s at pH 4.3 and pH8.3. 

The pooled i n h i b i t o r was therefore concentrated and tr e a t e d i d e n t i c a l l y 

t o the previous p u r i f i c a t i o n . 

This r e s u l t e d i n a preparation which appeared homogeneous as judged 

by gel electrophoreses and N-terminal a n a l y s i s . 
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Discussion 

The methods used f o r the p u r i f i c a t i o n of the carboxypeptidase 

i n h i b i t o r were a combination of those commonly used t o p u r i f y enzymes, 

e.g. s a l t p r e c i p i t a t i o n , gel and ion-exchange chromatography. The 

p u r i f i c a t i o n procedure used was a m o d i f i c a t i o n of t h a t of Rancour and 

Ryan (1968). 

During homogenization of the potato s l i c e s care was taken t o 

prevent excessive heating by working i n a cold room (2-4°C) and using, 

c h i l l e d s o l u t i o n s . No examination was c a r r i e d out t o discover the 

e f f i c i e n c y of the homogenization but the copious q u a n t i t y of s t a r c h 

c o l l e c t e d on c e n t r i f u g a t i o n suggested t h a t a l a r g e number of c e l l s had 

been ruptured. Although mechanical d i s i n t e g r a t i o n can produce 

d e n a t u r a t i o n of p r o t e i n s (Morris and Morris,1963) and the breaking of 

c e l l s l i b e r a t e s c e l l u l a r enzymes which can cause enzymic degradation, 

i t appears t h a t the carboxypeptidase i n h i b i t o r d i d not undergo any 

det e c t a b l e , chemical change. This i s assumed since the b i o l o g i c a l 

a c t i v i t y was not found d i s t r i b u t e d over a number of f r a c t i o n s correspond

i n g t o d i f f e r e n t a c t i v e molecular species. However, the f i n d i n g of a 

blocked N-terminal and the d i f f e r e n c e s between the reported N-terminal 

sequence of Hass (jt a l (1975) and t h i s study, means t h a t the occurrence 

of some form of s t r u c t u r a l or chemical a l t e r a t i o n to the p r o t e i n cannot 

be ignored. Other methods of e x t r a c t i o n , e.g. g r i n d i n g w i t h sand, 

u l t r a s o n i c or sonic o s i c i l l a t i o n s , f r e e z i n g and thawing, were not used 

because of the l i m i t a t i o n s imposed by the large q u a n t i t i e s of s t a r t i n g 

m a t e r i a l . This necessitated the use of a r a p i d and simple method of 

homogenization which was a v a i l a b l e using a 'Wareing' blender. 

The removal of s t a r c h and l a r g e c e l l debris was c a r r i e d out using 

a basket c e n t r i f u g e which permitted l a r g e volumes to be f i l t e r e d 

q u i c k l y . This was found t o be quicker and more e f f i c i e n t than squeezing 

the homogenate through nylon c l o t h (Rancour & Ryan,1968). 
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A f t e r f i l t r a t i o n the f i l t r a t e was adjusted t o pH 3.0. This served 
to prevent a u t o d i g e s t i o n by the l i b e r a t e d , endogenous c e l l proteases and 
also helped t o c l e a r the s o l u t i o n by p r e c i p i t a t i n g the nucleoprotein and 
p a r t i c u l a t e matter. The subsequent f i l t r a t i o n took some hours, but 
the pH and low temperature (2-4°C) helped t o reduce any adverse e f f e c t s . 

The next procedure used was s a l t p r e c i p i t a t i o n . Ammonium sulphate 

i s commonly employed due t o i t s s o l u b i l i t y i n water and the absence of 

harmful e f f e c t s on most p r o t e i n s . There have been re p o r t s of ammonium 

sulphate causing deamidation of some p r o t e i n s (Flatmark, 1966), but 

sequence r e s u l t s d i d not show any evidence f o r t h i s d u ring t h i s study. 

Care was taken t o add f i n e l y ground ammonium sulphate, w i t h g e n t l e s t i r r i n g , 

t o prevent any l o c a l i z e d high s a l t c o n centration. A f t e r s t i r r i n g f o r a 

number of hours, t o allow maximum p r e c i p i t a t i o n of p r o t e i n s , the 

p r e c i p i t a t e was c o l l e c t e d by f i l t r a t i o n . The use o f a flow-through-

c e n t r i f u g e would probably have been advantageous considering the r e l a t i v e l y 

l a r g e volumes encountered and the slow speed of f i l t r a t i o n . U n f o r t u n a t e l y , 

s u i t a b l e apparatus was not a v a i l a b l e a t t h a t time. 

The f a c t t h a t many protease i n h i b i t o r s have been found to be 

remarkably s t a b l e t o extremes of heat and denaturing c o n d i t i o n s was 

u t i l i z e d i n the p u r i f i c a t i o n of t h i s i n h i b i t o r . (Kunitz & " Northrop, 

1936; Ramirez & M i t c h e l l , 1960; Ryan & . B a l l s , 1962; Laskowski Sr. 

& Wu, 1953). The s o l u t i o n was heated t o 80°C f o r varying times causing 

the p r e c i p i t a t i o n of a la r g e number of p r o t e i n s , l e a v i n g the heat s t a b l e 

p r o t e i n s , c o n t a i n i n g the carboxypoptidase i n h i b i t o r , i n s o l u t i o n . 

Since one of the main problems encountered during p u r i f i c a t i o n was the 

la r g e volumes of s o l u t i o n s , p i l o t experiments (Appendix 1) were c a r r i e d out 

to determine the best method of conc e n t r a t i o n . Although p r o t e i n s denature 

on surfaces and i t i s sometimes d i f f i c u l t t o prevent f r o t h i n g d uring 

vacuum d i s t i l l a t i o n , i t was found t h a t the most e f f i c i e n t method of 
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concentration was u t i l i z i n g a r o t a r y evaporator. Although t h i s was 
r a t h e r time consuming, other methods were discounted f o r various reasons, 
e.g. i t was not possible, to concentrate by d i a l y s i s i n a stream of a i r 
since the i n h i b i t o r was known to pass through d i a l y s i s tubing (Rancour & 
Ryan, 1968; Appendix I ) , lack of s u i t a b l e apparatus prevented the use o f 
freeze d r y i n g as a method. 

The concentrated p r o t e i n mixture was then separated according to 

molecular siz e using Sephadex G-75. Regardless of the s l i g h t l y d i f f e r e n t 

b u f f e r systems used, t h i s tended t o separate the mixture i n t o four main 

f r a c t i o n s , the i n h i b i t o r y a c t i v i t y being l o c a t e d i n the low molecular 

weight f r a c t i o n . The use of a large column (10.0cm x 100 cm) permitted 

the r a p i d separation of l a r g e q u a n t i t i e s of p r o t e i n . 

The low molecular weight p r o t e i n s were f u r t h e r separatedusing an 

intermediate a c i d i c exchanger. The o r i g i n a l r e p o r t (Rancour & Ryan, 

1968) used a pH gradient of 0.01M sodium c i t r a t e , pH 4.0 - pH 6.0. 

I n t r i a l experiments i t was found t h a t a pH g r a d i e n t was u n s a t i s f a c t o r y 

and b e t t e r separation was achieved using an i o n i c g r a d i e n t . The a c t u a l 

g r a d i e n t used was v a r i e d i n d i f f e r e n t p u r i f i c a t i o n s t o achieve improve

ments i n separation. Later reports by Ryan (1971) mention a change i n 

t h e i r p u r i f i c a t i o n procedure t o an i o n i c g r a d i e n t but do not s p e c i f y the 

nature of the g r a d i e n t u n t i l 1974 (Ryan et a l , 1974). A f t e r i o n exchange 

chromatography Ryan eit a l (1974) adjudged the i n h i b i t o r t o have been 

p u r i f i e d t o homogeneity as seen by polyacrylamide gel e l e c t r o p h o r e s i s at 

pH 4.3. This i s s i m i l a r to the r e s u l t s found i n t h i s study, but examina

t i o n of the i n h i b i t o r y f r a c t i o n at pH 8.3 showed the presence of a minor 

contaminant. This could p o s s i b l y have a r i s e n by deamidation of the 

p r o t e i n and could account f o r the lack of any deamidated forms found 

during sequence a n a l y s i s , since t h i s contaminant was removed by 

subsequent p u r i f i c a t i o n . However, on f u r t h e r g e l f i l t r a t i o n the e l u t i o n 

p r o f i l e was c o n s i s t e n t w i t h a heterogeneous sample. The contaminating 
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p r o t e i n was seen t o be s l i g h t l y l a r g e r than the carboxypeptidase i n h i b i t o r . 
Although the i n h i b i t o r p u r i f i e d by Ryan e_t a l (1974) was found t o be a 
heterogeneous mixture, the c o n s t i t u e n t p r o t e i n s d i f f e r i n g by one amino 
a c i d (Hass e t al_, 1975), r e s u l t s i n t h i s study showed only the longer 
p r o t e i n t o be present. I t i s u n l i k e l y , t h e r e f o r e , t h a t the f u r t h e r p u r i f i 
c a t i o n removed the smaller p r o t e i n . 

The pr D t e i n a t t h i s stage was s t i l l seen to contain a small l e v e l of 

contamination. E l e c t r o p h o r e t i c a l l y pure samples, f o r amino aci d a n a l y s i s , 

k i n e t i c experiments and some sequence studies , were obtained by high 

voltage paper e l e c t r o p h o r e s i s . Preparative e l e c t r o p h o r e s i s has been 

used i n a number of p r o t e i n p u r i f i c a t i o n s (Grassmann & Hannig, 1958 ; 

Bier , 1962) using a continuous flow method. Problems associated w i t h 

t h i s method are the adsorption of the p r o t e i n onto the paper and 

l o c a l i z e d heating e f f e c t s . 5Fhe former appeared to be overcome by 

e l u t i n g the sample from the paper, twice, w i t h d r y i n g a t room temperature 

between e l u t i o n s . As judged by s t a i n i n g the el u t e d s t r i p s w i t h n i n h y d r i n 

reagent 90-100% of the p r o t e i n was removed. Also, the e l e c t r o p h o r e t i c 

method i s more s u i t a b l e f o r the separation of low molecular weight samples., 

However, the i n h i b i t o r c o l l e c t e d a f t e r e l e c t r o p h o r e s i s was seen t o have 

been p u r i f i e d t o homogeneity as judged by el e c t r o p h o r e s i s a t pH 4.3 and 

pH 8.3, using polyacrylamide g e l s , and also by the near i n t e g r a l values of 

the c o n s t i t u e n t amino acids obtained from amino aci d a n a l y s i s . 

The p u r i f i c a t i o n o f the i n h i b i t o r from U l s t e r Prince potatoes v a r i e d 

i n the e a r l y stages since t h i s was i n i t i a l l y t o p u r i f y the chymotryptic 

i n h i b i t o r 1 (Richardson,1974). A f t e r column chromatography, using 

Sephadex G-75, carboxypeptidase i n h i b i t o r a c t i v i t y was found i n the e l u a t e . 

This was subsequently p u r i f i e d f o l l o w i n g e s s e n t i a l l y the same scheme as 

f o r the i n h i b i t o r from Pentland D e l l potatoes. 

The main c r i t i c i s m of the p u r i f i c a t i o n procedure used was t h a t i t 

necessitated repeated operations at most stages. This i s obviously time 
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consumlng and in a d v i s a b l e during the p u r i f i c a t i o n of an enzyme. Some 
of these d i f f i c u l t i e s could have been overcome i f l a r g e r or more s u i t a b l e 
apparatus had been a v a i l a b l e . I t would seem b e n e f i c i a l , t h e r e f o r e , t o 
develop a quicker, more e f f i c i e n t method of p u r i f i c a t i o n i f f u r t h e r 
studies are t o be c a r r i e d out on t h i s p r o t e i n . This i s p a r t i c u l a r l y 
important i f the p h y s i o l o g i c a l r o l e of t h i s i n h i b i t o r i n the potato i s 
t o be studied. One method which was not looked i n t o d uring t h i s study 
i s the possible use of a f f i n i t y chromatography. This might have proved 
p a r t i c u l a r l y u s e f u l i n screening f o r the presence of t h i s i n h i b i t o r i n 
d i f f e r e n t species, organs or time of development and should a i d the 
p u r i f i c a t i o n t o some degree. 
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I I P r o t e i n c h a r a c t e r i z a t i o n 
Results 

1) Dry weight determination 

The dry weight of samples of CBI was c a l c u l a t e d as i n methods 

(11,1). The moisture content of preparations from the three p u r i f i c a t i o n s 

was determined (Table 2 ) . 

2) Determination of p r o t e i n content 

The p r o t e i n content was estimated by the Folin-Ciocalteau 

method (Lowry et al,1951), using bovine serum albumin as a standard p r o t e i n . 

(Methods, 11,2). Results showed t h a t the f i n a l stage of p u r i f i c a t i o n gave 

a sample which was 70-75% p r o t e i n as judged by t h i s method. Examination 

of an e a r l i e r stage, during the U l s t e r Prince p u r i f i c a t i o n gave 53% 

p r o t e i n (Table 3 ) . This was a f t e r gel f i l t r a t i o n on Sephadex G-25 i n 

50mM-NH HCO and although the sample had been l y o p h i l i z e d , redissolved 

i n d i s t i l l e d water and freeze d r i e d again t h i s could be due t o the presence 

of some r e s i d u a l s a l t . 

3) Molecular weight determination 

The molecular weight was determined by gel f i l t r a t i o n using 

Sephadex G-50 (Whitaker,1963) and Bio-Gel P30 (Pusztai & Watt, 1970). 

Both n a t i v e and reduced and S-carboxy-methylated CBI were run w i t h a 

v a r i e t y of standard p r o t e i n s and peptides (Table 4 ) . The void volume 

was determined using blue dextran. 

The molecular weight of n a t i v e CBI determined on Sephadex 

G-50 (Figure 12) was found t o be 2700-3000. This i s i n good agreement 

w i t h the molecular weight found by the same method by Ryan «rt a l (1974). 

However, the molecular weight determined on Bio-Gel P.30 i n 70% ( v / v ) 

formic a c i d was found to be considerably higher. (Figure 13). The 

molecular weight of n a t i v e CBI was c a l c u l a t e d as 3,700-4000 w h i l s t t h a t 

of the reduced and S-carboxymethylated p r o t e i n was found to be 4,100-

4,300. These l a t t e r f i g u r e s were seen to be i n e x c e l l e n t agreement w i t h 



TABLE 2. 

Dry weight determination 

% 
P u r i f i c a t i o n weight due 

to water 
Pentland D e l l 

P u r i f i c a t i o n 1 7.0 
Pu r i f i c a t i o n 2 6.5 

Ulster Prince 9.0 

TABLE 3. 

Determination of protein content 

. P r o t e i n Pur i f i c a t i o n . .* content 

Pentland Dell 
P u r i f i c a t i o n 1 after high voltage 

paper electrophoresis. 72% 
Pu r i f i c a t i o n 2 after high voltage 

paper electrophoresis. 74% 

Ulster Prince 
After G-25 chromatography. 53% 
After high voltage paper electrophoresis 70% 

*Protein content estimated by method 
of Lowry et j a l . (1951) . 



TABLE 4. 

Molecular weights of standard proteins 
and peptides 

Proteis/peptiae 

Bacitr a c i n 1411 
In s u l i n A chain 2500 
Myo-5* 2576 
In s u l i n B chain 3600 
I n s u l i n 5730 
Myo-4* 6416 
Tryp s i n / k a l l i k r e i n inhibitor 6518 
Tryp-3 + 6778 
Lima bean trypsin inhibitor 9195 
Tryp-1 + 9383 
Plastocyanin 10500 
Cytochrome c 12400 
RNase 13683 
Lysozyme 14314 
Myo-1* 15638 

*Peptides formed from cleavage of sperm whale 
myoglobin by cyanogen bromide (Kasper, 1970). 

Peptides formed from cleavage of trypsin by 
cyanogen bromide (Kasper, 1970). 



FIGURE 12. 

Estimation of the molecular weight of CBI. 

A column (1 cm x 180 cm) of Sephadex G-50 in 

10 mM-NĤ HC03 was used. Samples, 2-6 mg in 0.5-

1 ml buffer, were chromatographed, fractions (1.1 

ml) were collected at a flow rate of 6 ml/h. Void 

volume was determined using Dextran Blue 2000. 

1, Bacitracin; 2, i n s u l i n A chain; 3, i n s u l i n 

B chain; 4, i n s u l i n ; 5, cytochrome c. 

Ve i s the elution volume of the protein tested 

and Vo i s the void volume. The arrow indicates the 

value obtained for CBI. 
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FIGURE 13. 

Estimation of the molecular weight of CBI. 

A column (1 cm x 180 cm) of Bio-gel P30 in 70% 

(v/v) formic acid was used. Samples, 2-6 mg in 

0.5 ml formic acid were chromatographed, fractions 

(1.1 ml) were collected at a flow rate of 6 ml/h. 

The void volume was determined using Dextran Blue 

2000. — • — native proteins; — O — reduced and S-

carboxymethylated proteins and fragments derived from 

cleavage with cyanogen bromide. 

1, myo-1; 2, lysozyme; 3, RNase; 4, cytochrome 

c; 5, plastocyanin; 6, tryp-1; 7, lima bean trypsin 

i n h i b i t o r ; 8, tryp-3; 9, t r y p s i n A a H e r e i n in h i b i t o r ; 

10, myo-4; 11, i n s u l i n ; 12, i n s u l i n B chain; 

13, myo-5. 

Ve i s the elution volume of the protein tested 

and Vo i s the void volume. The arrows indicate the 

values obtained for CBI. 
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the minimum molecular weight c a l c u l a t e d from amino acid analyses (4,305) 
Results I I I . l ) . 

4) Carbohydrate determination 

The monosaccharide composition of CBI was determined by the 

g a s - l i q u i d chromatographic method of Clamp e t j»l (1971) a f t e r methanolysis 

of freeze d r i e d samples a t 90°C under n i t r o g e n . 

The r e s u l t s obtained showed t h a t there was none or very l i t t l e 

carbohydrate associated -with CBI. The small amounts of xylose, mannose, 

galactose and glucose found during analysis were a t t r i b u t e d t o contaminants 

e i t h e r from the column eluate or from the paper used i n e l e c t r o p h o r e s i s . 

Control a n a l y s i s of paper washings gave these 4 sugars and i t was t h e r e f o r e 

assumed t h a t the sugars were contaminant's from the preparation of the 

p r o t e i n and not an i n t e g r a l p a r t of the p r o t e i n i t s e l f . 

5) I s o e l e c t r i c p o i n t determination 

The i s o e l e c t r i c p o i n t (pi*) was determined using the method 

of Wrigley (1971). A p r e l i m i n a r y run was c a r r i e d out using ampholytes 

g i v i n g a pH range of 3-10. This allowed a rough determination of the p i , 

t h e r e f o r e p e r m i t t i n g a more accurate r e s o l u t i o n using ampholytes w i t h a 

range of 2-3 pH u n i t s . 

U n f o r t u n a t e l y , although i t was possible t o o b t a i n a reproducible pH 

gradient throughout the g e l s , problems were encountered i n l o c a t i n g the 

p r o t e i n . The p r o t e i n was p r e c i p i t a t e d w i t h 5% (w/v) t r i c h l o r o a c e t i c a c i d 

(TCA) and the gels g e n t l y a g i t a t e d w i t h 8 changes of TCA a t 1-4 hour 

i n t e r v a l s t o remove ampholytes. The p r o t e i n was then stained w i t h 1 % 

(w/v) amido black i n 7% (v/v) a c e t i c a c i d . This method appeared t o be 

unsuccessful as no p r o t e i n band was detected a f t e r e i t h e r TCA p r e c i p i t a t i o n 

or p r o t e i n s t a i n i n g w i t h amido black. Attempts t o s t a i n the g e l w i t h o u t 

p r i o r removal of the ampholytes (Awdeh, 1968) also f a i l e d . The p r o t e i n 

was f i n a l l y l o c a t e d by scanning the gel a t 265nm. Although the ampholytes 

gave v a r i a b l e absorbance along the g e l , t h i s was c onsistent from gel t o g e l . 

A p i of approximately pH 5.0 was obtained when ampholytes of the range 

of pH 3 - pH 10 were used. Further experiments using the pH range 4-6 



FIGURE 14. 

Determination of the i s o e l e c t r i c point of CBI. 

Electrophoresis was carried out in gels (0.8 cm 

x 8 cm) containing 7%% acrylamide, 1% c a r r i e r ampholytes, 

pH 3-10. 0.5 mg of protein in 2% c a r r i e r ampholytes 

in 20% sucrose were electrophoresed at a current of 

2 m Amps/gel u n t i l a voltage of 300 V was obtained and 

t h i s voltage was then maintained for 8 h. 

densitometer trace at 265 nm; —• pH gradient. 

FIGURE 15. 

Determination of the i s o e l e c t r i c point of CBI. 

As above, only difference being that ampholytes 

in the range pH 4-6 were used. 
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gave a p i f o r CBI of pH *r99 (Figures 14 and 15). 
6) Preliminary k i n e t i c studies 

a) Carboxypeptidase A. 

For a given set of experiments a stock s o l u t i o n of 

carboxypeptidase A (CBA) was used. The.enzyme a c t i v i t y of the CBA was 

determined under standard co n d i t i o n s p r i o r to a day's experimentation and 

again at the end of the work to a s c e r t a i n t h a t there had been no change 

i n a c t i v i t y . 

The method used to determine the a c t i v i t y was t o monitor the change 

i n absorption a t 259nm over 3 minutes on the a d d i t i o n o f 100 jul of CBA 

s o l u t i o n t o 2.9ml of ImM-hippuryl-L-phenylalanine i n Tris/NaCl b u f f e r , 

pH 7.5 at 25°C. A minimum of 3 assays were c a r r i e d out before and a f t e r 

experimentation. 

P r e l i m i n a r y i n v e s t i g a t i o n s were c a r r i e d out t o determine optimum 

condi t i o n s f o r these studies- ^ince CBA had been shown (Neurath & Schwert, 

1950; Riordan & Vallee, 1963) t o have an optimum a c t i v i t y i n the region 
o 

of pH 7.5 and 25 C these parameters were chosen. The amount of CBI 
_g 

capable of i n h i b i t i n g CBA (2.9 x 10 M) by approximately 60% was determined 
-7 -7 

(Figure 16). CBI concentrations ranging from^<2^)x 10 M t o Q^AHTX. 10 M 

were used f o r f u r t h e r experimentation. 

CBA was pre-incubated f o r various times w i t h CBI and the degree of 

i n h i b i t i o n recorded (Figure 17). The CBI appears t o reach maximum 

i n h i b i t i o n a f t e r 2 minutes and i n f u r t h e r experiments the CBI and CBA 

s o l u t i o n s were r o u t i n e l y incubated together f o r 5 minutes p r i o r t o 

a d d i t i o n to the s u b s t r a t e . 

The type of i n h i b i t i o n of CBA h y d r o l y s i s of hippuryl-L-phenylalanine 

(1.5 x 10"4M to 1 x 10~3M) by CBI" (1.9 x 10"7M to 3.9 x 10~7M) was 

determined using the double r e c i p r o c a l p l o t of i n i t i a l v e l o c i t y versus 

substrate concentration (Lineweaver & Burk, 1934), (Figure 18). This 

showed c l a s s i c a l non-competitive i n h i b i t i o n . However, i t i s g e n e r a l l y 

accepted t h a t i n h i b i t i o n of enzymes by p r o t e i n i n h i b i t o r s i s competitive 



FIGURE 16. 

Effe c t of in h i b i t o r concentration on the degree 

of inhibition of CBA. 

The inhi b i t i o n of the CBA (2.9 x 10~ 8 H) 
_3 

hydrolysis of hippuryl-L-phenylalanine (0.5 x 10 M) 
_Q 

by various concentrations of CBI (0.15 x 10 to 

8.8 x l o " 7 M) were recorded at 25°C and pH 7.5. 

FIGURE 17. 

Effec t of the time of incubation of CBI with 

CBA. 

CBI (2.9 x 10~ ? M —O— ; 1.8 x 10~ ? M — • — ) f 

were preincubated with CBA (2.9 x 10 M) for varying 

times and the degree of inhibition was recorded using 
-3 

hippuryl-L-phenylalanine (1 x 10 M) as substrate. 
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i n nature (Tschesche, 1974; Laskowski J r . & Sealock, 1971). Thie 

experiment was the r e f o r e repeated, but the enzyme and i n h i b i t o r were not 
i 

pre-incubated together p r i o r t o a d d i t i o n t o the su b s t r a t e . The CBA 

and CBI were added simultaneously, w i t h s t i r r i n g , t o the substrate, and 

the r e a c t i o n monitored immediately. This method gave competitive 
-7 

i n h i b i t i o n (Figure 19). The approximate was c a l c u l a t e d as 1 x 10 M. 

Further experiments were then c a r r i e d out t o determine the e f f e c t 

of pH and temperature on t h i s sjstem. 

( i ) E f f e c t of temperature 

The r a t e of r e a c t i o n of the CBA h y d r o l y s i s of h i p p u r y l - L -

phenylalanine, both w i t h and without CBI, was followed a t temperatures 

ranging from 20°C to 60°C (Figures 20 and 21). This showed the expected 

increase of i n i t i a l v e l o c i t y w i t h increase i n temperature. At the higher 

temperatures, 50-60°C, the o v e r a l l r a t e of r e a c t i o n decreased, presumably 

due t o denaturation of the pr o t e i n s at these higher temperatures. Since 
o 

CBI i s r e s i s t a n t t o temperatures up t o 80 C, the f a l l i n r a t e i s probably 
due t o a combination of denaturation of CBA and a concomitant f a l l i n a c t i v i t y , 
coupled w i t h the continued 

/ a c t i v i t y of CBI. This was also seen when r e s u l t s were p l o t t e d of i n i t i a l 

v e l o c i t y and maximum v e l o c i t y f o r both i n h i b i t e d and u n i n h i b i t e d r e a c t i o n s . 

I n both cases, the i n i t i a l v e l o c i t y showed an increase w i t h an increase i n 

temperature, w h i l s t f o r maximum v e l o c i t y , t h a t of CBA reached a peak: at 
o 

approximately 50-60 C w h i l e the e f f e c t on the i n h i b i t e d r e a c t i o n was a 

continued increase up t o 60°C (Figure 22). This tends t o imply t h a t 

w h i l s t heat reduces the maximum v e l o c i t y of CBA alone, when combined w i t h 

i n h i b i t o r t h i s causes some s t a b i l i z a t i o n of CBA, w h i l s t s t i l l p e r m i t t i n g 

some h y d r o l y s i s of hippuryl-L-phenylalanine. 

Determination o f the and Km at various temperatures showed an 

increase i n both w i t h an increase i n temperature (Figure 23). The 

increased r a p i d l y as the temperature rose. These r e s u l t s , however, are 

not conclusive since no attempt was made to determine the extent of 

d e n a t u r a t i o n due t o the r i s e i n temperature. This could have been 



FIGURE 18. 

Lineweaver/Burke plot of the inhi b i t i o n of CBA 

hydrolysis of hippuryl-L-phenylalanine. 

The double-reciprocal plot of the hydrolysis of 
-4 -3 hippuryl-L-phenylalanine (1.5 x 10 to 1 x 10 M) by 

—8 
CBA (2.9 x 10 M) , alone — o — and after 5 min. 

_7 

incubation with 1.9 x 10 M CB1 A — , or 3.9 x 

10~ 7 M CB1 — • — . Temperature 25°C and pH 7.5. 

(Graphs, constructed using method of Snedecor and 

Cochran, 1967). 

FIGURE 19. 

Lineweaver/Burke plot of the inhibition of CBA 

hydrolysis of hippuryl-L-phenylalanine. 

The double-reciprocal plot of the hydrolysis of 
-4 -3 hippuryl-L-phenylalanine (1.5 x 10 to 1 x 10 M) by 

—8 
CBA (2.9 x 10 M), alone — o — or when added 

_7 

simultaneously with 1.9 x 10 M CBl A — or 

3.9 x l O - 7 M CBI • — . Temperature 25°C and pH 7.5. 

(Graphs constructed using method of Snedecor. and 

Cochran, 1967). 
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FIGURE 20. 

Ef f e c t of temperature ( i ) . 

The ef f e c t of temperature (20-60°C) on the CBA 
_g 

(3.3 x 10 M) hydrolysis of hippuryl-L-phenylalanine 
-3 

(1 x 10 M) was followed from 0 to 5 min. at pH 

7.5. 

FIGURE 21. 

Ef f e c t of temperature ( i i ) . 

The effect of temperature (20-60°C) on the 

hydrolysis of hippuryl-L-phenylalanine (1 x 10 M) 
-7 

was recorded. Inhibitor (1.9 x 10 M) and CBA 
—8 

(3.3 x 10 M) were added simultaneously to the substrate 

and the rate of reaction was followed for 5 min. at 

pH 7.5. 
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FIGURE 22. 

Ef f e c t of temperature ( i i i ) . 

The effect of temperature (20-60°C) on both 

the i n i t i a l v e l o c i t y and maximum veloc i t y of the CBA 
—8 

(3.3 x 10 M) hydrolysis of hippuryl-L-phenylalanine 

(1 x l o " 3 M) both with inhibitor (1.9 x l c f 7 M) and 

without was determined. 
—o--- — • — i n i t i a l velocity, with inhibitor 

and without. 

A — A maximum velocity, with inhibitor 
and without. 
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accomplished by incubating the various s o l u t i o n s at the r e q u i r e d 
temperature f o r a given time and then c o o l i n g to 25°C and a s s a y i n g the 
degree of a c t i v i t y remaining. Arrhenius p l o t s gave the energy f o r 
a c t i v a t i o n , E, f o r the i n h i b i t e d r e a c t i o n as 4,500 j/mole (1,000 > c a l / 
mole) see f i g u r e 24. 

i i ) E f f e c t of pH 

P r e l i m i n a r y i n v e s t i g a t i o n s i n t o the e f f e c t of pH on the a c t i v i t y 

of CBI were c a r r i e d out over the range pH5 - pH9. Determination of 

optimum pH f o r both the i n h i b i t e d and uninhibited r e a c t i o n s gave r e s u l t s 

i n the region of pH' 7.0 - pH 8.0 ( F i g u r e 2 5 ) . As with determination of 

optimum temperature f o r these r e a c t i o n s , t h i s could be misleading s i n c e 

the decrease i n a c t i v i t y could be due to d e n a t u r a t i o n r a t h e r than an 

a c t u a l r e d u c t i o n i n a c t i v i t y . The e f f e c t could have been determined 

by i n c u b a t i o n a t the d e s i r e d pH and then a d j u s t i n g to a standard pH f o r 

measurement of a c t i v i t y . 

R e s o l u t i o n of both Km and Ki at v a r i o u s pH v a l u e s showed an optimum 

for both r e a c t i o n s i n the region of pH 7.5. ( F i g u r e 2 6 ) . 

b) Carboxypeptidase C. 

The e f f e c t of CBI on carboxypeptidase C (CBC) was determined 

q u a l i t a t i v e l y . The cleavage of carbobenzoxyleucyl-L-phenylalanine by 

CBC was followed by the e s t i m a t i o n of l i b e r a t e d phenylalanine using the 

n i n h y d r i n method (Methods 11,6). Varying c o n c e n t r a t i o n s of CBI were 

pre-incubated with standard amounts of CBC and added to the s u b s t r a t e 

f o r 15 minutes and 30 minutes. The amount of phenylalanine r e l e a s e d was 

determined by comparison with a c a l i b r a t i o n curve (Table 5 ) . From these 

r e s u l t s i t i s seen that CBI appears to have no e f f e c t as judged by the 

assay system used. 



FIGURE 23. 

Eff e c t of temperature ( i v ) . 

The Km of the CBA (3.3 x 10~ 8 M) hydrolysis of 
-3 

hippuryl-L-phenylalanine (1 x 10 M) and the Ki of 
-7 

the CBl (1.9 x 10 M) inhibited reaction was determined 

at a variety of temperatures, 20-60°C, at pH 7.5. 

Figures calculated from double-reciprocal plot of 

i n i t i a l v e l o c i t y against substrate concentration at the 

given temperature. 

FIGURE 24. 

Arrhenius plot. 
1 5 

An Arrhenius plot (log i n i t i a l v e l o c i t y v - Q x 10 ) 
_ 7 

was determined for the CBI (1.9 x 10 M) inhibited 
reaction of the CBA (3.3 x l o " 8 M) hydrolysis of 

-3 

(1 x 10 M) hippuryl-L-phenylalanine. (Graph constructed 

using method of Snedecor and Cochran, 1967). 
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FIGURE 25. 

Ef f e c t of pH ( i ) . 

The ef f e c t of pH (5-9) on the i n i t i a l v e l o c i t y 
—8 

of the CBA (3.3 x 10 M) hydrolysis of hippuryl-L-

phenylalanine (1 x l o " 3 M) both with CBI (1.9 x 

10 M) — — o — and without — • — was determined at 

25°C. 

FIGURE 26. 

E f f e c t Of pH ( i i ) . 

The Kn of the CBA (3.3 x 10~ 8 M) hydrolysis of 
_3 

hippuryl-L-phenylalanine (1 x 10 M) and the Ki of 
_7 

the CBI (1.9 x 10 M) inhibited reaction was determined 

at a variety of pH values at 25°C. Figures calculated 

from double-reciprocal plots of i n i t i a l v e l o c i t y 

against substrate concentration at a given pH value. 
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TABLE 5. 

E f f e c t of CBI on the carboxypeptidase C 
hydrolysis of carbobenzoxyleucyl-L-phenylalanine 

umoles of umoles of Time of umoles 
CBC CBI incubation phenylalanine 
(xlO 3) (xlO 3) (min.) released 

6.96 0 15 0.25 
6.96 0 30 0.27 

6.96 0.044 15 0.23 
6.96 0.044 30 0.25 

6.96 0.44 15 0.23 
6.96 0.44 30 0.25 

6.96 4.40 15 0.23 
6.96 4.40 30 0.24 

6.96 44.0 15 0.26 
6.96 44.0 30 0.23 



-51-

D i s c u s s i o n 

The molecular weight of the i n h i b i t o r was determined by gel f i l t r a t i o n . 

Two d i f f e r e n t systems were used and a r e l a t i v e l y wide range of molecular 

weight was estimated. T h i s discrepancy can be accounted for by c o n s i d e r a t i o n 

of the s t r u c t u r e of the carboxypeptidase i n h i b i t o r . S i n c e the r a t e of 

e l u t i o n from g e l columns i s governed not only,.by molecular weight but by 

molecular shape as w e l l , f a c t o r s governing t h i s l a t t e r f a c t o r were examined. 

The s m a l l e s t e s t i m a t i o n gave a molecular weight of 2,700-3,000. T h i s was 

determined using a column of Sephadex G-50 and a mild b u f f e r , 50mM-ammonium 

bicarbonate. T h i s would not be expected to d i s r u p t the t e r t i a r y s t r u c t u r e 

of the p r o t e i n to any great e x t e n t . The l a t e r d i s c o v e r y that the p r o t e i n 

contained 6 c y s t e i n e molecules, a l l of which were involved i n d i s u l p h i d e 

bond formation, l e a d to the c o n c l u s i o n that the p r o t e i n e x i s t e d i n a 

t i g h t l y c o i l e d form. T h i s would t h e r e f o r e account f o r the proposed under

estimate of the molecular weight u s i n g t h i s system. T h i s r e s u l t i s 

s i m i l a r to that reported by Ryan e_t j J l (1974)who estimated the molecular 

weight to be 3100 - 300. Fur t h e r i n v e s t i g a t i o n s were c a r r i e d out using 

70% ( v / v ) formic a c i d as the e l u a n t . T h i s would serve to denature the 

pr o t e i n to some extent and i t i s known that the p r e c i s i o n of molecular 

weight determinations i s improved using denaturing s o l v e n t s which convert 

polypeptides to t h e i r random chain or extended forms. When the t e r t i a r y 

s t r u c t u r e , of the i n h i b i t o r and the standard p r o t e i n s , was f u l l y 

d i s r u p t e d by reduction and S-carboxymethylation, g e l f i l t r a t i o n i n 70% 

( v / v ) formic a c i d y i e l d e d molecular weight e s t i m a t e s which were i n 

e x c e l l e n t agreement with the minimum molecular weight c a l c u l a t e d from 

the amino a c i d a n a l y s e s ( R e s u l t s I I I . l ) . 

I n common with most other p r o t e i n a s e i n h i b i t o r s from p l a n t s , the 

carboxypeptidase i n h i b i t o r did not appear to be i n a s s o c i a t i o n with any 

carbohydrate. One of the few exceptions reported so f a r i s the i n h i b i t o r 

from the navV'oean, Phaseolus v u l g a r i s , which c o n t a i n s 1.7 moles mannose-
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e q u i v a l e n t s . (Wagner &. Riehm, 1967). Although small amounts of mannose 
were found during a n a l y s e s of CBI, these were c o n s i s t e n t with contamination 
from p u r i f i c i a t i o n techniques. 

Of the i s o e l e c t r i c points which have been determined f o r p l a n t protease 

i n h i b i t o r s , the m a j o r i t y are found to be i n the a c i d i c range, the values 

varying, however, from pH3.6 - pH8.6 (Fraenkel-Conrat £t a l , 1952; Green 

& Neurath,1954; K u n i t z , 1946; Sugiiira e t al, 1973, Chu & Chi, 1965, 

Betz e_t £1,1974, Sohonie £t £1,1959) The i s o e l e c t r i c point of CBI was 

a l s o found to be a c i d i c . 

There are a number of p o s s i b i l i t i e s f o r the d i f f i c u l t i e s encountered 

i n l o c a t i n g the i n h i b i t o r on the g e l . Some p r o t e o l y t i c i n h i b i t o r s are 

known to be r e s i s t a n t to t r i c h l o r o a c e t i c a c i d (TCA) treatment and do not 

p r e c i p a t e . (Lineweaver & Murray, 1947; Kunitz & Northrop. 1936; 

Laskowski Sr. & Wu,1953; Vogel e t £1,1968). The i n h i b i t o r i n t h i s 

study did not appear to p r e c i p i t a t e with the TCA and i t i s thought t h a t 

during washing of the g e l s the p r o t e i n was e l u t e d with the ampholytes 

and t h e r e f o r e no p r o t e i n band was detected on s t a i n i n g w i t h amido-black. 

No e x p l a n a t i o n can be given f o r the l a c k of s t a i n i n g with bromophenol 

blue. 

The k i n e t i c experiments were of a very p r e l i m i n a r y nature and tended 

to show more avenues f o r c o n t i n u i n g r e s e a r c h r a t h e r than r e s u l t s . 

However, a number of i n t e r e s t i n g r e s u l t s were obtained which bear 

d i s c u s s i o n . 

F i r s t l y , the purely q u a l i t a t i v e o bservation that CBI i n h i b i t s 

carboxypeptidases of mammalian o r i g i n e.g. CBA but appears to have no 

e f f e c t on a p l a n t carboxypeptidase, CBC. As mentioned i n the i n t r o d u c t i o n 

the mammalian carboxypeptidases are m e t a l l o p r o t e i n s w h i l s t those from 

p l a n t s are s e r i n e proteases which are i n h i b i t e d by diisoproply 1 

fluorophosphate (DFP). I t would ther e f o r e seem n a t u r a l that they a c t 

i n d i f f e r i n g ways and that p o s s i b l y CBI a c t s i n somei way a f f e c t i n g the 
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metal i o n . However, Ryan e t j»l (1974) have recorded the a c t i v i t y of 

CBI with a v a r i e t y of carboxypeptidases and f i n d that i t does not 

i n h i b i t the s e r i n e carboxypeptidases t e s t e d , but a l s o a number of 

metallocarboxypeptidases were u n a f f e c t e d . Recent work by Ryan and 

co-workers (Hass et a_l,1976ai Ako et a l , 1976) on the mechanism of 

a c t i o n of the i n h i b i t o r - c a r b o x y p e p t i d a s e A complex have l e a d to the 

beginnings of an understanding of the mechanism of i n h i b i t i o n of t h i s 

i n h i b i t o r . 

The other main point of i n t e r e s t was the apparently d i f f e r e n t type 

of i n h i b i t i o n observed depending upon whether the i n h i b i t o r and enzyme 

were pre-incubated together or not p r i o r to a d d i t i o n to the s u b s t r a t e . 

Non-competittve i n h i b i t i o n has been reported f o r some protease i n h i b i t o r s . 

(Ramirez & M i t c h e l l , 1960; Sakato e t al,1975; Betz et j a l , 1974; Rodis, 

1974). T h i s type of i n h i b i t i o n i s seen to occur i f the 1/Km f o r the 

s u b s t r a t e i s very much s m a l l e r than the Kassoc (Green, 1957) or i f the 

d i s s o c i a t i o n of the enzyme-inhibitor complex i s so slow that e q u i l i b r i u m 

i s not reached w i t h i n the period of measurements (Laskowski J r . & Sea lank 

1971). Another p o s s i b i l i t y i s that although the i n h i b i t o r may bind to 

the ' a c t i v e s i t e ' of CBA i t i s p o s s i b l e that i t does not completely 

~block the whole s i t e . The use of a s m a l l , s y n t h e t i c s u b s t r a t e l i k e 

h i p p u r y l - L - p h e n y l a l a n i n e may mean th a t the CBA i s able to hydrolyse 

the s u b s t r a t e , though at a reduced r a t e . T h i s would give non-competitive 

r e s u l t s by a f f e c t i n g the v e l o c i t y of the r e a c t i o n , w h i l s t maintaining the 

same a f f i n i t y of the enzyme f o r the s u b s t r a t e . T h i s idea tends to be 

supported by the observation t h a t the CBA when incubated w i t h GBI i s 

able to hydrolyse h i p p u r y l - L - p h e n y l a l a n i n e at higher temperatures and 

at a g r e a t e r r a t e , than alone. However, f u r t h e r work i s r e q u i r e d to 

e l u c i d a t e these f a c t o r s . 
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I I I P r o t e i n sequence determination 

R e s u l t s 
I ) Ami no .->cid composition 

The amino a c i d composition was determined q u a n t i t a t i v e l y as i n methods 

(111,6). C y s t e i n e was determined as c y s t e i c a c i d f o l l o w i n g performic a c i d 

o x i d a t i o n and gave 5.7 - 6.6 moles/mole p r o t e i n . Tryptophan was c a l c u l a t e d 

s p e c t r o p h o t o m e t r i c a l l y a s 0 . 9 8 - 1 . 1 moles/mole p r o t e i n and c h e m i c a l l y as 

1.6 - 1.7 moles/mole p r o t e i n . The former estimate tends to g i v e low 

values f o r tryptophan (Leggett-Bailey, 1967). ( T a b l e s 6 and 7) 

2)N-terminal and C-terminal a n a l y s i s of t o t a l p r o t e i n 

Samples of the i n h i b i t o r from both Pentland D e l l and U l s t e r P r i n c e 

were su b j e c t e d to N-terminal a n a l y s i s using the dansyl-Edman method. 

Neith e r p r o t e i n y i e l d e d an N-terminal amino a c i d a f t e r d a n s y l a t i o n and 

subsequent h y d r o l y s i s although both gave high y i e l d s of the d a n s y l 

d e r i v a t i v e s of OH-tyrosine and E-fysine. The t o t a l p r o t e i n , both n a t i v e 

and reduced and S-carboxymethylated, was a l s o r e s i s t a n t to Edman 

degradation. Considering these r e s u l t s i t was concluded that the 

p u r i f i e d p r o t e i n had a blocked N-terminus, e i t h e r due to the p u r i f i c a t i o n 

methods or p o s s i b l y as the n a t u r a l s t a t e of the p r o t e i n . \ 

C-terminal a n a l y s i s was c a r r i e d out using carboxypeptidase A (CBA). 

As expected, i n c u b a t i o n of the n a t i v e i n h i b i t o r with CBA f o r v a r y i n g 

times up to 4 days y i e l d e d no h y d r o l y s i s as determined by d a n s y l a t i o n of 

l i b e r a t e d amino a c i d s . D i g e s t i o n of reduced and S-carboxymethylated 

CBI f o r 4 hours followed by d a n s y l a t i o n of the products y i e l d e d g l y c i n e , 

t y r o s i n e and v a l i n e . T h i s showed that reduction and S-carboxymethylation 

a b o l i s h e d the i n h i b i t o r y a c t i v i t y . Timed d i g e s t i o n with CBA gave the 

f o l l o w i n g C-terminus:-

TYR - VAL - GLY 

(see Table 8) 

Prolonged d i g e s t i o n with CBA d i d not y i e l d any f u r t h e r amino a c i d s 

suggesting that the residue preceding t y r o s i n e was r e s i s t a n t to a t t a c k 

by CBA, t h e r e f o r e l i k e l y to be p r o l i n e , a r g i n i n e or l y s i n e . 
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TABLE 8. 

Carboxypeptidaae A digestion of 
reduced and S-carboxymethylated OBI. 

Time of Liberated Semi-quantitative 
incubation . , estimation of liberated .... . amino acid . . _ * (Min.) amino acids 

0.25 Gly ? 

1.0 Gly + 

5.0 Gly ++ 
Val ++ 

10.0 Gly 
Val 
Tyr 

+++ 
+++ 
+++ 

4 h Gly 
v a l 
Tyr 

+++ 
+++ 
+++ 

*Amino acids estimated by intensity of 
dansyl-derivative on polyamide sheet 
chromatography. 
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3 ) T r i a l d i g e s t i o n s w i t h p r o t e o l y t i c enzymes 

T r i a l d i g e s t i o n s , u s i n g b o t h n a t i v e and reduced and S-carboxymethylated 

CBI, w i t h a v a r i e t y o f p r o t e o l y t i c enzymes were c a r r i e d o u t (see Table 9 ) . 

A p p r o x i m a t e l y 0.5 mg o f CBI was d i s s o l v e d i n 1 ml o f 20% ( v / v ) p y r i d i n e 

and l O O M l a l i q u o t s t r a n s f e r r e d t o Durham t u b e s . These were d r i e d i i i vacuo 

o v e r NaOH and then taken up i n w a t e r and d r i e d a g a i n t o remove any r e s i d u a l 

p y r i d i n e . A s o l u t i o n o f enzyme i n the a p p r o p r i a t e b u f f e r (see Methods, 

I I I , 2 a ) was added t o g i v e a f i n a l e n z y m e : p r o t e i n r a t i o o f a p p r o x i m a t e l y 1:50. 

The tubes were s e a l e d w i t h ' p a r a f i l m * and t h e r e a c t i o n was a l l o w e d t o 

proceed f o r 5 hours a t 37°C and was then t e r m i n a t e d by d r y i n g in vacuo 

o v e r NaOH. 

The r e s u l t i n g p e p t i d e s were 'dansylated' (methods, I I I , 8 a ) and h y d r o l y s e d 

w i t h 5.7 N-HCl f o r 10 hours a t 105°C. The r e s u l t i n g dansyl-amino a c i d s 

were d e t e r m i n e d by chromatography on polyamide s h e e t s . 

The r e s u l t s showed t h a t n a t i v e CBI was r e s i s t a n t t o h y d r o l y s i s by b o t h 

c h y m o t r y p s i n and t r y p s i n . Reduced and S-c a r b o x y m e t h y l a t e d CBI appeared 

t o be d i g e s t e d t o v a r y i n g amounts by t h e f o u r enzymes t e s t e d . 

T r y p s i n appeared t o g i v e o n l y t h r e o n i n e as a newly l i b e r a t e d N - t e r m i n u s . 

Since the amino a c i d a n a l y s i s gave two l y s i n e and one a r g i n i n e r e s i d u e s and 

th e C-terminus had been fo u n d t o c o n t a i n n e i t h e r o f these amino a c i d s , 

i t was expected t h a t 3 amino a c i d s would be d e t e c t e d . I t was t h o u g h t , 

a t t h i s s t a g e , t h a t e i t h e r , the r e d u c t i o n and S - c a r b o x y m e t h y l a t i o n had been 

i n e f f i c i e n t , but t h i s was u n l i k e l y i n view o f t h e c h y m o t r y p s i n r e s u l t s , o r 

t h a t the p r o t e i n s t i l l possessed some t r y p s i n i n h i b i t o r y a c t i v i t y . 

L a t e r sequence r e s u l t s showed t h a t t h e 3 sequences around t h e t h r e e 

s u s c e p t i b l e r e s i d u e s were. 
10 , . ,11 l y s i n e - p r o l i n e 
1 3 *u 1 4 l y s i n e - t h r e o n i n e 

32 33 a r ; ; i n i n e - t h r e o n i n e 

The bond between r e s i d u e s 10 and 11 would be r e s i s t a n t t o h y d r o l y s i s by 

t r y p s i n (Smyth, 1967) and t h e r e f o r e t n r e o n i n e would be t h e o n l y newly 



TABLE 9. 

Digestion of reduced and S-carboxymethylated 
CBI with various proteolytic enzymes. 

„ . Chymo- Thermo- „ , Trypsin - t s £ a i n l y a i n Pepsin 

PRO ++ 
VAL ? + ++ + 
ILE ++ 
LEU 
PHE ++ +++ ++++ 
BIS-TYR ++ 
BIS-LYS + 
BIS-HIS 
ALA +++ ++ 
GLY + + +++ 
GLU ++ 
ASP + ++ 
THR + + 
SER 
ARG 
CYS ? 

Digestions carried out as i n Methods. 
Newly liberated amino acids determined by dansyl-

method. 
+ to ++++, degree of int e n s i t y of dansyl 

derivatives. 
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l i b e r a t e d amino a c i d . 

Pepsin was seen t o g i v e n e a r l y a l l p o s s i b l e amino a c i d s and was 

t h e r e f o r e t h o u g h t t o be t o o u n s p e c i f i c f o r p r e l i m i n a r y sequence work. 

Both c h y m o t r y p s i n and t h e r m o l y s i n gave few new N - t e r m i n a l amino a c i d s 

w h i c h suggested a re a s o n a b l e degree o f s p e c i f i c i t y , w h i c h would h o p e f u l l y 
i 
/ 

g i v e a number o f p e p t i d e s ; s u i t a b l e f o r sequencing. 

4 ) H y d r o l y s i s w i t h d i l u t e a c i d 
12mg. o f n a t i v e CBI, f r o m P e n t l a n d D e l l p o t a t o e s , were h y d r o l y s e d f o r 

o 

20 hours a t 105 C w i t h 0.03 N-HCl i n a p a r t i a l l y e v a c u a t e d , s e a l e d f l a s k . 

The p e p t i d e s were s e p a r a t e d by h i g h v o l t a g e paper e l e c t r o p h o r e s i s and 

where necessary by paper chromatography ( T a b l e 1 0 ) . 

P e p t i d e A l ( 1 - 4 ) (GLX-GLX-HIS-A1A 

A p e p t i d e w h i c h on t o t a l h y d r o l y s i s y i e l d e d g l u t a m i c a c i d , h i s t i d i n e 

and a l a n i n e was p u r i f i e d . T h i s was r e s i s t a n t t o Edman d e g r a d a t i o n and 

N - t e r m i n a l a n a l y s i s . Alghough the pH6.5 m o b i l i t y was c o n s i s t e n t w i t h 

t h e p e p t i d e h a v i n g a b l o c k e d N-terminus and n e i t h e r r e s i d u e 1 o r 2 h a v i n g 

a charge t h e pH 1.9 m o b i l i t y i s anomalous. A l t h o u g h t h e h i s t i d i n e r e s i d u e 

may be expected t o g i v e a s l i g h t b a s i c charge, t h e p e p t i d e s h o u l d m i g r a t e 

o n l y a s h o r t d i s t a n c e a t pH 1.9. 

P e p t i d e A2 (10-15) LYS-PRO-CYS-LYS-THR-HIS 

N - t e r m i n a l a n a l y s i s and one Edman d e g r a d a t i o n gave t h e f i r s t two 

r e s i d u e s . The r e s u l t s o f a s e m i - q u a n t i t a t i v e amino a c i d a n a l y s i s , 

t o g e t h e r wi.th a c o n s i d e r a t i o n o f t h e e l e c t r o p h o r e t i c m o b i l i t y o f t h i s 

p e p t i d e suggested t h e presence o f two l y s i n e r e s i d u e s . 

P e p t i d e A2a (10-11) LYS-PRO 

D a n s y l a t i o n w i t h o u t h y d r o l y s i s a f t e r a s i n g l e Edman d e g r a d a t i o n 

s t e p gave d a n s y l - p r o l i n e . 

P e p t i d e A3 (30-32) SER-ALA-ARG 

A f t e r two Edman d e g r a d a t i o n s , d a n s y l a t i o n w i t h o u t h y d r o l y s i s c o n f i r m e d 

a r g i n i n e as t h e C - t e r m i n a l amino a c i d . 

P e p t i d e A4 (33-37) THR-CYS-GLY-PRO-TYR 

P e p t i d e A4a (33-35) THR -CYS- GLY 
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P e p t i d e A4b (35-36) GLY-PRO 

Pe p t i d e A5 (36-39) PRO- TYR-VAL-GLY 

Residues 36 and 37 wmo o n l y t e n t a t i v e l y i d e n t i f i e d . 

P e p t i d e A5a (38-39) VAL-GLY 

D i l u t e a c i d h y d r o l y s i s t h e r e f o r e y i e l d e d a few s m a l l p e p t i d e s . 

The m a j o r i t y o f the sequence was n o t foun d , p r o b a b l y due t o t h e use o f 

n a t i v e p r o t e i n . The h i g h p e r c e n t a g e o f c y s t e i n e r e s i d u e s , w h i c h were 

l a t e r seen t o form d i s u l p h i d e bonds, were t h o u g h t t o have caused 

c o m p l i c a t i o n s i n p u r i f i c a t i o n and subsequent Edman d e g r a d a t i o n . 



TABLE 10. 

Peptides from hydrolysis of carboxy-
peptidase inhibitor using dil u t e acid. 

Peptide/ Mobility Dansyl-Edman 
Position pH 6.5 pH 1.9 BAWP r e s u l t s 

Al ?1.3 ?1.4 - (GLX,HIS,ALA) 
(1-4) 

A2 1.77 1.02 - LYS-PR0-.(CYS,LYS,THR,HIS) 
(10-15) 7 7 

A2a 2.00 0.71 - LYS-PRO 
(10-11) 7 = * 

A3 1.2 1.2 - SER-ALA-ARG 
(30-32) 7 7 7 

A4 0 0.50 - THR-CYS-GLY- (PRO, TYR) 
(33-37) 9 "9 

A4a (neg) 0.60 0.33 THR-(CYS,GLY) 
(33-35) * 

A4b 0 0.70 GLY-(PRO) 
(35-36) 7 

A5 0 0.50 0.81 PRO-TYR-VAL-GLY 
(36-39) "9 ~T 

A5a 0 0.87 0.37 VAL-GLY 
(38-39) ' ' 
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5 ) D i g e s t i o n w i t h t h e n n o l y s i n 
a ) P e n t l a n d D e l l 

Two s e p a r a t e d i g e s t i o n s , u s i n g a t o t a l o f 30 mg o f reduced and S-

c a r b o x y - m e t h y l a t e d C B I w e r e c a r r i e d o u t as i n methods (Methods, 111,1). 

The r e s u l t i n g p e p t i d e s were s e p a r a t e d by h i g h v o l t a g e paper e l e c t r o p h o r e s i s 

and paper chromatography. Table 11 g i v e s t h e p u r i f i e d p e p t i d e s 

t o g e t h e r w i t h t h e i r e l e c t r o p h o r e t i c and c h r o m a t o g r a p h i c m o b i l i t i e s and 

sequence d a t a . F i g u r e 27 shows t h e p o s i t i o n o f t h e p e p t i d e s t o g e t h e r 

w i t h sequence i n f o r m a t i o n . 

P e p t i d e T h l . ( 1 - 3 ) GLX-GLX-HIS 

T h i s p e p t i d e was p u r i f i e d i n r e l a t i v e l y low y i e l d s , as e s t i m a t e d 

by t h e i n t e n s i t y o f d a n s y l d e r i v a t i v e s f r o m a l i q u o t s o f t h e p e p t i d e and 

t h e r e f o r e subsequent a n a l y s i s was l i m i t e d . I t was found t o be r e s i s t a n t 

t o N - t e r m i n a l a n a l y s i s u s i n g t h e d a n s y l - c h l o r i d e method and a l s o t o 

Edman d e g r a d a t i o n . I t was t h e r e f o r e deduced t h a t t h i s p e p t i d e had a 

block e d N - t e rminus and s i n c e t he t o t a l p r o t e i n was a l s o r e s i s t a n t t o 

dansyl-Edman a n a l y s i s , t h i s p e p t i d e was p l a c e d a t t h e N-t e r m i n u s . Semi

q u a n t i t a t i v e amino a c i d a n a l y s i s y i e l d e d g l u t a m i c a c i d and h i s t i d i n e . 

C a r b o x y p e p t i d a s e A d i g e s t i o n was i n c o n c l u s i v e , y i e l d i n g o n l y a t e n t a t i v e 

b i s - d a n s y l - h i s t i d i n e a f t e r p r o l o n g e d (24 h o u r s ) d i g e s t i o n , f o l l o w e d by 

d a n s y l a t i o n o f t h e p r o d u c t s . A q u a n t i t a t i v e amino a c i d a n a l y s i s c o u l d 

n o t be c a r r i e d o u t due t o l a c k o f m a t e r i a l . 

P e p t i d e Th2 (4-15) ALA-ASP-PRO-ILE -CY6-ASX-LYS-PR0-CYS-LYS-THR-HIS 

Dansyl-Edman a n a l y s i s became i n c o n c l u s i v e a f t e r seven s t e p s o f 

d e g r a d a t i o n . Residues 12 and 13 were p l a c e d by c o n s i d e r a t i o n o f 

p e p t i d e s Th2b and Th2e t o g e t h e r w i t h s e m i - q u a n t i t a t i v e a m i n o - a c i d a n a l y s i s . 

Residues 14 and 15 were p l a c e d from p e p t i d e Th2g. 

P e p t i d e Th2a ( 4 - 5 ) ALA-ASP 

D a n s y l a t i o n w i t h o u t h y d r o l y s i s a f t e r a s i n g l e Edman d e g r a d a t i o n y i e l d e d 

d a n s y l - a s p a r t i c a c i d . T h i s , t o g e t h e r w i t h c o n s i d e r a t i o n o f t h e pH 6.5 

m o b l i i t y o f t h i s p e p t i d e , p l a c e d r e s i d u e 5 as a s p a r t i c a c i d . 
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P e p t i d e Th2b (6-15) PRO-ILE -CYS-ASX-LYS-PR'O-CYS-LYS-THR-HIS . 

T h i s p e p t i d e gave a p o s i t i v e r e a c t i o n w i t h t he Paul y r e a g e n t , thus 

i n d i c a t i n g t he presence o f h i s t i d i n e . Edman d e g r a d a t i o n was i n c o n c l u s i v e 

a f t e r r e s i d u e 13 and r e s i d u e s 14 and 15 were p l a c e d by e x a m i n a t i o n o f t h e 

s e m i - q u a n t i t a t i v e amino a c i d a n a l y s i s and p e p t i d e Th2 .g. The p e p t i d e 

was b a s i c w h i c h i n f e r r e d t h a t r e s i d u e 9 was a s p a r a g i n e , b u t t h i s was 

o n l y a t e n a t i v e ^ s u g g e s t i o n owing t o t h e problems o f i n t e r p r e t i n g t h e amide 

c o m p o s i t i o n o f p e p t i d e s c o n t a i n i n g h i s t i d i n e and c y s t e i n e . ( O f f o r d , 1966). 

P e p t i d e Th2c (6-10) PRO-ILE -CYS-ASN-LYS 

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

t h i s p e p t i d e on paper a t pH 6.5 i n d i c a t e d t h a t r e s i d u e 9 was a s p a r a g i n e , 

assuming C M - c y s t e i n e t o have a charge, a t t h i s pH, Of a p p r o x i m a t e l y - 1 . 

P e p t i d e Th2d ( 4 - 6 ) ALA-ASP-PRO 

D a n s y l a t i o n w i t h o u t h y d r o l y s i s a f t e r 2 Edman d e g r a d a t i o n s y i e l d e d 

d a n s y l - p r o l i n e . Residue 5 was c o n f i r m e d as a s p a r t i c a c i d f r o m m o b i l i t y 

d a t a . 

P e p t i d e Th2e (7-15) ILE -CYS-ASX-LYS-PRO-CYS-LYS-THR-HIS 

T h i s p e p t i d e gave a p o s i t i v e r e a c t i o n w i t h t h e Paul y r e a g e n t i n d i c a t i n g 

t h e presence o f h i s t i d i n e . Edman d e g r a d a t i o n was t e n t a t i v e beyond r e s i d u e 

11 and i n c o n c l u s i v e beyond r e s i d u e 13, t h e sequence b e i n g d e t e r m i n e d from 

s e m i - q u a n t i t a t i v e amino a c i d a n a l y s i s a n d comparison w i t h o t h e r , o v e r l a p p i n g , 

p e p t i d e s f r o m t h i s d i g e s t . 

P e p t i d e Th2f ( 7 - 1 2 ) ILE -CYS-ASN-LYS-PRO-CYS 

Th i s p e p t i d e was s l i g h t l y a c i d i c w h i c h i s c o n s i s t e n t w i t h r e s i d u e 

9 b e i n g a s p a r a g i n e , assuming CM-cysteine t o have a charge o f - l . a t pH6.5. 

P e p t i d e Th2g (13-15) LYS-THR -HIS 

A f t e r 2 s t e p s o f Edman d e g r a d a t i o n r e s i d u e 15 was c a u t i o u s l y i d e n t i f i e d 

as oL - d a n s y l - h i s t i d i n e . The e l e c t r o p h o r e t i c m o b i l i t y a t pH6.5 was 

more b a s i c t h a n would be ex p e c t e d i f t h e r e was o n l y one b a s i c r e s i d u e 

( l y s - 1 3 ) and as t h e t o t a l amino a c i d a n a l y s i s gave l y s i n e , t h r e o n i n e and 

h i s t i d i n e , p o s i t i o n 15 was deduced t o be a h i s t i d i n e r e s i d u e . 



P e p t i d e T1I3 (16-20) ASX-ASX-CYS-SER-GLY 

Not p u r i f i e d . 

P e p t i d e Th4 (21-22) ALA-TRP 

On p u r i f i c a t i o n t h i s p e p t i d e gave a p o s i t i v e r e a c t i o n w i t h the E h r l i c h 

r e a g e n t s u g g e s t i n g the presence o f t r y p t o p h a n . D a n s y l a t i o n w i t h o u t 

h y d r o l y s i s a f t e r a s i n g l e Edman d e g r a d a t i o n y i e l d e d d a n s y l - t r y p t o p h a n . 

D i g e s t i o n w i t h CBA f o l l o w e d by d a n s y l a t i o n gave d a n s y l - t r y p t o p h a n and 

d a n s y l - a l a n i n e . 

P e p t i d e TH5 (23-30) PHE-CYS-GLN-ALA-CYS-TRP-ASN-SER 

T h i s p e p t i d e was E h r l i c h p o s i t i v e and gave a p i n k c o l o u r w i t h TFA 

d u r i n g V t h e f i r s t t h r e e Edman d e g r a d a t i o n s . Both o f these o b s e r v a t i o n s 

suggested the presence o f t r y p t o p h a n i n t h e p e p t i d e . No amino a c i d was 

de t e r m i n e d a t p o s i t i o n 28 and t h i s p o s i t i o n was a s c r i b e d t o t r y p t o p h a n . 

D a n s y l a t i o n w i t h o u t h y d r o l y s i s a f t e r 7 Edman d e g r a d a t i o n s gave d a n s y l -

s e r i n e . The e l f e c t r o p h o r e t i c m o b i l i t y o f t h i s p e p t i d e was c o n s i s t e n t 

w i t h r e s i d u e s 25 and 29 b e i n g g l u t a m i n e and a s p a r a g i n e r e s p e c t i v e l y , 

t a k i n g CM-cysteine as h a v i n g a charge o f a p p r o x i m a t e l y - 1 a t pH 6,5. 
t 

Amino a c i d a n a l y s i s o f t h i s p e p t i d e gave the f o l l o w i n g : -

(CM-cysteine and a s p a r t i c a c i d n o t b e i n g r e s o l v e d i n t h i s s y stem) 

CYS-ASP ( 3 . 0 ) ; SER ( 0 . 6 5 ) ; GLU ( 1 . 1 6 ) ; ALA ( 1 . 0 7 ) ; 

PHE ( 1 . 0 0 ) . T r y p t o p h a n was n o t d e t e r m i n e d . 

P e p t i d e Th5a (23-2V) PHE-CYS-GLN-ALA-CYS 

D a n s y l a t i o n w i t h o u t h y d r o l y s i s a f t e r 4 Edman d e g r a d a t i o n s y i e l d e d 

d a n s y l - S - c a r b o x y m e t h y l c y s t e i n e . C o n s i d e r a t i o n o f the pH 6.5 m o b i l i t y 

o f t h i s p e p t i d e suggested t h a t r e s i d u e 25 was g l u t a m i n e . 

P e p t i d e Th5b (29-30) ASN-SER 

Residue 29 was c o n f i r m e d as a s p a r a g i n e f r o m pH 6.5 m o b i l i t y d a t a . 

P e p t i d e Th6 (31-37) ALA-ARG-THR-CYS-GLY-PRO-TYR 

T h i s p e p t i d e gave a p o s i t i v e r e a c t i o n w i t h t h e phenanthraquinone 

r e a g e n t i n d i c a t i n g t he presence o f a r g i n i n e . D a n s y l a t i o n w i t h o u t 
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h y d r o l y s i s a f t e r 6 Edman d e g r a d a t i o n s t e p s gave b i s - d a n s y l - t y r o s i n e . 

Amino a c i d a n a l y s i s o f a sample o f p e p t i d e Th6 h y d r o l y s e d f o r 24 hours 

gave the f o l l o w i n g : 

CM-CYS ( 1 . 0 ) ; THR ( 1 . 4 ) ; PRO ( 0 . 9 3 ) ; GLY ( 0 . 8 7 ) ; ALA ( 1 . 1 1 ) ; 

TYR ( 1 . 1 5 ) ; ARG ( 1 . 3 ) 

P e p t i d e Th6a (31-32) ALA-ARG 

A f t e r one Edman d e g r a d a t i o n , dansylationw^^o»fhydrolysis c o n f i r m e d 

a r g i n i n e as t h e C - t e r m i n a l amino a c i d . 

P e p t i d e Th6b (33-34) THR-CYS 

Not p u r i f i e d . 

P e p t i d e Th6c (35-37 GLY-PRO-TYR 

P e p t i d e Th7 (38-39) VAL-GLY 

O a n s y l a t i o n w i t h o u t h y d r o l y s i s a f t e r a s i n g l e Edman d e g r a d a t i o n y i e l d e d 

d a n s y l - g l y c i n e . C o n s i d e r a t i o n o f t h e r e s u l t s from t h e C - t e r m i n a l 

d e t e r m i n a t i o n o f the t o t a l p r o t e i n p l a c e d t h i s p e p t i d e as t h e C - t e r m i n a i 

p e p t i d e . 

The observed enzyme s p e c i f i c i t i e s were c o n s i s t e n t w i t h r e p o r t e d 

o b s e r v a t i o n s (Matsubara, 1966) w i t h t h e e x c e p t i o n o f the p a r t i a l c l e a v a g e 

between a s p a r t i c a c i d and p r o l i n e ( r e s i d u e s 5 & 6 ) , l y s i n e and p r o l i n e 

( r e s i d u e s 10 & 1 1 ) , CM-cysteine and t r y p t o p h a n ( r e s i d u e s 27 and 2 8 ) ; 

and CM-cysteine and 

g l y c i n e ( r e s i d u e s 34 & 35) (see d i s c u s s i o n ) . 



T A B L E 11. 

Peptides from digestion of carboxy-
peptidase inhibitor (Pentland Dell) 

U B i n q thermolysin 

Peptide/ 
Position 

Thl 
(1-3) 

Mobility 
pH 6.5 pH 1.9 BAWP 

Dansyl-Edman 
r e s u l t s 

( G L X / H I S ) 

Th2 
(4-15) 

Th2a 
(4-5) 

Th2b 
(6-15) 

-1.2 

-2.0 

1.2 

0.70 

0.68 

0.87 

0.21 

A L A - A S X - P R O - I L E - C Y S - A S X -
L Y | - P R 6 - ( C Y S , L Y S T T H R , H I S ) 

ALA-ASP 

P R O - I L E - C Y S - A S N - L Y S - PRO-
C Y ^ - L Y S - T T H R T H I S ) ' 

Th2c 
(6-10) 

0.35 P R O - I L E - C Y S - A S N - L Y S 

Th2d 
(4-6) 

Th2e 
(7-15) 

Th2f 
(7-12) 

-1.6 0.60 0.26 ALA-ASP-PRO 

0 0.78 - I L E - C Y S - A S X - L Y S - P R O - C Y S -
L Y S ' - I T H R , H I S 1 ' ~ ~ 7 

—-? 

-0.4 0.70 - I L E - C Y S - A S N - L Y S - P R O - C Y S 

Th2g 
(13-15) 

Th3 
(16-20) 

1.2 0.80 0.10 LYS-THR-HIS 

Not purified. 

Th4 
(21-22) 

Th5 
(23-30 

-1.45 

0.60 

0.25 

ALA-TRP 

PHE" CYS- GLN-ALA-CYS-TRP-
ASN-SER 

Th5a 
(23-27) 

-2.1 0.36 PHE-CYS-GLN- ALA- CYS 

Th5b 
(29-30 

0.68 0.10 ASN-SER 

P.T.O. 



Table 11 continued. 

Th6 
(31-37) 

0 0.65 0.23 ALA-ARG-THR-CYS-GLY-PRO-
TYR 9 T T " T 

Th6a 
(31-32) 

1.8 1.35 ALA-ARG 

Th6b 
(33-34) 

Not purified. 

Th6c 
(35-37) 

0.60 GLY-PRO-TYR 

Th7 
(38-39) 

0.83 VAL-GLY 



FIGURE 27. 

The amino acid sequence deduced from thermolysin 

digestion of the carboxypeptidase inhibitor from 

Solanum tuberosum var. Pentland D e l l . 

Arrows ( — ? ) indicate positions confirmed by 

dansyl-Edman analysis, arrows ( — ) indicate positions 

tentatively assigned by dansyl-Edman analysis, and 

arrows ( <—•) indicate positions confirmed by carboxy

peptidase A digestion followed by dansylation. When 

the C-terminal residue was ide n t i f i e d as the free amino 

acid i t i s shown thus ( = 7 ) • Residues given in 

parentheses were determined from peptide composition, 

and the order determined by other evidence. Arrows \, 

indicate complete enzymic cleavage, ^ indicates p a r t i a l 

enzymic cleavage. 



FIGURE 27. 
i i 2 i I io i ; 

NH 2-Glx-Glx-His-Ala-Asp-Pro-lie-Cys-Asn-Lys-Pro-Cys-
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Th2a Th2b I II 
r 

Th2c 
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Th2f 

15* 2CT * 25 
Lys-Thr-His-Asp-Asp-Cys-Ser-Gly-Ala-Trp-Phe-Cys-Gln-Ala-

Th3 Th4 Th5 1̂1 M —7-

( | Th5a 
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Cys-Trp-Asn-Ser-Ala-Arg-Thr-Cys-Gly-Pro-Tyr-val-Gly-COOH 

Th6 Th7 
11 — — 1 1 1 

Th5b Th6a Th6b Th6c 
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b) U l s t e r P i i n c n 

15 mg of reduced and S-carboxymethylated CBI were digested f o r 6 

hours with 2% (w/w) thermolysin. The r e s u l t i n g peptides were separated 

by high voltage paper e l e c t r o p h o r e s i s a t pH 1.9 and by paper chromatography 

(Table 12, Figure 2 8 ) . 

Peptide T h l . (1-3) GLX (GLX)-HIS 

T h i s peptide was e l u t e d i n low y i e l d , from near the o r i g i n a f t e r 

e l e c t r o p h o r e s i s a t pH 1.9. I t was r e s i s t a n t to Edman degradation and 

N-terminal a n a l y s i s and was th e r e f o r e p o s i t i o n e d as the N-terminal 

peptide. Prolonged d i g e s t i o n with CBA y i e l d e d only b i s - d a n s y l - h i s t i d i n e . 

S e m i - q u a n t i t a t i v e amino a c i d a n a l y s i s gave glutamic a c i d and h i s t i d i n e . 

Peptide Th2 (4-15) ALA-ASX-PRO-ILE-CYS-ARX-LYS-PRO-CYS-LYS-THR-HIS 

Edman degradation was u n s u c c e s s f u l a f t e r r e s i d u e 9. The remainder 

of the peptide was placed by comparison with the peptides from the 

thermolysin d i g e s t i o n of the i n h i b i t o r from Pentland D e l l , c o n s i d e r a t i o n 

of amino a c i d composition from t o t a l h y d r o l y s i s followed by d a n s y l a t i o n , 

and e l e c t r o p h o r e t i c m o b i l i t y . 

Peptide Th2a (4-5) ALA-ASP 

Dansyla t i o n without h y d r o l y s i s a f t e r one Edman degradation gave d a n s y l -

a s p a r t i c a c i d , thus confirming r e s i d u e 5 as a s p a r t i c a c i d . 

Peptide Th2b (9-10) ASN-LYS 

A f t e r a s i n g l e Edman degradation, d a n s y l a t i o n without h y d r o l y s i s 

y i e l d e d b i s - d a n s y l - l y s i n e and a t r a c e of d a n s y l - E P T C - l y s i n e . An a l i q u o t 

of t h i s peptide was subjected to paper e l e c t r o p h o r e s i s a t pH 6.5. I t s 

m o b i l i t y i n d i c a t e d that r e s i d u e 9 was asparagine. 
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Peptide Th3a (19-20) SER-GLY 
Peptide Th4 (21-33) ALA-TRP 

A f t e r one Edman degradation, d a n s y l a t i o n followed by a 6 hour 

h y d r o l y s i s gave dansyl-tryptophan. D a n s y l a t i o n without h y d r o l y s i s 

a l s o y i e l d e d dansyl-tryptophan confirming the C terminal amino a c i d 
y 

/ 

of t h i s d i p e p t i d e . Prolonged d i g e s t i o n w i t h CBA gave dansyl-tryptophan 

and d a n s y l - a l a n i n e . 

Peptide Th5 (23-30) PHE-CYS-GLX-ALA-CYS-TRP-ASX-SER 

Peptide Th5 was E h r l i c h - p o s i t i v e and gave a pink c o l o u r during the 

TFA stage of the f i r s t 2 Edman degradations, t h e r e f o r e implying the 

presence of tryptophan. Tryptophan was placed a t p o s i t i o n 28 i n view 

of the negative r e s u l t s obtained a f t e r d a n s y l a t i o n of the l i b e r a t e d N-

terrainal a t t h i s stage of degradation of the peptide. A f t e r 7 Edman 

degradations s e r i n e was confirmed as the C-terminal amino a c i d by 

d a n s y l a t i o n without h y d r o l y s i s . 

Peptide Th5a (23-27) PHE-CYS-GLX-ALA-CYS 

Dan s y l a t i o n without h y d r o l y s i s a f t e r 4 Edman c y c l e s gave dansyl-S-

carboxymethyl-cysteine and a t r a c e of d a n s y l - c y s t e i c a c i d . 

Peptide Th6 (31-37) ALA-ARG-THR-CYS-GLY-PRO-TYR 

Th i s peptide gave a p o s i t i v e r e a c t i o n with the phenanthraquinone 

reagent i n d i c a t i n g the presence of a r g i n i n e . T h i s was confirmed by 

i d e n t i f i c a t i o n of d a n s y l - a r g i n i n e i n p o s i t i o n 32 a f t e r one Edman 

degradation. D a n s y l a t i o n without h y d r o l y s i s a f t e r 6 Edman c y c l e s confirmed 

t y r o s i n e as the C-terminal amino a c i d . 

Peptide Th7 (38-39) VAL-GLY 

Dansylation without h j d r o l y s i s a f t e r a s i n g l e Edman degradation gave 

d a n s y l - g l y c i n e . 

The thermolysin d i g e s t i o n of CBI from U l s t e r P r i n c e was seen to be 

very s i m i l a r to th a t of the Pentland D e l l d i g e s t i o n , even to the extent 

of anomalous cleavages (between r e s i d u e s 5 & 6, 10 & 11, 27 & 28, 34 & 3 5 ) . 

( s e e d i s c u s s i o n ) 



TABLE 12. 

Peptides from digestion of carboxy-
peptidase inhibitor (Ulster Prince) 

using thermolysin. 

Peptide/ Mobility 
Position pH 6.5 pH 1.9 BAWP 

Dansyl-Edman 
r e s u l t s 

Thl 
(1-3) 

GLX,HIS 

Th2 
(4-15) 

0.90 ALA-ASX-PRO-ILE-CYS-ASX-
(LYS, PRO, CYS, Ltf S7T5R , HfS) 

Th2a 
(4-5) 

0.70 0.15 ALA-ASP 

Th2b 
(9-10) 

1.8 1.15 0.15 ASN-LYS 

Th3 
(16-20) 

Not purified. 

Th3a 
(19-20) 

0.80 0.46 SER-GLY 

Th4 
(21-22) 

0.63 0.78 ALA-TRP 

Th5 
(23-30) 

0.26 PHE-CYS-GLX-ALA-CYS-TRP-ASX-

Th5a 
(23-27) 

0.35 PHE-CYS-GLX-ALA-CYS 

Th6 
(31-37) 

0.67 0.23 ALA-ARG-THR-CYS-GLY-PRO-TYR 

Th7 
(38-39) 

0.85 0.44 VAL-^GLY 



FIGURE 28. 

The amino acid sequence deduced from thermolyain 

digestion of the carboxypeptidase inhibitor from 

Solanum tuberosum var. Ulster Prince. 

Arrows ( — r ) indicate positions confirmed by 

dansyl-Edman analysis, arrows (—• ) indicate positions 

tenta t i v e l y assigned by dansyl-Edman analysis, and 

arrows ( , ) indicate positions confirmed by carboxy

peptidase A digestion followed by dansylation. When 

the C-terminal residue was id e n t i f i e d as the free amino 

acid i t i s shown thus ( = 5 " ) . Residues given in 

parentheses were determined from peptide composition, 

and the order determined by other evidence. Arrows X 
i 

indicate complete enzymic cleavage, indicates p a r t i a l 

enzymic cleavage. 
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Again r e s i d u e s 16-20 were not p u r i f i e d .and were placed by c o n s i d e r a t i o n 
of the t o t a l amino a c i d composition and l a t e r d i g e s t i o n s w i t h other 
p r o t e a s e s . I n some c a s e s , Edman degradations of mixtures of peptides 
which could not be separated e a s i l y , y i e l d e d t e n t a t i v e information regarding 
the sequence, but the r e s u l t s were not c o n c l u s i v e enough to a l l o c a t e these 
p o s i t i o n s . 

6. D i g e s t i o n with t r y p s i n 

a ) Pentland D e l l 

18 mg of reduced and S-carboxymethylated CBI were d i g e s t e d with 

t r y p s i n f o r 6 hours (Methods I I I 2 a ) . The r e s u l t i n g peptides were 

separated by high voltage paper e l e c t r o p h o r e s i s (Table 13, f i g u r e 2 9 ) . 
13 

Peptide T l (1-31) GLX-GLX-HIS-ALA-ASP-PRO-ILE -CYS-JUSN-LYS-PRO-CYS-LYS 

T h i s peptide gave a p o s i t i v e r e a c t i o n with the Pauly reagent suggesting 

the presence of h i s t i d i n e . Since t h i s represented the N-terrainal region 

of the complete p r o t e i n , which was blocked and t h e r e f o r e r e s i s t a n t to 

e i t h e r N-terminal a n a l y s i s or Edman degradation, the peptide was f u r t h e r 

digested with thermolysin f o r L 5 hours. The r e s u l t i n g peptides were again 

p u r i f i e d by high voltage paper e l e c t r o p h o r e s i s . 

Peptide T l Thl (1-3) GLX-GLX-HIS 

T h i s peptide was only p u r i f i e d i n r e l a t i v e l y low y i e l d s as judged by 

the s t r e n g t h of the dansyl d e r i v a t i v e s of an a l i q u o t of the peptide. Two 

d i s t i n c t peptides, both c o n t a i n i n g glutamine and/or glutamic a c i d and 

h i s t i d i n e and having a blocked N-terminus, were i s o l a t e d with d i f f e r e n t 

e l e c t r o p h o r e t i c m o b i l i t i e s at pH 6.5. I n both c a s e s timed d i g e s t i o n with 

CBA y i e l d e d h i s t i d i n e as the l a s t r e s i d u e but r e s u l t s were i n c o n c l u s i v e 

as to the presence of glutamine or glutamic a c i d . There are a number 

of p o s s i b i l i t i e s to account f o r the d i f f e r i n g m o b i l i t i e s . F i r s t l y , i t 

i s p o s s i b l e that r e s i d u e 2 i s normally glutamine i n the n a t i v e p r o t e i n 

but that during p u r i f i c a t i o n of the peptide (or p r o t e i n ) some had been 

converted to glutamic a c i d which would account f o r the a c i d i c nature of 

one of the peptides . The other peptide being only s l i g h t l y a c i d i c due to 

the negative charge of the C-terminus not being f u l l y c a n c e l l e d by the 
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b a s i c charge of h i s t i d i n e at pH 6.5. Secondly, there i s the p o s s i b i l i t y 

that the p r o t e i n may have a 'frayed' N-terminus as suggested by Hass e t a l , 

(1975). I n t h i s case the s t r o n g l y a c i d i c peptide could be a t t r i b u t e d to 

the sequence: 

* GLX-GLU-HIS 

and the weakly a c i d i c peptide to: 

* GLX-HIS 

Unfortunately due to l a c k of m a t e r i a l i t was not p o s s i b l e to c a r r y 

out a q u a n t i t a t i v e amino a c i d a n a l y s i s on e i t h e r of the samples to 

determine the number of glutamic a c i d r e s i d u e s , nor was i t p o s s i b l e to 

c a r r y out a more e x t e n s i v e CBA d i g e s t i o n . 

Peptide T l Th2 (4-6) ALA-ASP-PRO 

Dansyla t i o n without h y d r o l y s i s a f t e r 2 Edman degradations y i e l d e d 

d a n s y l - p r o l i n e . pH 6.5 m o b i l i t y data confirmed r e s i d u e 5 as a s p a r t i c 

a c i d . 

Peptide T l Th3 (7- 13) I L E -CYS-ASN-LYS-PRO-CYS-LYS 

Edman degradation was i n c o n c l u s i v e beyond r e s i d u e 10 but the remaining 

sequence was deduced from the s e m i - q u a n t i t a t i v e amino a c i d composition, 

the s p e c i f i c i t y of t r y p s i n and comparison with peptide Th2b from thermolysin 

d i g e s t i o n . M o b i l i t y data i n f e r r e d r e s i d u e 9 was asparagine. 

Peptide T2 (14-3.Z) THR-HIS-ASX-ASX-CYS-SER-GLY-ALA-TRP-PHE-CYS-

GLX-ALA-CYS-TRP-ASX-SER-ALA-ARG 

T h i s peptide was s t r o n g l y E h r l i c h - p o s i t i v e and gave a deep purple 

colour with TFA during the f i r s t 3 Edman c y c l e s , the col o u r p e r s i s t i n g 

weakly f o r a f u r t h e r 3 degradations. Edman degradation was i n c o n c l u s i v e 

beyond residue 21, the remainder of the peptide being placed by amino-

a c i d a n a l y s i s , comparison w i t h thermolysin peptides and c o n s i d e r a t i o n of 

the s p e c i f i c i t y of t r y p s i n . 

Attempts to d i g e s t a p o r t i o n °^ t n e peptide with thermolysin and 

i s o l a t e peptides s u i t a b l e for Edman degradation were u n s u c c e s s f u l , probably 

due to the small amount of s t a r t i n g m a t e r i a l . 
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Peptide T3 (3^-39) THR-CYS-GLY-PRO-TYR-VAL-GLY 

Th i s peptide gave a yellow c o l o u r w i t h the n i n h y d r i n reagent 

suggesting threonine or g l y c i n e as the N-terminal amino a c i d . 

D a n s y l a t i o n without h y d r o l y s i s a f t e r 6 Edman degradations gave 

dans y l - g 1 y c i ne. 

Peptide T3a (38-39) VAL-GLY 

A f t e r a s i n g l e Edman degradation d a n s y l a t i o n mi^oit-hydrolysis 

gave d a n s y l - g l y c i n e . 

The peptide bonds cleaved by t r y p s i n i n CBI were as expected, 

the bond between l y s i n e 10 and p r o l i n e 11 being r e s i s t a n t to 

h y d r o l y s i s . I n a d d i t i o n a low l e v e l of h y d r o l y s i s of the peptide 

bond between t y r o s i n e 37 and v a l i n e 38 was observed. Together w i t h 

the r e s u l t s of the thermolysin d i g e s t t h i s gave s u f f i c i e n t 

i n formation and overlapping peptides to deduce the sequence of 

Pentland D e l l . 



TABLE 13. 

Peptides from digestion of carboxy-
peptidase inhi b i t o r (Pentland Dell) 

using trypsin. 

Peptide/ Mobility 
Position pH 6.5 pH 1.9 BAWP 

T l 
(1-13) 

0 0.85 

TlThl 
(1-3) 

-1.6 
(neg) 

0.87 
0.81 

TlTh2 
(4-6) 

-1.3 0.59 

TlTh3 
(7-13) 

0.80 1.0 

T2 
(14-32) 

0 0.53 

T3 
(33-39) 

-0.60 0.40 

T3a 0 1.01 

Dansyl-Edman 
r e s u l t s 

(GtX,GLX. HIS , ALA , ASP, PRO, ILE , 
CYS,ASN,LYS,PRO,C YS,LYS) 

(GLX,GLX)-HIS 
see text. ' 

ALA-ASP-PRO 

ILE-CYS-ASN-LYS-(PRO,CYS) • 
LYS R ' * — - ? 
THR-HIS-ASX-ASX-CYS-SER-
GLY-ALA-(TRP,PHETCYS,GLX, 
ALA\CYS\TRP,ASX,SER,ALA) 
ARG 
T 

THR-CYS-GLY-PRO-TYR-VAL

VAL- GLY 
(38-39) 



FIGURE 29. 

The amino acid sequence deduced from trypsin 

digestion of the carboxypeptidase inhibitor from 

Solanum tuberosum var. Pentland D e l l . 

Arrows ( — r ) indicate positions confirmed by 

dansyl-Edman analysis, arrows (--•» ) indicate positions 

tentatively assigned by dansyl-Edman analysis, and 

arrows ( « ) indicate positions confirmed by carboxy

peptidase A digestion followed by dansylation. When 

the C-terminal residue was identified as the free amino 

acid i t i s shown thus (=7* ) . Residues given in 

parentheses were determined from peptide composition, 

and the order determined by other evidence. Arrows 1 

indicate complete enzymic cleavage, & indicates 

p a r t i a l enzymic cleavage. 



FIGURE 29. 

1 5 10 
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* 15 20 
Cys-Lys-Thr-His-Asp-Asp-Cys-Ser-Gly-Ala-Trp-Phe-Cys-

^ ( T2 

25 30 ^ 35 
Gln-Ala-Cys-Trp-Asn-Ser-Ala-Arg-Thr-Cys-Gly-Pro-Tyr-

T3 

i 

Val-Gly-COOH 
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b) U l s t e r P r i n c e 

16 mg of reduced and S-carboxymethylated CBI were digested with 

t r y p s i n for 5 hours, the r e a c t i o n being terminated by 1 y o p h i l i z a t i o n . 

(Methods, I I 1,2a). The r e s u l t i n g peptides were separated by high 

voltage paper e l e c t r o p h o r e s i s and paper chromatography (Table 14 and 

F i g u r e 3 0 ) . 

Peptide T l (1-13) GLX-GLX-HIS-ALA-ASX-PRO-ILE -CYS-ASX-LYS-PRO-CYS-LYS 

T h i s peptide was r e s i s t a n t to Edman degradation and N-terminal a n a y l s i s 

and was t h e r e f o r e placed as the N-terminal peptide. Peptide T l was 

r e d i g e s t e d with 5% (w/v), thermolysin f o r 2 hours and the r e s u l t i n g 

peptides p u r i f i e d by high voltage paper e l e c t r o p h o r e s i s . Unfortunately 

only one peptide was obtained i n a s u f f i c i e n t l y pure s t a t e f o r sequence 

a n a l y s i s . T h i s was p o s s i b l y due to the low y i e l d obtained from both 

the o r i g i n a l t r y p t i c d i g e s t and the subsequent thermolysin d i g e s t i o n . 

Peptide T l Thl (4-6) ALA-ASP-PRO 

A f t e r 2 Edman degradations and d a n s y l a t i o n without h y d r o l y s i s , d a n s y l -

p r o l i n e was found. The m o b i l i t y data was c o n s i s t e n t with r e s i d u e 4 being 

a s p a r t i c a c i d . 

Peptide T2 (14-3'-}) THR-HIS-ASX-ASX-CYS-SER-GLY-ALA-TRP-PHE-CYS-GLX 
ALA-CYS-TRP-ASX-SER-ALA-ARG 

T h i s peptide was s t r o n g l y E h r l i c h p o s i t i v e and gave a deep pink 

c o l o u r during the TFA stage of the f i r s t 4 Edman degradations i n d i c a t i n g 

the presence of tryptophan. I t was a l s o phenanthraquinone p o s i t i v e 

suggesting a r g i n i n e w i t h i n the peptide. Edman degradation was 

i n c o n c l u s i v e beyond r e s i d u e 26, ( I t has been suggested (Smyth & Utsumi, 

1.967) t h a t some peptides which ceased to Edman through CM-cysteine r e s i d u e s 

could be due to the conversion to a thiazonecarboxyl r e s i d u e which can form 

under mild c o n d i t i o n s . ) 

The remaining positions were determined from examination of thermolysin peptides 

Th5 and Th6, and the s p e c i f i c i t y of t r y p s i n . 
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Peptide T3 (33-39) THR-CYS-GLY-PRO-TYR-VAL-GLY 

Peptide T3 gave a yellow colour with the ninh y d r i n reagent suggesting 

threonine or g l y c i n e as the N-terminal amino a c i d . Diinsylation without 

h y r o l y s i s a f t e r 6 Edman degradations gave d a n s y l - g l y c i n e . 

Peptide T3a (33-37) THR-CYS-GLY-PRO-TYR 

A f t e r 4 Edman c y c l e s , d a n s y l a t i o n without h y d r o l y s i s confirmed t y r o s i n e 

as the C - t e r m i n a l amino a c i d . 

Peptide T3b (38-39) V A L - G L Y 

A f t e r a s i n g l e Edman degradation, d a n s y l a t i o n without h y d r o l y s i s 

y i e l d e d d a n s y l - g l y c i n e . 

The d i g e s t i o n of U l s t e r P r i n c e C B I with t r y p s i n was t h e r e f o r e very 

s i m i l a r to the Pent land D e l l d i g e s t i o n ; the bond between l y s i n e 10 and 

p r o l i n e 11 was again r e s i s t a n t to h y d r o l y s i s and p a r t i a l cleavage between 

t y r o s i n e 37 and v a l i n e 38 was noted. 

These r e s u l t s , together with the thermolysin d i g e s t i o n enabled the 

complete sequence to be e s t a b l i s h e d . 



TABLE 14 

Peptides from digestion of carboxy-
peptidase inhibitor (Ulster Prince) 

using trypsin. 

Peptide/ Mobility 
Position pH 6.5 pH 1.9 BAWP 

Dansyl-Edman 
r e s u l t s 

T l 
(1-13) 

TlThl 
(4-6) 

T2 
(14-32) 

T3 

(33-39) 

T3a 

(33-37) 

T3b 
(38-39) 

-1.6 

0.47 

0.43 

0.40 

Redigested (see t e x t ) . 

ALA-ASP-PRO 

THR-HIS-ASX-ASX-CYS-SER-
GLY-ALA-TRP-PHE-CYS-GLX-
ALA-7CYS~TRP . ASX , SERTAZA ) 
ARG 
—-y 

THR-CYS-GLY-PRO-TYR-VAL-
GLY " " * w * 

THR-CYS-GLY-PRO-TYR 

0.89 0.43 VAL-GLY 



FIGURE 30. 

The amino acid sequence deduced from trypsin 

digestion of the carboxypeptidase inhibitor from 

Solanum tuberosum var. Ulster Prince. 

Arrows (—* ) indicate positions confirmed by 

dansyl-Edman analysis, arrows (—> ) indicate positions 

t e n t a t i v e l y assigned by dansyl-Edman analysis, and 

arrows ( * ) indicate positions confirmed by carboxy

peptidase A digestion followed by dansylation. When 

the C-terminal residue was id e n t i f i e d as the free amino 

acid i t i s shown thus ( = 7 ) . Residues given in 

parentheses were determined from peptide composition, 

and the order determined by other evidence. Arrows - l 

indicate complete enzymic cleavage, * indicates 

p a r t i a l enzymic cleavage. 



FIGURE 30. 

1 5 10 
NH 2-Glx-Glx-His-Ala-Asp-Pro-lie-Cys-Asn-Lys-Pro-Cys-

T l 
I 

TlThl I 1 

* 15 20 25 
Lys-Thr-His-Asp-Asp-Cys-Ser-Gly-Ala-Trp-Phe-Cys-Gln-Ala-

— n : 

i 30 * 35 * 
Cys-Trp-Asn-Ser-Ala-Arg-Thr-Cys-Gly-Pro-Tyr-Val-Gly-COOH 

T3 
. ) = J ^ - - . i 
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7. D i g e s t i o n with papain 

8 mg of reduced and S-carboxymethylated CBI (Pentland D e l l ) were 

dig e s t e d f o r 6 hours with 2% papain (Methods I I I , 2 a ) . The r e s u l t i n g 

peptides were p u r i f i e d by paper e l e c t r o p h o r e s i s and paper chromatography. 

I t was hoped that the papain d i g e s t i o n would y i e l d a number of small 

peptides which would confirm the N-terminal region of the peptide as 

determined by the thermolysin d i g e s t i o n . Unfortunately, due to the 

r e l a t i v e l y n o n - s p e c i f i c nature of t h i s enzyme, ' f a m i l i e s ' of peptides 

were found which d i f f e r e d only by one amino a c i d e i t h e r a t the C or N 

t e r m i n a l . T h i s made p u r i f i c a t i o n d i f f i c u l t and t h e r e f o r e i d e n t i f i c a t i o n 

of the sequence of i n d i v i d u a l peptides impossible. The only region which 

was c o n c l u s i v e l y sequenced was the 7 C«terminal r e s i d u e s . 

Peptide Pal (33-38) THR-CYS-GLY-PRO-TYR-VAL 

Peptide P a l a (33-34) THR-CYS 

Dan s y l a t i o n without h y d r o l y s i s a f t e r one Edmandegradation confirmed 

c y s t e i n e as the C-terminal amino a c i d . 

Peptide Palb (35-39) GLY-PRO-TYR-VAL-GLY 

A f t e r 4 Edman degradations, d a n s y l a t i o n h i i ^ w l r h y d r o l y s i s gave d a n s y l -

g l y c i n e . 

8. D i g e s t i o n with Pepsin 

20 mg. of reduced and S-carboxymethylated CBI (Pentland D e l l ) were 

dig e s t e d w i t h p e p s i n f o r 3 hours (Methods I I I , 2 a ) . The r e s u l t i n g 

peptides were separated by e l e c t r o p h o r e s i s and paper chromatography 

(6ee Table 15 and f i g u r e 3 1 ) . Again i t was hoped t h a t pepsin would 

y i e l d information regarding the N terminal region of the p r o t e i n . 

Although pepsin p r i m a r i l y a c t s a t the amino and carboxyl s i d e of the 

aromatic r e s i d u e s and l e u c i n e , i t has been reported (M arkland e t a l , 

1967) that pepsin c l e a v e s bonds i n v o l v i n g b a s i c amino a c i d s (LEU-HIS,LEU-LYS, 

ASP-LYS, GLY-LYS) and i t was hoped that pepsin would hydrolyse s i m i l a r 

bonds i n the N-terminal region. However, as can be seen from the 
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r e s u l t s , t h i s did not appear to be the case and again the C-terminal 

region was con.fi. rmed . 

Peptide PN 1 (19-21) SER-GLY-ALA 

Dan s y l a t i o n without h y d r o l y s i s a f t e r two Edman degradations y i e l d e d 

c a n s y l - a l a n i n e . 

Peptide PN2 (23-26) PHE-CYS-GLN-ALA 

Mob i l i t y evidence suggested residue 25 was glutamine. 

Peptide PN2a (23-31) PHE-CYS-GLN-ALA-CYS-TRP-ASN-SER-ALA 

Th i s peptide was E h r l i c h - p o s i t i v e and gave a c h a r a c t e r i s t i c c o l o u r a t i o n 

with TFA during Edman degradation suggesting the presence of tryptophan. 

D a n s y l a t i o n without h y d r o l y s i s , a f t e r 8 Edman degradations y i e l d e d 

d a n s y l - a l a n i n e . C o n s i d e r a t i o n of the m o b i l i t y of t h i s peptide suggested 

t h a t r e s i d u e s 25 and 29 were glutamine and asparagine r e s p e c t i v e l y . 

Peptide PN 3 (29-39) ASN-SER-ALA-ARG-THR-CYS-GLY-PRO-TYR-VAL-GLY 

The r e s u l t s obtained from E.lman degradations on t h i s peptide were 

i n c o n c l u s i v e beyond r e s i d u e 33, the rona:inder of the peptide being p l a c e d by 

c o n s i d e r a t i o n of the s e m i - q u a n t i t a t i v e amino a c i d a n a l y s i s and m o b i l i t y 

data. 

Peptide PN3 a (29-35) ASN-SER-ALA-ARG-THR-CYS-GLY 

T h i s peptide gave a p o s i t i v e r e a c t i o n w i t h the phenanthraquinone reagent. 

Peptide PN3b (32-38) ARG-THR-CYS-GLY-PRO-TYR-VAL 

Peptide PN3c (32-39) ARG-THR-CYS-GLY-PRO-TYR-VAL-GLY 

Dan s y l a t i o n without h y d r o l y s i s a f t e r 7 Edman degradations gave d a n s y l -

g l y c i n e . 

These two d i g e s t i o n s gave confirmatory evidence f o r the sequence as 

determined by thermolysin and t r y p s i n d i g e s t i o n s . 

http://con.fi


TABLE 15 

Peptides from digestion of carboxy-
peptidase inhibitor (Pentland Dell) 

using pepsin. 

Peptide/ Mobility 
Position pH 6.5 pH 1.9 BAWP 

Dansyl-Edman 
r e s u l t s 

PN1 

(19-21) 

PN2 
(23-26) 
PN2a 
(23-31) 

0.59 0.23 SER-GLY-ALA 

-1.3 0.48 

-1.3 0.27 

PHE-CYS-GLN-ALA 

PHE-CYS-GLN-ALA-CYS-TRP-
ASN-SER-ALA ' * 

PN3 
(29-39) 

PN3a 
(29-35) 

0 0.48 0.23 ASX-SER-ALA-ARG-THR (CYS, 
GLf, PR0~, TYft, VKL ,GLY) 

0 0.59 0.14 ASX-SER-ALA-ARG-THR-CYS-
GLY 9 ' 9 9 

PN3b 
(32-38) 

0.62 ARG-THR-CYS-GLY-PRO-TYR-VAL 

PN3c 
(32-39) 

0 0.63 0.25 ARG-THR-CYS-GLY-PRO-TYR-VAL-
GLY * 9 9 9 9 



FIGURE 31. 

The amino acid sequence deduced from pepsin 

digestion of the carboxypeptidase inhibitor from 

Solanum tuberosum var. Pentland D e l l . 

Arrows ( — r ) indicate positions confirmed by 

dansyl-Edman analysis, arrows (—* ) indicate positions 

tentatively assigned by dansyl-Edman analysis, and 

arrows ( * — ) indicate positions confirmed by carboxy

peptidase A digestion followed by dansylation. When 

the C-terminal residue was ide n t i f i e d as the free amino 

acid i t i s shown thus ( = 7 * ) . Residues given in 

parentheses were determined from peptide composition, 

and the order determined by other evidence. Arrows i 

indicate complete enzymic cleavage, <s indicates 

p a r t i a l enzymic cleavage. 



FIGURE 31. 

1 5 10 
NH 0-Glx-Glx-His-Ala-Asp-Pro-Ile-Cya-Asn-Lys-Pro-Cys-

15 J, 20 * * 25 ^ 
Lys-Thr-His-Asp-Asp-Cys-Ser-Gly-Ala-Trp-Phe-Cys-Gln-Ala-

PN1 PN2 
1| 1 | : 1 

i i i i 

Cys-Trp-Asn-Ser-Ala-Arg-Thr-Cys-Gly-Pro-Tyr-Val-Gly-COOH 
PN3 

PN2a PN3b 
II 
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9. Cleavage w i t h N-Bromosuccinimide 

18 mg of reduced and S-carboxymethylated CBI, from Pentland D e l l 

v a r i e t y of potatoes, were rea c t e d with lOmM-N-Bromosuccinimide (NBS) 

to give a r a t i o of NBS: tryptophan of 2:1 (Methods I I I , 3 , c ) . The number 

of tryptophan residues/mole p r o t e i n was c a l c u l a t e d as 2 u s i n g method of 

Spandeand Witkop(1967). 

The r e a c t i o n products were separated, by g e l f i l t r a t i o n , on a column 

(2cm x 60cm) of Bio-gel P-4, e q u i l i b r a t e d with 70% ( v / v ) formic a c i d . 

F r a c t i o n s of 1.5 ml were c o l l e c t e d a t a flow r a t e of 15 ml/h. The 

p r o t e i n or peptides c o n t a i n i n g tryptophan and/or t y r o s i n e were detected 

by monitoring the e l u a t e at 280nm. The peptides which lacked UV 

absorption were detected by t a k i n g a l i q u o t s of each f r a c t i o n f o r N-

t e r m i n a l a n a l y s i s and t o t a l amino a c i d a n a l y s i s (see f i g u r e 3 2 ) . T h i s 

method a l s o had the advantage of i n d i c a t i n g whether or not a p a r t i c u l a r 

f r a c t i o n was l i k e l y to be homogeneousor s t i l l r e q u i r e d f u r t h e r s t e p s of 

p u r i f i c a t i o n . 

S i n c e t h i s experiment was p r i m a r i l y to place the tryptophan r e s i d u e s 

no attempt was made to p u r i f y or a n a l y s e peptides NBS1 and NBSla (see 

f i g u r e 3 3 ) . These were deduced from the amino a c i d composition of 

samples from the column e l u a t e . There was s u f f i c i e n t s e p a r a t i o n of 

NBS2, NBS2a and NBS3 to be able to r e s o l v e the sequence. 

Peptide NBS2a (23-39) PHE-CYS-GLX-ALA-CYS-TRP-ASX-SER-ALA-ARG-THR 

C YS- GLY - PRO- TY R- VAL- GLY 

T h i s l a r g e fragment occurred as a r e s u l t of the incomplete h y d r o l y s i s 

a t r e s i d u e 28. I t was d i s t i n g u i s h e d by Edman degradation of the f i r s t 

3 r e s i d u e s (which y i e l d e d PHE-CYS-GLX), the semi-quantitativeamino a c i d 

a n a l y s i s and d i g e s t i o n with CBA which gave t y r o s i n e , v a l i n e and g l y c i n e . 

The presence of a pink co l o u r during the TFA stage of the Edman 

degradation i n d i c a t e d that the peptide contained tryptophan and t h e r e f o r e 

confirmed that that NBS had not been 100% e f f i c i e n t i n c l e a v i n g the 
tryptophanyl bonds. 



FIGURE 32. 

Column chromatography of the products from the 

reaction of N-Bromosuccinimide with CBI. 

A column (2 cm x 60 cm) of Bio-Gel P-4 e q u i l i 

b r i a ted i n 70% (v/v) formic acid was used. 18 mg in 

1 ml of formic acid were chromatographed, fractions 

(1.5 ml) were collected at a flow rate of 15 ml/h. 

Results of N-terminal analysis, by dansyl method, are 

also shown. - — absorbance at 280 nm. 



As 

NBS la 

I I 15 50 1 0 0 

ELUTION VOLUME (ml) 



FIGURE 33. 

Diagram to i l l u s t r a t e peptides formed by cleavage 

with N-bromosuccinimide. 



FIGURE 33. 

1 5 10 

j NBSl 

15 20 25 
Lys-Thr-His-Asp-AspT'CyB-Ser-Gly-Ala-Trp-Phe-Cys-Gln-Ala-

NBS2 
_ > 4 r - — 

NBSla 

Cys-Trp-Asn-Ser-Ala-Arg-Thr-Cys-Gly-Pro-Tyr-Val-Gly-COOH 
NBS3 

: 1 

NBS2a 
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Peptide NBS2 (23-28) PHE-CYS-GLX-ALA-CYS-(Homoserine) 
The f i r s t 4 re s i d u e s were placed by Edman degradation and N-terminal 

a n a l y s i s . I t was not p o s s i b l e to Edmain past residue 27. 

Peptide NBS3 (29-39) ASX-SER-ALA-ARG-THR-CYS-GLY-PRO-TYR-VAL-GLY 

lid man degradation y i e l d e d the f i r s t three r e s i d u e s and together w i t h 

the t o t a l h y d r o l y s i s r e s u l t s and CBA d i g e s t i o n , i t was p o s s i b l e to p l a c e 

t h i s peptide as the C-terminal peptide. 

These r e s u l t s t h e r e f o r e placed the two tryptophan r e s i d u e s a t p o s i t i o n s 

22 and 28. T h i s was c o n s i s t e n t with the r e s u l t s of other sequence methods 

where tryptophan 22 was c o n c l u s i v e l y placed as the C-terminus of a peptide 

by d a n s y l a t i o n without h y d r o l y s i s . (Thermolysin d i g e s t i o n , peptide Th4) 

Tryptophan 28 had t e n t a t i v e l y been placed i n tryptophan c o n t a i n i n g peptides 

(Thermolysin d i g e s t i o n , Th5) by negative N-terminal a n a l y s i s a t tha t p o s i t i o n . 

Although i t has been reported (Witkop, 1961), that excess NBS can 

cause anomalous cleavage a t t y r o s y l and h i s t i d y l bonds no evidence f o r 

t h i s was found i n t h i s study. 

10. Determination of the nature of the N-terminal blocking group 

As the p u r i f i e d p r o t e i n was r e s i s t a n t to N-terminal a n a y l s i s u s i n g the 

dansyl method (Gray & Hartle y , 1963b) and to Edman degradation i t was 

deduced t h a t the p r o t e i n contained a blocked N-terminus. The most common 

terminal b l o c k i n g agents are a c e t y l and formyl groups. A py r r o l i d o n e 

carboxyl r e s i d u e i s another r e l a t i v e l y common masking group. T h i s i s 

formed by the cycli«ation of a ter m i n a l glutamine r e s i d u e , e i t h e r as 

the n a t i v e form of the peptide/protein or as an a r t e f a c t formed during 

pu r i f i ca t i on * 

Examination of the t o t a l p r o t e i n , both n a t i v e and reduced and S-

caboxymethylated, f o r the presence of an a c e t y l a t e d or formylated N-

terminus were c a r r i e d out us i n g the method of Schmer and K r e i l (1969), 

(Methods I I I , 8 e ) . The r e s u l t i n g d a n s y l - d e r i v a t i v e s were compared with 

standard l - a c e t y l - 2 dansyl hydrazine and l-formyl-2-dansyl hydrazine 

d e r i v a t i v e s . Although the r e s u l t s were not c o n c l u s i v e .as to the absence 
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of a formyl or a c e t y l group s i n c e a weak dansyl spot co-chroinatographed 
i n the region of the formyl and a c e t y l dansyl standards, as t h i s was 
found i n a l l p r e p a r a t i o n s i t was assumed to be a contaminant or breakdown 
product. T h i s tended to i n f e r that the blocking agent was n e i t h e r an 
a c e t y l nor a formyl group. 

Attempts were, t h e r e f o r e made to i s o l a t e an N-terminal peptide i n high 

y i e l d so as to be able to determine the nature of the masked group more 

a c c u r a t e l y . 

During p u r i f i c a t i o n of peptides r e s u l t i n g from p r o t e o l y t i c d i g e s t i o n s , 

guide s t r i p s were r o u t i n e l y examined using the s t a r c h - i o d i n e t e s t , which 

g i v e s a p o s i t i v e r e a c t i o n with peptide bonds, and compared with a standard 

n i n h y d r i n guide s t r i p , which r e a c t s with the N-terminal amino a c i d and some 

r e a c t i v e side-groups. In t h i s way i t was hoped to i s o l a t e a unique 

peptide «n s t a r c h - i o d i n e s t a i n i n g which could be a t t r i b u t e d to the 

N-terminal peptide. Unfortunately no such peptide could be l o c a t e d , 

and oAher methods, s p e c i f i c a l l y c a r r i e d out to i s o l a t e an N-terminal 

peptide, were attempted. 

a ) Ion-exchange chromatography 

18mg of reduced and S-carboxymethylated CBI from Pentland D e l l 

potatoes were d i g e s t e d with t h e r m o l y s i n f o r 24 hours (Methods, I I I , 2 a ) . 

The r e s u l t i n g peptides were separated on a Dowex 50 column using a pH 

and i o n i c s t r e n g t h g r a d i e n t . 

Unfortunately, no unique N-terminal peptide was l o c a t e d by t h i s 

method, although confirmatory peptides s i m i l a r to those obtained i n 

e a r l i e r thermolysin d i g e s t i o n s were p u r i f i e d and sequenced. From the 

l a c k of an N-terminal peptide p u r i f i e d by these means, i t was concluded 

that t h i s must c o n t a i n a b a s i c r esidue which caused i t to become bound 

to the column, as would other peptides c o n t a i n i n g a f r e e N-terminus. 

b) Cleavage of the a s p a r t y l - p r o l i n e bond 

The a s p a r t y l - p r o l i n e bond ( r e s i d u e 5 - residue 6) was c l e a v e d by 
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d i l u t e a c i d h y d r o l y s i s (Methods, I I I , 3 b ) . The r e s u l t i n g peptides were 

s e p a r a t e d on a column of Sephadex G-25 (2cm x 200cm), e q u i l i b r a t e d with 

70% ( v / v ) formic a c i d . The e l u a t e was monitored at 280 n.m and r e s u l t s 

recorded ( f i g u r e 3 4 ) . 30 pi a l i q u o t s were taken f o r N-terminal and t o t a l 

amino a c i d a n a l y s e s from f r a c t i o n s 22 -50. The l a r g e 280nm absorbing 

peak was found to c o n s i s t of uncleaved, t o t a l p r o t e i n and the l a r g e 

c a r b o x y l - t e r m i n a l peptide. The s m a l l , amino terminal peptide was l o c a t e d 

by s e m i - q u a n t i t a t i v e amino a c i d a n a l y s i s i n f r a c t i o n s 36-39. F r a c t i o n s 

c o n t a i n i n g the C-terminal peptide(23~30) were combined, as were those 

c o n t a i n i n g the N-terminal peptide,(36-39) and then l y o p h i l i z e d p r i o r to 

f u r t h e r examination. 

i ) A n a l y s i s of N terminal peptide 

A f r a c t i o n was analysed u s i n g the method of Schmer and K r e i l (1969) 

As w i t h the t o t a l p r o t e i n , t h i s method did not c o n c l u s i v e l y prove the 

presence of e i t h e r an a c e t y l a t e d or formylated N-terminal amino a c i d . 

R e s u l t s tended to show that n e i t h e r of these blocking agents were found 

at the N-terminus of t h i s i n h i b i t o r . 

I ncubation of a sample i n 0.5ml of 1.0N NaO H a t room temperature 

f o r 72 hours (Ikenaka e t ad, 1966) d i d not r e s u l t i n any r i n g opening 

of a p o s s i b l e pyrroglutamyl terminus, as judged by N-terminal a n a l y s i s . 

Timed d i g e s t i o n s with carboxypeptidase A gave a s p a r t i c a c i d , a l a n i n e 

and h i s t i d i n e . A weak dansyl-glutamine was sometimes determined a f t e r 

prolonged (36h) d i g e s t i o n . 

Q u a n t i t a t i v e amino a c i d a n a l y s i s y i e l d e d the f o l l o w i n g : 

GLX (2.05) : HIS (0.82) : ALA (1.10) : ASX ( 1 . 0 0 ) . 

The N-terminus was t h e r e f o r e as f o l l o w s : 

* GLX-GLN-HIS-ALA-ASP 

•unknownblocking agervt funlikely a c e t y l a t e d or formylated N terminus. 

i i ) A n a l y s i s of C-terminal peptide 

The l a r g e C-terminal (6-39) and the uncleaved t o t a l p r o t e i n were 

not separated but were t r e a t e d together. A portion were s u b j e c t e d to 



FIGURE 34. 

Column chromatography of products from dilute 

acid hydrolysis. 

10 mg of reduced and S-carboxymethylated CBI 

were hydrolysed with 10% (v/v) a c e t i c acid/pyridine, 

pH 2.5, at 40°C for 5 days. The reaction products 

were separated on a column of Sephadex 6-25 (2 cm x 

200 cm) equilibrated with 70% (v/v) formic acid. 

Results of N-terminal analysis • and t o t a l amino 

acid analysis •••• are indicated. absorbance 

at 280 nm. 
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manual Edman degradation. During the TFA stage of the f i r s t 5 c y c l e s 

a strong purple colour was seen, which was expected, due to the 

r e l a t i v e l y high percentage of tryptophan. Edman degradation gave the 

J i r s t 8 r e s i d u e s which c o n c l u s i v e l y placed the p o s i t i o n of cleavage as 

between a s p a r t i c acid-5 and p r o l i n e - 6 . D i g e s t i o n with carboxypeptidase 

A y i e l d e d t y r o s i n e , v a l i n e and g l y c i n e . Since no other amino a c i d s were 

found i t appears that there was no cleavage of peptide bonds other than 

th a t expected (see f i g u r e 3 5 ) . 

A f u r t h e r p o r t i o n , approximately 400 nmoles of mixed t o t a l p r o t e i n 

and l a r g e fragment . (6-39) were analysed using an Anachem solid-phase 

peptide sequencer. The peptide was a c t i v a t e d and coupled to the g l a s s 

support as i n methods (111,9). 

On d i s s o l v i n g i n 50% ( v / v ) hydrazine the s o l u t i o n was cloudy but 

t h i s c l e a r e d a f t e r 10 minutes at 70°C. During the p r e l i m i n a r y d r y i n g 

down and washing, with 5% aqueous N-methylmorpholine, the peptide formed 

a black f i l m around the tube but t h i s disappeared on s u c c e s s i v e washings. 

Sequence a n a l y s i s was c a r r i e d out as f a r as r e s i d u e 17 ( s e e f i g u r e 3 6 ) . 

From t h i s i t i s seen t h a t r e s i d u e 9 was confirmed as asparagine, and r e s i d u e s 

16 and 17 as a s p a r t i c a c i d . Residue 10 was undetected, but from other 

sequence data t h i s was seen to be l y s i n e which would remain bound to the 

r e s i n . P o s i t i o n 11 was p r e v i o u s l y found to be p r o l i n e by the manual 

method but was undetected i n t h i s a n a l y s i s . P o s i t i o n 13 was t e n t a t i v e l y i d e n t 

i f i e d as a s p a r t i c a c i d but from other data t h i s i s normally seen as 

l y s i n e , which i s undetected due to remaining bound to the r e s i n , and i t 

was assumed th a t the a s p a r t i c a c i d was due to contamination. 

Residue 15, h i s t i d i n e , would not be detected i n t h i s system s i n c e i t 

would be i n the aqueous phase and regenerations were not c a r r i e d out. 

The complete amino a c i d sequence determined u s i n g a v a r i e t y of 

enzymic and chemical methods i s shown i n f i g u r e 37. 



FIGURE 35. 

Amino acid sequence of the C-terminal peptide 
5 6 

formed from hydrolysis of ASP-PRO bond of CBl. 

PRO-ILE-CYS-ASX-LYS-PRO-CYS-LYS-(THR,HIS,ASX,ASX, 

CYS,SER,GLY,ALA,TRP PHE,CYS,GLX,ALA,CYS,TRP,ASX , 
39 

SER,ALA,ARG,THR,CYS,GLY,PRO)-TYR-VAL-GLY 

— * indicates position confirmed by dansyl-Edman 

analysis, * indicates position confirmed by carbo-

xypeptidase A digestion followed by dansylation. 

FIGURE 36. 

Amino acid sequence of the C-terminal peptide 
5 6 

from hydrolysis of ASP-PRO bond of CBl. 
6 ? 17 
PRO-ILE-CYS-ASN- * - * -CYS-ASP-THR- * -ASP-ASP 

Sequence determined using s o l i d phase peptide 

sequencer. 
* residue not determined. 

? residue t e n t a t i v e l y ascribed. 



FIGURE 37. 

Complete amino acid sequence of carboxy-

peptidase inhibitor from potatoes. 

Only peptides e s s e n t i a l for the unambiguous 

determination of the sequence are shown. Peptides 

with the prefix Th were derived from digestion with 

thermolysin, those with T from trypsin, AP from 

s p e c i f i c cleavage at ASP-PRO bond and NBS from 

hydrolysis with N-Bromosuccinimide. 

Arrows (——»• ) indicate positions confirmed by 

dansyl-Edman analysis, ( — 7 ) indicate positions 

tentatively assigned by dansyl-Edman ana l y s i s , ( * — ) 

show positions confirmed by carboxypeptidase A 

digestion followed by dansylation. When the C-terminal 

residue was i d e n t i f i e d as the free amino acid i t i s 

shown thus ( = 7 * ) . Residues given in parentheses 

were determined from peptide composition, the order 

determined by other evidence. 



I 

IN iH 

<fl 

A. 
10 

in 

in n O 

r i V) 
13 

in I 1 § X 1 
19 CN Pi r r O n in >, 

r r io io E-< 

r 10 

til 
H 

I .1 I 

.2 
10 

CN 
1/1 10 

I n) 
01 

10 

10 

I in r ID JC 

CM 
10 I N in G g IN tH 

I 
10 

4> 



- 7 5 -

i i i ) E s t i m a t i o n o f s u l p h y d r y l and d i s u l p h i d e c o n t e n t 

a ) R e a c t i o n w i t h E l l m a n r e a g e n t 

The s u l p h y d r y l and d i s u l p h i d e c o n t e n t o f CBI was d e t e r m i n e d 

u s i n g E l l m a n ' s r e a g e n t ( 5 , 5 ' - d i t h i o b i s ( 2 - n i t r o b e n z o i c a c i d ) - DTNB) 

by t h e method o f Robyt e^t £l ( 1 9 7 1 ) . Two s t a n d a r d p r o t e i n s , w i t h known 

numbers o f s u l p h y d r y l and d i s u l p h i d e g r o u p s , were t r e a t e d c o n c u r r e n t l y 

w i t h C B I . The s t a n d a r d s used were p a p a i n , c o n t a i n i n g d i s u l p h i d e g r o u p s 

and a f r e e s u l p h y d r y l g roup ( L i g h t e t a l ^ 1 9 6 4 ) and l y s o z y m e , c o n t a i n i n g 

o n l y d i s u l p h i d e g r o u p s ( C a n f i e l d & L i u , 1 9 6 5 ) . The p a p a i n was a c t i v a t e d 

a s d e s c r i b e d by Robyt et ( 1 9 7 1 ) . 

The r e s u l t s ( s e e T a b l e s 16 and 1 7 ) o f t h e two s t a n d a r d s were i n k e e p i n g 

w i t h p u b l i s h e d r e s u l t s and t h o s e f o r CBI ( f r o m P e n t l a n d D e l l p o t a t o e s ) 

showed t h a t t h e s i x c y s t e i n e r e s i d u e s were a l l i n v o l v e d i n d i s u l p h i d e 

bond f o r m a t i o n . 

b) P o s i t i o n i n g o f d i s u l p h i d e bonds 

S i n c e a l l 6 c y s t e i n e r e s i d u e s were found to be i n v o l v e d i n 

d i s u l p h i d e bond f o r m a t i o n a t t e m p t s were made t o d e t e r m i n e w h i c h r e s i d u e s 

were l i n k e d t o g e t h e r . 

As t h e n a t i v e p r o t e i n was r e s i s t a n t t o d i g e s t i o n by t r y p s i n and 

c h y m o t r y p s i n ( R e s u l t s 111,3, R a n c o u r & Ryan, 1 9 6 8 ) a p r e l i m i n a r y h y d r o l y s i s 

u s i n g d i l u t e a c i d was c a r r i e d o u t . T h i s method was c h o s e n a s i t was 

l i k e l y t o g e n e r a t e the a p p r o p r i a t e p e p t i d e s and s i n c e i t h a s been r e p o r t e d 

( S a n g e r , 1969; Brown 8c H a r t l e y , 1 9 6 6 ) t h a t t h e d i s u l p h i d e i n t e r c h a n g e 

i s r e d u c e d a t low pH. 

i ) D i l u t e a c i d h y d r o l y s i s 

8 mg o f n a t i v e CBI ( P e n t l a n d D e l l ) w e r e h y d r o l y s e d f o r 24 

h o u r s i n 0.03N-HCC i n a tube, f l u s h e d w i t h n i t r o g e n and s e a l e d u n d e r 

p a r t i a l vacuum. The r e s u l t i n g h y d r o l y s a t e was f r e e z e - d r i e d and t h e 

p e p t i d e s t h e n s e p a r a t e d by h i g h v o l t a g e p a p e r e l e c t r o p h o r e s i s a t pH 6,5. 

T h i s r e s u l t e d i n t h e p u r i f i c a t i o n o f a number o f b a s i c p e p t i d e s . 

P e p t i d e S I 

T h i s had an e l e c t r o p h o r e t i c m o b i l i t y a t pH 6.5 o f 1.83 w h i c h i n d i c a t e d 



TABLE 16. 

Determination of the number of sulphydryl and 
disulphide groups per Mole of papain, lysozyme 

and carboxypeptidase i n h i b i t o r . 

Protein 
Moles CNT/ 

mole protein 
before 

pH 10.5 

Moles CNT/ 
mole protein 

after 
pH 10.5 

No. of 
disulphide 

groups 

Papain 
1 
2 

0.98 
0.87 

a 7.84 
8.32 

2.94 
2.85 

a 

Lysozyme 
1 No reaction. 
2 

CB1 
1 No reaction. 
2 

*No. disulphides = 
(No. CNT after pH 10.5) -2(No. CNT before pH 10.5) 

2 

aThe number of sulphydryl and disulphide groups 
determined by t h i s procedure agrees with the 
numbers reported (one sulphydryl and three 
disulphide) for papain (Light et a l . , 1964). 



TABLE 17. 

Determination of the number of disulphide 
groups per Mole of lysozyme and carboxy-

peptidase i n h i b i t o r . 

Protein 
No. of CNT groups 
aft e r pH 10.5 and 
DTNB/CNT blank 
subtraction 

No. of 
disulphide 

groups 

Lysozyme 
1 
2 

8.09 
8.01 

4.04 
4.00 

a 

CBI 
1 
2 

6.8 
5.4 

3.4 
2.7 

No. disulphides = 
(No. of CNT after pH 10.5) - (DTNB/CNT blank) 

2 

aThe number of disulphide groups determined by t h i s 
method agrees with the number (four) previously 
reported for lysozyme (Canfield & L i u , 1965). 
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a m o l e c u l a r w e i g h t o f a p p r o x i m a t e l y 640 w i t h c h a r g e o f +2 o r 1100 w i t h 
c h a r g e o f +3 ( M o l e c u l a r w e i g h t s a r e o n l y a p p r o x i m a t e , due t o p e p t i d e s 
p o s s e s s i n g h i s t i d i n e w h i c h t e n d s to make m o b i l i t y v m o l e c u l a r w e i g h t 
u n r e l i a b l e , ( O f f o r d , 1 9 6 5 ) ) . The p e p t i d e was a l s o p h e n a n t h r a q u i n o n e 
p o s i t i / e s u g g e s t i n g p r e s e n c e o f a r g i n i n e . N t e r m i n a l a n a l y s i s y i e l d e d 
l y s i n e and s e r i n e , and a s i n g l e Edman d e g r a d a t i o n gave a l a n i n e and 
p r o l i n e . A s e c o n d Edman c y c l e y i e l d e d o n l y a t e n t a t i v e a r g i n i n e . CBA 
d i g e s t i o n gave h i s t i d i n e , t h r e o n i n e and g l y c i n e . T o g e t h e r w i t h t h e 
t o t a l amino a c i d c o m p o s i t i o n ( P r o l i n e , l y s i n e , h i s t i d i n e , a l a n i n e , 
g l y c i n e , t h r e o n i n e , s e r i n e , a r g i n i n e and c y s t e i c . . a c i d ) , t h e most 
l i k e l y s e q u e n c e i s a s f o l l o w s : 

1 0 LYS-PRO-CYS-LYS-THR-KIS 1 5 

t 
\ 

30 \ 
SER-AIA-ARG-THR-CYS-GLY 3 5 

(M.Wt. = 13 0 0 ) 

P e p t i d e 2 

M o b i l i t y d a t a i n f e r r e d a m o l e c u l a r w e i g h t o f a round 570 (+2 c h a r g e ) , 

o r 1000 (+3 c h a r g e ) o r 1600 ( + ^ c h a r g e ) . S i m i l a r a n a l y s i s t o t h e 

p r e c e d i n g p e p t i d e y i e l d e d t h e f o l l o w i n g : 

LYS-PRO-CYS-LYS-THR-H I S 
i 

31 \ 3 6 

ALA-ARG-THR-CYS-GLY-(PRO) ( M . W . 1 2 1 7 - 1314) 

P e p t i d e 3 

From th e pH 6.5 m o b i l i t y , t h e m o l e c u l a r w e i g h t o f t h i s p e p t i d e was 

c a l c u l a t e d to be i n the r e g i o n o f 900 (+X) o r 1600 (+3) o r 2500 ( + 4 ) . 

The p e p t i d e was p h e n a n t h r a q u i n o n e p o s i t i v e i n d i c a t i n g p r e s e n c e o f 

a r g i n i n e . N t e r m i n a l a n a l y s i s g ave l y s i n e and s e r i n e and s u b s e q u e n t 

Edman d e g r a d a t i o n y i e l d e d p r o l i n e and a l a n i n e . C a r b o x y p e p t i d a s e A 

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

t o g e t h e r w i t h t h e t o t a l amino a c i d a n a l y s i s y i e l d e d t h e f o l l o w i n g s e q u e n c e 
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10 15 
LYS-PRO-CYS-LYS-THR-H I S 

30 3g 
SER-ALA-ARG-TH R-CYS-GLY-PRO-TYR-VAL 

From t h e s e 3 p e p t i d e s i t a p p e a r e d t h a t one d i s u l p h i d e bond was 

formed between c y s t e i n e 12 and c y s t e i n e 34. 

The r e m a i n d e r o f t h e p e p t i d e s were l o c a t e d a t t h e n e u t r a l zone b u t 

on e l e c t r o p h o r e s i s a t pH 1.9 t h e s e y i e l d e d m a i n l y f r e e amino a c i d s , a 

few d i p e p t i d e s and some non c y s t i n e c o n t a i n i n g p e p t i d e s . T h i s t h e r e f o r e 

g a ve no c o n c l u s i v e e v i d e n c e r e g a r d i n g t h e p o s i t i o n i n g o f t h e r e m a i n i n g 

d i s u l p h i d e bonds. 

From r a t h e r c o m p l i c a t e d m i x t u r e s o f p a r t i a l l y p u r i f i e d p e p t i d e s from t h e 

pH 6.5 p u r i f i c a t i o n some t e n t a t i v e s u g g e s t i o n s c o n c e r n i n g t h e p o s i t i o n i n g 

o f d i s u l p h i d e bonds may be p o s t u l a t e d . 

30 
SER-ALA-ARG-THR-CYS-GLY-PRO-TYR-VAL- GLY 

\ 
\ 

N 15 PRO-ILEU-CYS-ASN-LYS-PRO-CYS-LYS-THR-HIS 

18 i ~ - ~ . 24 
CYS-SER-GLY-ALA-TRP-PHE-CYS 

S s s -* s ** 
\ l • 

26 " n > , ' ' 28 
ALA-CYS-TRP 

C o n s i d e r a t i o n o f t h e m o b i l i t y o f t h e p e p t i d e gave t h e f o l l o w i n g p o s s i b l e 

m o l e c u l a r w e i g h t s 700 (- 1 ) ; 1,800 (- 2 ) ; 3,300 (- 3 ) . 

R e s i d u e s 18-24 and 26-28, c o u l d n o t be e i t h e r f r e e o r e v e n j o i n e d t o g e t h e r 

s i n c e t h e y c o n t a i n o n l y n e u t r a l amino a c i d s and would t h e r e f o r e have no 

c h a r g e . As CYS 12 and CYS 34 a r e assumed to form a d i s u l p h i d e bond i t 

f o l l o w s t h a t c y s t e i n e 8 and 27 c a n n o t form t o g e t h e r , n o r c a n 18 and 24 

s i n c e t h i s would n e c e s s i t a t e r e s i d u e s 18 t o 24 f o r m i n g a s e p a r a t e p e p t i d e . 

E v i d e n c e f o r t h e e x i s t e n c e o f r e s i d u e s 18 t o 24 i s s e e n from amino a c i d 

c o m p o s i t i o n and t h e f a c t t h a t t h e p e p t i d e was E h r l i c h p o s i t i v e . The 
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m o l e c u l a r w e i g h t o f t h i s p e p t i d e i s 3250 w h i c h i s i n k e e p i n g w i t h 
m o b i l i t y e v i d e n c e . 

i i ) H y d r o l y s i s w i t h p r o t e o l y t i c enzymes 

A s e c o n d d i g e s t i o n , t o i s o l a t e c y s t i n e - c o n t a i n i n g p e p t i d e s was c a r r i e d 

o u t on 15 mg o f n a t i v e CBI ( P e n t l a n d D e l l ) . The p r o t e i n was i n c u b a t e d 

f o r 3 h o u r s w i t h 2 % p a p a i n (w/w) a t pH 6.5 and t h e n f o r a f u r t h e r 4 h o u r s 

w i t h t h e a d d i t i o n o f 2 % (w/w) o f b o t h t r y p s i n and c h y m o t r y p s i n . The 

r e s u l t i n g p e p t i d e s were s e p a r a t e d by e l e c t r o p h o r e s i s a t pH 1.9. 

T h i s method o f a t t a c k u n f o r t u n a t e l y y i e l d e d few p o s i t i v e r e s u l t s . The 

b u l k o f t h e m a t e r i a l a p p e a r e d to be u n d i g e s t e d , a s j u d g e d by N - t e r m i n a l 

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

were p u r i f i e d were m a i n l y d i - and t r i - p e p t i d e s , w h i c h a l t h o u g h c o n f i r m i n g 

p r e v i o u s s e q u e n c e d a t a , gave no u s e f u l i n f o r m a t i o n r e g a r d i n g t h e p o s i t i o n i n g 

o f t h e d i s u l p h i d e bonds. 

R e d l g e s t i o n o f t h e u n d i g e s t e d m a t e r i a l w i t h 0.03N HCJi y i e l d e d anamolous 

r e s u l t s , s u g g e s t i n g t h a t d i s u l p h i d e bond i n t e r c h a n g e had t a k e n p l a c e and 

t h e r e f o r e t h e s e r e s u l t s were t h o u g h t t o be u n r e l i a b l e . 

e.g. c y s t e i n e - 1 2 a p p e a r e d t o form bonds w i t h c y s t e i n e -21, -27 and -34 

c y s t e i n e -8 w i t h c y s t e i n e -24 and 
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I I I D i s c u s s i o n 

The method o f s e q u e n c e d e t e r m i n a t i o n was b a s e d on t h a t d e v i s e d by 

G r a y & H a r t l e y ( 1 9 6 7 ) and i n v o l v e d t h e p r o t e o l y t i c and c h e m i c a l d i g e s t i o n o f 

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

t h e i r s e q u e n c e by t h e d a n s y l - E d m a n method. 

G e n e r a l l y n a t i v e p r o t e i n s a r e n o t good s u b s t r a t e s f o r p r o t e o l y t i c 

d e g r a d a t i o n s i n c e t h e p e p t i d e bonds on t h e ' s u r f a c e o f t h e 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 a r e more s u s c e p t i b l e t o e n z y m i c a t t a c k , w h e r e a s t h o s e b u r i e d 

i n t h e p r o t e i n m a t r i x a r e n o t r e a d i l y h y d r o l y s e d . S i n c e t h e main i d e a 

was to c l e a v e a s q u a n t i t a t i v e l y a s p o s s i b l e a l l s u s c e p t i b l e bonds i t i s 

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

s t r u c t u r e . T h i s was p a r t i c u l a r l y i m p o r t a n t w i t h some p r o t e o l y t i c 

i n h i b i t o r s s i n c e i n t h e i r n a t i v e form t h e y may i n h i b i t a number o f 

p r o t e a s e s and n o t j u s t h i n d e r h y d r o l y s e s o f c e r t a i n p e p t i d e bonds. S i n c e 

CBI was known t o c o n t a i n 6 c y s t e i n e r e s i d u e s w h i c h w e r e a l l i n v o l v e d i n 

d i s u l p h i d e bond f o r m a t i o n i t was n e c e s s a r y t o c l e a v e t h e s e t o d i s r u p t 

t h e p r o t e i n s t r u c t u r e . The method u s e d was t h a t o f C r e s t f i e l d e_t a l 

( 1 9 6 3 ) w h i c h r e d u c e s t h e d i s u l p h i d e bond and t h e n s t a b l i z e s i t by a l k y l a t i o n 

u s i n g i o d o a c e t a t e . T h i s a l s o s e r v e s t o i n t r o d u c e c h a r g e d g r o u p s i n t o t h e 

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

The p r o t e o l y t i c enzymes u s e d i n t h i s s t u d y were t r y p s i n , t h e r m o l y s i n , 

p a p a i n and pepsin'. 

T r y p s i n i s f ound t o be h i g h l y s p e c i f i c o n l y h y d r o l y s i n g t h e p e p t i d e 

bond between t h e c a r b o x y l group o f l y s i n e o r a r g i n i n e and t h e amino group 

o f t h e a d j a c e n t , amino a c i d (Smyth, 1 9 6 7 ) . Slow c l e a v a g e i s r e p o r t e d i f 

t h e b a s i c g roup i s a d j a c e n t t o an a c i d i c amino a c i d o r c y s t e i n e and no 

c l e a v a g e i s found i f t h e b a s i c r e s i d u e i s f o l l o w e d by p r o l i n e . I n t h i s 

s t u d y , t r y p s i n was found to h y d r q l y s e t h e p e p t i d e bond between r e s i d u e s 

13 & 14 and 32 & 33 (LYS-THR and ARG-THR). The l y s i n e . p r o l i n e bond ( 1 0 - 1 1 ) 

was r e s i s t a n t to h y d r o l y s i s a s e x p e c t e d . I n a d d i t i o n , i n a l l t r y p s i n 
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d i g e s t s , p a r t i a l c l e a v a g e was f ound b e t w e e n t y r o s i n e - v a l i n e ( 3 7 - 3 8 ) . The 
a c t i v i t y o f t r y p s i n a t t y r o s y l p e p t i d e bonds h a s been r e p o r t e d a number 
o f t i m e s i n s e q u e n c e s t u d i e s ( C a r p e n t e r f c Baum,1962; M a t s u b a r a e t a l , 1 9 6 7 ; 
Ramshaw, 1972; L y d d i a t t , 19V5) and was o r i g i n a l l y t h o u g h t t o be due t o 
c h y m o t r y p s i n c o n t a m i n a t i o n . However, In a g a m i and S t u r t e v a n t ( 1 9 6 0 ) . 
d e m o n s t r a t e d t h a t t r y p s i n p r e p a r a t i o n s c o u l d h y d r o l y s e N - a c e t y l - L - t y r o s i n e 
e t h y l e s t e r ( A T E E ) and t h a t t h i s a c t i v i t y was due t o i n t r i n s i c t r y p s i n 
a c t i v i t y . K o s t k a and C a r p e n t e r ( 1 9 6 4 ) showed t h a t t r y p s i n t r e a t e d w i t h 
TPCK ( L - ( l - t o s y l a m i d o - 2 - p h e n y l ) e t h y l c h l o r o m e t h y l k e t o n e , an i n h i b i t o r o f 
c h y m o t r y p s i n ) showed a s m a l l d e g r e e o f a c t i v i t y t o w a r d s ATEE but 'not a g a i n s t 
t y r o s y l p e p t i d e bonds. K e i l - D l o u h a e t a l ( 1 9 7 1 ) showed t h a t t h e ' c h y m o t r y p s i 

l i k e ' a c t i v i t y i n t r y p s i n p r e p a r a t i o n s c o u l d be removed by TPCK t r e a t m e n t 
\ 

and e x t e n s i v e CE-S'ephadex c h r o m a t o g r a p h y . ' \ t t h e r e f o r e a p p e a r s t h a t some 

d e g r e e o f anomalous t r y p t i c c l e a v a g e on t h e c a r b o x y l s i d e o f t y r o s i n e 

r e s i d u e s c a n be e x p e c t e d u s i n g c o m m e r c i a l l y p r e p a r e d t r y p s i n . 

T h e r m o l y s i n i s found t o have a f a i r l y b r o a d s p e c i f i c i t y ( M a t s u b a r a , 1966) 

T h e r e have been r e p o r t s o f t h e r m o l y t i c c l e a v a g e a t most amino a c i d s b u t t h i s 

i s t h o u g h t to be due to c o n t a m i n a t i n g enzymes. The main s i t e s o f c l e a v a g e 

a r e t h e amino g r o u p s o f h y d r o p h o b i c r e s i d u e s w i t h b u l k y s i d e c h a i n s , i . e . 

i s o l e u c i n e , l e u c i n e , v a l i n e , p h e n y l a l a n i n e , m e t h i o n i n e and a l a n i n e and t o a 

l e s s e r e x t e n t t y r o s i n e , g l y c i n e , t h r e o n i n e and s e r i n e . The o n l y t h e r m o l y t i c 

c l e a v a g e s w h i c h h a v e n o t been n o t i c e d b e f o r e a r e those i n v o l v i n g t h e amino 

g r o u p o f p r o l i n e . However, i n t h i s s t u d y two s u c h c l e a v a g e s were n o t e d , 

between r e s i d u e s 5 - 6 ( a s p a r t i c a c i d - p r o l i n e ) and 10-11 ( l y s i n e - p r o l i n e ) . 

I t i s p o s s i b l e t h a t the c o n f i g u r a t i o n o f CBI makes t h e s e bonds u n u s u a l l y 

s u s c e p t i b l e to t h e r m o l y s i n o r t h a t t h e p r e p a r a t i o n c o n t a i n e d some o t h e r 

p r o t e a s e ( s ) c a p a b l e o f h y d r o l y s i n g t he~bond. I t h a s a l s o been n o t e d 

( p i s z k i e w i c z e_t al ^ , 1970) t h a t some bonds i n v o l v i n g t h e N - t e r m i n a l o f 

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

s u b s e q u e n t p e p t i d e p u r i f i c a t i o n . A n o t h e r u n u s u a l c l e a v a g e was t h a t f ound 



- 8 1 -

between C M - c y s t e i n e a n d t r y p t o p h a n ( 2 7 - ^ 8 ) . T h e r e have been no o t h e r 

r e p o r t s o f t h e r m o l y s i n c l e a v i n g t h e N - t e r m i n a l bond o f t r y p t o p h a n e x c e p t 

R i c h a r d s o n ( 1 9 7 4 ) . T h i s a g a i n c o u l d be due t o c o n t a m i n a t i o n and s i n c e 

t h e t h e r m o l y s i n u s e d i n t h e s e e x p e r i m e n t s was t h e same a s t h a t u s e d 

by R i c h a r d s o n ( 1 9 7 4 ) i t may be an i n h e r e n t c h a r a c t e r i s t i c o f t h a t 

p r e p a r a t i o n . I t h a s a l s o been r e p o r t e d ( A m b l e r & Meadway,1968) t h a t 

t h e r m o l y s i n does n o t c l e a v e t h e p e p t i d e bond on t h e amino s i d e o f a 

h y d r o p h o b i c r e s i d u e w h i c h h a s a p r o l i n e r e s i d u e on t h e c a r b o x y l s i d e , 

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

c a r b o x y l g roup o f p r o l i n e ( M a t s u b a r a et^ £ 1 , 1 9 6 9 ) . S u c h a c l e a v a g e was 

n o t e d between r e s i d u e s 34 and 35 i n t h e t h e r m o l y t i c d i g e s t o f C B l 

p u n i f i e d f r o m P e n t l a n d D e l l v a r i e t y o f p o t a t o e s . R i c h a r d s o n ( 1 9 7 4 ) a l s o 

r e p o r t s a t h e r m o l y s i n c l e a v a g e w i t h p r o l i n e i n a s i m i l a r p o s i t i o n . 

A l t h o u g h t h e t h e r m o l y s i n d i g e s t i o n s gave a number o f anomalous p e p t i d e s , 

t h o s e i s o l a t e d i n h i g h y i e l d s were s e e n to c o n f o r m w i t h t h e s p e c i f i c i t i e s 

a t t r i b u t e d t o t h i s p r o t e a s e . The u n e x p e c t e d s i t e s o f c l e a v a g e c a n e i t h e r 

be a t t r i b u t e d to c o n t a m i n a t i n g p r o t e a s e s , o r to t h e c o n f i g u r a t i o n o f t h e 

p r o t e i n , w h i c h c a u s e s n o r m a l l y r e s i s t a n t s i t e s t o be s u s c e p t i b l e e i t h e r 

to t h e r m o l y s i n d i g e s t i o n o r s u b s e q u e n t p e p t i d e p u r i f i c a t i o n p r o c e d u r e s . 

A c c o r d i n g t o Smyth ( 1 9 6 7 ) p e p s i n h y d r o l y s e s t h e amino o r c a r b o x y l 

t e r m i n a l o f p h e n y l a l a n i n e , t y r o s i n e , l e u c i n e , a l a n i n e , g l u t a m i n e , c y s t e i n e 

and c y s t i n e b u t n o t p r o l i n e o r i s o l e u c i n e . R e p o r t s by Marhlo.n<J e t a l , 

( 1 9 6 7 ) have a l s o shown c l e a v a g e a t l e u c i n e - h i s t i d i n e , l e u c i n e - l y s i n e , a s p a r t i c 

a c i d - l y s i n e and g l y c i n e - l y s i n e . However, i n t h i s s t u d y t h e s p e c i f i c i t y 

o f p e p s i n was n o t i n v e s t i g a t e d due to t h e d i f f i c u l t y o f o b t a i n i n g 

p u r i f i e d p e p t i d e s . T h i s was p r o b a b l y due to t h e r e l a t i v e l y l o n g 

d i g e s t i o n t i m e ( 3 h o u r s ) w h i c h p e r m i t t e d s e c o n d a r y s i t e s o f c l e a v a g e to 

be a t t a c k e d , t h e r e b y f o r m i n g a l a r g e number o f c l o s e l y r e l a t e d p e p t i d e s 

w h i c h c o u l d n o t be s e p a r a t e d . T h o s e w h i c h were s u c c e s s f u l l y s e q u e n c e d 

were shown to be i n k e e p i n g w i t h t h e e x p e c t e d s p e c i f i c i t y e x c e p t t h a t 
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p e p t i d e formed from h y d r o l y s i s o f t h e bond 

between g l y c i n e and p r o l i n e ( 3 5 - 3 6 ) , a l t h o u g h t h e r e a r e r e p o r t s o f 

a s p a r t i c a c i d - p r o l i n e c l e a v a g e i n t h e jJ c h a i n o f hae m o g l o b i n 

( K o n i g s b e r g e t a i , l 9 6 3 ) . 

P a p a i n i s s e e n t o have a low o r d e r o f s p e c i f i c i t y ( S m y t h , 1 9 6 7 ) b u t 

c l e a v e s m a i n l y t h e c a r b o x y l g r o u p s o f l y s i n e and a r g i n i n e b u t a l s o 

f a i r l y r e a d i l y a t h i s t i d i n e / g l y c i n e , g l u t a m i n e , g l u t a m i c a c i d , 

t y r o s i n e and a s p a r t i c a c i d . I n t h i s work t h e main p e p t i d e l o c a t e d 

was formed from c l e a v a g e o f t h e bond between r e s i d u e s 32 <v^d 33 ( a r g i n i n e -

Hvi-v-on.nfr) w h i c h i s i n k e e p i n g w i t h t h e s p e c i f i c i t y . V e r y few p e p t i d e s 

were p u r i f i e d t o homogeneity from t h i s d i g e s t and i t i s t h e r e f o r e 

d i f f i c u l t t o a s s e s s t h e a c t i o n o f p a p a i n . The p r o b l e m s i n p e p t i d e 

p u r i f i c a t i o n were due t o t h e f o r m a t i o n o f many c l o s e l y r e l a t e d p e p t i d e s 

w h i c h d i d n o t s e p a r a t e e a s i l y on e l e c t r o p h o r e s i s o r c h r o m a t o g r a p h y . 

A t t e m p t s a t s e q u e n c i n g t h e s e p a r t i a l l y p u r i f i e d p e p t i d e s were n o t 

e n t i r e l y s u c c e s s f u l b u t t h e r e s u l t s were c o n s i s t e n t w i t h o t h e r s e q u e n c e 

d a t a . 

The a b s o r p t i o n o f p r o t e i n s o l u t i o n s i n u l t r a v i o l e t l i g h t i s due t o 

t r y p t o p h a n , t y r o s i n e and to a mino r e x t e n t p h e n y l a l a n i n e . Use o f t h i s 

i s made i n b o t h methods f o r e s t i m a t i n g t h e t r y p t o p h a n c o n t e n t o f C B I . 

The r e a c t i o n o f N - b r o m 0 - s u c c i n i m i d e (NBS) w i t h t r y p t o p h a n c a n be f o l l o w e d 

by m o n i t o r i n g t h e d e c r e a s e i n e x t i n c t i o n a t 280nm and t h e a p p e a r a n c e 

o f a m a j o r a b s o r p t i o n peak a t 261 nm due t o t h e o x i d a t i o n o f t h e i n d o l e 

m o i e t y . (Ramachandran & W i t k o p , 1 9 6 7 ) . The method o f Beaven and H o l i d a y 

( 1 3 5 2 ) u t i l i z e s t h e e x t i n c t i o n v a l u e s o f t y r o s i n e and t r y p t o p h a n . 

A l t h o u g h i n t h i s l a t t e r method, t h e r a t i o s a r e c h a r a c t e r i s t i c o f a 

p r o t e i n , t h e t y r o s i n e e s t i m a t e t e n d s t o be h i g h and t h a t o f t r y p t o p h a n 

low ( L e g g e t t - B a i l e y , 1 9 6 7 ) . T h i s was c o n f i r m e d d u r i n g t h i s i n v e s t i g a t i o n , 

t h e f o r m e r method u s i n g NBS gave 1.6 - 1.7 moles t r y p t o p h a n / m o l e p r o t e i n 

w h e r e a s t h e l a t t e r method gave 1.1 - 1.2 mo l e s t r y p t o p h a n / m o l e p r o t e i n . 
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A l t h o u g h i t h a s t e e n n o t e d t h a t c l e a v a g e d a t a c o n c e r n i n g NBS must 
be v i e w e d w i t h c a u t i o n s i n c e t h e r e may be masked o r u n r e a c t i v e t r y p t o p h a n y l 
bonds w h i c h a r e c l e a v e d i n n e g l i g i b l e y i e l d o r n o t a t a l l (Ramachandran 
and W i t k o p , 1 9 6 7 ) , t h e u s e o f r e d u c e d and S - c a r b o x y m e t h y l a t e d CBI a p p e a r e d 
to overcome t h e s e d i f f i c u l t i e s s i n c e a l l r e s i d u e s c o u l d be a c c o u n t e d f o r 
i n t h e f i n a l s e q u e n c e . NBS i s known t o be v e r y a c t i v e and t o g i v e s i d e 
r e a c t i o n s ( W i t k o p , 1 9 6 1 ) . The u s e o f e x c e s s r e a g e n t c l e a v e s t y r o s y l 
and h i s t i d y l bonds a s w e l l a s t r y p t o p h a n y l . However, no c l e a v a g e a t 
t h e s e s i t e s was d e t e c t e d u s i n g a r a t i o o f NBS: t r y p t o p h a n o f 2:1 
( R a m a c h a n d r a n & Witkop, 1 9 6 7 ) . 

A p e p t i d e c o n t a i n i n g a b l o c k e d N - t e r m i n a l r e s i d u e m i g h t t h e o r e t i c a l l y 

h ave a d i f f e r e n t c h a r g e t h a n t h e o t h e r a m p h o t e r i c o r b a s i c p e p t i d e s i n 

a d i g e s t mix*" r e . T h i s p o s s i b i l i t y was t h e b a s i s on w h i c h a t t e m p t s 

w e r e made i n t h i s i n v e s t i g a t i o n t o i s o l a t e an N - t e r m i n a l p e p t i d e . 

T h e r m o l y s i n was c h o s e n to c l e a v e t h e p r o t e i n s i n c e t r y p s i n c l e a v a g e w o u l d 

h a v e r e s u l t e d i n a b a s i c r e s i d u e a t t h e C - t e r m i n u s o f t h e p e p t i d e . 

U n f o r t u n a t e l y , t h e p r e s e n c e o f a b a s i c r e s i d u e a t p o s i t i o n 3 ( h i s t i d i n e ) 

meant t h a t t h e p e p t i d e was s u f f i c i e n t l y b a s i c t o b i n d t o t h e column 

o f Dowex 50 and n o t e l u t e u n t i l t h e g r a d i e n t was a p p l i e d . 

C l e a v a g e o f t h e a s p a r t y l - p r o l i n e bond p e r m i t t e d t h e s o l u t i o n o f an 

N - t e r m i n a l p e p t i d e . T h i s method i s r e p o r t e d t o g i v e c l e a v a g e o f 1 0 - 9 0 % 

and a s j u d g e d by t h e i n t e n s i t y o f t h e d a n s y l amino a c i d s o f an a l i q u o t 

o f p e p t i d e , t h e h y d r o l y s i s i n t h i s c a s e was f a i r l y low, a p p r o x i m a t e l y 

20%. 

E x a m i n a t i o n o f t h i s p e p t i d e to e l u c i d a t e t h e n a t u r e o f the b l o c k i n g 

a g e n t was i n c o n c l u s i v e . U s i n g t h e method o f Schmer a n d K r e i l ( 1 9 6 9 ) t h e 

N - t e r m i n a l amino a c i d was c o n v e r t e d t o i t s h y d r a z i n e d e r i v a t i v e and chromato^-

g r a p h e d w i t h a v a r i e t y o f s t a n d a r d s . I t h a s been r e p o r t e d t h a t p y r r o g l u t a m y l 

p e p t i d e s a l s o y i e l d an unknown s p o t on c h r o m a t o g r a p h y w h i c h c a n n o t be 

d i s t i n g u i s h e d from an a c y l - h y d r a z i d e ( N a r i t a , 1 9 7 0 ) . I n t h i s e x p e r i m e n t 
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a number o f d a n s y l d e r i v i i t i e s c o - c h r o m a t o g r a p h e d i n t h e r e g i o n o f 
I h i ' iic.y I-.s (.;11liI:i r d s . Ilnwcvci', <liu- t o t h e i n t e n s i t y i l l ' I l u - s r d;insy.L 
s p o t s i t was t h o u g h t t h i i t thus e were i n s i g n i f i c a n t und it . was u n l i k e l y 
t h a t t h e b l o c k i n g a g e n t was e i t h e r an a c e t y l o r f o r m y l g r o u p . T h i s i s 
c o n s i s t e n t w i t h t h e r e s u l t o f H ass e t al ( 1 9 7 5 ) who a l s o t h o u g h t e i t h e r 
o f t h e s e two g r o u p s u n l i k e l y , but c o u l d n o t d e f i n i t e l y r u l e them o u t . 

S i n c e t h e N - t e r m i n a l p e p t i d e c o n t a i n e d e i t h e r g l u t a m i n e o r 

g l u t a m i c a c i d i t was t h o u g h t t h a t t h e b l o c k a g e c o u l d be due t o p y r r o g l u t a m y l 

f o r m a t i o n due t o c y c l i z a t i o n o f t h e amino a c i d . As t h e f o r m a t i o n o f a 

p y r r o g l u t a m y l r e s i d u e from g l u t a m i c a c i d r e q u i r e s v i g o r o u s c o n d i t i o n s n o t 

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

c o n v e r s i o n from g l u t a m i n e o c c u r s u n d e r r e l a t i v e l y m i l d c o n d i t i o n s i t i s 

more l i k e l y t h a t t h e N - t e r m i n a l amino a c i d was a g l u t a m i n e r e s i d u e i f t h e 

b l o c k i n g a g e n t i s a p y r r o g l u t a m y l r e s i d u e . A t t e m p t s t o d e t e r m i n e t h i s 

u s i n g t h e method o f I k e n a k a ert al ( 1 9 6 6 ) were u n s u c c e s s f u l i n t h a t no 

r i n g o p e n i n g was d e t e c t e d . An enzyme s p e c i f i c f o r t h e c l e a v a g e o f 

p y r r o g l u t a m y l r e s i d u e s has been p u r i f i e d ( D o o l i t t l e fcArmentrout, 1968; 

A r m e n t r o u t & D o o l i t t l e , 1 9 6 9 ) , however, u s e o f t h i s enzyme was n o t 

made d u r i n g t h e i n v e s t i g a t i o n . 

A l t h o u g h Robyt e t al ( 1 9 7 1 ) s t a t e d t h a t i t would be a d v i s a b l e t o 

c a r r y o u t k i n e t i c e x p e r i m e n t s t o d e t e r m i n e t h e t i m e o f r e a c t i o n f o r 

CNT ( 3 - c a r b o x y l a t o - 4 - n i t r o t h i > p h e n o l a t e ) w i t h new p r o t e i n s , a s a l l t h e c y s t e i n e r e s 

j d u e s d e t e r m i n e d by p e r f o r r n i c a c i d o x i d a t i o n were a c c o u n t e d f o r by 

d e t e r m i n a t i o n i t a p p e a r s t h a t t h e r a t e o f f o r m a t i o n o f CNT must be i n t h e 

same r e g i o n f o r b o t h s t a n d a r d s and C B l . T h i s r e s u l t i s i n k e e p i n g w i t h 

Ryan e t a l ( 1 9 7 4 ) who showed t h a t a l l t h e c y s t e i n e s were i n v o l v e d i n 

d i s u l p h i d e bond f o r m a t i o n u s i n g t h e method o f E l l m a n ( 1 9 5 9 ) . 

. D u r i n g d e t e r m i n a t i o n o f p o s i t i o n i n g o f t h e d i s u l p h i d e bonds, d i l u t e 

a c i d h y d r o l y s i s was p r i m a r i l y u s e d s i n c e t h i s b o t h r e a d i l y h y d r o l y s e d t h e 

n a t i v e p r o t e i n and a l s o p r o v i d e d low pH c o n d i t i o n s w h i c h s e r v e d t o p r e v e n t 
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d i s u l p h i d e bond i n t e r c h a n g e ( R y l e & Sa n g e r , 1 9 5 5 ) . A s e c o n d d i g e s t i o n 

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

optimum a c t i v i t y a t low pi I. A f t e r some time (3 h o u r s ) , a s o l u t i o n o f 

t r y p s i n and c h y m o t r y p s i n was added. I t was hoped t h a t a f t e r p r e l i m i n a r y 

d i g e s t i o n w i t h p e p s i n t h e p r o t e i n would be s u s c e p t i b l e t o d i g e s t i o n by 

t h e s e p r o t e a s e s , a l t h o u g h the n a t i v e p r o t e i n was r e s i s t a n t . However, 

i t a p p e a r e d t h a t t h i s s t r a t e g y was u n s u c c e s s f u l . L a c k o f m a t e r i a l 

p r e v e n t e d f u r t h e r i n v e s t i g a t i o n i n t o t h e p o s i t i o n i n g o f d i s u l p h i d e bonds. 

P e p t i d e s d e r i v e d from e n z y m l c o r c h e m i c a l d i g e s t i o n s w e r e r o u t i n e l y 

s e p a r a t e d u s i n g h i g h v o l t a g e p a p e r e l e c t r o p h o r e s i s , a t pH 6 .5 and pH 1 . 9 , 

p a p e r c h r o m a t o g r a p h y and sometimes column c h r o m a t o g r a p h y . I t was 

found t h a t t h e e l u t i o n o f e l e c t r o p h o r e s i s and c h r o m a t o g r a p h y p a p e r s was 

more e f f i c i e n t when c a r r i e d o u t t w i c e , w i t h a d r y i n g s t e p a t room 

t e m p e r a t u r e between e l u t i o n s . 

The u s e o f t h e p f r j n a n t h r a q u i n o n e r e a g e n t f o r l o c a t i n g a r g i n i n e 

c o n t a i n i n g p e p t i d e s was a d v a n t a g e o u s s i n c e i t c a n sometimes be d i f f i c u l t 

t o d e t e r m i n e the p r e s e n c e o f d a n s y l a r g i n i n e on t h e p o l y a m i d e s h e e t s 

u s i n g the s o l v e n t s y s t e m s i n t h i s s t u d y . R n added a d v a n t a g e was t h a t 

t h i s t e s t c o u l d be p e r f o r m e d b e f o r e t h e m o d i f i e d n i n h y d r i n and E h r l i c h 

t e s t s u s i n g t h e same g u i d e s t r i p . A l t h o u g h E a s l e y (1965) recommended 

the u s e o f the P a u l y r e a g e n t i n c o n j u n c t i o n w i t h o t h e r t e s t s , i t was 

found t h a t t h i s t e s t was more u s e f u l i f a p p l i e d on i t s own. The 

s t a r c h - i o d i n e s t a i n f o r p e p t i d e bonds (Rydon & S m i t h , 1952) was u s e d 

i n an a t t e m p t t o l o c a t e t h e N - t e r m i n a l p e p t i d e w h i c h d i d n o t r e a c t w i t h 

n i n h y d r i n . U n f o r t u n a t e l y , a l t h o u g h t h i s r o u t i n e l y g ave p o s i t i v e r e s u l t s , 

when compared w i t h a n i n h y d r i n g u i d e s t r i p from t h e same e l e c t r o p h o r e t o g r a m 

o r chromatogram, no n o v e l p e p t i d e c o u l d be l o c a t e d . 

The d a n s y l - E d m a n method f o r s e q u e n c i n g p e p t i d e s i s an e x t r e m e l y 

s e n s i t i v e t e c h n i q u e and h a s been u s e d i n a m i c r o f o r m t o d e t e r m i n e t h e 
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sequence of as l i t t l e as lOpmol of peptide (Bruton & Hartley, 1970). 
When the technique was combined with the method of Woods and Wang,(1967) 
to separate the d a n s y l - d e r i v a t i v e s of amino a c i d s using polyamide 
chromatography, i t had the advantage of pr o v i d i n g an e x c e l l e n t r e s o l u t i o n 
of a l l normally o c c u r r i n g p r o t e i n amino a c i d d e r i v a t i v e s . The main 
d i f f i c u l t y a s s o c i a t e d with t h i s method was the i d e n t i f i c a t i o n of amino 
a c i d s whose d a n s y l - d e r i v a t i v e s were l a b i l e during a c i d h y d r o l y s i s of 
the da n s y l a t e d peptide. Asparagine and glutamine were deaminated to 
the corresponding a c i d s and b i s - d a n s y l - h i s t i d i n e was degraded to - N -
d a n s y l - h i s t i d i n e . A f t e r a number of Edman degradation s t e p s the i n t e r n a l 
l y s i n e r e s i d u e s of peptides r e a c t t h e i r £ - amino f u n c t i o n with PITC to 
form E _ PTC - l y s i n e . The dansyl d e r i v a t i v e , ^ - da n s y l - E - P T C - l y s l n e , 
i s r a t h e r u n s t a b l e to a c i d h y d r o l y s i s and a l s o tends to chromatograph 
i n the region of d a n s y l - l e u c i n e and dan s y l - p h e n y l a l a n i n e , though w i t h 
care these three amino a c i d s can be r e s o l v e d . D a n s y l - p r o l i n e i s 
degraded on prolonged a c i d h y d r o l y s i s so th a t when a p r o l i n e r e s i d u e 
was suspected a t the N-terminus of a 'dansylated' peptide, h y d r o l y s i s 
was only c a r r i e d out f o r 6 hours. Although dansyl-tryptophan i s 
reported to be unstable during a c i d h y d r o l y s i s , dansyl tryptophan was 
i d e n t i f i e d a number of times a f t e r 4-10 hours h y d r o l y s e s . 

The dansyl method can only be q u a l i t a t i v e when used i n conjunction 

with Edman degradation, but d a n s y l a t i o n of a peptide hydrolysate can 

provide a s e m i - q u a n t i t a t i v e estimate of the amino a c i d composition of 

the peptide byan assessment of the r e l a t i v e i n t e n s i t i e s of the 

fl u o r e s c e n c e under UV l i g h t f o l l o w i n g chromatography. During the 

degradation of a peptide, r e - d a n s y l a t i o n of the sample f o l l o w i n g 

h y d r o l y s i s and determination of the dansy l a t e d N terminal amino a c i d 

gave information on the composition of the degraded peptide and was 

u s e f u l f o r confirming h i s t i d i n e i n a sequence by the presence or absence 

of b i s - d a n s y l - h i s t i d i n e . D a n s y l a t i o n without h y d r o l y s i s was capable of 
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i d e n t i f y i n g f r e e amino a c i d s as i m p u r i t i e s , the f r e e C-terminal amino 
a c i d of a f u l l y degraded peptide and amino a c i d s r e l e a s e d from a 
peptide by carboxypeptidase d i g e s t i o n . 

T h e o r e t i c a l l y , sequence determination u s i n g the Edman degradation 

method should be capable of e l u c i d a t i n g the sequence of the complete 

peptide or p r o t e i n . However, v a r i o u s u n d e s i r a b l e s i d e r e a c t i o n s tend 

to l i m i t the number of c y c l e s that can be performed. One of the 

main problems encountered i s due to the presence of oxygen during the 

coupling stage of the Edman degradation. I n manual degradation t h i s 

i s c a r r i e d out as f a r as p o s s i b l e i n an i n e r t atmosphere of n i t r o g e n 

but i t i s i m p o s s i b l e to exclude oxygen a l t o g e t h e r . However, using a 

sequenator t h i s problem i s b e t t e r countered and t h e r e f o r e l e a d s to 

a higher r e p e t i t i v e y i e l d u sing t h i s method. T h i s though a l s o l e a d s 

to problems s i n c e the protein/peptide goes through a g r e a t e r number of 

degradation c y c l e s and s i d e r e a c t i o n s not n o t i c e d i n s h o r t e r degradations 

become apparent. (Edman & Begg, 1967). During t h i s i n v e s t i g a t i o n 

l i m i t e d use was made of automatic sequencing and t h e r e f o r e the main 

l i m i t a t i o n s were due to problems encountered i n the manual method. 

Various protease i n h i b i t o r s , from both p l a n t and animal sources, 

have been sequenced and a number are seen to form homologousclasses. 

(Tschesche, 1974; Laskowski & S e a l ock, 1971). 

Although the p r o t e i n i n t h i s study i s an i n h i b i t o r of mammalian 

me t a l l o p r o t e i n a s e s and the majority of those p r o t e i n s sequenced belong 

to the i n h i b i t o r s of s e r i n e p roteases, i t i s of i n t e r e s t to see i f 

there i s any degree of homology between these p r o t e i n s . 

Figure 38 shows the degree of homology between the soy bean 

t r y p s i n i n h i b i t o r (Bowman-Birk) and the trypsin-chymotrypsin i n h i b i t o r 

IV from lima beans. The carboxypeptidase i n h i b i t o r i s seen to have 

very few homologous regions, L Y S ^ - C Y S 1 ^ , being the only sequence 

l a r g e r than two amino a c i d s i n common between these three p r o t e i n s . 
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One of the l a r g e r groups of homologous protease i n h i b i t o r s i s 

shown i n F i g u r e 39. The potato carboxypeptidase i n h i b i t o r i s 

included to show the degree of s i m i l a r i t y . S i n c e regions at 

both the N-terminal and the C-terminal resemble sequences of t h i s 

group the p r o t e i n has been a r b i t r a r i l y s p l i t to show these. T h i s 

could have a r i s e n n a t u r a l l y due to d e l e t i o n s during t r a n s c r i p t i o n . 

Although i t may seem unusual f o r an i n h i b i t o r of m e t a l l o p r o t e i n a s e 

to have some degree of homology with i n h i b i t o r s of the s e r i n e 

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

d i s c o v e r y of a low molecular weight i n h i b i t o r of chymotrypsin found 

i n potatoes (Hass £t aJL, 1976b). The N-terminal region ( r e s i d u e s 

1-18) have been sequenced and show a s t r i k i n g s i m i l a r i t y to the 

carboxypeptidase i n h i b i t o r and those shown i n f i g u r e 40. (see f i g u r e s 

39 and 4 0 ) . 

Although f u r t h e r sequence work on other i n h i b i t o r s i s r e q u i r e d , 

i t can be seen that v a r i o u s c l a s s e s do e x i s t . Of p a r t i c u l a r i n t e r e s t 

to t h i s study i s the d i s c o v e r y that i n h i b i t o r s of at l e a s t two 

d i s t i n c t c l a s s e s of proteases (3 i f the r a t h e r loose homology of the 

bromelain i n h i b i t o r Reddy e_t al^, ( 1 9 7 5 ) i s accepted) appear to have 

evolved from a common an c e s t o r . 
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As s t a t e d i n the i n t r o d u c t i o n , during the course of t h i s study 
i l became apparent I lia t a s i m i l a r i n v e s t i g a t i o n was being c a r r i e d out by 
P r o f e s s o r s Ryan and Neurath. Some of t h e i r r e s u l t s have already 
been mentioned but i t i s probably apposite to d i s c u s s t h e i r r e s u l t s 
i n more d e t a i l . 

The o r i g i n a l paper (Rancour & Ryan, 1968) o u t l i n e d a p u r i f i c a t i o n 

procedure on which the method used i n t h i s study was based. L a t e r 

r e p o r t s (Ryan, 1971) gave a s l i g h t l y d i f f e r e n t method of p u r i f i c a t i o n . 

The i n h i b i t o r was shown to be a c t i v e a g a i n s t both carboxypeptidase 

A and B and a l s o to be unaffected by t r y p s i n or chymotrypsin. These 

r e s u l t s were confirmed i n t h i s study which showed n a t i v e CBI to be 

r e s i s t a n t to i n c u b a t i o n with CBA, t r y p s i n and chymotrypsin. However, 

reduction and S-carboxymethylation of CBI caused i t to become 

s u s c e p t i b l e to a l l 3 enzymes. The molecular weight was c a l c u l a t e d 

using a v a r i e t y of methods and was found to vary from 3000 - 3800. 

Fu r t h e r s t u d i e s , (Ryan,1971; Ryan e t a l , 1974) gave the molecular 

weight as 3100 - 300 estimated by g e l f i l t r a t i o n , but as c a l c u l a t e d 

from amino a c i d a n a l y s i s the molecular weight was given as 4100 -

100 to 1100 - 4300. T h i s l a t t e r f i g u r e i s i n agreement with the 

molecular weight proposed i n t h i s study. 

The e a r l y work on the r e a c t i v e s i t e of the i n h i b i t o r (Ryan, 1971) 

postulated that the carboxy-terminal r e s i d u e may be involved and 

a l s o r a i s e d the p o s s i b i l i t y of two s i t e s , one f o r each of CBA or CBB. 

Thi s l e d to the hypothesis that the i n h i b i t o r might contain two 

carboxyterminal ends, e i t h e r through d i s u l p h i d e l i n k a g e of two c h a i n s 

or through branching. T h i s idea was seen to be erroneous a f t e r the 

e l u c i d a t i o n of the primary sequence. 

S i m i l a r sequencing s t r a t e g y was used i n t h i s study and by Hass 

•at £1^ (1975). i n both c a s e s the i n h i b i t o r i s converted to e i t h e r 

the S - p y r i d y l e t h y l or S-carboxymethyl d e r i v a t i v e p r i o r to any 
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h y d r o l y s i s . D i g e s t i o n with t r y p s i n was c a r r i e d out i n the two 
studies, but Mass e t a l f i r s t r e v e r s i b l y blocked the l y s i n e r e s i d u e s 
and i s o l a t e d the C-terminal peptide before h y d r o l y s i n g l y s i n e -13 ( L y s 1 ^ -
Pro*^ was r e s i s t a n t to h y d r o l y s i s i n both c a s e s ) . Cleavage between 
r e s i d u e s 5 and 6 was c a r r i e d out i n both s t u d i e s u s i n g the method of 
F r a s e r ejt al. (1972). T h i s gave e s s e n t i a l l y the same r e s u l t s a p a r t from 
the d i f f e r e n c e concerning .the N-terminal peptide which had .already. been 
d i s c u s s e d . F u r t h e r methods f o r e l u c i d a t i n g the sequence d i f f e r s l i g h t l y 
between the two s t u d i e s . Hass e_t a_l (1975) used chy mo t r y p s i n to provide 
the remainder of the sequence whereas t h i s study u t i l i z e d t hermolysin. 
T h i s l a t t e r enzyme was seen to give a g r e a t e r number of s m a l l e r peptides 
than chymotrypsin. T h i s was more u s e f u l f o r manual sequence determination 
where the problems encountered during degradation of long peptides are 
more n o t i c e a b l e than during automatic degradation as u t i l i z e d by Hass 
et a l (1975). A f u r t h e r d i f f e r e n c e was the use of NBS to s p e c i f i c a l l y 
c l e a v e at tryptophan. T h i s was again n e c e s s a r y s i n c e during manual 
sequencing tryptophan i s destroyed and t h e r e f o r e d i f f i c u l t to p o s i t i o n . 
Confirmatory evidence was a l s o obtained i n t h i s study from d i l u t e a c i d 
h y d r o l y s i s and d i g e s t i o n s u s i n g pepsin and pepain. 

The procedures used were t h e r e f o r e s i m i l a r , the main c o n s t r a i n t s of 

both s t u d i e s being the method used f o r degradation. Using the 

manual method a number of s m a l l peptides were sequenced and normally 

a l l r e s i d u e s were determined f o r each d i g e s t i o n . I n the automatic 

degradation, l a r g e r peptides were sequenced but due to various problems, 

e.g. s o l u b i l i t y of i n d i v i d u a l peptides, only c e r t a i n r e s i d u e s and 

peptides were sequenced from each d i g e s t . However, s u f f i c i e n t 

o v e r l a p was obtained to unambiguously provide the sequence, which was 

found to be the same using these v a r i e t y of methods. 

The c l a r i f i c a t i o n of t h i s sequence (Hass e_t £ 1 ^ 9 7 5 ) le a d to some 

elegant work by Neurath and co-workers concerning the r e a c t i v e s i t e 
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of the i n h i b i t o r . The i n h i b i t o r was c h e m i c a l l y modified and the 
e f f e c t s on the i n h i b i t i o n of CBA and B were followed. (Hass e t al,1976 a ) . 
Chemical m o d i f i c a t i o n of the J- - c a r b o x y l a t e of glycLne-39 lead to l o s s 
of i n h i b i t o r y a c t i v i t y showing that the C-terminal amino a c i d was 
important to the enzyme/inhibitor i n t e r a c t i o n as had been p o s t u l a t e d 
e a r l i e r . Masking of the p - c a r b o x y l a t e of a s p a r t i c a c i d r e s i d u e s 
5, 15 and 17 d i d not a f f e c t the i n h i b i t o r y a c t i v i t y . 

M o d i f i c a t i o n of v a r i o u s other r e s i d u e s , l y s i n e 10 and 13, h i s t i d i n e 

3 or 15, a r g i n i n e 32 and removal of r e s i d u e s 1 T 5 had l i t t l e a 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 . The tryptophan r e s i d u e s (22 and 28) were 

presumed to be buried i n the i n t e r i o r of the molecule s i n c e they d i d 

not r e a c t w i t h e i t h e r 2-hydroxy-S-nitrobenzyl bromide or 0-nitrophenyl 

sulphenyl c h l o r i d e . From these r e s u l t s i t was concluded t h a t only a 

small region of the protease i n h i b i t o r a c t s d i r e c t l y with the enzyme 

s i n c e m o d i f i c a t i o n of 14 out of the 39 r e s i d u e s d i d not l e a d to any 

a p p r e c i a b l e d e t e r i o r a t i o n i n i n h i b i t o r y a c t i v i t y . A s i n g l e a c t i v e 

s i t e f o r both CBA and CBB was p o s t u l a t e d s i n c e g l y c i n e - 3 9 appeared 

c r i t i c a l f o r the enzyme/inhibitor i n t e r a c t i o n . I t was a l s o suggested 

that the i n h i b i t o r ' s r e a c t i v e s i t e contained n e i t h e r a hydrophobic 

nor a b a s i c r e s i d u e as t h i s would probably l e a d to some preference 

f o r e i t h e r CBA or CBB. F u r t h e r experiments u s i n g modified CBA 

(Ako e t al,1976) showed that the i n h i b i t o r probably binds a t the 

a c t i v e s i t e of the CBA molecule ( V a l l e e & Riordon,1968., Lipscomb 

e t a_l,1968). However, i t i s p o s s i b l e t h a t the i n h i b i t o r does not 

u t i l i z e the enzyme binding pocket. T h i s would f i t i n w i t h the 

observation made i n t h i s study, t h a t w h i l e i n c r e a s e of temperature 

reduces the maximum v e l o c i t y of CBA a c t i v i t y on hippuryJ-L-phenylalanine, 

i n c u b a t i o n w i t h CBI appears to cause some s t a b l i z a t i o n of the enzyme 

w h i l s t s t i l l p e r m i t t i n g some h y d r o l y s i s of the s u b s t r a t e . 

The work i n t h i s study was t h e r e f o r e seen to complement or 

v e r i f y t h a t c a r r i e d out i n the l a b o r a t o r i e s of P r o f e s s o r Ryan and 
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P r o f e s s o r Neurath over the same period. The main point of 
disagreement i s that concerning the N-terminal sequence of the 
i n h i b i t o r . No s a t i s f a c t o r y e x p l a n a t i o n can be given f o r t h i s 
d i f f e r e n c e although the p o s s i b i l i t y that the s l i g h t l y more rigorous 
p u r i f i c a t i o n used i n t h i s study could have separated the two i s o -
i n h i b i t o r s or t h a t the i n h i b i t o r v a r i e s s l i g h t l y from v a r i e t y to 
v a r i e t y of potatoes cannot be ignored. However, t h i s l a t t e r 
suggestion seems u n l i k e l y s i n c e there was seen to be no d i f f e r e n c e 
i n any other p a r t of the sequence between the two v a r i e t i e s examined 
i n t h i s study and t h a t of Hass e t a l (1975). 
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CONCLUSION 

The p u r i f i c a t i o n of a protease i n h i b i t o r from potatoes r a i s e s 

two main qu e s t i o n s . Why i s i t there and how does i t a c t ? 

The f i r s t q u e s t i o n i s one which has had l i t t l e a t t e n t i o n to 

t h i s date. Of the va r i o u s t h e o r i e s put forward concerning the 

endogenous r o l e of protease i n h i b i t o r s (Ryan,1973; Vogel e t a l , 1968) the 

endozoic f u n c t i o n obviously does not apply to potato t u b e r s . Some i n s e c t 

p r o t e a s e s have been shown to be s i m i l a r i n a c t i o n to carboxypeptidase 

B (Applebaum e t al,1964) and t h e r e f o r e , s i n c e CBI i s concentrated i n 

the c o r t e x of the potato i t may s e r v e as a p r o t e c t i v e agent a g a i n s t 

i n v a s i o n by i n s e c t s . S i m i l a r l y some fungal enzymes have carboxy-

peptidase a c t i v i t y . 

Although i t i s p o s s i b l e that the i n h i b i t o r p l a y s some p a r t i n -

c o n t r o l l i n g the proteases found i n potatoes there i s as yet no 

evidence f o r t h i s . I t would be of i n t e r e s t to study any p o s s i b l e 

changes i n a c t i v i t y or c o n c e n t r a t i o n of CBI throughout the l i f e c y c l e 

of the potato as t h i s may l e a d to some c o r r e l a t i o n w i t h i t s a c t i v i t y 

w i t h i n the potato. The development of a f f i n i t y chromatography may 

help t h i s form of study. 

The f i n a l p o s s i b l e r o l e i s th a t of sto r a g e . I t has been reported 

t h a t 70-80% of the e x t r a c t a b l e p r o t e i n s of a tuber belong to storage 

p r o t e i n s (Stegemann,1975). I n some ca s e s these p r o t e i n s a r e found 

to be protease i n h i b i t o r s ( 1 0 % chymotrypsin i n h i b i t o r I , 5% papain 

i n h i b i t o r , 0.2% C B I ) . The f i n d i n g t h a t chymotrypsin i n h i b i t o r I 

i s compartmentalized i n the vacuoles and the papain i n h i b i t o r i s found 

i n c r y s t a l s , t h e r e f o r e withdrawn from c e l l u l a r a c t i v i t y , l e n d weight 

to t h i s i d e a of s t o r a g e . 

The r o l e of CBI as a storage p r o t e i n i s unknown. However, i t 

seems u n l i k e l y that t h i s would be i t s only r o l e s i n c e i t i s improbable 

that the i n h i b i t o r y a c t i v i t y would be conserved during e v o l u t i o n f o r 

storage purposes alone. I t seems more probable t h a t the i n h i b i t o r 
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p l a y s 2 r o l e s , one of which u t i l i z e s i t s i n h i b i t o r y a c t i v i t y and another 
which uses i t as an amino a c i d pool f o r the growing p l a n t . 

T h i s l a t t e r question i s one to which there i s the beginnings of an 

answer. The e l u c i d a t i o n of the primary s t r u c t u r e and the k i n e t i c 

s t u d i e s have enabled the American workers to begin to understand the 

enzyme/inhibitor i n t e r a c t i o n . F u r t h e r i n t e r e s t i n g r e s u l t s can be 

expected from t h i s r e s e a r c h team. 
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APPENDIX I 

1) P u r i f i c a t i o n 

i ) C o ncentration 

Owing to the r e l a t i v e l y l a r g e volumes of l i q u i d encountered during 

p r e l i m i n a r y e x t r a c t i o n and p u r i f i c a t i o n procedures, attempts were made 

to determine the most e f f e c t i v e and l e a s t time consuming method f o r the 

con c e n t r a t i o n of these s o l u t i o n s . 

a ) 250 ml of the f i l t r a t e ( c o l l e c t e d a f t e r heat f r a c t i o n a t i o n 

and removal of p r e c i p t a t e , Methods 1,4) was concentrated by r o t a r y 
o 

e/aporation, a t 45 C, to g i v e a volume of 50ml. The p r e c i p i t a t e which 

formed a t t h i s c o n c e n t r a t i o n was t r e a t e d i n a number of ways. 

The p r e c i p i t a t e was r e d i s s o l v e d u s i n g a minimal amount of 50mM-Tris 

lOOroM-KCI, pH 7.5 b u f f e r . T h i s r e q u i r e d r e l a t i v e l y l a r g e volumes of 

b u f f e r and was t h e r e f o r e an u n s a t i s f a c t o r y method of c o n c e n t r a t i o n . 

The p r e c i p i t a t e was c o l l e c t e d by c e n t r i f u g a t i o n and then r e -

suspended i n T r i s / K C I b u f f e r , pH 7.5. Both the resuspended p e l l e t and 

the supernatant were s u b j e c t e d 'to g e l f i l t r a t i o n on colums of Sephadex 

G-75 (1.5 cm x 11 cm) e q u i l i b r a t e d , with 50raM-Tris, 100mlW-«C.l , pH 7.5. 

The e l u a t e was monitored f o r CBA i n h i b i t o r a c t i v i t y ( f i g u r e s 41, 42) 

Although i t appeared t h a t there had been some d i f f e r e n t i a l p r e c i p i t a t i o n 

of the p r o t e i n s , t h i s was not s u f f i c i e n t to a i d p u r i f i c a t i o n by c o l l e c t i n g 

e i t h e r the supernatant or the p e l l e t . 

b) A f u r t h e r sample was concentrated by r o t a r y evaporation but 

co n c e n t r a t i o n was h a l t e d before p r e c i p i t a t i o n occurred. T h i s r e s u l t e d 

i n approximately 50% reduction i n volume. 

Thi s concentrated f i l t r a t e was then f i l t e r e d u s i n g an Amicon u l t r a 

f i l t r a t i o n apparatus (Amicon Limite d , High Wycombe, Bucks.) f i t t e d w ith 

a UM10 f i l t e r . T h i s f i l t e r should have ret a r d e d those p r o t e i n s w i t h 

a molecular weight g r e a t e r than 10,000, t h e r e f o r e i t was hoped t h a t the 

CBI would be i n the f i l t r a t e . A sample of concentrated f i l t r a t e was 

chromatographed on a column of Sephadex G-75 and the column e l u a t e was 



FIGURE 41. 

Column chromatography of p a r t i a l l y p urified CBI. 

P a r t i a l l y purified CBI was concentrated by rotary 

evaporation, the precipitate which formed was removed 

by centrifugation and the supernatant (10 ml) was 

chromatographed on a column (1.5 cm x 11 cm) of 

Sephadex G-75 equilibrated with 50 mM-Tris, 100 mM-KCl, 

pH 7.5. Fractions (2 ml) were collected at a flow 

rate of 30 ml/h. The presence of inhibitory a c t i v i t y 

i s shown by a s o l i d bar. absorbance a t 280 nm. 

FIGURE 42. 

Column chromatography of p a r t i a l l y purified CBI. 

P a r t i a l l y p urified CBI was concentrated by rotary 

evaporation, the precipitate which formed was removed 

by centrifugation and the p e l l e t was resuspended i n 

column buffer (10 ml) and chromatographed on a column 

(1.5 cm x 11 cm) of Sephadex G-75 equilibrated with 

50 mM-Tris, 100 mM-KCl, pH 7.5. Fractions (2 ml) were 

collected at a flow rate of 30 ml/h. The presence of 

inhibitory a c t i v i t y i s shown as a s o l i d bar. 

absorbance at 280 nm. 
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monitored f o r i n h i b i t o r a c t i v i t y ( f i g u r e 4 3 ) . T h i s a c t i v i t y was 

seen to be f a i r l y low. Examination of the r e s i d u e showed that t h i s 

contained a p p r e c i a b l e i n h i b i t o r y a c t i v i t y . T h i s method t h e r e f o r e 

did not appear to a i d p u r i f i c a t i o n , 

i i ) D i a l y s i s 

I t had been reported (Rancour & Ryan,1968) t h a t CBI passes through 

d i a l y s i s tubing. S i n c e d e s a l t i n g by d i a l y s i s would have been time 

and labour s a v i n g t h i s statement was v e r i f i e d . 

Approximately 3mg. of p u r i f i e d CBI were d i s s o l v e d i n 5ml of 50mM 

sodium c i t r a t e b u f f e r , pH 5.3, and the 280nm absorbance was recorded. 

Th i s was p l a c e d i n d i a l y s i s tubing, 10mm wide, and d i a l y s e d a g a i n s t 

50ml of the same b u f f e r w i t h constant s t i r r i n g . At timed i n t e r v a l s 

the a b s o r p t i o n of the b u f f e r was determined ( f i g u r e 4 4 ) . 

These r e s u l t s showed t h a t CBI passed f a i r l y r e a d i l y through d i a l y s i s 

tubing. 

i i i ) D e s a l t i n g 

S i n c e CBI passed through d i a l y s i s tubing, d e s a l t i n g of s o l u t i o n s 

was c a r r i e d out by column chromatography. To determine the 

e f f i c i e n c y of t h i s method the e l u a t e from a d e s a l t i n g column a f t e r 

phosphocellulose chromatography (methods 1,7) was t e s t e d f o r both pH 

and c o n d u c t i v i t y ( f i g u r e 4 5 ) . T h i s showed t h a t the p r o t e i n appeared 

to be completely separated from the s a l t f r a c t i o n . 



FIGURE 43. 

Column chromatography of p a r t i a l l y p u r i f i e d CBI. 

P a r t i a l l y p u r i f i e d CBI was f i l t e r e d u s i n g an 

Amicon u l t r a f i l t r a t i o n apparatus f i t t e d w i t h a UM10 

f i l t e r . The f i l t r a t e was concentrated by r o t a r y 

evaporation and 10 ml were chromatographed on a column 

(1.5 cm x 11 cm) of Sephadex G-75 e q u i l i b r a t e d w i t h 

50 mM-Tris, 100 mM-KCl, pH 7.5. F r a c t i o n s (2.5 ml) 

were c o l l e c t e d a t a flow r a t e of 30 ml/h. The 

presence of i n h i b i t o r y a c t i v i t y i s shown as a s o l i d bar, 

• absorbance a t 280 nm. 

FIGURE 44. 

D i a l y s i s of CBl. 

3 mg of CBI were d i s s o l v e d i n 50 mM-sodium c i t r a t e , 

pH 5.3 and d i a l y s e d a g a i n s t the same, b u f f e r f o r 12 h. 

At timed i n t e r v a l s the 280 nm absorbance of the b u f f e r 

was determined. 
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FIGURE 45. 

Column chromatography of p a r t i a l l y p u r i f i e d CBI. 

A 200 ml sample of p a r t i a l l y p u r i f i e d CBI was 

de s a l t e d on a column (6 cm 7 73 cm) of Sephadex G-10 

e q u i l i b r a t e d i n 10 mM-NH4HC03. F r a c t i o n s of 13 ml 

were c o l l e c t e d a t a flow r a t e of 140 ml/h. F r a c t i o n s 

weremonitored f o r absorbance a t 280 nm — , 

c o n d u c t i v i t y , and pH . 
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