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Summary 

The Vicia angustifolia proteinase inhibitor was incubated with p-toluene- 
sulfonyl-L-phenylalanine chloromethyl ketone-trypsin (EC 3.4.21.4) and a 
main product was isolated. The purified product was different to the first 
trypsin-modified V. angustifolia inhibitor. The C-terminal residues of the new 
derivative were arginine, which was also the C-terminal of the cleaved anti- 
tryptic site; lysine was a newly exposed C-terminal. These results suggest that 
the new derivative lacks the C-terminal portion of the native inhibitor, which 
has asparagine at its C-terminus. 

The liberated C-terminal peptide had the following amino acid sequence: 
H-Glu-Glu-Val-Ile-Lys-Asn-OH.. 

The derivative lacking the C-terminal hexapeptide still possesses inhibitory 
activities against trypsin and a-chymotrypsin (EC 3.4.21.1), however, its anti- 
chymotryptic activity was inactivated by incubation with chymotrypsin at pH 
8.0. 

Introduction 

Among the proteinase inhibitors of natural origin, legume seeds contain 
double-headed type inhibitors such as those from soybean (Bowman-Birk) 
(inhibitor B) [1,2], lima bean (inhibitor L) [3], garden bean [4] and several 
others [ 5--8]. 

Abbreviations: inhibitor B, Bowman-Birk soybean inhibitor; inhibitor L, lima bean inhibitor; inhibitor V. 
V. angustifolia inhibitor; TPCK, p-toluenesulfonyl-L-phenylalanine chloromethyl  ketone;  dansyl, 1-di- 
methylaminonaphthalene- 5-sulfonyl. 
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We have reported previously [9,10] the isolation of a proteinase inhibitor 
(inhibitor V) from the seeds of Vicia angustifolia L. var. segetalis Koch which 
inhibits trypsin (EC 3.4.21.4) and a-chymotrypsin (EC 3.4.21.1). We deter- 
mined the homology of its partial amino acid sequence around the antitryptic 
site to inhibitor B. 

Most proteinase inhibitors undergo limited hydrolysis at the reactive site 
peptide bonds on exposure to catalytic amounts of the proteinases at acidic pH 
[11]. We also reported the isolation and properties of the first trypsin-modified 
(the antitryptic site Arg-Ser bond specifically cleaved)inhibitor V [10], which 
was prepared at pH 3 for 4 h with a catalytic amount of p-toluenesulfonyl- 
L-phenylalanine chloromethyl ketone (TPCK)-trypsin. 

Under similar conditions, when the incubation period was prolonged, a new 
derivative was obtained and this still retained inhibitory activities against both 
trypsin and a-chymotrypsin. In this paper, we report the isolation and charac- 
terization of the second trypsin-modified form and also compare its inhibitory 
activities with those of the first trypsin-modified inhibitor V. 

Materials and Methods 

Materials. V. angustifolia proteinase inhibitor was prepared as described 
previously [9]. Bovine trypsin and bovine a-chymotrypsin were obtained from 
Boehringer. TPCK-trypsin was prepared by the method of Wang and Carpenter 
[12] and passed through a column of soybean trypsin inhibitor-Sepharose 4B 
prepared according to the method of Knights and Light [13]. Diisopropyl- 
phosphorofluoridate-treated carboxypeptidases A and B were obtained from 
Worthington. Casein and 1-dimethylaminonaphthalene-5-sulfonyl (dansyl) 
chloride were purchased from Merck and Tokyo Kasei, respectively. Sephadex 
G-type resins and DEAE-Sephadex A-25 were from Pharmacia. Polyamide thin- 
layer sheets were from Cheng Chin Corp. All other chemicals were of reagent 
grade. 

Amino acid analysis. Amino acid analyses were performed by the method of 
Spackman et al. [14] with a JEOL model JLC-6AH amino acid analyzer after 
24 h hydrolysis in sealed, evacuated tubes. 

Determination of  N- and C-terminal residues. The N-terminal residue was 
determined by either dansylation [15] or Edman degradation [16]. The 
resulting phenyltiohydantoin derivaties were identified on polyamide sheets 
[17] and, in some cases, by amino acid analyses after acid hydrolyses of 
phenylthiohydantoin [ 18] or thiazolinone derivatives [ 19]. 

Activity measurements. Proteolytic activities of trypsin and a-chymotrypsin 
in the presence or absence of inhibitor were estimated by casein digestion [20] 
at pH 8.0 and 37°C with 2 min preincubation. 

Results 

Preparation and identification of the second trypsin-modified inhibitor V 
A new product was isolated from the reaction mixture of the inhibitor V 

and a catalytic amount of TPCK-trypsin by Sephadex G-50 (Fig. 1) followed 
by the first DEAE-Sephadex A-25 (Fig. 2). And after the second DEAE- 



73 

0.3 

E t- 

O 
~0.2 

o 
ao 

~0.1 
e.I 

~ v  

60 80 

E 
E 
Q 
aO 
N 

.(3 

B 

100 120 140 

0.3 

0.2 

0.1 

0 0 
40 

Frac t i on  Number  

c 

0 20 40 60 80 100 
F rac t i on  Number  

Fig. 1. Sephadex  G-50 c h r o m a t o g r a p h y  of  the  r eac t i on  m i x t u r e  of  V. angustifolia i nh ib i to r  wi th  a 
ca ta ly t ic  a m o u n t  of  t ryps in .  51.3 m g  nat ive  inh ib i to r  V (6.3 #tool)  and  1.9 m g  TPCK- t ryps in  (0 .08  # tool )  
in 2 ml  0 .05  M c i t ra te  b u f f e r  ( pH  3), 0.01 M CaCl 2, were  i n c u b a t e d  at  37°C for  78 h. The  t ryps in  was then  
p rec ip i t a t ed  by  the  add i t i on  of  0.5 ml  25% t r i ch lo roace t i c  acid. A f t e r  30 rain a t  r o o m  t e m p e r a t u r e ,  the 
p rec ip i t a t e  was r e m o v e d  by  cen t r i fuga t i on  at  4 0 0 0  X g for  10 rain,  an d  the s u p e r n a t a n t  was appl ied to  a 
c o l u m n  (2 .4  X 150  era)  of  Sephadex  G-50 Fine equ i l ib ra ted  wi th  0.01 M a m m o n i u m  ace ta te  (pH 7). Elu- 
t ion  was p e r f o r m e d  wi th  the  s ame  b u f f e r  ( f low ra te ,  30 ml /h ;  5-ml f ract ions) ,  o, abso rbance  at  280  rim; 
o, ab so rbance  at  230  rim. 

Fig. 2. First  D E A E - S e p h a d e x  A-25 c h r o m a t o g r a p h y  of  the  second  t ryps in -mod i f i ed  V. angustifolia inhibi-  
tor .  Peak A (Fig. 1) was appl ied  d i rec t ly  to a c o l u m n  (1 .2  X 30 c m )  of  D E A E - S e p h a d e x  A-25.  E lu t ion  was 
carr ied ou t  wi th  a l inear  g rad ien t  250  ml  each 0.01 and  0.2 M a m m o n i u m  ace ta t e  (pH 7; 5-ml f ract ions) .  

Sephadex chromatography of the main peak C (Fig. 2), the derivative with a 
relative etectrophoretic mobili ty 0.47 was obtained with enough purity (Fig. 3) 
for the further characterization. 

Dansylation revealed that  the purified new derivative possessed two 
N-terminal residues, a Gly and a Set. The same results had been obtained in the 
case of the first modified form [ 10]. The C-terminal residues of  the new deriva- 
tive were determined as an Arg and a Lys by carboxypeptidase B treatment,  
while the first modified form, as an Arg and an Asn [10]. These results revealed 
that  the new derivative had the same cleaved site as that  of the first modified 
form, however, lacked the C-terminal portion of the native inhibitor. 

Isolation and characterization o f  small and large fragments o f  the second 
trypsin-modified form 

Table I summarizes the results of amino acid analyses of the two fragments 
obtained by Sephadex G-50 gel filtration of the reduced and S-carboxy- 
methylated second modified form (Fig. 4). The small fragment consisted of 16 
amino acid residues and was found to have the same composition as that  of the 
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Fig. 3. Po lyac ry l amide  gel e lec t rophores i s  of the  pur i f ied  inh ib i tor  derivatives.  E lec t rophoreses  were  
car r ied  ou t  essentially by  the  m e t h o d  of  Davis [21]  at  3 m A / t u b e  for 1 h using 5% ac ry l amide  gels. Gels 
were s ta ined wi th  0 .25% Coomass ie  bri l l iant  blue R-250  in 7% acetic acid and des ta ined  in the  same acid 
solut ion.  (A) Nat ive  inhib i tor  V. (B) First  t r yps in -mod i f i ed  fo rm .  (C) Second  t ryps in -mod i f i ed  fo rm.  

first trypsin-modified form which was recalculated from the reported value 
[10] on the basis of the partial sequence determined (Table II). The large frag- 
ment  consisted of about 50 residues and the sum of both the fragments 
accounted, within experimental error, for that  of the intact second modified 
form (65 residues). However, compared to the native inhibitor, about six amino 
acid residues were missing in the second modified form. Absence of an Ile 
residue in the large fragment suggests that  it lacks the C-terminal oligopeptide 
present in the native inhibitor, because an Ile present in the inhibitor V located 
at the second position from the C-terminus [10]. 

Dansylation of both the fragments revealed that  a Gly and a Ser were the 
N-terminal of the small and the large fragments, respectively, and the 



75 

T A B L E  I 

A M I N O  A C I D  C O M P O S I T I O N S  O F  T H E  T R Y P S I N - M O D I F I E D  V. A N G U S T I F O L I A  I N H I B I T O R  

L A C K I N G  C - T E R M I N A L  H E X A P E P T I D E ,  ITS  F R A G M E N T S  O B T A I N E D  BY T H E  R E D U C T I O N  A N D  
S - C A R B O X Y M E T H Y L A T I O N ,  A N D  T H E  C - T E R M I N A L  H E X A P E P T I D E  

Nat ive  are r eca l cu la t ed  va lues  f r o m  the d a t a  g iven  in Ref .  9 on the  basis  o f  Phe = 2, All o t h e r  d a t a  are 

analys is  o f  24-h h y d r o l y s a t e s ,  n.d.  no t  d e t e r m i n e d  

A m i n o  acid Na t ive  Second  m o d i f i e d  F r a g m e n t s  

Smal l  Large  H e x a p e p t i d e  S u m  of  
t h e m  

Aspar t i c  acid 8.61 9 7 .68  8 3 .12  3 5.16 5 1.23 1 9 
T h r e o n i n e  4 .03  4 3.81 4 1.86 2 1.97 2 0 .18  0 4 
Ser ine  5 .84  6 5.21 5 1 .09 1 4.51 5 0 .35  0 6 

G l u t a m i c  acid 7 .18  7 5.24 5 0 .12  0 5 .38 5 2.33 2 7 

Prol ine  4 .66  5 5 .34 5 0 .05  0 5 .08  5 0.11 0 5 
Glyc ine  2 .45 2 2.26 2 1 .08  1 1 .12 1 0 .25  0 2 
Alan ine  3 .28  3 3 .18  3 1,06 1 2.07 2 0 .23 0 3 

Ha l f - cys t ine  14 .10  * 14 12 .62  13 3.81 * 4 9 .29 * 9 0 0 13 
Val ine  4 ,67  5 4 .01 4 0 .80  1 3 .30  3 1 .00  1 5 

M e t h i o n i n e  0 .24  ** 0 .30  ** 0 .24  ** 0 0 .02  0 
I so leuc ine  0 . 7 2  1 0 .17  0 0 0 0 0 0 .84  1 1 
Leuc ine  1.31 1 1.16 1 1 .00  1 0 0 0 .15  0 1 

T y r o s i n e  1 .77 2 1 .74 2 0 0 1 .78 2 0 0 0 

Phen y l a l an i n e  2 .00 2 2 .22  2 0 0 2 .17 2 0 0 2 

L.v sine 5 .25  5 4 .10  4 1 .09 1 3 .23 3 1.29 1 5 

His t id ine  3 .97  4 4 . 0 0  4 0 .05  0 4 .08  4 0 .02  0 4 
Arg in ine  3 .20  3 2 .94 3 0 . 9 2  1 2.00 2 0 .07 0 3 

T r y p t o p h a n  0 0 n .d .  n.d.  n.d.  n .d .  

To ta l  73 65  16 50 6 72 

* D e t e r m i n e d  as CM-cys te ine .  

** See the  f o o t n o t e  to  Table  II.  

C-terminal, as an Arg and a Lys. Only difference between the large fragments is 
the C-termini, that  is, a Lys in the case of the second, and an Asn (which is also 
the C-terminus of the native inhibitor) in the first modified form. These deter- 
minations also confirmed the lack of oligopeptide from the C-terminal portion 
of the second trypsin-modified form. 

Isolation and determination o f  the amino acid sequences of  the C-terminal 
h exapep tide 

The C-terminal oligopeptide was isolated from the reaction mixture 
described above. The peak B (Fig. 1)was pooled, lyophilized, and further puri- 
fied through a column (2.5 × 56 cm) of Sephadex G-25 (not shown) and a 
single peak was obtained. Purity of the pooled and lyophilized material was 
estimated by dansylation. A main dansyl-Glu spot was obtained as well as a few 
minor amino acid derivatives. From this result and from amino acid analysis 
(Table I), the material was judged to be pure enough for the determination of 
its amino acid sequence. 

As shown in Table I, this material is composed of six amino acid residues and 
well makes up for the lost pa r t  of the second modified form. Amino acid 
sequence of the hexapeptide was determined by Edman degradation as 
H-Glu-Glu-Val-Ile-Lys-Asn-OH (Table II). 
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Fig. 4. Sephadex  G-50 gel f i l t ra t ion of  the  r e duc e d  and  S - c a r b o x y m e t h y l a t e d  s econd  t ryps in -modi f i ed  V. 
angust i fol ia  inh ib i tor .  R e d u c t i o n  and  S - e a r b o x y m e t h y l a t i o n  of  the  inh ib i tor  der ivat ive  were  p e r f o r m e d  as 
descr ibed by Hirs [ 22 ] .  The  r eac t ion  m i x t u r e ,  a f te r  ac id i f ica t ion  wi th  acet ic  acid to pH 4, was passed 
th rough  a c o l u m n  (2.4 X 151 c m)  of  Sephadex  G-50 equ i l ib ra ted  wi th  0.2 M acetic acid. Elu t ion  was 
p e r f o r m e d  wi th  the same acid (5-ml f ract ions) .  Peaks L A  and SM were  poo led  and lyophi l ized .  

T A B L E  II 

P A R T I A L  S E Q U E N C E S  OF V. A N G U S T I F O L I A  I N H I B I T O R ,  SECOND T R Y P S I N - M O D I F I E D  FORM, 
ITS F R A G M E N T S  O B T A I N E D  BY R E D U C T I O N  A N D  S - C A R B O X Y M E T H Y L A T I O N ,  AND C-TER- 
M I N A L  H E X A P E P T I D E  

Ar rows  indicate  the results of  E d m a n  deg rada t ion  (~ ) ,  dansy la t ion  ( ~ ) ,  and  digest ion with ca rboxy-  
pept idase  A and  B (~-). 

Sample  Partial  s equence  d e t e r m i n e d  

Native 

Second  m o d i f i e d  

Small f r a g m e n t  

Nat ive  

Second  m o d i f i e d  

Large f r a g m e n t  

C-Terminal  pep t ide  

1 5 10 15 
H-Gly-Asp-Asp-  Val- Lys-Ser-Ala-Cys-Cys-As___p~Thr. - C y ~ - L e u - ~ - T h ~ - A r g ;  
=7 (Met)  * 

1 16 
H-Gl~ ,Arg-OH 

1 15 16 
H-GI~ -Thr-Arg-OH 

17 19 73 
Ser-Gln-Pro Ue-Lys-Asn-OH 

17 67 
H-Ser L y s - O H  

=====7 
17 20 67 

H-Ser-Oln-Pr o-Pro-Th~ -Lys-OH 

68 70 73 
H-Glu-Glu-Val- l le-Lys-Asn-OH 

* Th e  ra t io  of  Val to Met, e s t ima t e d  by  a mino  acid analysis a f te r  acid hydro lys i s  of  the th iazo l inone  
derivat ives,  was a b o u t  2 : 1. 
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Fig. 5. T ime  course  of  the  inh ib i to ry  act ivi t ies  of  the  first and  the  second  t ryps in -mod i f i ed  V. angustifolia 
inhibi tors .  A 1 : 1 ( w / w )  m i x t u r e  of  the  inh ib i to r  V and t ryps in  (or  a - c h y m o t r y p s i n )  in 0.1 M Tris-HC1 
b u f f e r  (pH 8),  5 mM CaC12, was i n c u b a t e d  at 37°C.  At  a pp ro p r i a t e  t ime  per iods ,  a l iquots  were  w i t h d r a w n  
for  the  ac t iv i ty  m e a s u r e m e n t s  by  the  casein m e t h o d  [20 ] .  Nat ive  inh ib i to r  was i n c u b a t e d  wi th  e i ther  
e n z y m e  u n d e r  the  same cond i t ions  and  act ivi t ies  were  expressed  by  the  pe r  cen t  of  inh ib i t ion  of  each 
der iva t ive  on the  basis of  t ha t  of  the  na t ive  inh ib i to r  at  each  t ime  pe r iod  as 100%. E n z y m e  con t ro l  was 
also inc luded  in each case. (A)  A n t i t r y p t i c  activit ies.  (B) A n t i c h y m o t r y p t i c  activit ies,  o, first t ryps in-  
m o d i f i e d  fo rm ;  o, s econd  t r y p s i n - m o d i f i e d  fo rm.  

Inhibitory activities of the second trypsin-modified form 
Time course of the inhibitory activities of the second trypsin-modified form 

was compared with those of the first modified form on the basis of the activ- 
ities of the native inhibitor at each time period taken as 100% (Fig. 5). As 
shown in Fig. 5A, the second modified form takes longer incubation time 
(about 4 h) than the first modified form to attain the same level of the anti- 
tryptic activity to the native inhibitor. However, more drastic difference was 
observed on the ant ichymotrypt ic  activity (Fig. 5B). That is, the antichymo- 
tryptic activity of the first modified inhibitor increased with incubation time 
and it took about 20 min to attain the same level to the native form, while that  
of the second modified form declined with incubation time and completely lost 
after 2 h incubation with chymotrypsin at pH 8. 

Discussion 

It is well established that  the reactive site peptide bonds of the proteinase 
inhibitors undergo limited cleavage at acidic pH with catalytic amounts of 
proteinases [11]. However, the research on the additional cleavage during 
modification by enzyme has been limited except in the cases of the temporary 
inhibitors of the animal origin [23--25]. One of the legume inhibitors which 
undergo additional cleavage on prolonged incubation at acidic pH has been 
shown in the report of Sakura and Timasheff [26] on inhibitor L. In this case, 
however, the product  of the additional cleavage has neither been isolated nor 
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characterized. The double-headed type legume inhibitor V, which we have 
isolated and characterized [9], is considerably different from the other double- 
headed inhibitors reported so far [1--8] on the point  that this inhibitor under- 
goes more rapid sequential cleavage at multiple sites of the molecule under 
acidic condition or even at neutral pH with a catalytic amount  of trypsin or 
a-chymotrypsin (Abe, O., unpublished data). 

The first incubation product  formed at acidic pH with a catalytic amount  of 
trypsin has been isolated and characterized as the first trypsin-modified inhibi- 
tor V in which the antitryptic site Arg-Ser bond has been specifically cleaved 
[10]. The second product,  isolated and characterized in this report, is also a 
trypsin-modified form, although its C-terminal hexapeptide, H-Glu-Glu-Val-Ile- 
Lys-Asn-OH, has been missing. The peptide contains in its sequence, the charac- 
teristic C-terminal portion of the native inhibitor, that is, -Ile-Lys-Asn-OH [ 10]. 
Hence, the whole process for the production of the second derivative seems to 
follow the scheme shown in Fig. 6. 

The second trypsin-modified form lacking the C-terminal peptide still 
possesses inhibitor activities against trypsin and a-chymotrypsin,  however, they 
are somewhat  different from those of the first modified form, especially in the 
ant ichymotrypt ic  activity {Fig. 5B). Antitryptic activity also has a slight differ- 
ence but  on incubation with trypsin at pH 8 the activity increases depending on 
the incubation time to approach, anyhow, to that  of the native inhibitor. These 
facts might depend on the location of  the reactive sites on the inhibitor mole- 
cule. That is, the antitryptic site Arg(16)-Ser(17) locates on the N-terminal half 
region of the inhibitor, while the ant ichymotrypt ic  site Tyr(43)-Ser(44), on the 
other half (Abe, O., unpublished data). Therefore, lack of the C-terminal 
peptide considerably affected on the ant ichymotryptic  activity, and not  on the 
antitryptic activity. In addition, further proteolysis of the modified inhibitor 
might also be responsible for the progressive loss of the ant ichymotrypt ic  activ- 
ity. 

( S S ) n  I 
1 16 17 | 67 68 73 

H-G y-Asp . . . . . . . . . . . . .  Arg-Ser-  . . . . . .  J . . . . . . .  Lys-G u . . . .  l le-Lys-Asn-OH 
Native Inh ib i to rY 

~ Trypsin at pH 3 

H- 1 [ 16 (S  S)n17 / 67 68 73 
Gly-Asp . . . . . . . . .  Arg-OH H-Ser . . . .  x . . . . . . .  Lys-Glu . . . .  II e-Lys-Asn-OH 

First t ryps in-modi f ied  torm 

~ r y p s i n  at 3 pH 

H-G~Su-G[ u-Va H I e-Ly s-ATn-O H 
Hexapept i de 

I ( S S )n / 
I 16 17 167 

H-Gly-Asp . . . .  J . . . . .  Arg-OH H-Ser . . . . . . . . . . .  Lys-OH 
Second t r yps in -mod i f i ed  form 

Fig. 6.  Schemat ic  presentat ion of  the sequential  t typt ic  cleavage of  the V. angustifolia inhibitor  at p H  3. 
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On liberation of the C-terminal peptide, the inhibitor derivative evidently 
loses a negative charge of a Glu residue and becomes more basic. This agrees 
with the mobility on polyacrylamide gel electrophoresis (Fig. 3), that  is, the 
second modified form is less mobile than the native or the first modified form. 

Purification and characterization of the minor product  of the incubation 
mixture are now under investigation in our laboratory. 
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