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Abstract 

The amino acid sequence of potato polypeptide trypsin inhibitor c (Tlc) was determined by means of 

Edman degradation and carboxypeptidase digestion. Sequence analyses were carried out on the reduced 

and S-carboxymethylated sample and its tryptic and chymotryptic peptides. The results revealed that Tlc 

consisted of 51 amino acid residues. The amino-terminal sequence (residues 1 through 18) of Tlc was 

homologous to that of the potato polypeptide chymotrypsin inhibitor of Hass et al. Furthermore， the 

overall sequence of the inhibitor was homologous to that of one of the polypeptide trypsin inhibitors of 

eggplant exocarp. It was not identical with the sequences of the artificially-prepared active fragments of 

potato proteinase inhibitors IIa and IIb， though strong homology was partially observed. Any Lys-Ser 

bond， the reactive site peptide bond of the active fragments， was 110t found in the sequence of this natu-

rally-occurring polypeptide trypsin inhibitor. The inhibitor activities of TIc against trypsin and chymo-

trypsin were not greatly aHected by the modification of amino groups but considerably decreased by the 

modification of guanidino groups in the molecule. This fact and the sequence study indicated that the 

reactive site peptide bond of Tlc was Arg(38)-Asn(39)， which was identical with that of the polypeptide 

trypsin inhibitor of eggplant exocarp. 

Introduction 

In our earlier studies，7-lO) it was noticed 

that the artificially-prepared active fragments 

of potato proteinase inhibitors IIa and IIb (PPI-

IIa and IIb) were somewhat similar to the 

naturally-occurring potato polypeptide chymo-

trypsin inhibitor of Hass et alY in terms of 

molecular weight， amino acid composition and 
partial amino acid sequence. Therefore， it is 
probable that the polypeptide chymotrypsin inhi-

bitor of Hass et al is derived from its precursor 

by endogeneous proteolysis in potato tubers and 

also that PPI-IIa and IIb are endogeneously 

converted into some lower molecular weight 

Abbreviations: PTH， phenylthiohydantoin; TNP， 
tr ini tropheny la ted. 
1. Abstract of this paper was presented at the an-
nual meeting of the ]apanese society of agricultural 
chemistry (April， 1981) 
・Laboratoryof Biochemistry 

inhibitors such as their artificially-prepared 

active fragments.10) In a preceding paper，17) we 
isolated five polypeptide trypsin inhibitors (TIa， 
Tlb， Tlc， Tld and Tle) and four polypeptide 
chymotrypsin inhibitors (Cla， Clb， Clc， and 
Cld). Among them， Tlc， Cla and Cld were 
characterized in terms of molecular weight， 
amino acid composition and specificity against 

enzymes. Tlc was similar to the active frag-

ment of PPトIIa，and CIa and Cld to the active 
fragment of PPI-IIb as to the properties. More-

over， the partial amino-terminal sequences of 

these three polypeptide inhibitors were homolo-

gous to the sequences of the amino-terminal 

regions of the active fragments of PPI-IIa and 

IIb. 

In this paper， we will describe the results of 
sequence analysis and reactive site determination 

on Tlc and discuss the structural correlation of 

Tlc to the active fragment of PPI-IIa and 
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other polypeptide inhibitors. 

Experimental Procedure 

Materials--Tlc was purified by the proce-

dure described in a preceding paper.17) Reduced 

and S-carboxyrnethylated Tlc (Crn-Tlc) was 

prepared by the rnethod of Crestfield et alY 

Bovine trypsin (twice-crystallized) and a-chyrno-

trypsin (crystallized three tirnes) were purchased 

frorn Sigrna Chernical Co. Carboxypeptidases A 

and B were frorn W orthington Biochernical Co. 

Thin-layer precoated sheets (DC-Fertigplatten 

Kieselgel 60 F -254， Merck) and ion exchange 

resin Dowex-50X2 were frorn Nakarai Cherni-

cals Ltd. The “sequanal" grade preparations of 

the reagents for Edrnan degradation were frorn 

Wako Pure Chernical Industries， Ltd. Al1 other 
chernicals used were of analytical grade or 

better. 

Try ptic Digestion of Cm-T Ic--Thirty seven 

rng of Crn-Tlc (6.3μrnol) and 40 rng of CaCb 

were dissolved in 3 rnl of 0.1 M NH40H and the 

pH of the solution was adjusted to 8.0 with 0.1 

M acetic acid. To this solution， trypsin dissol-

ved in 0.0025 N HCl was added at a ratio of 1/50 

to the substrate (W /羽T). After the pH of the 

rnixture was readjusted to 8.0 with 0.1 N NaOH， 
reaction was al10wed to proceed for 6 hr at 300C 
and then terrninated by adjusting the pH to 2 

with 1 N HCl. 
Chymotry ptic Digestion of Cm-T Ic-

Twenty eight rng of Crn-Tlc (4.7μrnol) was 

subjeeted to chyrnotryptic digestion. The diges-

tion was carried out in a sirnilar rnanner to 

the tryptic digestion， but without addition of 

CaCb・ Reactiontirne was 1.5 hr and the ratio 

of enzyrne to the substrate was 1/100 (W /W) . 

Fractionation of Tryρtic and Chymotry ptic 

Peptides匂ー-Each of the tryptic and chyrnotryp-

tic digests was applied to a col urnn (1.8 x 90crn) 
of Dowex-50X2 previously equilibrated with 

0.2M pyridine-acetic acid buffer， pH 3.1， at 380C. 

Elution was first carried out with 250 rnl of the 

same buffer and then with a linear gradient to 

2 M pyridine-acetic acid buffer， pH 5.0. The 

vol urnes of rnixing and strage charnbers were 

500 rnl. Finally， a stepwise elution with 2 M 
pyridine-acetic acid buffer， pH 5.0， was perforrn-
ed. The flow rate was 50 rnl/hr. Detection 

of peptides in colurnn effluents was perforrned 

by the ninhydrin reaction rnethod after alkaline 

hydrolysisY 

Paper Chromatographic Separation of Pep-

tides--This was carried out at roorn ternpera-

ture using Toyo paper No. 50 (20 x 40 crn). 
The solvent systerns ernployed were n-butanol-

pyridine-water (1: 1 : 1， V /V) and n-butanol-
pyridine-acetic acid-water (15 : 10 : 3: 12， V /V). 

The paper was dried in the air and the parts 

with peptides were cut out with the aid of guide 

strips stained by ninhydrin-acetone solution 

(0.2弘 W/V). Peptides were eluted frorn the 

paper with 10% pyridine and water. 

Amino Acid Analysis--Sarnples (0.1-0.2μ 

rnol) were hydrolyzed with redistilled HCl in 

vacuo at 1100C for 20-24 hr. Arnino acids were 
deterrnined using a Hitachi arnino acid analyzer， 
rnodel KLA-3B， according to Spackrnan et al.w 

Carboxy pe ptidase Digestion --Sarnples (0.1 

-0.2μrnol) were subjected to the digestion at 

pH 8.5 and 300C in 0.2 M N-ethylrnorphorine-

acetic acid buffer. The rnolar ratio of enzyrne 

to the sarnple was 1/50. The digestions were 

terrninated by adding 30% acetic acid and the 

arnino acids released were analyzed using an 

arnino acid analyzer. 

Edman Degradation-一一一Thiswas perforrned 

according to 1 wanaga et al. JJl For the thin-

layer chrornatographic identification of PTH-

derivatives of rnost of the arnino acids， solvents 
II and V were used. The PTH-derivative of 

S-carboxyrnethylcysteine (Crn -cysteine) was 

identified by paper chrornatography using n-

heptane-ethylenedichloride-75% forrnic acid (6: 

12: 1， V /V) as a solvent.!1). The yields of 

PTH-derivatives were deterrnined by rneasuring 

the absorbancy at 269 nrn before thin-layer 

chrornatographic identification of the deriva‘ 

tlves. 

Measurement of the Content of Sulfhydryl 

Groups一一一.The content of free sulfhydryl 
groups of native Tlc was rneasured by the titra-

tion with p-chlorornercuribenzoate (pCMB) . J) 

M odification of T Ic by Limited Hydrolysis 

with Try psin --Sarnple was incubated with 

trypsin (enzyrne/substrate = 1/30， W /W) in 0.1 

M acetic acid-0.05 M CaCb at pH's between 3 

and 4.8 for 42-72 hr. The inhibitor was then 
separated frorn trypsin by gel filtration through 
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a Sephadex G-50 column (2.8x 138 cm) equili-

brated with 0.1 M acetic acid and lyophilized. 

This preparation was reduced and S-carboxy-

methylated and again passed through a Sephadex 

G-50 column under the same condition men-

tioned above. 

Chemical M odification of Guanidino and 

Amino Groups一一一Forthe modification of gua-

nidino groups， sample was treated with 0.05 M 

1， 2-cyclohexanedione in 0.2 M sodium borate 

at pH 9.0 and 300C for 18 hr.13) The modifi-

cation of amino groups was performed by the 

treatment with 2， 4， 6-trinitrobenzenesulfonic 
acid (TNBS) according to Plapp et al.1ω The 

inhibitor activities of these chemically-modified 

preparations were measured by the casein diges-

tion methodωThe extent of modification of 

guanidino groups was determined by amino 

acid analysis， and that of amino groups was 

calculated from the absorbance of the reaction 

mixture at 367 nm， employing a molar extinc-
tion coefficient of 1.1 x 10'/mol/cm for TNP-
amino groups. W 

Results 

Amino Acid Composition and Terminal 

Sequences of Cm-Tlc-一一 Table1 shows the 
amino acid composition of Cm-TIc. 

It consists of 51 amino acid residues including 

8 Cm-cysteine resid ues. One μmol of Cm-TIc 

was subjected to Edman degradation. Twenty帽

three steps of degradation indicated the amino-

terminal sequence of TIc as given in Table II. 
1 t should be noted that asparagine was identified 

together with Cm-cysteine at position 6 of 

Cm-TIc. To determine the carboxyl-terminal 

sequence， Cm-TIc (0.15μmol) was subjected to 

the digestion by carboxypeptidases A and B. 

After incubation for 20 min， arginine (0.30 mol/ 

mol)， leucine (0.29 mol/mol)， Cm-cysteine (0.25 
mol/mol) and several other amino acids (less than 

0.20 mol/mol) were released. After 3 hr， the 
yields of the three main amino acids released 

were 0.63 mol/mol (arginine)， 0.57 mol/mol (leu-
cine) and 0.54 mol/mol (Cm-cysteine)， respec-
tively. These results indicated the carboxyl-

terminal sequence of TIc as given in Table II. 
Separation ofTryptic Peptides ofCm-Tlc 

一一Thetryptic digest of Cm-TIc was applied 
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to a col umn of Dowex-50X2 under the conditions 

described in “EXPERI恥1ENTAL PROCEDUREぺ
The elution pattern of the tryptic peptides is 
given in Fig. 1. 

Table I. Amino acid composition of Cm-Tlc. 

Amino acid Molar ratio (Leucine口1.00)

S-car boxymethy lcystei ne 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
恥1ethionine
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 
Tryptophanb) 

Total 
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sequence analysis. 
b)， Cited from the data of a previous paper.17) 
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Fig. 1. Elution pattern of the tryptic peptides of 
Cm-Tlc from Dowex-50X2. For conditions 
see “EXPERI恥1ENTALPROCEDURE." 
Aliquots (0.2 ml) of the effluents from alter-
nate tubes were subjected to the ninhydrin 
reaction after alkaline hydrolysis.一回一，
absorbancy at 570 nm. The fractions indi-
cated by bars were pooled. 
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Table 11. Amino-and carboxyl-terminal sequences of Cm-TIc. The symbols used are:ー-.:.. Edman 
degradation;ャー， carboxypeptidase digestion. The yields of PTH-derivatives are shown 
in μmol under the arrows. 

A昭一一Ile-Cys(cm)-Thr-Asn-Cys(cm)一一Cys(cm)一一Ala-Gly -Tyr -一一Lys一一Gly
-~ -~ -~ -~ ーゥ (Asn) 一一7 ーゥ ーゥ ーゥ ーゥ ー→

0.81 0.86 -0.50 0.62 0.36 ~宮古7 0.25 0.39 0.39 0.33 0.22 0.28 

Cys(cm)一一Asn一一Tyr一一Tyr--Ser --Ala --Asn一一Gly-Ala -Phe -Ile - (Cys (cm)， 
ー一明'7 -~ -~一司7 一一一ァ 一一司フ ーーーァ ーーーァ ーーーァ ーーーァ 一一一ァ

0.20 0.09 0.11 0.09 0.04 0.04 0.04 0.06 0.04 + + 

Glu， Gly， Glu， Ser， Asn， Pro， Lys， Asn， Pro， Asn， Val， Cys(cm)， Pro， Arg， Asn， Cys(cm)， Asp， Thr. Asn， 

Ile， Ala， Tyr， Ser， Lys)一一Cys(cm)一一Leu--Arg 
てアー伊ーー て?一ーーー 、「ーーーー

Three main peaks were obtained and design-

ated as T -1， T -2 and T -3. The shoulder peak 
eluted before fraction T -1 contained only very 

low yield of peptide (s) (less than 2%)， and was 
not analyzed. The fractions， indicated by bars， 

corresponding to each peak， were concentrated 

by evaporation at 400C and next subjected to 

paper chromatography using the solvent systems 

described in “EXPER1MENT AL PROCEDURE". 

Fractions T -1 and T -2 yielded only one peptide 

each， but T -3 was separated into two peptides 

on the chromatogram. These two peptides from 

T -3 were designated as T -3a and T -3b. The 

four peptides thus purified were extracted with 

10% pyridine and water， and the extracts were 

concentrated to make the volumes 10 ml by 

evaporating at 40oC. An appropriate volume 

of each peptide solution was taken for amino 

acid analysis. Table III shows the amino acid 

compositions of the purified tryptic peptides of 

Cm-Tlc. Peptides T -2 and T -3a exhibited 

similar amino acid compositions. This fact and 

the relatively low pields of these two peptides 

indicated that they were identical with each 

other. Thus， the total number of the amino 

acid residues contained in the three different 

tryptic peptides (T -1， T -2 or T -3a and T -3b) 
was 51， corresponding to the total of the intact 
Cm-Tlc. 

Amino Acid Sequences of Try ptic Peρtides 

--Table IV shows the amino acid sequences 

of the tryptic peptides of Cm-Tlc， analyzed by 

Edman degradation and carboxypeptidase diges-

tlOn. 

T -1 : This peptide contained 10 amino acid 

residues. Edman degradation indicated the sequ-

ence of 8 residues. Digestion with carboxypti-

dases A and B for 30 min released lysine (0.40 
mol/mol) and serine (0.05 mol/mol)， indicating 
the carboxyl-terminal sequence of this peptide 

to be -Ser-Lys. 

T -2 and T -3a: These peptides contained 38 

amino acid residues. The amino-terminal sequ-

ence (6 residues) of these peptides corresponded 

to that of the intact Cm-Tlc (Table II). It 

should be added that asparagine was also iden-

tified besides Cm-cysteine at position 6 of the 

peptides. Only arginine (0.40 mol/mol) was 
released when these peptides were digested with 

carboxypeptidases A and B for 30 min. 

T -3b : This contained 3 amino acid residues 

and its sequence corresponded to the carboxyl-

terminal sequence of the intact Cm-Tlc (Table 

II) . 

These data indicated a possible ordel' of the 

tryptic peptic peptides as follows: (T -2 or T-

3a)一(T-1)一(T-3b).

Separation of Chymotryptic Peptides of 

Cm-Tlc -一一 Cm-Tlc(4.7μmol) was digested 
with chymotrypsin and the digest was applied to 

a column of Dowex-50X2 under the conditions 

described in “EXPERIMENTAL PROCEDURE". 

The elution pattern of the chymotryptic peptides 

is given in Fig. 2. Seven peaks were obtained 

and designated as C-1， C-2， C-3， C-4， C-5， C-6 

and C-7. The fractions， indicated by bars， cor-

responding to each peak were concentrated by 

evaporating at 400C and then 6ubjected to paper 
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Table 1I1. Amino acid compositions of the tryptic peptides of Cm時 TIc. V al ues are expressed as 
molar ratio with respect to the amino acid denoted by an asterisk in each column. 

Amino acid T-1 T-2 T-3a T-3b 

S-Carboxymethy lcystei ne 0.80 (1) 4.86 (6)a) 5.39 (6)a> 0.62 (1) 

Aspartic acid 3.14 (3) 6.33 (6) 7.12 (6)a) 

Threonine 0.93 (1) 1. 29 (1) 1.17 (1) 

Serine 1. 07 (1) 2.34 (2) 2.29 (2) 

Glutamic acid 2.59 (2)a> 2.66 (2)a) 

Proline 3.02 (3) 3.12 (3) 

Glycine 4.63 (4)a) 4.42 (4) 

Alanine 1.12 (1) 3.34 (3) 3.26 (3) 

Valine 1.00申(1) 1. 00*0) 

1soleucine 1.00寧(1) 1. 71 (2) 2.00 (2) 

Leucine 1.00*0) 

Tyrosine 1.02 (1) 3.04 (3) 3.27 (3) 

Phenylalanine 1. 04 (1) 1. 08 (1) 

Lysine 1.06 (1) 2.40 (2) 2.27 (2) 

Arginine 2.00 (2) 2.08 (2) 1. 05 0) 

Total 10 38 38 3 

Yield(労)b) 49 9 12 30 

a)， This number is obtained by sequence analysis. 
b)， The amount of peptide relative to starting material. 

Table 1V. Amino acid sequences of the tryptic peptides of Cm-T1c. The symbols used are the same 

as in Table 11. The yields of PTH-derivatives are shown in μmol under the arrows. 

Peptide 

T-1 

Sequence 

Asn一一Cys(cm)-Asp一一Thr-Asn -Ile -Ala.一一Tyr--Ser--Lys 
ーーーア

0.45 
ー一向7

0.52 
四一ーア "一ーァ ー--コア --ウF 回目m・τァ ー司回"7 ...-一ー てF 曲一

0.26 0.41 0.16 0.18 0.14 0.05 

Arg-Ile 帽一一Cys(cm)一-Thr一一AsnCys(cm)一一 (Cys(cm)， Ala， Gly， Tyr， Lys， 
T-2 & T-3a ーゥ -7  ーゥ ーゥ ーゥ (Asn)

0.19 0.16 0.16 0.20 0.10百-:-097

Gly， Cys(cm)， Asn， Tyr， Tyr， Ser， Ala， Asn， Gly， Ala， Phe， Ile， Cys(cm)， Glu， Gly， 

Glu， Ser， Asn， Pro. Lys， Asn， Pro， Asn， Val， Cys (cm) ， Pro)一一Arg

T -3b Cys(cm)一一Leu--Arg
ー一回ア "一一ァ 問一ーァ

0.54 0.44 0.28 

chromatography in the same way described for 

the tryptic peptides. No peptides were detected 

in fraction C-3. Fraction C-6 was separated 

into two peptides， which were referred to as 
c・-6aand C-6b. The other fractions yielded 

雫ア恥帽開町

one peptide on the chromatogram， respectively. 
Table V shows the amino acid compositions of 
the chymotryptic peptides. Peptides C-5 and 

C-6b had an identical amino acid composition 

and were regarded as an identical peptide. 
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Fig. 2. Elution pattern ot the chymotryptic peptides 
of Cm-Tlc from Dowex・50X2.For conditions 
see “EXPERIMENT AL PROCEDURE." 
Aliquots (0.2 ml) of the effluents from alter暢

nate tubes were subjected to the ninhydrin 
reaction after alkaline hydrolysis.四ーー一，
absorbancy at 570 nm. The fractions indi・

cated by bars were pooled. 

300 

C-6a also had the same amino acid composition 

as those of C-5 and C-6b， except that it had 

one more tyrosine. The relatively low yields 

of C-5， C-6a and C-6b indicated that these 
three peptides were derived from an identical 

region of Tlc. The total number of amino acid 

residues contained in the five main peptides 

(C-l， C-2， C-4， C-6a and C-7) was consistent 

with the total of the intact Cm-Tlc. 

Amino Acid Sequences of Chymotry ptic 

Peptides-一一Theresults of the sequence analy-

ses are given in Table VI. 
C-1 : This peptide contained 24 amino acid 

residues. Twenty steps of Edman degradation 

indicated the amino-terminal sequence of this 

peptide. The sequence of residues 17 through 

20 of this peptide overlapped the sequence of 

residues 1 through 4 of tryptic peptide T-1 

(Table IV). 

C-2 : This peptide contained 6 residues. Five 

steps of Edman degradation established the 

entire seq uence of this peptide. 1 t overlapped 

the sequence of residues 17 through 22 of the 

Table V. Amino acid compositions of the chymotryptic peptides of Cm-TIc. Values are expressed 
as molar ratios with respect to the amino acid denoted by an asterisk in each column. 

Amino acid C-1 C-2 C-4 C-5 C-6a C-6b C-7 

S-carboxymethy lcystei ne 2.33 (3)a) 2.21 (3)a) 0.62 (1) 0.35 (1) 0.35 (1) 0.64 (1) 

Aspartic acid 6.37 (6) 1.07 (1) 1.24 (1) 1.44 (1) 1.17 (1) 1. 00*(1) 

Threonine 0.99 (1) 0.84 (1) 

Serine 1.16 (1) 0.77 (1) 0.87 (1) 

Glutamic acid 2.17 (2) 

Proline 3.29 (3) 

Glycine 1.41 (1) 1.00申(1) 1.11(1) 1.52 (1)a) 1. 29 (1) 1.21 (1) 

Alanine 1.46 (1) 1.64 (2) 1. 08 (1) 

Valine 1.00申(1)

Isoleucine 2.04 (2) 1.00ホ(1)

Leucine 1. 00*(1) 

Tyrosine 0.93 (1) 0.95 (1) 0.91 (1) 2.07 (2) 1. 29 (1) 

Phenylalanine 0.82 (1) 

Lysine 0.99 (1) 1. 00*(1) 1. 00*(1) 0.75 (1) 0.95 (1) 

Arginine 0.99 (1) 0.86 (1) 0.91 (1) 

Total 24 6 10 5 6 5 5 

Yield(%)b) 51 52 62 8 22 17 48 

a)， This number of residues was obta.ined by sequence analysis. 
b)， The amount of peptide relative to starting material. 
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Table VI. Amino acid sequences of the chymotryptic peptides of Cm時 TIc. The symbols used are 
the same as in Table 11. The yields of PTH-derivatives are shown inμmol under the 
arrows. 

Peptide Sequence 

C-1 Ile -Cys(cm)陶一一Glu一一Gly-一一Glu-一一Ser--Asn --Pro --Lys --Asn --Pro --Asn 
ー一一ァ

1.20 
ー一一7

0.80 
ーー叩ア ーー『ア 句一司ァ ー一司ア ー--ア 『ーーァ 町一ーァ 司ーでア 由一ー? ー一--"

0.96 0.74 0.56 0.38 0.17 0.22 0.13 0.14 0.22 0.16 
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(T-2，T-3a) 

一一一一ベC-2) u 

40 50 
Val同 Cys甲 Pro-Arg・-Asn四 Cys-Asp'幽 Thr'・-Asn四 Ile-Ala四 Tyr田 Ser-Lys-Cys曲 Leu由 Arg

トー→トCトベ
(T-l トベT-3bト→

(C四 l) 11 ( C-7):  

Fig. 3. Summary of the sequence analyses on Tlc. I-N， amino叩 terminalsequence of the intact 

TIc; I-C， carboxyl-terminal sequence of the intact Tlc; T， sequences of tryptic peptides; 
C， sequences ot chymotryptic peptides. 
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intact Cm-Tlc (Table II). 

C-4 : This peptide consisted of 10 amino acid 

residues. Nine steps of Edman degradation esta-

blished the sequence of this peptide. Asparagine 

was again identified besides Cm-cysteine at posi-

tion 6 of this peptide. The sequence overlapped 

the amino-terminal sequence (residues 1 through 

10) of the intact Cm-Tlc (Table II). 

C-6a， C-5 and C-6b: C-6a contained 6 residues. 
Six steps of Edman degradation indicated the 

entire sequence of this peptide. It overlapped 

the sequence of residues 11 through 16 of the 

intact Cm-Tlc (Table II). C-5 and C-6b 

contained 5 residues and their sequences were 

identical with that of residues 1 through 5 of 

C-6a. 

C-7: This peptide consisted of 5 residues. 

Flve steps of Edman degradation established the 

entire sequence of this peptide. The sequence 

of residues 1 and 2 of this peptide overlapped 

the carboxyl-terminal sequence (residues 9 and 

10) of tryptic peptide T -1 and its sequence of 

residues 3 through 5 corresponded to the sequ-

ence of tryptic peptide T -3b and to the carboxyl-

terminal sequence of the intact Cm-Tlc (Tables 

II and IV). 

The amino acid sequences of these chymotryp-

tic peptides， together with the sequences of the 

tryptic peptides and the amino-and carboxyl-

terminal sequences of the intact Cm-Tlc. 

established the overall amino acid sequence of 

Tlc as summarized in Fig. 3. The data shows 

that Cm-Tlc contains 8 Cm-cysteine residues. 

Titration of native Tlc with pCMB  by the 
method of Boyert) indicated that Tlc contained 

no sulfhydryl group， and consequently， it had 
4 cystine residues in the molecule. 

Modification ofTlc by Trypsin at Acidic pH's 

--This was carried out under the condi tions 

described in '.EXPERIMENTAL PROCEDURE". 

But no cleavages were observed by the hydroly司

sis of Tlc with trypsin under the experimental 

conditions. 

Effects of Chemical Modifications on lnhibi-

tor Activity of T lc--Guanidino and amino 

groups of Tlc were modified with 1， 2-cyclo-
hexanedione and TNBS， respectively， under 
the conditions described in “EXPERIMENT AL 

PROCEDURE". The inhibitor activities of these 

chemically-modified Tlc preparations against 

trypsin and chymotrypsin were determined 

(Table VII). The guanidino group-modified 

sample showed significant decrease in the inhi-

bitor activities against both trypsin and chymo-

trypsin as compared with those of native Tlc. 

The amino group-modified Tlc also decreased 

its activities against the enzymes but to small 

extents. 

Table VII. Inhibitor activities of guanidino group-
modified and amino group-modified Tlc. 

Sample 

Native TIc 

Guanidino group-

modified TIca) 

Amino group-

modified TIcb) 

Relative activity against 

Trypsin chymotrypsin 

100(%) 100(%) 

8 29 

61 68 

a)， The extent of modification was 79%. 
b)， The extent of modification was 87%. 

Discussion 

Edman degradation and carboxypeptidase 

digestion of the intact Cm-Tlc established the 

amino-terminal sequence (23 residues) and the 

carboxyl-terminal sequence (3 residues) of this 

polypeptide trypsin inhibitor (Table II). This 

made it possible to align the three tryptic 

peptides derived from the Cm-Tlc (Fig. 3). 

Tryptic peptide T -2 (or T -3a) contained two 

arginine residues and two lysine residues， of 
which the arginine residues were found at the 

amino-and carboxyl-termini of this peptide. 

Therefore， the two lysyl bonds had remained 
intact in this tryptic peptide. This indicated 

that the tryptic digestion of Cm-Tlc had been 

incomplete or that the complete tryptic digestion 

of T -2 or T -3a had been prevented because of 

its configuration. The overall sequence of Tlc 

was established by the aids of the sequences of 

the chymotryptic peptides of Cm-Tlc (Fig. 3). 

At position 6 in the sequence of Tlc， asparagine 

was always detected besides Cm-cysteine. A 

similar result was also obtained by Richardson 15) 

on the sequence of one of the eggplant exocarp 
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inhibitors， which had strong homology with that 
of Tlc as given in Fig. 4. These two inhibitors 

also exhibit strong similarity in their enzyme-

inhibition profiles， J2) indicating that they are the 
isoinhibitors which are widely distributed in 

Solanaceae family of plants and that the genetic 

information for the synthesis of these inhibitors 

has been maintained in the course of evolution 

of Solanaceae. Several different types of isoin-

hibitors have been found in potatoesl7> and 

eggplants，18) and it can be expected that these 
inhibitors are also homologous to each other as 

to their sequences. In Fig. 4， the amino acid 
sequence of Tlc is also compared with those of 

the active fragments of PPI-IIa9) and the poly-

peptide chymotrypsin inhibitor of Hass et al.5) 

The amino-terminal sequence (residues 1 through 
15， except residue 6) of Tlc corresponds to the 
sequence of residues 8 through 22 of the active 

fragment of PPI-IIa， and the carboxyl-terminal 

sequeces (3 residues) of both inhibitors are 

identical with each other. But， the rest of the 

sequence of Tlc differs from that of the active 

fragment， though strong homology is partially 
noticed between the sequences. Striking is that 

the sequence of residues 39 through 48 of Tlc is 

very homologous to that of residues 23 through 

32 of the active fragment of PPI-IIa. The 

sequence is also somewhat homologous to that 

of residues 15 through 26 of the active fragment 
of PPI-IIb， and yet the location of this region 
in the entire sequence of Tlc is different from 

those of the respective regions in the sequences 

of the active fragments. Further， the positions 
of the only phenylalanine and valine residues 

in Tlc are quite different from those in the 

active fragment of PPI-IIa. More important 

is that Tlc does not contain any Lys-Ser bond 

which is the reactive site of the active fragments 

of PPI-IIa9) and IIb.10) The Arg(38)-Asn(39) 

bond in the sequence of the eggplant exocarp 

inhibitor of Richardson has been determined as 

the reactive site of the inhibitor by the limited 

hydrolysis with trypsin at a low pH.15) An 

identical bond is located at the same position of 

the sequence of Tlc. Judging from the strong 

homology between the sequences of the two 

polypeptide inhibitors， it is expected that the 
Arg-Asn bond is the reactive site of Tlc. To 

elucidate this， the limited hydrolysis of Tlc at 
low pH's were performed under various condi-

tions. However， all the experiments were not 
successful. The attempt of determining the 

reactive site of the polypeptide chymotrypsin 

l 凡 10
a) Arg畑工le同Cys-Thr-Asn・'-.1'"剛Cys-Ala-Gly-Tyr-Lys-Gly司cys四Asn-Tyr-

仏sn)
_~ IIle _ Asn _ _ .__ __ 1.10 1. __1_1_1 

<Glut ーCys-Thr-Asn-~~~-Cys-Ala-Gly十Arg十 Lys-Gly-CystSer円y叶
ー--1Leu -， ----------Cys -， -------， 1---' 1-' ---4  -4  -1---1 -'-1 b) 

c) piotIle-Cy山 lr-Asn臼 Cy…-Gly-T-YトLys-Gly-C…n四Tyr-
10 20 S;r-G1u ... 叫.d) 

10 Iie-cys田Thr-Asn-Asn-Cys同Ala-Gly咽吋r-Lys噂Gly-Cys-Asr円e) 

30 
a) Ile-Cys偏Glu-Gly-Glu-Ser-Asn-Pro鳴，---i 30 I 

b) Ile申Cys十Lys十Gly-Glu-Ser-Asn帽Pro十

c) 

d) Asn-Cys時Asp-Thr叩Asn-
20 e) Ala・-Cys-Pro畑Leu-Asn-Asp-His-Pro-Ile四Ala嗣

a) 

b) 

d) 

e) 

Fig. 4. Comparison of the amino acid sequence of Tlc with those of other polypeptide inhibitors. 
a)， TIc; b)， inhibitor of eggplant exocarpllP : c)， chymotrypsin inhibitor of Hass et al.ω; 
d)， active fragment of PPI-IIa9) ; e) active fragment of PPI-IIb.10) The arrows show 
the reactive sites. Segments of identical sequences in the inhibitors are enclosed in boxes. 
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inhibitor of Hass et al. also ended in failure.3) 

These results may be ascribed to the small 

differences between the sequences of the egg-

plant exocarp inhibitor and the potato polypep-

tide inhibitors. 

As shown in Table VII， the inhibitor acti-
vities of Tlc against trypsin and chymotrypsin 

significantly decreased by the chemical modifi-

cation of guanidino groups of the inhibitor. 

This indicates that an arginine residue is impor-

tant for Tlc to exhibit the inhibitor activities 

against the enzymes. Since two of the three 

arginine residues of Tlc are located at the 

amino-and carboxyl-termini of the inhibitor 

(Fig. 4)， the arginine residue at position 38 is 
supposed to be the important one， hence the 
arg (38) -Asn (39) is possibly the reactive site 

of Tlc. 

Thus， the present paper revealed that a poly-
peptide trypsin inhibitor， Tlc， of potato tubers 

had a somewhat different amino acid sequence 

and a different reactive site from those of the 

active fragments of PPI-IIa and IIb. There-

fore， it is probable that Tlc is a derivative of 
a precursor which is different from PPI -IIa 

and IIb or is an independently synthesized 

inhibitor. 

NOTE ADDED IN PROOF 

While this manuscript was in preparation 

Hass et al. reported on the sequences of two 

low molecular weight proteinase inhibitors， 

which were homologous to that of Tlc.19) 
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パレイショのポリペプチドt性トリプシンインヒピターC

(TIc)のアミノ酸配列!と反応部位について

内田和人・岩崎照雄・清原利文・古川 士
口

要 約

パレイショの塊茎から分離されたポリペプチド性トリプシンインヒピター C(Tlc)の一次構造をエドマン

分解法とカルボキシペプチダーゼ法を用いて分析した。 Tlcは51個のアミノ酸から成り， N未端から18番目

までのアミノ酸配列は Hassらのポリペプチド性キモトリプシンインヒピターのそれと相同であった。 Tlc

の全一次構造はナス外皮から分離されたポリペプチド性トリプシンインヒピターのそれと極めて相同性が高

かった。また，われわれが前にパレイショのプロティナーゼインヒピタ-la及び 1bから人工的に調製し
た2種の活性フラグメントの一次構造とも部分的に相向性が認められた。

しかし Tlcは全アミノ酸配列中に，活性フラグメン卜の反応部位である Lys-Ser結合を欠いていた。

化学修飾実験の結果から.Tlcの反応部位は Lys-Ser結合ではなく，ナス外皮のインヒビター同様Arg(38)

-Asn(39)結合である ζとが推定された。


