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Two serine proteinase inhibitors (ELTI I and ELT1 II) have been isolated from mature
seeds of Echinocystis lobata by ammonium sulfate fractionation, methanol preci-
pitation, ion exchange chromatography, affinity chromatography on immobilized
anhydrotrypsin and HPLC. ELTI I and ELTI II consist of 33 and 29 amino-acid residues,
respectively. The primary structures of these inhibitors are as follows:

ELTIT KEEQRVCPRILMRCKRDSDCLAQCTCQQSGFCG

ELTIII RVCPRILMRCKRDSDCLAQCTCQQSGFCG

The inhibitors show sequence similarity with the squash inhibitor family. ELTI I
differs from ELTI II only by the presence of the NHz-terminal tetrapeptide Lys-
-Glu-Glu-Gln.

The association constants (Ka) of ELTI 1 am:l ELTI II with bovine-trypsin were
determined to be 6.6 x 10'° M, and 3.1 % 10" M1 o whereas the assm:latmn constants
of these inhibitors with cathepsin G were 1.2 % 10'M ™}, and 1.1 x10" M .respectively.

Among small protein inhibitors of serine pro-
teinases the squash inhibitors, isolated exclu-
sively from squash plants, are the smallest ones.
They are built of 27 to 33 amino-acid residues
and each is crosss-linked by three disulfide
bridges. They were discovered by the end of
1979 [1]. In spite of their small size, association
constants (K,) for the interaction of the squash
inhibitors with f-trypsin are among the hlgheqt
for h}rps.m inhibitors (in the range of 10" 0'?
M } [2]. Over 40 representatives of this well
established family have been sequenced [2-13],
structures of 4 inhibitors were studied by X-ray

cryqtallngraphy [14, 15] or multidimensicnal
1 NIMR [5, 16-18], more than 40 analogues
with defined specificity and activity were
chemically synthetized [5, 16, 19, 20] and 4
were obtained by genetic engineering [9, 19,
21, 22].

MATERIAL AND METHODS

Material. The seeds of Echinocystis lobata were
obtained from Wroctaw University Botanical
Garden.
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Abbreviations: AQC, 6-amino-quinolyl-N-hydroxysucinimidyl carbamate; BApNa,

a-N-benzoyl-DL-ar-

ginine p-nitroanilide; CMCTI, Cucumis melo var. Conoman trypsin inhibitor; CMTI, Cucurbiata maxima
trypsin inhibitor; CPTI, Cucurbita pepo trypsin inhibitor; ELTI, Echinocystis lobata trypsin inhibitor; MCEIL,
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nidinobenzoate; TFA, trifluoroacetate.
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Reagents. CM-Sephadex C-25 was from Phar-
macia Fine Chemicals (Uppsala, Sweden); Bio-
Gel P 2 was purchased from Bio-Rad Labs
(Richmond, Calif. US.A.); a-N-benzoyl-DL-ar-
ginine p-nitroanilide (BApNa), p-nitrophenyl
p-guanidinobenzoate (NPGB), Suc-Ala-Ala-
Pro-Phe-pNa, Tos-Gly-Pro-Arg-pNa were ob-
tained from Sigma Chem. Co. (St. Louis, MO,
U.S.A.); bovine trypsin was prepared according
to Wilimowska-Pelc & Mejbaum-Katzenellen-
bogen [23], bovine -trypsin was isolated from
the preparation obtained according to [23] as
described by Liepnieks & Light [24]; anhydrot-
rypsin was prepared according to Ako et al. [25]

Methods. Trypsin concentration was deter-
mined by spectrophotometric titration with
NPGB [26]. The standardized trypsin solution
was used to titrate CMTI 1. Cathepsin G was in
turn titrated with standardized CMTI L. Trypsin
and cathepsin G activities were assayed with
BApNA or Tos-Gly-Pro-Arg-pNAand Suc-Ala-
Ala-Pro-Phe-pNa as substrates, respectively,
according to Erlanger et al. [27]. One unit of the
antitrypsin activity was defined as that amount
of the inhibitor which reduced by half the ac-
tivity of 2 mg of trypsin. Cathepsin G from
human leukocytes was purified by affinity
chromatography on immobilized CMTI 1 [28].
The association equilibrium constants of the
inhibitors with B-trypsin and cathepsin G were
measured by the method developed in M. Las-
kowski's laboratory [29] in conditions de-
scribed by Otlewski et al. [30]. Anhydrotrypsin
and CMTI were immobilized on Sepharose 4B
with divinyl sulfone by the method of Pepper
[31]. Amino-acid analysis were performed after
hydrolysis of samples at 105°C for 24 h with 6.0
M HCI containing 0.1% phenol in sealed,
evacuated tubes. After removal of HCI, the
amino acids were derivatized with 6-amino-
quinolyl-N-hydroxysuccinimidyl carbamate,
and AQC-derivatives were identified by
reverse-phase-HPLC [32]. The amino-acid se-
quences of inhibitors (30-100 pmoles) were
determined with a ProSequencer model 6600
(MilliGen) and PTH-analyser using the pro-
gram provided by the manufacturer. Sequen-
ces of all inhibitors were determined without
fragmentation and in their disulfide bridges
form, therefore no signal was detected at cys-
teine residues and assignment of this residue
was based on homology with other squash
inhibitors.

RESULTS AND DISCUSSION

Extraction and fractionation of inhibitors

Extraction of inhibitors was carried out by
stirring a suspension of E. lobata flour (485 g) in
1.5 litres of 0.05 M acetate buffer, pH 4.5, for
1 h at room temperature. Insoluble materials
was removed by centrifugation. The sedi-
ment was reextracted with 0.75 litres of the
same buffer.

The supernatants obtained from two extrac-
tions were pooled, adjusted to 90% saturation
with ammonium sulfate and centrifuged after
12 h to recover the precipitated proteins.

The salted out proteins were suspended in 250
ml of water, then methanol was added to a final
concentration of 80% (v/v) and the mixture
was stirred for 15 min. The precipitate formed
contained mainly ammonium sulfate and pro-
tein insoluble in 80% methanol. After removing
the precipitate by centrifugation, the superna-
tant containing methanol-soluble inhibitors,
was evaporated in a stream of air in order to
remove methanol.

Ion-exchange chromatography. The meth-
anol-free solution was diluted with water to a
conductivity corresponding to 0.05 M of NaCl,
then 1 M acetate buffer, pH 4.7, was added to a
final concentration of 0.05 M. The solution was
applied onto a CM-Sephadex C-25 column (1.5
cm % 25 cm) equilibrated with 0.05 M acetate
buffer, pH 4.7. Inhibitors, designated ELTI II
and III, were eluted with a linear gradient of
NaCl from 0 to (.6 M (Fig. 1). The non-adsorbed
protein still containing antitrypsin activity, was
acidified to pH 3.0 with 1 M HCl and was
applied to SP-Sephadex C-25 column (1.5 cm x
25 cm) equilibrated with 0.02 M citrate buffer,
pH 3.0, and the inhibitor designated ELTI I was
eluted with the NaCl concentration gradient
(0-0.6 M) (Fig. 2).

Affinity chromatography. The fractions show-
ing trypsin inhibitory activity were combined,
adjusted to pH 7.5 and applied onto a column
(2 cm % 20 cm) filled with immobilized anhy-
drotrypsin equilibrated with 0.1 M Tris/HCI
buffer, pH 7.0. Inactive proteins were washed
out with the same buffer and the bound inhibi-
tors eluted with 0.02 M HCI (not shown) and
lyophilized.
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Reverse-phase and DEAE HPLC. The semi-
preparative Delta PAK C;g column, equili-
brated with 0.1% TFA in 20% acetonitrile, was
used in the final step of purification of ELTI I
and II. The proteins were eluted with an ace-
tonitrile-water gradient in the presence of
0.1% TFA (Fig. 3). Upon rechromatography of
the proteins showing antitrypsin activity the
two inhibitors were purified to homogeneity
(Fig. 4).
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Fig. 1. Elution profile of Echinocystis lobata trypsin
inhibitor IT and III (ELTI II and ELTI III) from
CM-Sephadex C-25.

Proteins after ammonium sulfate and methanol fraction-
ation, dissolved in 0.05 M Na-acetate, pH 4.7, were loaded
onto a 1.5 em % 25 cm column equilibrated with the same
buffer and eluted with a linear NaCl gradient of 0.0 to 0.6
M (- - -). The 10-ml fractions were collected and analyzed

for Azsa( }and antitrypsin activity (---).

LS — % o
=
ELTf-l s §

LE B =04
- H = i E
63 rl| 0 0y =

i -1

gt 1 1 B
<< oz I.|i_. -2 2
| =
al ol ‘E*
.
n == E

Fraction number

Fig. 2. Elution profile of Echinocystis lobata trypsin
inhbitor [ (ELTI I) from SP-Sephadex C-25.

The non-adsorbed protein containing ELTI I eluted from
CM-5ephadex C-25 column (Fig. 1), after acidification to
pH 3.0 with 1 M HCl, was applied onto a 1.5 cm % 25 cm
SP-Sephadex C-25 column equilibrated with 0.01 M Na-
citrate, pH 3.0, Protein were eluted with a linear NaCl
gradient of 0.0 to 0.6 M (- - -). Fractions of 11 ml were
collected and analyzed for Agag ( ) and antitrypsin
activity (- --).
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Fig. 3. Chromatography of ELTI 1 and ELTI Il on a
HPLC C1g column.

The column (29 mm =< 300 mm, 15 p) was equilibrated with
0.1% TFA in 20% acetonitrile (v/v)} prior to loading, and
eluted with a linear gradient of 20-60% acetonitrile in
0.1% TFA. The fractions with antitrypsin activity were
rechromatographed. A and B denote ELT1 [ and ELTI 11
preparations, respectively, obtained after ion-exchange
chromatography.
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Fig. 4. Rechromatography of ELTI 1 and ELTI Il on

a HPLC Cig column.

The conditions were as described for Fig. 3. Peaks were
pooled, evaporated and used for analysis and sequencing,
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Fig. 5. Alignment of amino-acid sequences of ELTI I and ELTI IT with those of 41 other low molecular

inhibitors belonging to the squash inhibitor family.

T1, trypsin inhibitor; El, elastase inhibitor; EL, Echinocystis lobata; CM, Cucurbita maxima; CPG, Cucurbita pepo var.
Giromontia: CP, Cucurbita pepo; CS, Cucumis sativus; CV, Citrulus vulgaris; BD, Bryonia dioica; MR, Momordica repens; EE,
Echallitm elaterium; MC, Momordica charantia; LC, Luffa eylindrica; LLD, Lagenaria leucantha var. Depressa; LL, Lagenaria
lewcantha; BH, Benincasa hispida; T, Trichosanthes; HM, Hami melon; TG, towel gourd; CMe, Cucumis melo; CMC, Cucumis
melo var. Conomon; LA, Luffa acutangula; L indicates the reactive site peptide bond.

ELTI I after this step of purification was still
heterogeneous, therefore it was further puri-
fied on DEAE-5PW column equilibrated with
0.05 M bicarbonate buffer, pH 10.0, and eluted
with a linear NaCl gradient. Finally, the active
fractions after ion chromatography were puri-
fied on PAK Cyg column to yield pure inhibitor
(not shown). Since its amino-acid sequence was
identical to ELTI I, therefore the inhibitor ELTI
111 was not a subject of our further interest. The

results of purification of the inhibitors are
presented in Table 1.

Amino-acid sequence of inhibitors

The amino-acid sequences of ELTI | and ELTI
11 are presented in Fig. 5 in comparison with the
other published sequences of serine proteinase
inhibitors of the squash family. The inhibitors
from E. lobata are closely similar to the other
squash inhibitor family. Both inhibitors studied
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Table 1
Purification of inhibitors from Echinocystis lobata seeds (485 g)
Step Weight (mg) |Activity (units) iﬂﬁlﬁ; Yield (%)
| Extraction with 0.05 M acetate buffer 13000 375 0.03 100.0
Ammonium sulfate precipitation and
extraction with 80% methanol 206 s = i
CM-Sephadex |
ELTIIN 29 39 13 10.4
ELTIIN 15 43 28 115
SP-Sephadex
ELTII 50 15 0.3 4.0
Anhydrotrypsin
ELTI1 25 9.8 3.9 26
ELTIII 10 285 29 7.6
ELTLIII 9 21.0 2.3 5.6
RP-HPLC
ELTII 0.7 5.0 7.1 1.3
ELTII 27 19.6 73 5.2
ELTIIN 32 10.1 3.1 . 2.7
DEAE-HPLC
ELTIIN - 1.1 6.2 56 17
RP-HPLC
ELTI 111 0.5 3.6 7.2 1.0
are products of the same structural gene. ELTI

NH;-terminal tetrapeptide Lys-Glu-Glu-Gin-,
and probably this shorter form arose from the
longer one by limited proteolysis. The same
differences were observed between the inhibi-
tors CMTI 11T and 1V, CPTI Il and 111, MCEI II,
Il and IV, LLTI I, 11 and III, MHTI I and 111,
CMCTI il and III (Fig. 5).

The association constants (K,) of ELTI I and
ELTI I with bnv:m p-trypsin were determmed
tobe 6.6x 10 M and 3.1 x 10" M ! , Tespec-
tively. As in the case of CMTI Il and [V or CPTI
Il and III the inhibitor with longer N-terminal
extention is a weaker inhibitor of trypsin. The
inhibitors from E. lobata, like inhibitors from
Cucurbita maxima (CMTI I) and Cucurbita pepo
(CPTI 1I), inhibit cathepsm G with the ass.um
ation constants 0f1.2x 10’ M land 1.1x 10" M
for ELTI 1 and ELTI 11, respectively.

We thank Marta Gladysz for her technical
assistance.

1. Polanowski, A., Wilusz, T., Nienartowicz, B.,
Cieslar, E., Stomifiska, E. & Nowak, K. (1980)
Isolation and partial amino acid sequence of the
trypsin inhibitor from the seeds of Cururbita
maxima. Acta Biochim. Polon, 27, 371-382,

2, Wieczorek, M., Otlewski, ]., Cook, ., Parks, K.,
Leluk, ], Wilimowska-Pelc, A., Polanowski, A.,
Wilusz, T. & Laskowski, M., Jr. (1985) The
squash family of serine proteinase inhibitors.
Amine acid sequences and association
equilibrium constants of inhibitors from squash,
summer squash, zucchini, and cucumber seeds.
Biochem. Biophys. Res. Commun. 126, 646—652.

3. Otlewski, ]J., Whatley, H., Polanowski, A. &
Wilusz, T. (1987) Amino-acid sequences of
trypsin inhibitors from watermelon (Citrulus
vulgaris) and red bryony (Bryonia dioica) seeds.
Biol. Chem. Hoppe-Seyler 368, 1505-1507.

4. Joubert, E]. (1984) Trypsin isoinhibitors from
Momordica repens seeds. Phylochemistry 23,
1401-1406.




512

D. Stachowiak and others

5.

10.

1L

12,

13.

14.

Heitz, A., Chiche, L., Le-Nguyen, D. & Castro,
B. (1989) 'H 2D NMR and distance geometry
study of the folding of Ecballium elaterium
trypsin inhibitor, a member of the squash
inhibitors family. Biochemistry 28, 2392-2398.

. Nishino, J., Takano, R., Kamei-Hayashi, K.,

Minakata, H., Nomoto, K. & Hara, 5. (1992)
Amino acid sequences of trypsin inhibitors from
oriental pickling melon (Cucumis melo L. var.
Conomon Makino) seeds. Biosci. Biotech. Biochem.
56, 1241-1246.

. Lee, Ch.-F. & Lin, ].-¥. (1995) Amino acid

sequences of trypsin inhibitors from the melon
Cucumis melo. [. Biochem. 118, 18-22.

Hatakeyama, T., Hiraoka, M. & Funatsu, G.,
(1991} Amino acid sequences of the two smallest

trypsin inhibitors from sponge gourd seeds.
Agric. Biol. Chem. 55, 2641-2642.

. Ling, M.-H., Qi, H-Y. & Chi, Ch.-W. (1993)

Protein, cDNA, and genomic DNA sequences of
the towel gourd trypsin inhibitor, a squash
family inhibitor. J. Biol. Chent. 268, 810-814.
Matsuo, M., Hamato, N., Takano, R., Kamei-
-Hayashi, K., Yasuda-Kamatani, Y., Nomoto, K.
& Hara, S. (1992) Trypsin inhibitors from bottle
gourd (Lagenaria leucantha Rusby var. Depressa
Makino) seeds. Purification and amino acid
sequences. Biochim. Biophys. Acta 1120, 187-192.
Hayashi, K., Takehisa, T., Hamato, N., Takano,
R., Hara, 5., Miyata, T. & Kato, H. (1994)
Inhibition of serine proteinases of the blood
coagulation system by squash family proteinase
inhibitors. [. Biochem. (Tokyo) 116, 1013-1018.
Hamato, N., Koshiba, T., Pham, T.-N., Tatsumi,
Y., Nakamura, D., Takano, R., Hayashi, K.,
Hong, Y.-M. & Hara, 5. (1995) Trypsin and
clastase inhibitors from bitter gourd (Momordica
charantia Linn.) seeds. Purificalion, amino acid
sequences, and inhibitory activity of four new
inhibitors. [. Biochem. (Tokyo) 117, 432437,

Haldar, U.C., Saha, S.K., Beavis, R.C. & Sinha,
N.K. (1996) Trypsin inhibitors from ridged
gourd (Luffa aculangula Linn) seeds: Purifi-
cation, properties, and amino acid sequences. J.
Protein Chem. 15, 177-184.

Huang, Q., Liu, H. & Tang, Y. (1993) Refined 1.6
A resolution crystal structure of the complex
formed between porcine B-trypsin and CMTI-A,
a trypsin inhibitor of the squash family. Detailed
comparison with bovine f-trypsin and its
complex. J. Mol. Biol. 229, 1022-1036.

. Bode, W., Greyling, H.]., Huber, R.,n Otlewski, ].

& Wilusz, T. (1989) The refined 2.0 A X-ray crys-
tal structure of the complex formed between
bovine B-trypsin and CMTI-I, a trypsin inhibitor
from squash seeds (Cucurbita maxima). Topo-

16.

17.

18.

19.

24.

1996

logical similarity of the squash seed inhibitors
with the carboxypeptidase A inhibitor from
potatoes. FEBS Lelt. 242, 285-292.

Likos, ].J. (1989) 'H-n.m.r. studies of squash seed
trypsin inhibitor, Int. |. Peptide Protein Res. 43,
381-386.

Holak, T.A., Gondol, D., Otlewski, |. & Wilusz,
T. (1989) Determination of the complele
three-dimensional structure of the trypsin
inhibitor from squash seeds in aqueous solution
by nuclear magnetic resonance and a combi-
nation of distance geometry and dynamical
simulated annealing. [. Mol. Biol. 210, 635-648.

Krishnamoorthi, R. & Sun Lin Ch.-L. (1992)
Structural consequences of the natural subsh-
tution, E9K, on reactive-site-hydrolyzed squash
(Cucurbita maxima) trypsin inhibitor (CMTI) as
studied by two-dimensional NMR. Biochemistry
31, 4965-4969.

Chen, X.-M., Qian, Y-W., Chi, Ch.-W., Gan,
K.-D., Zhang, M.-F. & Chen, Ch.-Q. (1992)
Chemical synthesis, molecular cloning and
expression of the gene coding for the Tri-
chosanthes trypsin inhibitor — a squash family
inhibitor. J. Biochem. (Tokyo) 112, 45-51.

. Rolka, K., Kupryszewski, G., Ragnarsson, U,

Otlewski, J., Krokoszyriska, I & Wilusz, T. (1991)
Chemical synthesis of new trypsin, chymo-
trypsin and elastase inhibitors by amino-acid
substitution in a trypsin inhibitor from squash
seeds (CMTI M) Biol. Chem. Hoppe-Seyler 372,
6368,

. Bolewska, K., Krowarsch, D., Otlewski, |., Jaro-

szewski, L. & Bierzyriski, A. (1995) Synthesis,
cloning and expression in Escherichia coli of a
gene coding for the Met8=Leu CMTI I — a
representative of the squash inhibitors of serine
proteinases. FEBS Leit. 377,172-174.

Rempota, B., Wilusz, T., Markiewicz, W. &
Fikus, M. (1995) Synthesis, cloning and expre-
ssionin Escherichia coli of the gene coding for the
trypsin inhibitor from Cucurbita pepo. Acta
Biochim. Polon. 42, 109-114.

. Wilimowska-Pelc, A. & Mejbaum-Katzenellen-

bogen, W. (1978) A simple method for isolating
trypsin from trichloroacetic acid extracts of
bovine pancreas. Anal. Biochem. 90, 816-820.
Liepniecks, |.]. & Light, A. (1974) Preparation of
pB-trypsin by affinity chromatography of entero-
kinase-activated bovine trypsinogen. Anal.
Biochem. 60, 395-404.

. Ako, H., Foster, R.]. & Ryan, C.A. (1972) The

preparation of anhydro-trypsin and its reacti-
vity with naturally occurring proteinase inhi-
bitors. Biochem. Biophys. Res. Commun. 47,1402—
~1407.



Vol. 43 Inhibitors of serine proteinases 513

26. Chase, T. & Shaw, E. (1970} Titration of trypsin,
plasmin and thrombin with p-nitrophenyl
p-guanidinobenzoate HCl. Methods Enzymol.
19,20-27.

27. Erlanger, B.E, Kokowsky, N. & Cohen, W. (1961)
The preparation and properties of two new
chromogenic substrates of trypsin. Arch. Bio-
chem. Biophys. 95, 271-278.

28. Watorek, W., Polanowski, A. & Wilusz, T. (1996)
The use of sequencial affinity chromatography
for separation of human neutrophil elastase,
cathepsin G and azurocidin. Acta Biochim. Polon.
43, 503-506.

29. Empie, M. & Laskowski, M., Jr. (1982}
Thermod ynamics and kinetics of single residue
replacements in avian ovomucoid third do-
mains: effect on inhibitor interactions with
serine proteinases. Biochemistry 21, 2274-2284.

30. Otlewski, J., Zbyryt, T., Krokoszynska, 1. &
Wilusz, T. (1990) Inhibition of serine proteinases
by squash inhibitors. Biol. Chem. Hoppe-Seyler
371, 589-594.

31. Pepper, D.S. (1992) Some alternative coupling
chemistries for affinity chromatography; in
Practical Protein Chromatography (Kenney, A. &
Fowell,S., eds.) pp. 181-183, The Humana Press,
Totowa, New Jersey.

32, Cohen,5.A. & Michaud, D.F. (1993} Synthesis of
a fluorescent derivatizing reagent, 6-amino-
quinolyl-N-hydroxysuccinimidyl carbamale
and its application for the analysis of hydro-
lysate amino acids via high-performance liquid
chromatography. Anal. Biochem. 211, 279-287.




