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Abstract—A series of linear and monocyclic analogues of trypsin inhibitor SFTI-1 isolated from sunflower seeds, modified by N-(4-
aminobutyl)glycine (Nlys) and N-benzylglycine (Nphe), were obtained by the solid-phase method. Some of these peptomers dis-
played trypsin or chymotrypsin inhibitory activity. In contradiction to the literature data, in most analogues peptide bonds formed
by these peptoid monomers were at least partially hydrolyzed by the experimental enzymes at two different pH (3.5 and 8.3). Nev-
ertheless, the replacement of Phe present in the Py substrate specificity of linear inactive SFTI-1 analogue with Nphe, yielded a
potent chymotrypsin inhibitor. The introduction of one cyclic element (a disulfide bridge or head-to-tail cyclization) to the ana-
logues synthesized significantly increased their proteinase resistance.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Serine proteinases are widely distributed in nature and
are responsible for many physiological processes. Their
uncontrolled activity may be dangerous to the organism
and evoke a series of critical pathological conditions.
Therefore, serine proteinase inhibitors which help to
control activity of these enzymes are a promising class
of therapeutic agents.! In 1999, Luckett et al.? isolated
from sunflower seeds a trypsin inhibitor SFTI-1, the
smallest one among the most potent inhibitors of the
Bowman-Birk family. SFTI-1 is a bicyclic peptide com-
prising a head-to-tail cyclization and a disulfide bridge
formed by two Cys residues. Its primary structure is
shown below.

l |
|—Gly ! —Arg—Cys3 —Thr—Lyss—Serﬁ—Ile—Pro—Pro—Ile—Cys] ! —Phe—Pro—Asp—|

The reactive site P; — P} of SFTI-1 is located between
residues Lys5 and Ser6. In the case of canonical inhibi-
tors,? also called standard mechanism inhibitors,* posi-
tion P; is responsible for up to 50% of contacts with
the target enzyme.>° Therefore, the P, amino acid resi-
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due, deeply penetrating the S; specificity pocket of the
enzyme, in substrates and inhibitors is often referred
to as the primary specificity residue. Owing to its very
small size, strong inhibitory activity, well-defined and
optimized 3D structure for the interaction with protein-
ase,>’ a lot of attention has been focused on this small
peptide during last years. Recent studies on SFTI-1 have
been summarized in three review papers.®'° In our pre-
vious work, we have shown that the two cycles are not
necessary for retaining inhibitory activity of SFTI-1.!!
The monocyclic analogue of this inhibitor (containing
a disulfide bridge only) displays almost the same trypsin
inhibitory activity and proteolytic stability as the parent
compound. The analogue without the disulfide bridge
(two Cys residues were replaced with Abu residues) also
inhibited bovine B-trypsin, although the determined va-
lue of the association equilibrium constant (K,) was 2.5-
fold lower than that for wild SFTI-1. This was ascribed
to lower proteolytic resistance of this analogue.'!

In one of our recent papers'?, we described a chemical
synthesis and kinetic studies of two SFTI-1 analogues
modified by N-(4-aminobutyl)glycine (Nlys) and N-ben-
zylglycine (Nphe). These N-substituted glycines (named
peptoid monomers'?) mimicking proteinogenic Lys and
Phe, respectively, introduced in position P; yielded
analogues ([Nlys’]SFTI-1 and [Nphe”]SFTI-1) with tryp-
sin and chymotrypsin inhibitory activity. Moreover,
the P; — P| reactive sites formed by these derivatives
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appeared to be completely protease resistant at both pH
3.5 and 8.3. Our findings are in a good agreement with re-
sults reported in the literature that peptoids are proteoly-
sis-resistant to the major class of proteases, including
papain, chymotrypsin, thermolysin, trypsin, elastase,
pepsin and carboxypeptidase A.'3!4 Since in the standard
mechanism of the inhibitory activity the reactive site
P, — Pj is selectively hydrolyzed by the cognate enzyme
and the equilibrium constant between the virgin and the
modified inhibitor is usually close to unity at neutral
pH,!>1® we postulated that peptomeric SFTI-1 analogues
mentioned above may represent a new class of proteinase
inhibitors. Both inhibitors, [Nlys’]SFTI-1 and [Nphe’]-
SFTI-1, were monocyclic and contained a disulfide bridge
only.

Continuing our investigations on peptomeric analogues
of SFTI-1 we have designed and synthesized a series of
linear and monocyclic analogues of SFTI-1 with Nlys
or Nphe in position P;. We expected that the peptoid
monomers introduced should increase proteolytic stabil-
ity of these analogues. The following peptomers were
synthesized.

[Nlys® Abu®!"|SFTI-1(1,14) (1)
[desGly',Lys® Nlys®,Abu®! ']ISFTI-1(2,14) (2)
[desGly' Nlys* Nlys®,Abu*!"|SFTI-1(2,14) (3)
[desGly',Lys* Nlys |SFTI-1(2,14) (4)
[Nlys®, Abu? 11]SFTI-1 (5)
o A e
phe”,Abu™ -
[Phe’, Abu’!''|SFTI-1(1,14) (8)
[Phe’, Abu*!1JSFTI-1 (9)

The numbers in brackets indicate that the peptide
possesses free o-amino and a-carboxyl groups at the
N- and C-terminus, respectively. Among all analogues
synthesized 1, 2, 3, 6 and 8 are linear peptides, 4 contains
a disulfide bridge, 5, 7 and 9 contain a head-to-tail cycli-
zation. The primary structures of these analogues are
presented in Figure 1. All the peptides were synthesized

Gly-Arg-Abu-Thr-Nlys-Ser-lle-Pro-Pro-lle-Abu-Phe-Pro-Asp (1)

Lys-Abu-Thr-Nlys-Ser-lle-Pro-Pro-lle-Abu-Phe-Pro-Asp (2)
Nlys-Abu-Thr-Nlys-Ser-lle-Pro-Pro-lle-Abu-Phe-Pro-Asp (3)
Lys-Clys-Thr-NIys-Ser-Ile-Pro-Pro-lIe-Cf/s-Phe-Pro-Asp (4)

I—GIy—Arg-Abu—Thr-NIyS—St—:‘r-IIe-F’ro-PrQ—IIt—:\-,f-\bu-Pht—:--Pro-AspJ (5)

L Gly-Arg-Abu-Thr-Nphe-Ser-lle-Pro-Pro-lle-Abu-Phe-Pro-Asp’  (6)
Gly-Arg-Abu-Thr-Nphe-Ser-lle-Pro-Pro-lle-Abu-Phe-Pro-Asp  (7)

Gly-Arg-Abu-Thr-Phe-Ser-lle-Pro-Pro-lle-Abu-Phe-Pro-Asp (8)

l-GIy—Arg-Abu—Thr-Pht—:'-Ser-IIz‘:!-Pro-F‘ro—lI¢=.~-.'f3u:1u-Phe-Pro-ﬁ\spJ (9)

Figure 1. The primary structures of the synthesized SFTI-1 analogues.

by the solid-phase method, N-substituted glycines were
introduced into the peptide chain by the submonomeric
approach on the solid support. Kinetic studies of the
peptides synthesized were carried out to determine their
trypsin or chymotrypsin inhibitory activity and proteo-
lytic susceptibility.

2. Results and discussion

One of the goals of this study was to obtain serine pro-
teinase inhibitors with simplified structures (regarding to
the number of cyclic elements) as compared with wild
SFTI-1. The introduction of peptoid monomers Nlys
and Nphe that mimic proteinogenic Lys and Phe in po-
sition P; of monocyclic SFTI-1 retained the affinity of
such modified analogues towards trypsin and chymo-
trypsin, respectively.'> Taking into consideration our
previous results, also reported by other groups,'*!# that
peptide bonds formed by peptoids are resistant to enzy-
matic proteolysis, we hoped that even linear peptomers
based on the amino acid sequence of SFTI-1 may dis-
play inhibitory activity. Kinetic studies of peptomeric
analogues, summarized in Table 1, confirmed our expec-
tation only in the case of analogue 6, with Nphe in the
substrate specificity P; position. This linear peptomer
appeared to be a potent chymotrypsin inhibitor. Addi-
tional head-to-tail cyclization (analogue 7) yielded an
inhibitor with a very similar activity. In the case of both
analogues, the determined values of the association
equilibrium constant were 5-6 times lower than that
for the previously obtained monocyclic [Nphe’]SFTI-1,
whereas linear analogue 8 with proteinogenic Phe resi-
due in position Py appeared to be completely inactive.
On the other hand, the introduction of disulfide bridge
into the analogue with this amino acid in position P,
yielded potent chymotrypsin inhibitor.!” Also the intro-
duction of the head-to-tail cyclization (analogue 9) gave
chymotrypsin inhibitor one order of magnitude higher
than that obtained for [Phe’]SFTI-1(1,14). Different re-
sults were obtained for peptomers modified in the dis-
cussed position by Nlys. Linear analogue 1 containing
full amino acid sequence of SFTI-1, which differs from
analogue 6 only in the substrate specificity P; position,
did not inhibit bovine B-trypsin. Also linear analogues
2 and 3 devoid of N-terminal Gly and with Arg2 re-
placed with Lys or Nlys, were inactive. The introduction
of the disulfide bridge into the structure of inactive pep-
tide 2 gave a potent trypsin inhibitor 4. Similarly, the
head-to-tail cyclization of peptide 1 produced analogue
5 which was able to inhibit the trypsin activity. Interest-
ingly, the K, values determined for these two monocyclic
analogues (see Table 1) were similar to that measured
for previously described monocyclic, monosubstituted
[Nlys’]SFTI-1. Considering high homology between
trypsin and chymotrypsin, dramatic changes observed
in the inhibitory activity of linear peptomeric SFTI-1
analogues with Nphe and Nlys introduced in position
P; were rather surprising. Since one can expect that
these peptides should exhibit similar affinity towards
experimental enzymes, it seems reasonable to assume
that their proteolytic susceptibilities might be responsi-
ble for such differences in the inhibitory activity of the



Table 1. Physicochemical properties and association equilibrium constants (K,) of peptomeric SFTI-1 analogues with bovine B-trypsin and bovine a-chymotrypsin

Analogue MW calcd (found)? RT (min)® K, MY Proteolytic susceptibility

Trypsin Chymotrypsin knydr [MOliny t1/> (min)

mol_! s71] x 10*
pH 3.5 pH 8.3

SFTI-1"! 9.9x 10" 49x10° 0.265 435+ 23
SFTI-1(1,14)" 1531.8 (1531.2) 15.0 9.9 x 10° 4.9%10° 0. 70 165 + 23
[Phe’|SFTI-1(1,14)* 1550.8 (1551.0) 18.9 2.0x%10° 0.67 182 +28
[Nlys ]SFTI-1(1,14)"? 1531.8 (1531.5) 15.5 1.0x 108 N/A N/A
[Nphe’|SFTI-1(1,14)"? 1550.8 (1550.5) 20.1 3.8x 108 N/A N/A
[Nlys®, Abu®""|SFTI-1(1,14) (1) 1497.8 (1497.6) 15.5 N/A 1.75¢ + 66 + 124
[desGly!,Lys® Nlys>,Abu>"|SFTI-1(2,14) (2) 1412.7 (1414.1) 18.0 N/A N/A +
[desGly',Nlys>* Abu>'"|SFTI-1(2,14) (3) 1412.7 (1412.9) 18.1 N/A N/A +
[desGly',Lys® Nlys’]SFTI-1(2,14) (4) 1446.7 (1446.9) 19.8 8.0x 107 N/A N/A
[Nlys®, Abu>!'"|SFTI-1 (5) 1479.8 (1479.8) 17.7 1.9x10® 1.414 + 82+ 15¢
[Nphe®, Abu>!'|SFTI-1(1,14) (6) 1516.8 (1516.6) 18.3 6.2x 107 0.36 + 352£38
[Nphe® Abu™!''|SFTI-1 (7) 1498.8 (1498.5) 21.3 7.0x 107 N/A 7%
[Phe’, Abu>!"|SFTI-1(1,14) (8) 1516.8 (1516.7) 22.2 N/A 1.54 + 75+ 16
[Phe’, Abu®''|SFTI-1 (9) 1498.8 (1498.9) 19.7 1.1x 10" 0.36 30% 354 + 32

# Molecular weights of the peptides were determined on a Bruker Biflex IIIl MALDI-TOF spectrometer (Bruker, Germany).

®HPLC was performed as described in Section 4.

¢ Errors in determination of K, values never exceeded 10%.

4 Peptide bond between Arg>-Abu® was hydrolyzed, N/A not active or not hydrolyzed, + full hydrolysis is observed; in the case of incomplete proteolysis the percent (%) of hydrolyzed form after 24 h is
given.
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peptides studied. Therefore, we decided to conduct
appropriate studies of their proteolytic resistance. It is
well documented that at pH 3.5 the catalytic amount
of the enzyme cleaves selectively reactive site P; — P
of the canonical inhibitor. In our previous paper, we
have shown that under such condition monocyclic
SFTI-1 was readily hydrolyzed.'? The calculated half life
of trypsin hydrolysis (¢;,) for this peptide amounted to
165 min and was approximately 2.5 times shorter than
that determined for wild SFTI-1.!7 Under the same con-
ditions, monocyclic analogues SFTI-1 with Nlys or
Nphe in the position discussed displayed full proteolytic
resistance.'? Both SFTI-1 and its monocyclic analogue
remained intact when incubated with trypsin at pH
8.3. Also [Nlys’]SFTI-1 and [Nphe’]SFTI-1 showed
resistance to hydrolysis by experimental enzymes at this
pH. Nevertheless, in the case of the first analogue, a new
peak corresponding to the fragment truncated by N-ter-
minal Gly-Arg appeared in the chromatogram after 18 h
of incubation with trypsin.

mAU A
600

500
400
300
2007

100+ l
)

The experiments carried out at pH 3.5 indicated that in
the case of all new SFTI-1 analogues with Nlys in posi-
tion 5, the peptide bond Nlys’-Ser®, corresponding to
the inhibitor P; — P}, displayed full proteolytic resis-
tance. Unlike analogues 2, 3 and 4 without N-terminal
Gly, the ones with the full length (1 and 5) were rela-
tively fast hydrolyzed. HPLC analysis of these peptides
is shown in Figure 2. In the case of analogues 1 and 5,
the peaks of the intact peptides (peak 1 in Fig. 2A and
peak 1 in Fig. 2B, respectively) are vanishing with the
progress of the incubation, and two new peaks (peak 2
in both figures) appear. MALDI-MS analysis of the
fractions corresponding to these peaks revealed that
the peak migration results from the cleavage of the pep-
tide bond Arg>-Abu’® by bovine p-trypsin in the peptides
studied. It is worth mentioning that for both analogues
the calculated values of ¢, are similar, rather low and
are not correlated with their ability to inhibit trypsin.
This indicates that the N-terminal part of SFTI-1 ana-
logues plays a minor role in the inhibition of trypsin.
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Figure 2. Proteolytic susceptibility of analogues 1 and 5 in the presence of B-trypsin, at pH 3.5. (A) Gly'-Arg-Abu-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Abu-
Phe-Pro-Asp'* (1): peak l—intact peptide, peak 2—fragment 3-14. (B) &Gly-Arg-Abu-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Abu-Phe-Pro-Asp& (5)
(nomenclature of cyclic peptides as recommend by Spengler et al.'®): peak 1—intact peptide, peak 2—peptide with hydrolyzed Arg>-Abu’ peptide

bond.
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The remaining analogues 6-9 were incubated with bo-
vine a-chymotrypsin. As expected, in the case of linear
analogue 8, that served as a reference compound, the
peptide bond Phe’-Ser® was fast hydrolyzed. Under
the same conditions, cyclic analogue 7 was proteolysis-
resistant (Fig. 3B). The reactive site P; — P} in linear
inhibitor 6 was slowly hydrolyzed by the enzyme
(Fig. 3A) with the calculated value of ¢, very similar
to that obtained for cyclic analogue 9 with Phe in posi-
tion P;. It should be stressed that among all SFTI-1 ana-
logues studied herein, it was the only case (analogue 6)
when proteolysis of the peptomeric peptide bond at
pH 3.5 was observed. As discussed above, canonical
inhibitors are rather slowly hydrolyzed at neutral pH.
Therefore, low proteolytic stability of the peptides stud-
ied at pH 8.3 is rather unexpected. Except analogue 4, at
least partial hydrolysis of the remaining analogues was
observed. In linear analogues 2 and 3, the peptide bonds
following Lys2 (for 2 only) and Nlys5 were hydrolyzed
(Fig. 4). Interestingly, the replacement of Lys2 in ana-
logue 3 with Nlys makes the first peptide bond proteol-

mAUA

7504

500+

250 3

ysis-resistant (Fig. 4B). MS analysis of the products of
proteolysis of 2 is shown in Figure 5.

Both active analogues (4 and 5) appeared to be signifi-
cantly more stable. Peptomer 4 with the disulfide bridge
remained intact even after 48 h of incubation with tryp-
sin (Fig. 6). Under the same conditions, analogue 5, with
the head-to tail cyclization, was hydrolyzed (Fig. 7). In
this case, two peptide bonds were susceptible to enzy-
matic action. After 24 h of incubation, two peaks with
retention times 11.2 and 12.5 min appeared. As con-
firmed by MS analysis (Fig. 8), the first peak (M+18)
corresponds to the cleavage of the Arg>Abu’ peptide
bond. This was followed by the hydrolysis of the
P, — P} reactive site, which yielded the second peak
(m/z equal 1183.9) that match to the truncated peptide
(lack of Abu-Thr-Nlys).

Also cyclic peptides 7 and 9, designed to interact with
chymotrypsin, displayed significantly high stability,
but it is worth noting that peptomers 6 and 7 with
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Figure 3. Proteolytic susceptibility of analogues 6 and 7 in the presence of a-chymotrypsin, at pH 3.5. (A) Gly'-Arg-Abu-Thr-Nphe’-Ser-Ile-Pro-Pro-
Tle-Abu-Phe-Pro-Asp'* (6): peak 1—intact peptide, peak 2—fragment 6-14, peak 3—fragment 1-5. (B) &Gly-Arg-Abu-Thr-Nphe-Ser-Ile-Pro-Pro-

Ile-Abu-Phe-Pro-Asp& (7).
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Figure 4. Proteolytic susceptibility of analogues 2 and 3 in the presence of B-trypsin, at pH 8.3. (A) Lys-Abu-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Abu-Phe-
Pro-Asp (2): peak 1—intact peptide, peak 2—fragment Abu-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Abu-Phe-Pro-Asp, peak 3—fragment Ser-Ile-Pro-Pro-Ile-
Abu-Phe-Pro-Asp. (B) Nlys-Abu-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Abu-Phe-Pro-Asp (3): peak 1—intact peptide, peak 3—fragment Ser-Ile-Pro-Pro-Ile-
Abu-Phe-Pro-Asp.
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Figure 5. MS spectrum of peptide’s fragments resulted from incubation of analogue 2 in presence of B-trypsin, pH 8.3, incubation time 24 h.
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Figure 6. HPLC analysis of Lys-Cys(&)-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Cys(&)-Phe-Pro-Asp (4), after incubation with B-trypsin, at pH 8.3.
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Figure 7. Cleavage pattern of &Gly-Arg-Abu-Thr-Nlys-Ser-Ile-Pro-Pro-Ile-Abu-Phe-Pro-Asp& (5) by B-trypsin, pH 8.3: peak 1—intact peptide,
peak 2—peptide with hydrolyzed Arg>Abu® peptide bond, peak 3—fragment Ser-Ile-Pro-Pro-Ile-Abu-Phe-Pro-Asp-Gly-Arg.

very similar chymotrypsin inhibitory activity exhibited
distinctly different proteolytic resistance. In this partic-
ular case, high affinity (rather than stability of the
P, — P} reactive site) of linear analogue 6 seems to
be a decisive factor for its activity. Similarly to
SFTI-1 built of proteinogenic amino acids, the intro-
duction of one cyclic element (a disulfide bridge or
head-to-tail cyclization) to the synthesized peptomers
significantly increased their proteolytic resistance.
Among for all analogues with Phe or Nphe in posi-
tion P;, the highest inhibitory activity displayed ana-
logue 9. To our knowledge, it is one of the most
potent peptidic chymotrypsin inhibitor reported to
day. Proteolytic resistance of 9 was slightly lower than
its peptomer analogue 7. Nevertheless, it was com-
pletely intact under conditions (incubation time 3 h)
used for determination of K, value.

3. Conclusions

The results presented herein clearly show that peptoid
monomers which mimic proteinogenic amino acids are
recognized by the enzymes. Unfortunately, peptide
bonds formed by these derivatives are not proteoly-
sis-resistant, as it was reported by several research
groups. When peptoid monomers are introduced into
sequences with high affinity towards serine proteinase,
as in the case of SFTI-1 analogues, such bonds are
cleaved by the enzyme. The rate of this cleavage is
lower as compared with the ‘regular’ peptide bond.
High chymotrypsin inhibitory activity of the linear
analogue of SFTI-1 indicates that peptoid monomers
can still be considered as attractive derivatives in
designing biologically active peptoids with a simplified
structure.
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Figure 8. MS spectrum of peptide’s resulted from incubation of analogue 5 with B-trypsin, pH 8.3, incubation time 24 h.

4. Materials and methods
4.1. Peptide synthesis

All the peptides were synthesized by the solid-phase
method using Fmoc chemistry. The following amino
acid derivatives were used: Fmoc-Gly, Fmoc-Abu,
Fmoc-Arg(Pbf), Fmoc-Cys(Trt), Fmoc-Thr(z-Bu),
Fmoc-Ser(z-Bu), Fmoc-Ile, Fmoc-Pro, Fmoc-Phe,
Fmoc-Asp(O¢-Bu). The C-terminal amino acid residue
(Fmoc-Asp(O¢-Bu)) was attached to 2-chlorotrityl chlo-
ride resin (substitution of Cl 1.46 meq/g) (Calbiochem-
Novabiochem AG, Switzerland) in the presence of an
equimolar amount of DIPEA in relation to the amino
acid in anhydrous condition in DCM solutions. Peptide
chains were elongated in the consecutive cycles of depro-
tection and coupling. Deprotection was performed with
20% piperidine in the mixture of DMF/NMP (1:1, v/v)
with the addition of 1% Triton X-100, whereas the chain
elongation was achieved with standard DIC/HOBt
chemistry; 3 equiv of protected amino acid derivatives
was used. N-substituted glycine derivatives (Nphe and
Nlys(Boc)) were introduced into the peptide chain by
the submonomeric approach.!® In the first step, bromo-
acetic acid (5 equiv) was attached to the peptidyl-resin
using DIC/HOBt method, followed by the nucleophilic
replacement of bromine with primary amines: benzyl-
amine (8 equiv) and N-1-Boc-1,4-diaminobutane x HCI
(4 equiv). After completing the syntheses, the peptides
were cleaved from the resin simultaneously with the side
chain deprotection in a one-step procedure, using a mix-
ture of TFA/phenol/triisopropylsilane (88:5:2.5, v/v/v)."
In the case of analogue 4, the disulfide bridge was
formed by 0.1 M solution of J, in MeOH applying the
procedure described elsewhere.?® In order to obtain ana-
logues 5 and 7, the peptides were cleaved from the resin
using a mixture of AcCOH/TFE/DCM (2:2:6, v/v/v) for
1.5h at room temperature.?! Under these conditions,
the cleaved peptides were protected in their side chain
functions. In the next step, the head-to-tail cyclization

of 5, 7 and 9 was performed by the method with Py-
Bop/DIPEA (molar ratio 1:2) in DMF.2? The progress
of the reaction was monitored by HPLC. After cycliza-
tion, the protecting groups on the side chains were re-
moved using a mixture of  TFA/phenol/
triisopropylsilane (88:5:2.5, v/v/v). The crude peptides
were purified by HPLC on a Beckman Gold System
(Beckman, USA) using an RP Kromasil-100, Cg, 5 um
column (8x 250 mm) (Knauer, Germany). The solvent
system was 0.1% TFA (A) and 80% acetonitrile in A
(B). Isocratic condition or linear gradient was applied,
flow rate 3.0 mL/min, monitored at 226 nm. The purity
of the peptides synthesized was checked on an RP Kro-
masil 100, Cg, 5 um column (4.6x 250 mm) (Knauer,
Germany). The solvent system was 0.1% TFA (A) and
80% acetonitrile in A (B). Linear gradient from 10% to
90% B for 40 min, flow rate 1 mL/min, monitored at
226 nm, was used. The mass spectrometry analysis was
carried out on a MALDI-MS (a Biflex III MALDI-
TOF spectrometer, Bruker Daltonics, Germany) using
o-CCA matrix.

4.2. Determination of association equilibrium constants

Bovine B-trypsin was standardized by burst kinetics
with 4-nitrophenyl-4’-guanidinobenzoate (NPGB) at
an enzyme concentration of 107 M.23 The standard-
ized bovine B-trypsin solution was used for the titration
of turkey ovomucoid third domain inhibitor, which in
turn served to determine the activity of bovine a-chy-
motrypsin. The concentration of SFTI-1 analogues
was determined by titration of their stock solutions
with standardized bovine B-trypsin or bovine a-chymo-
trypsin, with ~ N*-benzoyl-pDL-arginine-4-nitroanilide
(BAPNA) and Suc-Ala-Ala-Pro-Leu-4-nitroanilide as
substrates, respectively. The association constants were
measured by the method developed in the laboratory of
Laskowski, Jr.>*?> The interaction between bovine pB-
trypsin or bovine o-chymotrypsin and the inhibitor
was determined in 0.1 M Tris—=HCI, pH 8.3, buffer con-



5652 A. Legowska et al. | Bioorg. Med. Chem. 16 (2008) 5644-5652

taining 20 mM CaCl, and 0.005% Triton X-100 at
room temperature. Increasing amounts of the inhibitor,
varying from 0 to 2E, (Eq—the initial enzyme concen-
tration), were added to the constant amount of the en-
zyme. The residual enzyme activity was measured using
a turnover substrate on a Cary 3E spectrophotometer
(Varian, Australia) after appropriate incubation time.
Time of incubation was 40 min for analogues 4, 6, 7
(low K, values), 60 min for analogue 5, and 3 h for
analogue 9 (high K, value). The measurements were
carried out at initial enzyme concentrations of 5.3
and 8.0 nM for trypsin and chymotrypsin, respectively.
The residual enzyme activity was measured with Phe-
Val-Pro-Arg-Anb>>-NH,2 and Z-Phe-Ala-Thr-Tyr-
Anb>?-NH,?" as chromogenic substrates for trypsin
and chymotrypsin inhibitors, respectively. In all the
cases the initial substrate concentration was below 0.1
Ky The experimental points were analyzed by plotting
the residual enzyme concentration [E] versus the initial
inhibitor concentration [ly]. The experimental data
were fitted to the theoretical values using the GraFit
software package.”®

4.3. Determination of hydrolysis rates

Peptomeric analogues which exhibited inhibitory activ-
ity were incubated in 50 mM sodium acetate, 20 mM
CaCl,, pH 3.5, using catalytic amounts of the enzymes
(1 mol%).>® The incubation was carried out at room
temperature and sample aliquots of the mixture were
taken out periodically and submitted to RP-HPLC
analysis. The analysis was performed on an HPLC
Gold System (Beckman, USA) using an RP Kromasil
100, Cg, 5pum column (8% 250 mm) (Knauer, Ger-
many). The solvent system was 0.1% TFA (A) and
80% acetonitrile in A (B). Linear gradient from 25%
to 50% B for 20 min, flow rate 3 mL/min, monitored
at 226 nm. The collected fractions of the peaks were
analyzed by MALDI-MS. The experiments were re-
peated in 100 mM Tris—HCI, pH 8.3, buffer containing
20 mM CaCl, and 0.005% Triton X-100. The hydroly-
sis rate (k) of the inhibitors studies was calculated from
the equation describing the intact inhibitor concentra-
tion [/] as a function of time

U], = [lo] exp(—kt)

The half-time (¢1,») of the inhibitor was calculated from
the following equation

f2 = 0.6931/k
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