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Action of Bauhinia bauhinioides synthetic peptides on serine proteinases
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Abstract

The kallikrein inhibitor found in Bauhinia bauhinioides seeds (BbKI) differs from classical Kunitz plant inhibitors in the lack of

disulfide bridges in its structure [Biochim. Biophys. Acta 1477 (2000) 64–74]. In this study, we examined whether structural

properties may be involved in inhibitory specificity and, if so, whether those properties might be useful tools in designing compounds

that interfere with enzyme activity. Peptides structurally related to the BbKI (RPGLPVRFESPLRINIIKE-NH2) reactive site were

synthesized by solid-phase method and assayed for serine proteinase activity. The peptides RPGLPVRFESPLRINIIKE-NH2,

RPGLPVRFESPL-NH2, and GLPVRFES-NH2 were efficient tissue kallikrein inhibitors, with I50 values of 0.54lM, 0.87 lM, and

0.5mM, respectively. The lasting inhibitory effect was observed in incubation periods of up to 120min. None of the studied peptides

interfere with the activity of thrombin, factor Xa or trypsin, although the native protein BbKI is a potent trypsin inhibitor.

� 2003 Elsevier Inc. All rights reserved.
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Serine proteinases such as elastase, kallikrein, plas-
min, and thrombin play important roles in various

processes. They are associated with, among other events,

inflammation, coagulation, tissue remodeling, tumor

invasion, and fibrinolysis [1–3]. Kallikreins, the essential

enzymes of the kallikrein-kinin physiological system, are

involved in the regulation of blood pressure, inflam-

mation, and other processes. Kallikreins, found in

glandular cells, neutrophils, and biological fluids, are
divided into two main groups: tissue or glandular kal-

likrein and plasma kallikrein [4,5]. Kinins, produced by

the action of kallikreins on kininogens, are vasoactive

components that mediate various responses to injuries.

Two different receptors (B1 and B2) mediate the mech-

anism of kinin action [3,5].

Endogenously, the proteolytic activity of these en-

zymes is regulated by a superfamily of inhibitors known
as serpins, which share structural similarity and a

common mode of action [6,7]. Since serpins with iden-
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tical amino acid residues at the P1 position of the re-
active site inhibit different proteinases, other residues

must be involved in specificity determination. The

amino acid sequence of the reactive site varies among

serpins and determines the specificity of the inhibitors.

Investigation of this subject revealed a distinct contri-

bution of different residues in the inhibition of target

proteinases [8,9].

Among the different families of plant inhibitors [10],
the Kunitz type comprises a large number of proteins

that are characterized in terms of structure and mecha-

nism of action [11–13]. Kunitz type inhibitors have been

characterized by their ability to inhibit proteinases that

are involved in physiological events such as coagulation,

inflammation, and cancer [14]. Studies have clearly

demonstrated that both the sequence and the amino acid

localized at P1 position are important to be recognized
by the target enzyme [15,16]. Due to the involvement of

proteinases in several pathological events, characterizing

the structure and function of new inhibitors can be im-

portant tools for designing new compounds to be used

as therapeutic agents.
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A new type of Kunitz inhibitor, Bauhinia bauhinioides

kallikrein inhibitor (BbKI), which is purified from B.

bauhinioides seeds, has a structure devoid of disulfide

bridges. The similarity of BbKI to the bradykinin moi-

ety in kininogen may explain its stronger binding to

plasma kallikrein [17]. In previous studies, we have also

shown that, due to the high specificity of BbKI struc-

tural features for trypsin or trypsin-like enzyme activi-

ties, these features can be useful as substrates for
investigating enzyme specificity [13,15]. They may be

especially useful for investigations involving the large

family of insect enzymes. Moreover, a synthetic peptide

containing the BbKI reactive site has been demonstrated

to inhibit the proteolytic activity of human plasma

kallikrein [13]. To further characterize the roles of the

reactive site region residues in complex formation and in

specificity determination, we synthesized peptides based
on the BbKI structure and analyzed their inhibitory

properties on enzymes involved in blood coagulation,

inflammation, and fibrinolysis.
Materials and methods

Enzymes, substrates, and peptides. Human plasma kallikrein

(HuPK) (EC 3.4.21.34) was purified by a previously described proce-

dure [18]. Porcine pancreatic kallikrein (PoPK) (EC 3.4.21.35), trypsin

(EC 3.4.21.4), human thrombin (EC 3.4.21.5), and plasmin (EC

3.4.21.7) were purchased from Sigma Chemical Company. Human

neutrophil elastase (EC 3.4.21.37) and porcine pancreatic elastase
Fig. 1. (BbKI) B. bauhinioides kallikrein inhibitor reactive site homology to

derived from BbKI reactive site.The Arg at P1 position of BbKI reactive sit
(PPE) (EC 3.4.21.36) were purchased from Calbiochem. The H-DD-Pro-

Phe-Arg-AMC, Suc-Ala-Ala-Pro-Val-AMC, Boc-Val-Pro-Arg-AMC,

Ac-Phe-Arg-AMC, Suc-Ala-Ala-Pro-Val-pNan, and H-D-Val-Leu-

Lys-pNan were purchased from Calbiochem (San Diego, USA) and

the Na-benzoyl-DD-LL-arginine-p-nitroanilide (BAPA) was purchased

from Merck.

Peptides. Peptides containing the amino acid sequence of the

BbKI site were synthesized and solubilized in HEPES/DMSO 4:1

(v/v) [12].

Inhibition assays and kinetics. The assays were performed in a 96-

well plate in a final volume of 250–270ll as described by Oliva et al.

[12,13]. The peptides were incubated at 37 �C with one of the fol-

lowing serine proteinases: porcine pancreatic elastase (18 nM at pH

8.0) in 0.1M Tris–HCl buffer containing 0.5M NaCl; trypsin (0.2lM
at pH 8.0) in 50mM Tris–HCl buffer containing 0.02% CaCl2; por-

cine pancreatic kallikrein (18 nM at pH 9.0) in 50mM Tris–HCl

buffer containing 0.1% albumin; human plasma kallikrein (14 nM at

pH 8.0) in 0.1M Tris–HCl buffer containing 1M NaCl; thrombin

(2.0 uNHI at pH 8.0) in 50mM Tris–HCl buffer; or plasmin (55 nM

at pH 7.4) in 0.1M Tris–HCl buffer containing 0.2M NaCl. In all

assays, Km substrate concentration was applied at least twice, with

the exception of during investigation of inhibitory mechanisms, in

which case the experiment was performed with increasing substrate

concentration.

Investigation of the reactivity of the peptides with target protein-

ases. For the kinetic assays, enzymes and inhibitors in concentrations

sufficient to inhibit more than 50% of enzyme activity were incubated

at 37 �C in the appropriate buffer. At various times (0–120min),

aliquots of the reaction mixture were removed, the appropriate

substrate for each enzyme was added, and the reaction was followed

for 10–20min. Radioimmunoassay PoPK (48 nM) in 50mM Tris–

HCl buffer, pH 9.0, without or with the peptides, was incubated with

kininogen (0.5–0.6lM) in a final volume of 20ll at 37 �C for 2 h. The

kinin was extracted according to the technique described by Araujo

et al. [19].
the kinin moiety in human kininogen (HK). P1–P8 Synthetic peptides

e are in the box.
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Results and discussion

Previously published results have shown that fluoro-

genic substrate derived from the BbKI reactive site and

hydrolyzed by bovine trypsin or trypsin-like enzymes

from insect sources displays resistance to hydrolysis by

other serine proteinases [12,13,15]. This led us to in-

vestigate the reactivity of BbKI-derived synthetic pep-

tides to target and non-target proteinases (Fig. 1A).
The peptides ESPLRINI-NH2 (P2) and RFESPLRI-

NII-NH2 (P4), containing the amino acid Arg at the P1

position of the reactive site of trypsin inhibition, had no

effect on the activity of any enzyme analyzed. Those

comprising P1 and P2 (RINIIKES-NH2 [P1] and ES-

PLRINIIKESY-NH2 [P3]) interfere with HuPK and

PoPK activities.

The largest peptide, RPGLPVRFESPLRINIIKE-
NH2 (P7), which presents the sequence L-P-V-R- (loop

shown in Fig. 1) and the amino acid at the P1 position

for trypsin inhibition, has a deleterious effect on plasma
 

 

Fig. 2. Inhibitory effect of peptides containing BbKI-related sequences on PoP

HCl buffer, 0.1% albumin, pH 9.0) with increasing amounts of (A) RPG

GLPVRFES-NH2. The residual PoPK activity was assayed on H-DD-Pro-Phe

on PoPK activity. PoPK (18 nM) was incubated with peptides (0.4mM) for 5

Enzyme activity was detected as previously described.
and tissue kallikrein activity. However, it has no effect
on the activities of trypsin or of any other serine pro-

teinase.

Our studies involving peptide–enzyme interaction

indicate that RINIIKES-NH2 binds to the enzyme as a

substrate, evidenced by the abolition of peptide inter-

ference with enzyme activity during various phases of

pre-incubation. The results show that, once hydrolyzed,

the peptide no longer competes with other commercial
H-DD-Pro-Phe-Arg-MCA substrates.

Analyzing the contribution of the N-terminal side of

Arg at the P1 position, the results showed a significant

effect of RPGLPVRFESPL-NH2 (P6) and GLPVRFES-

NH2 (P5) on H-DD-Pro-Phe-Arg-MCA hydrolysis by

PoPK.

The peptides RPGLPVRFESPLRINIIKE-NH2 (P7),

RPGLPVRFESPL-NH2 (P6), and GLPVRFES-NH2

(P5) strongly inhibit PoPK (Figs. 2A–C) and display

tight interaction with the native protein. The resistance

of these peptides to hydrolysis by tissue kallikrein was

 

 

K activity. PoPK (18 nM) was incubated (20min, 37 �C in 50mM Tris–

LPVRFESPLRINIIKE-NH2, (B) RPGLPVRFESPL-NH2, and (C)

-Arg-MCA (0.2mM) substrate. (D) Effect of RPGLPVRFESPL-NH2

–120min, 37 �C in 50mM Tris–HCl buffer, and 0.1% albumin, pH 9.0.



Fig. 3. Effect of RPGLPVRFESPLRINIIKE-NH2 on kallikrein kinin

release activity. Increasing amounts of RPGLPVRFESPLRINIIKE-

NH2 were pre-incubated for 20min, 37 �C in 50mM Tris–HCl buffer,

0.1% albumin, pH 9.0, with PoPK (48 nM). BK release was detected as

described in Methods.
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confirmed by a longer incubation period (up to 120min)

as shown in Fig. 2D for the peptide RPGLPVRFESPL-

NH2 (P6). The resistance to hydrolysis by PoPK was
confirmed by reverse-phase chromatography, in which

the enzyme and peptides were incubated for 30min and

the reaction mixture was subjected to RP-HPLC

analysis. No differences were observed between

enzyme–peptide and peptide elution profiles (data not

shown).

The I50 values for PoPK were determined at 0.54 lM,

0.87 lM, and 0.5mM, respectively. A common feature
of peptides that exhibit an inhibitory effect on tissue

kallikrein is the presence of the sequence LPVR-E that is

inserted into the bradykinin motif in the native protein

(Fig. 1). The enzyme activity recovered by increasing

substrate concentration characterizes these peptides as

competitive inhibitors. The action of the peptides on

PoPK activity was also observed by radioimmunoassay

and is shown for RPGLPVRFESPLRINIIKE-NH2 in
Fig. 3.

The data show that other regions in the BbKI

structure are contact sites for the maintenance of the

complex. Furthermore, the reactive site sequence should

be capable of interacting with HuPK or PoPK and

thereby forming a stable complex.

None of the peptides studied blocked elastase,

thrombin, factor Xa or trypsin, although the native
protein BbKI is a potent trypsin inhibitor.
Acknowledgments

We would like to gratefully acknowledge the skilled technical as-

sistance given by Lucimeire A. Santana. This work was partially

supported by CAPES, CNPq, FAPESP, and SPDM.
References

[1] M.L.V. Oliva, J.C. Souza-Pinto, I.F.C. Batista, M.S. Ara�uujo, V.F.

Silveira, E.A. Auerswald, R. Mentele, C. Eckerskorn, M.U.

Sampaio, C.A.M. Sampaio, Leucaena leucocephala serine protein-

ase inhibitor: primary structure and action on blood coagulation,

kinin release and rat paw edema, Biochim. Biophys. Acta 1477

(2000) 64–74.

[2] P.A. Andreasen, R. Engelund, H.H. Petersen, The plasminogen

activation system in tumor growth, invasion, and metastasis, Cell.

Mol. Life Sci. 20 (2000) 25–40.

[3] B. Cassim, G. Mogy, K.D. Bhoola, Kallikrein cascade and

cytokines in inflamed joints, Pharmacol. Ther. 94 (2002) 1–34.

[4] A.H. Schmaier, Plasma kallikrein/kinin system: a revised hypoth-

esis for its activation and its physiologic contributions, Curr.

Opin. Hematol. 7 (2000) 261–265.

[5] J.B. Pesquero, M. Bader, Molecular biology of the kallikrein–

kinin system: from structure to function, Braz. J. Med. Biol. Res.

31 (1998) 1197–1203.

[6] M. Wilczynska, M. Fa, P.I. Ohlsson, T. Ny, The inhibition

mechanisms of Serpins, J. Biol. Chem. 270 (1995) 29652–29655.

[7] S.T. Olson, P.E. Bock, J. Kvassman, J.D. Shore, D.A. Lawrence,

D. Ginsburg, I. Bjork, Role of the catalytic serine in the

interactions of serine proteinases with protein inhibitors of the

serpin family: contribution of a covalent interaction to the binding

energy of serpin–proteinase complexes, J. Biol. Chem. 15 (1995)

30007.

[8] M.Z. Djie, B.F. Le Bonniec, P.C. Hopkins, K. Hipler, S.R. Stone,

Role of the P2 residue in determining the specificity of serpins,

Biochemistry 35 (1996) 11461–11469.

[9] R. Zahedi, R.C. MacFarlane, J.J. Wisnieki, A.E. Davis, C1

inhibitor: analysis of the role of amino acid residues within the

reactive center loop in target protease recognition, J. Immunol.

167 (2001) 1500–1506.

[10] M. Richardson, Seed storage proteins: the enzyme inhibitors,

Methods Plant Biochem. 5 (1991) 259–350.

[11] M.L.R. Macedo, D.G. De Matos, O.L. Machado, S. Marangoni,

J.C. Novello, Trypsin inhibitor from Dimorphandra mollis seeds:

purification and properties, Phytochemistry 54 (2000)

553–558.

[12] M.L.V. Oliva, E.M. Santomauro-Vaz, S.A. Andrade, M.A.

Juliano, V.J. Pott, M.U. Sampaio, C.A.M. Sampaio, Synthetic

peptides and fluorogenic substrates related to the reactive site

sequence of Kunitz- type inhibitors isolated from Bauhinia:

interaction with human plasma kallikrein, Biol. Chem. 382

(2001) 109–113.

[13] M.L.V. Oliva, C.R. Mendes, E.M. Santomauro-Vaz, M.A.

Juliano, R. Mentele, E.A. Auerswald, M.U. Sampaio, C.A.M.

Sampaio, Bauhinia bauhinioides plasma kallikrein inhibitor: inter-

action with synthetic peptides and fluorogenic peptide substrates

related to the reactive site sequence, Curr. Med. Chem. 8 (2001)

977–984.

[14] C.A.M. Sampaio, M.L.V. Oliva, M.U. Sampaio, I.F.C. Batista,

N.R. Bueno, A.S. Tanaka, E.A. Auerswald, H. Fritz, Plant serine

proteinase inhibitors. Structure and biochemical applications on

plasma kallikrein and related enzymes, Immunopharmacology 32

(1996) 62–66.

[15] S.A. Andrade, E.M. Santomauro-Vaz, A.R. Lopes, A.M. Chud-

zinski-Tavassi, M.A. Juliano, W.R. Terra, M.U. Sampaio,

C.A.M. Sampaio, M.L.V. Oliva, Bauhinia proteinase inhibitor-

based synthetic fluorogenic substrates for enzymes isolated from

insect midgut and caterpillar bristles, Biol. Chem. 384 (2003) 489–

492.

[16] M.L.V. Oliva, S.A. Andrade, M.A. Juliano, L. Juliano, M.U.

Sampaio, C.A.M. Sampaio, Kinetic characterization of factor Xa

binding using a quenched fluorescent substrate based on the



C.I. Cagliari et al. / Biochemical and Biophysical Research Communications 311 (2003) 241–245 245
reactive sito of factor Xa inhibitor from Bauhinia ungulata seeds,

Curr. Med. Chem. 10 (2003) 1085–1093.

[17] M.L.V. Oliva, S.A. Andrade, I.F.C. Batista, M.U. Sampaio, M.

Juliano, H. Fritz, E.A. Auerswld, C.A.M. Sampaio, Human

plasma kallikrein and tissue kallikrein binding to a substrate based

on the reactive site of a factor Xa inhibitor isolated from Bauhinia

ungulata seeds, Immunopharmacology 45 (1999) 145–149.
[18] M.L.V. Oliva, D. Grisolia, M.U. Sampaio, C.A.M. Sampaio,

Properties of highly purified human plasma kallikrein, Agents

Actions 9 (1982) 52.

[19] M.S. Araujo, R. Andreotti, M. Tiaen, V. Nunes, M.L.V. Oliva,

M.U. Sampaio, O. Iimura, K. Shimamoto, N. Ura, C.A.M.

Sampaio, Caiman Crocodilus yacare plasma kininogen detection,

Immunopharmacology 32 (1996) 82–84.


	Action of Bauhinia bauhinioides synthetic peptides on serine proteinases
	Materials and methods
	Results and discussion
	Acknowledgements
	References


