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Abstract Two novel peptides were isolated from the crude venom of the social wasp Polybia paulista, by using RP-HPLC under a gradient of MeCN from 5 to 60% (v/v) and named Polybine-I and -II. Further purification of these peptides under normal phase chromatography, rendered pure enough preparations to be sequenced by Edman degradation chemistry. However, both peptides did not interact with phenylisothiocyanate reagent, suggesting the existence of a chemically blocked N-terminus. Therefore, the sequences of both peptides were assigned by ESI-MS/MS under CID conditions, as follows: Polybine-I Ac-SADLVKKIWDNPAL-NH2 (Mr 1610 Da) and Polybine-II Ac-SVDMVMKGLKIWPL-NH2 (Mr 1657 Da). During the tandem mass spectrometry experiments, a loss of 43 a.m.u. was observed from the N-terminal residue of each peptide, suggesting the acetylation of the N-terminus. Subsequently, the peptides with and without acetylation were synthesized on solid phase and submitted to functional characterizations; the biological activities investigated were: hemolysis, chemotaxis of polymorphonucleated leukocytes (PMNL), mast cell degranulation and antibiosis. The results revealed that the acetylated peptides exhibited more pronounced chemotaxis of PMNL cells and mast cell degranulation than the respective non-acetylated congeners; no hemolytic and antibiotic activities were observed, irrespective to the blockage or not of the ␣-amino groups of the N-terminal residues of each peptide. Therefore, the N-terminal acetylation may be related to the increase of the inflammatory activity of both peptides. © 2004 Elsevier Inc. All rights reserved. Keywords: Polybia paulista; N-terminally blocked peptides; Tandem mass spectrometry; Inflammatory peptides; Wasp venom toxins



1. Introduction The venoms of social Hymenoptera such as hornets, paper wasps and honeybees, are used both for self-defense and the defense their larvae from predators and intruders of the nest. The stinging caused by these insects produce severe pain, inflammation, local tissue damage and occasionally death in large vertebrates, including man [9]. Hymenoptera venoms are complex mixtures of biochemical and pharmacologically ∗
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active components such as biogenic amines, peptides and proteins. The composition of neotropical vespid venoms has been subjected to few investigations, since the production of venoms by social wasps is very small and most of wasp species usually present a population of some tens of individuals; thus, there is a limited availability of venoms as raw materials [26]. Wasps venoms are composed of a complex mixture of free amino acids, biogenic amines, a series of polycationic peptides and proteins [9]. The polycationic peptides represent the major group of components of vespid venoms; the most important families of cationic peptides are represented



2070



S.P. Ribeiro et al. / Peptides 25 (2004) 2069–2078



by the mastoparans, chemotactic peptides and wasp kinins [21]. In addition, the neotropical vespid venoms still present other polycationic peptide components, not characterized up to now. Polycationic peptides have been reported to be involved with the occurrence of inflammation, including initial lysis of cell membrane or mast cell degranulation, leading to histamine release and consequent vasodilatation. Increasing chemotaxis of neutrophils and T helper cells resulting in leukocytes recruitment to the inflammation site generally is also observed for these peptides. This type of peptides in general contain from 12 to 50 amino acids residues, with a net positive charge between +2 and +7 due to the excess of basic amino acid residues and also present more than 50% of their amino acid sequences constituted of hydrophobic residues [8]. These structural features may attribute to these peptides amphipathic, ␣-helical conformation which in turn is related to their ability to interact with the anionic components of the bacterial membranes, providing their assembling in these membranes associated with pores formation [4]. Because of this, some of these peptides also can present antimicrobial actions [5,12,15]. The amphipathic, ␣-helical conformations also may permit the assembling of some of these cationic peptides with the zwitterionic membranes of mammalian cells, making some of these peptides to act as hemolysins [5,15]. The primary structural information is the basis for understanding the secondary structure and function of these peptides, which requires reliable and fast amino acid sequencing. Among existing methods for sequence determination, Edman degradation chemistry is the notably the most used one. However, some proteins and peptides cannot be directly sequenced by Edman degradation because they have a blocked N-terminal residue. N-acetyl ‘blocked’ termini are common among the eukaryotic proteins, for which more than 10 kinds of blocking groups are currently known, such as: methyl, acetyl, formyl or pyroglutamyl [11]. A series of specific chemical reagents and/or enzymes have been used to remove these blocked groups; however, some kinds of deblocking reagents present side reactions in some peptide bonds and certain side chains of the amino acids [13,27]. So, this process generally spends lots of time, requiring relatively high amounts of sample and even analyze with difficulty [10]. Mass spectrometry provides the capability for sequence determination because of the breakthrough of mass spectrometric techniques such as: electrospray ionization (ESI), tandem mass spectrometry (MS/MS) [20] and matrix-assisted laser desorption ionization (MALDI) with post-source decay (PSD) capability [26]. Peptide sequencing became one of the major fields of mass spectrometry, driven by the growing analytical demand. This type of application has some important advantages compared with classical sequencing methods such as Edman degradation: (I) the ability to perform sequence analysis of a peptide within a mixture because it can be mass selected by the instrument; (II) fragmentation of a molecular ion is possible even



in the presence of an N-terminal modification of the peptide, a considerable problem for the Edman degradation protocols; (III) the sample amount necessary for analysis is usually less than 1 pmol to obtain a high quality mass spectrum, which provides the MW of the sample as well as an indication of its purity [26]. In the present work two novel polycationic peptides were isolated from the crude venom of social wasp Polybia paulista, by using RP-HPLC under a gradient of MeCN from 5 to 60% (v/v). Further purification of these peptides, rendered pure enough preparations to be sequenced by Edman degradation chemistry. However, both peptides did not react with phenylisothiocyanate reagent, suggesting the existence of a chemically blocked N-terminus. Thus, the sequences of both peptides were assigned by ESI-MS/MS. Subsequently, the peptides with and without acetylation were synthesized on solid phase and submitted to functional characterizations.



2. Material and methods 2.1. Sample preparation The wasps were collected in Rio Claro-SP, southeast Brazil, and immediately frozen and stored at −20 ◦ C. The venom reservoirs of 500 worker wasps were removed by dissection with surgical micro scissors and washed with 1:1 acetonitrile (MeCN, Aldrich):water containing 0.1% (v/v) trifluoroacetic acid (TFA, Aldrich) to solubilize the peptides. The extract was then centrifuged at 10,000 × g for 15 min at 4 ◦ C; the supernatant was collected, dried by centrifugation under reduced pressure in a Speed-Vac system, and maintained at −20◦ C until be used. 2.2. Peptide puriﬁcation The biological material from the dried extract was solubilized in 5% (v/v) MeCN at a concentration of 100 g/mL and chromatographed under RP-HPLC conditions in a Shiseido Nucleosil C-18 (ODS) column (250 mm × 10.0 mm; 5 m), at a flow rate of 2 mL/min, using a gradient from 5 to 60% (v/v) MeCN (containing 0.1% TFA), at 30 ◦ C for 45 min. The elution was monitored at 215 nm with a UV-DAD detector (Shimadzu, model SPD-M10A) and each peak eluted was manually collected in 5-mL glass vials. A peak of interest was submitted to chromatography under normal phase conditions using a Brownlee CN-column (250 mm × 4.6 mm, 5 m), under isocratic elution with 50% (v/v) MeCN (containing 0.1% TFA) at a flow rate of 600 L/min, for 25 min at 30 ◦ C. The elution was monitored at 215 nm, and fractions were manually collected in 5-mL glass vials. 2.3. Mass spectrometry analysis ESI-MS mass spectra were acquired on a triple quadrupole (Quatro II) mass spectrometer instrument (Micromass, UK),
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equipped with a standard electrospray probe, adjusted to ca. 5 L min−1 . During all experiments, the source temperature was maintained at 80 ◦ C and the needle voltage at 3.6 kV, applying a drying gas flow (nitrogen) of 200 L h−1 and a nebulizer gas flow (nitrogen) of 20 L h−1 . The mass spectrometer was calibrated with intact horse heart myoglobin and its typical cone-voltage induced fragments. The cone sample to skimmer lens voltage, controlling the ion transfer to the mass analyzer, was maintained at 30 V. About 50 pmol of each sample was injected into electrospray transport solvent. The ESI spectra were obtained in the continuous acquisition mode, scanning from m/z 100 to 2000 with a scan time of 5 s. The N-terminal blocked peptides were sequenced through the technique of tandem mass spectrometry by using positive electrospray ionization (ESI+). Typical conditions were: a capillary voltage of 3 kV, a cone voltage of 30 V, collision gas pressure of 3.5 × 10−3 mBar and a desolvation gas temperature of 80 ◦ C. The double charged diprotonated molecules of the precursors (presenting peak widths of 0.14 Da) were selected in Q1 and subjected to collision-induced dissociation (CID) with argon gas at 50 eV collision energy; the product ions (presenting peak widths 0.14 Da) were detected in Q3. All the MS/MS experiments were performed using the Quatro II triple-quadrupole instrument. The ESI spectra were obtained in the continuous acquisition mode, scanning from m/z 40 to the m/z value of the [M + H]+ ion of each peptide, with a scan time of 5 s. The spectral data were acquired and monitored by using the MassLynx software. Peptide sequences were assigned manually from the ESIMS/MS product ion mass spectra with the help of the PepSeq software (Micromass, UK) as described elsewhere [3,20]. 2.4. Derivatization of lysine residues In order to distinguish between the isobaric amino acid residues lysine and glutamine, the peptides were submitted to acetylation as follows: 5 L of acetic anhydride was add to 5 L of native peptide solution; the solution was then vortexed and incubated for 45 min at 37 ◦ C under shaking. After incubation the solutions were centrifuged and analyzed by ESI-MS. 2.5. ESI-MS analysis of chemically modiﬁed peptides After the acetylation reaction, the molecular masses of the acetylated peptides were analyzed by ESI-MS. About 1 pmole of each peptide was injected into electrospray transport solvent by using a microsyringe (50 L) coupled to a micro infusion pump (KD Scientific) at a flow rate of 4 L min−1 . The spectra were acquired in the continuous acquisition mode, scanning from m/z 100 to 2500 at a scan time of 5 s, using a capillary voltage of 3 kV, a cone voltage of 30 V and a desolvation gas temperature of 80 ◦ C.
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2.6. C-terminal sequencing The C-terminal sequencing of the peptides was performed based on derivatization with acetylisothiocyanate to yield amino acid thiohydantoins (TH-Aas; this simple chemistry was automated using a ABI 473A N-terminal sequencer. All reagents (R1, trimethylsilylisothiocyanate; R3, alkaline thiocyanate for cleavage) and solvents required for sequencing were accommodated on the sequencer, which was modified to deliver liquid R2 (acetyl chloride) to the reaction vessel. The conversion flask was used for preparing the TH-AAs for analysis by on-line HPLC, using a graphitized carbon (Hypercarb) column. This setting was permited to determine at least five residues from the C terminus. 2.7. Peptide synthesis and puriﬁcation The peptides were prepared by step-wise manual solidphase synthesis using N-9-fluorophenylmethoxy-carbonyl (Fmoc) chemistry with Novasyn TGS resin (NovaBiochem). Side-chain protective groups included t-butyl for serine and t-butoxycarbonyl for lysine. To prepare peptides presenting the N-terminal residue acetylated, after the coupling of the last amino acid residue, acetic anhydride was added to the peptide-resine complexes and maintained under shaking for 1 h to promote the acetylation. Cleavage of the peptide-resin complexes was achieved by treatment with trifluoroacetic acid/1,2-ethanedithiol/ anisole/phenol/water (82.5:2.5:5:5:5 by volume), using 10 mL g−1 of complex at room temperature for 2 h. After filtration to remove the resin, ethyl ether at 4 ◦ C was added to the soluble material causing precipitation of the crude peptides, which were collected as a pellet after centrifugation at 1000 × g, for 15 min at room temperature. The crude peptides were solubilized in water and chromatographed under RPHPLC conditions using a semi-preparative column (Shiseido C18, 250 mm × 10 mm, 5 m), under isocratic elution with 40% (v/v) acetonitrile in water containing 0.1% (v/v) trifluoroacetic acid at a flow rate of 2 mL/min. The elution was monitored at 215 nm with a UV-DAD detector (Shimadzu, model SPD-M10A) and each fraction eluted was manually collected in 2 mL plastic vials. The homogeneity and sequences of the synthetic peptides (both acetylated and non-acetylated ones) were assessed by analytical HPLC and ESI-MS analysis. 2.8. Biological activities Mast cell degranulation was determined by measuring the release of ␤-d-glucosaminidase, which co-localizes with histamine, as proposed by Hide et al. [6]. Mast cells were obtained by peritoneal washing of adult Wistar rats with a solution containing 0.877 g NaCl, 0.028 g KCl, 0.043 g NaH2 PO4 , 0.048 g KH2 PO4 , 0.10 g glucose, 0.10 g BSA, 90 L CaCl2 (2 mol/L) solution and 50 L Liquemine, in
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100mL water. The cells were incubated in the presence of the peptides for 15 min at 37 ◦ C. After centrifugation the supernatants were sampled for ␤-d-glucosaminidase assay. Briefly, 50 L of each sample was incubated in 50 L of the substrate (3 mg of p-nitrophenyl-N-acetyl-␤-d-glucosaminidine dissolved in 10 mL of 0.2 mol/L sodium citrate solution at pH 4.5) for 6 h at 37 ◦ C. The absorbance of the colored product was assessed at 405 nm and the values were expressed as the percentage of total ␤-d-glucosaminidase activity from rat mast cell suspensions, determined in lysed mast cells in presence of 0.1% (v/v) Triton X-100 (considered as 100% reference). The hemolytic activity of the peptides were determined as follows: 50 L of red blood cell suspensions from Wistar rats were washed three times with physiological saline solution (NaCl, 0.85% and CaCl2 , 10−3 mol/L) and suspended in 50 mL of the same solution; this cell suspension was designated as washed rat red blood cells (WRRBC). Aliquots of WRRBC were incubated at 37 ◦ C in presence of each peptide, for 120 min with gentle mixing. The samples were then centrifuged and the absorbance of the supernatants was measured at 540 nm. The absorbance measured from lysed WRRBC in presence of 1% (v/v) Triton X-100 was considered to be 100%. The chemotaxis activities were assayed in a specific multi chamber apparatus (NEURO PROBE) by using polymorphonucleated leukocytes (PMNL), obtained from subcutaneous inflammatory induction in Wistar rats. The upper chambers were filled with 200 L of a PMNL suspension (∼2.7 × 105 cell/mL in 0.9% NaCl solution—physiological saline solution) and the lower chambers were filled with 400 L of physiological saline solution containing the peptides (about 500 ng per assay). A polycarbonate membrane containing pores of 10 m of diameter (NEURO PROBE) was placed between both chambers. The chemotaxis chamber was incubated at 37 ◦ C for 1 h. After incubation, cells in the lower chamber were counted using a Ne¨ubauer chamber. The antimicrobial activity was assayed by using the disc diffusion method as described below. Colonies of the bateria Staphylococcus aureus (ATCC 6538), Bacilus turinghiensis, Escherichia coli (ATCC 25922) and Psudomonas aeruginosa (ATCC 15442) were used in the present assay. Transferring cells made inocula of the colonies of each bateria species from solid culture media with a wire loop to a tube containing 2 mL of M¨uller Hinton broth medium. The liquid inocula were incubated at 34 ◦ C until they achieved a turbidity of 0.5 against a McFarland standard scale; Petri dishes (10 mL) were filled with 5 mL of melted M¨uller Hinton Agar and mixed with 20 L of individual bacterial inoculum. The diffusion disks (6 mm of diameter) containing different concentrations of each peptide were applied on the surface of agar media, and the Petri dishes were incubated at 34 ◦ C for 24 h. After this incubation time, the diameters of the inhibition zones were measured.



2.9. Statistical analysis Results are expressed as means ± S.D. of five experiments. Differences between two groups (acetylated and nonacetylated peptides) were evaluated with Students’ t-tests. Values of P < 0.05 were considered significant.



3. Results Edman degradation is used as the classical method to get the amino acid sequence of a protein and/or of a peptide. However, many polypeptides cannot be directly sequenced by Edman degradation because they have a blocked N-terminal residue. Several published procedures have been combined to develop a general strategy for the specific identification of a N-terminally blocked amino acid residue, its removal and amino acid sequencing of the removing chain [13,14,27]. We have found two novel peptides extracted from the venom of the wasp Polybia paulista. The chromatogram obtained by RP-HPLC (Fig. 1a) reveals 13 peaks (designated 1–13). Fractions 1–3 are constituted of free amino acids and biogenic amines; fraction 4 was characterized as serotonine; fractions 5–9 are very low abundant venom components not characterized up to now; fractions 11 and 12 are constituted of mastoparans peptides biochemically and functionally characterized in a previous publication [26]. Fraction 13 showed pronounced mast cell degranulation activities. However, the ESI/MS spectrum of this fraction showed a series of different compounds, with peptides of molecular mass 1610 and 1657 Da (not showed results) representing the major components. The purification of that fraction by using HPLC under normal-phase conditions resulted in two new fractions (Fr-13.1 and Fr-13.2) as showed in the Fig. 1b. The novel peptides were identified by their molecular masses, 1610 Da (in Fr-13.1) and 1657 Da (in Fr-13.2), respectively, as shown by the ESI mass spectra of the isolated peptides (Fig. 2a and b); these spectra contain both [M + H]+ ions at m/z 1611 and 1658 for Fr-13.1 and Fr-13.2, respectively, and the [M + 2H]2+ ions at m/z 807 and 830. At first, we tried to determine the amino acid sequence by Edman degradation chemistry. However, it was not possible, since there was no coupling reaction between the ␣-amino groups of the N-terminal residue of both peptides with the reagent phenylisothiocyanate, suggesting the existence of Nterminally modified ␣-amino groups in both peptides. Afterward, the amino acid sequence has been determined by ESI-MS/MS. 3.1. Characterization by tandem mass spectrometry of peptides In order to establish the peptides structural identities the CID mass spectra of the [M + H]+ ion at mass-to-charge (m/z 1611 and 1658) were generated. The mass spectra shown in Fig. 3a and b are an example of the structural information
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Fig. 1. (a) Chromatogram profile of fractionation of the crude venom from the wasp Polybia paulista under reversed-phase HPLC with a Nucleosil C-18 (ODS) SHISEIDO column (250 mm × 10 mm), under linear gradient from 5 to 60% (v/v) MeCN (containing 0.1% TFA), at a flow rate of 2.0 mL/min over 60 min by monitoring at UV 214 nm. (b) Rechromatography of fraction 13 under normal phase conditions using a Brownlee CN-column (250 mm × 4.6 mm, 5 m), under isocratic elution with 50% (v/v) MeCN containing 0.1% TFA at a flow rate of 600 L/min, for 25 min at 30 ◦ C.



that can be obtained from the CID mass spectrum of both peptides. Analysis of the product ion spectra shows peaks at the low mass end probably representing the imonium ions (H2 N CHR)+ (where R is a side chain group). The presence of certain amino acids can be deduced from peaks at high mass correspond to ions formed by the loss of an amino acid side chain from the precursor ion [M + H]+ . By searching for consecutive peaks of mass difference corresponding to the mass of the NH CHR CO residue of natural amino acid residues, it is possible to recognize one or more series of peaks. In the Fig. 3a and b, those peaks were assigned as a series of ‘y’ and ‘b’ types ions-fragments for both peptides. The complete identification is confirmed by the presence of the others ions series and also by the presence of the peaks, which correspond to neutral loss (NH2 or H2 O) from the main peaks.



Fig. 2. ESI mass spectra for the peptides present in the fraction 13 from the crude venom of Polybia paulista: (a) Polybine-I and (b) Polybine-II. The ions [M + H]+ and [M + 2H]2+ ions are observed for both peptides and were assigned as A1 and A2, respectively.



In Fig. 3a is represented the tandem mass spectrum of the peptide of fraction 13.1, where the first major ion in the high mass end was assigned with m/z 1611 (molecular ion as [M + H]+ ); if considered the lost of ammonia (17 a.m.u.) from the [M + H]+ ion, this will result in the ion of m/z 1594. Thus, a series of b-ions can be observed in this spectrum: m/z 1567 (b14 ), m/z 1479. (b13 ), m/z 1408 (b12 ), m/z 1313 (b11 ), m/z 1198 (b10 ), m/z 1083 (b9 ), 897.23 (b8 ), m/z 784 (b7 ), m/z 656 (b6 ), m/z 528 (b5 ), m/z 429 (b4 ), and m/z 316. (b3 ), m/z 200 (b2 ) and m/z 129 (b1 ). The subtraction of the m/z values between consecutive b-ions permitted the assignment of the sequence of the peptide with a few ambiguities in relation to the isobaric residues (I/L and K/Q), as showed in the Fig. 3a. Another interesting feature in that mass spectrum is the presence of the m/z 1567.43 Da (Fig. 3a), indicating the loss of 43 mass units from the monoprotonated molecular, which corresponds to the elimination of acetyl group from the first amino acid residue from the N-terminal position. Thus, the sequence of the peptide from fraction 13.1 is: AcS-A-D-L/IV-K/Q-K/Q-I/L-W-D-N-P-A-L/I. The tandem mass spectrum of the peptide of fraction 13.2 is showed in the Fig. 3b, which was submitted to the same analysis and the b-type ion series was also found to be the major series of ions; the first major ion in the high mass end was assigned with m/z 1658. (molecular ion as [M + H]+ ); if considered the lost of ammonia (17 a.m.u.) from the [M + H]+ ion, this will result in the ion of m/z 1641 (b14 ). Thus, a series of b-ions can be observed in this spectrum: m/z 1528.22 (b13 ), m/z 1430 (b12 ), m/z 1244 (b11 ), m/z 1131 (b10 ), m/z 1003 (b9 ), m/z 890 (b8 ), m/z 833 (b7 ), m/z 705 (b6 ), m/z 574 (b5 ), m/z 475 (b4 ), m/z 344 (b3 ), m/z 230 (b2 ) and m/z 129 (b1 ). The subtraction of the m/z values between consecutive b-ions permitted the assignment of the sequence of the peptide also with a few ambiguities in relation to the isobaric residues (I/L and K/Q). The presence of the m/z 1615.60 in-
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Fig. 3. The ESI-MS/MS spectra of the [M + H]+ ion, acquired in the 60–70 eV collision energy range, acquired for the molecular ions as [M + H]+ : (a) m/z 1611 and (b) m/z 1658. The mass differences between the consecutive bn ions and their correspondence to the amino acid sequence are shown.



dicates the loss of acetyl group (Fig. 3b) indicating the loss of 43 mass units from the monoprotonated molecular, which corresponds to the elimination of acetyl group from the first amino acid residue from the N-terminal position. Thus, the sequence indicated by the MS/MS spectrum of Fig. 3b is: AcS-V-D-M-V-M-K/Q-G-L/I-K/Q-I/L-W-P-L/I. These experiments allowed the determination of the amino acid sequences of both peptides as shown in Fig. 3a and b. However, the consideration of only the b- and y-types of fragment-ions still leaves unknown the choices between the isobaric residues I/L and K/Q. In order to address these questions, we looked for d-type fragment ions that permit the distinction between I and L [20]. The analysis of the ESI-MS/MS spectrum for the peptide of fraction 13.1 (Fig. 3a–b) revealed the presence of ions of m/z 359 and 841, assigned as d4 and d8 corresponding to Ile and Leu residues, respectively. The peptide of fraction 13.2 was submitted to the same process (Fig. 3b) and ions of m/z 933 and 1188 were assigned as d9 and d11 ions, corresponding to Ile, and, Leu, respectively. The d-type fragment-ions are



formed due to the differential fragmentation of the side chains of these amino acid residues; thus, the distinction between the I/L residues based on the search of d-type ions is not effective, when these residues are localized at the C-terminal position, since the fragmentation of side chain does not occur at this position [20,26]. The distinction between K and Q was achieved through the use of acetylation of the peptides, which occurs for ␣and -amino groups; thus only unblocked N-termini and the side-chains of K residue react. The intact peptides of fractions 13.1 and 13.2 were submitted to acetylation reaction to determine whether a lysine residue was present; after in vitro acetylation, the molecular masses of the modified peptides were analyzed by ESI-MS. The [M + H]+ ions were observed at m/z 1695.0 and 1742.0 for peptides of fractions 13.1 and 13.2, respectively (spectra not shown). Thus, it was possible to observe that the masses for both peptides increased by 84 Da (corresponding to 42 Da × 2), indicating that there were two sites of acetylation in each peptide. Since the ␣amino group from the N-terminal residue was acetylated in
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both them, the results above suggest the presence of two Lys residues in each peptide. Therefore, the putative K/Q residues in both peptides were all identified as lysine. Consequently, taken into account the results obtained up to this point the sequence of peptides of fractions 13.1 and 13.2 are: peptide 13.1 Ac-S-A-D-I-V-K-K-L-W-D-N-P-A-L/I; peptide 13.2 Ac-SV-D-M-V-M-K-G-I-K-L-W-P-L/I. These results still show ambiguities concerning to the Cterminal distinction between the residues L and I. However, the C-terminal sequencing revealed the following partial sequences: peptide 13.1: D-N-P-A-L; peptide 13.2: K-L-W-PL. In spite to have permitted the assignment of only five amino acid residues from the C-teminal side of each peptide, these results corroborated the previous sequence assigment made by tandem mass spectrometry and also solved the remaining ambiguity between the isobaric residues I/L at the C-terminus for both peptides. It must be emphasized that the molar masses of these peptides fit to the sequences above, considering the C-terminal residues in the amidated form, as already observed for the most of peptide toxins from Hymenoptera venoms [12]. The similarities and/or homologies with other known polypeptides were performed with the protein/peptide engine search tool Mascot (http://www.matrixscience.com) that revealed no similarity with any known toxic peptide or toxin. Since these peptides constitute novel toxins first time described in animal venoms, we named them by taking into consideration the wasp scientific name as Polybine-I and -II. Thus, considering the results above the complete sequences of both peptides are: Polybine-I Ac-S-A-D-I-V-K-K-L-W-D-N-P-A-L-NH2 Polybine-II Ac-S-V-D-M-V-M-K-G-I-K-L-W-P-L-NH2 3.2. Biological activities After determined that the N-terminus were blocked in both peptides, it was wondered about the role of the N-terminal acetylation of these peptides. For this reason, both peptides were synthesized, with and without acetylation at the N-terminal residue and submitted to biological characterizations. Therefore, mast cell degranulation, hemolysis, chemotaxis and antimicrobiosis activities were assayed for all peptides. Fig. 4 shows the results of rat peritonial mast cell degranulation activities for peptides Polybine-I and -II and their non-acetylated. Non-acetylated forms of the Polybine peptides showed reduced mast cell degranulation activities from 10−8 to 10−4 mol/L. However, both Polybine-I and -II promoted potent degranulation of rat peritonial mast cells; a concentration of 10−6 mol/L, which is within the physiological concentration of these peptides under natural conditions, resulted in 58% degranulation. Thus, apparently the acetylation of the ␣-amino group of the N-teminal serine residue of both Polybine peptides increased in more than 40% their power of
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Fig. 4. Degranulation activity in rat peritoneal mast cell. The activity was determined by measuring the release of the granule marker, ␤-dglucosaminidase, which co-localizes with histamine and the values for ␤-dglucosaminidase released in the medium were expressed in the percentage of total ␤-d-glucosaminidase. Values are mean ± S.D. (n = 5); (*) P < 0.05 vs. non-acetylated peptide.



Fig. 5. Hemolytic activity in washed rat red blood cells (WRRBC). The absorbance measured at 540 nm from lysed WRRBC in presence of 1% (v/v) Triton X-100 was considered as 100%. Values are mean ± S.D. (n = 5).



degranulation of rat peritoneal mast cells, when compared to the non-acetylated forms (significant at level of P < 0.05). Hemolytic activity was also examined. As observed in the Fig. 5, no peptide presented hemolytic activity, despite to be acetylated or not. The same way, the assays of antibiosis revealed that the Polybine peptides are not active both against Gram-positive and Gram-negative bacteria (results not shown). The assays of chemotaxis revealed that Polybine-I and -II constitute more potent chemoattractant peptides for PMNL cells, than their non-acetylated congeners (Fig. 6a and b). The acetylated forms are from 30 to 100% more potent that the non-acetylated ones, depending on each peptide concentration (significant at level of P < 0.05).



4. Discussion Among the Hymenopteram peptide toxins is very rare the natural occurrence of in vivo chemical modifications of the ␣-amino group of the N-terminal amino acid residue, while
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Despite to be potent mast cell degranulators and chemoatractants of PNML cells, Polybine-I and -II do not present sequence similarity neither with the mastoparans nor with the classical wasp chemotactic peptides. Thus, the Polybines constitute a novel family of inflammatory peptides from wasp venoms, not related to the previously known peptide toxins, probably presenting novel mechanisms of action. Mast cells stimulated by immunoglobulin-E, release some chemical mediators (e.g., histamine) by exocytosis. They can, however, also be triggered to undergo exocytosis by nonantigenic stimuli. Compounds such as substance P, neuropeptide Y, wasp venom mastoparans, a series of different polycationic mast cell degranulating peptides [16,22] and the compound 48/80 [25] can stimulate the release of vasoactive and inflammatory compounds from mast cells. The mechanism by which cationic peptides stimulate mast cell exocytosis remains unclear; it is generally accepted that heterotrimeric GTP binding proteins (G proteins) are involved in the stimulation of mast cell degranulation by basic secretagogues. [23] The delivering of stored compounds from mast cells granules may occur either due to the cytolytic effect of the peptides or due to exocytosis activated by the binding of the peptides to G-proteins [7]. However, there are at least two mechanisms proposed to explain mast cell degranulation based in the interaction of polycationic peptides with the G-proteins: Fig. 6. Histogram showing comparatively the chemotaxis assays of PMNL cells to the peptides: (a) non-acetylated Polybine-I and Polybine-II and (b) non-acetylated Polybine-I and Polybine-II. Bars represent the mean ± S.D. (n = 5); (*) P < 0.05 vs. non-acetylated peptide.



the large most of these toxins usually present amidated Cterminus. The sequencing of Polybine-I and -II by using ESI-MS/MS showed the power of tandem mass spectrometry for the structural assignment of the blocking group at the N-terminal position of each peptide and their subsequent sequencing. The present investigation presents the first description of this type of post-translational modification among the Hymenopteram peptide toxins. Polybine-I and -II are polycationic peptides, however, the biological activities typically associated to ␣-helical conformations, such as hemolysis and antibiosis, were not observed for these peptides, despite the condition of their N-termini to be or not blocked. Since no experimental data were accquired up to now to characterize the secondary structures these peptides, the primary sequence of Polybine-I and -II were submitted to the evaluation of the algorithm PSIPRED–secondary structure prediction method [11], by using the PSIPRED server [19]. The results revealed that Polybine-I presents a propensity of only 40% ␣-helix in the midle of the molecule, located between two coiled regions in the extremities; meanwhile, Polybine-II presented 100% propensity to be a coil. These predictions of low/no extension of ␣-helical conformations for the Polybine peptides apparently may explain the absence of hemolytic and antibiotic activity.



(i) The mastoparans have been proposed to stimulate secretion from mast cells, by directly activating GTP-binding regulatory proteins (G proteins), in a manner similar to that of G-protein coupled receptors by a mechanism remarkably similar to that used by agonist-bound receptors [8]. Mastoparans can bind to G(i)- and G(0)-subunits adopting an amphiphilic alpha-helical conformation in both cases, requiring a receptor for its binding. The lysine residues are known to be crucial for activity of these peptides and it is thus, likely that at least the polar face of the amphiphylic helix must be in contact with the Gproteins [8]. (ii) The polycationic non-mastoparan peptides are proposed to stimulate mast cells as result of their interaction with negatively charged sites (e.g., sialic acid containing glycoproteins) at the mast cell membrane [2,23]. In this mechanism there is a direct interaction of polycationic peptides with heterotrimeric G-proteins through a receptor-independent mechanism of peptide-induced mast cell degranulation [23], probably involving the interaction of the polycationic peptides with G(␣)-subunit subsequent to their translocation across the plasma membrane [18]. In contrast to the requirements for the activation of purified G(i)-proteins by mastoparan peptides, amphipathic helicity was proposed to be not obligatory for non-mastoparan peptide-induced mast cell activation [1]. Apparently, this observation could support the Polybine peptides to act through this mechanism.
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Chemotaxis is the phenomenon in which bacteria, other organisms, or single cells of multicellular organisms to direct their movements according to certain chemicals in their environment. The recruitment of leukocytes to a site of tissue injury (e.g., a wasp stinging) also constitutes a leading cause for inflammatory responses. Mechanistically, it involves a cascade of cellular events precisely regulated by temporal and spatial presentation of a repertoire of molecules in the migrating leukocytes and their surroundings (microenvironments) [17]. For the most part, eukaryotic cells sense the presence of chemotactic stimuli by using stereospecific 7-transmembrane heterotrimeric G-protein coupled receptors; the activity of the chemotactic peptides generally is dependent of specific signals mediated by G-proteins located on the plasma membrane of the chemoattracted cells, making the interaction cell/peptide relatively selective [24]. Despite the mechanism of action of the Polybines is not known, these peptides clearly play a potent chemotactic effect on rat PMNL cells. Therefore, both the results of mast cell degranulation and chemotaxis of PMNL cells are pointing to the possibility that the Polybine toxins, naturally occurring as polycationic N-terminally acetylated peptides, may be related to the induction of inflammatory processes, by interacting with Gproteins. The acetylation of the ␣-amino group at the Nterminus of these peptides may play the role of biological activities enhancer; but also, it may be speculated another concomitant role, as a protective group to prevent the action of some exoproteinases over the peptides.
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