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1985.—A new 28 amino acid peptide. we recently isolated from the venom of the bumblebee Megabombus pennsyivanicus.

has been characterized. The peptide. Met-Cys-lle-Cys-Lys-Asn-Gly-Lys-Pro-Leu-Pro-Gly-Phe-Ile-Gly-Lys-Ile-Cys-

Arg-Lys-lle-Cys-Met-Met-Gln-GIn-Thr-His(NH.). has been named bumblebee mast cell degranulating (MCD) peptide due
to its ability to degranulate rat peritoneal mast cells and its resemblance to the bee venom MCD peptide. Bumblebee MCD
peptide. unlike bombolitins, the other mast cell degranulating heptadecapeptides of bumblebee venom, is not lytic and
releases histamine at a dose as low as 0.05 ug/ml (1.6x107% M),

Amino acid sequence Bumblebee MCD peptide

Bumblebee venom

RECENTLY we reported the isolation and characterization
of bombolitins. a new class of lytic mast cell degranulating
heptadecapeptides from the venom of the bumblebee
Megabombus pennsyivanicus [3]. In addition to bombolitins,
we found that bumblebee venom contains other active pep-
tides. Although less abundant than bombolitins, one of these
peptides stimulated histamine release from rat peritoneal
mast cells at a dose as low as 20 nM. We report here the
complete sequence of this specific bumblebee mast cell de-
granulating (MCD) peptide.

METHOD

The following were purchased: venom sacs and pure dry
venom of Megabombus pennsyivanicus (Vespa Labora-
tories. Spring Mills, PA): trypsin-TPCK treated, thermoly-
sin. subtilisin and carboxypeptidase A (Boehringer Mann-
heim Biochemicals). Reagents and chemicals for sequenc-
ing were sequanal grade from Pierce Laboratories. All other
reagents were of the highest available purity.

Peptide Isolation

Bumblebee MCD peptide was isolated from pure venom
or venom sac extracts as previously described [3]. Briefly,
aliquots equivalent to 0.16 mg of pure venom or to 0.5 sac
were fractionated at room temperature on a C,, uBondapak
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column (0.39x30 cm, Waters Assoc.) mounted in a Varian
5000 high performance liquid chromatograph equipped with
a variable wavelength UV detector. The linear gradient (20
to 1009 B in 60 min, flow | ml/min) was made with A=0.05%
trifluoroacetic acid and 0.025% triethylamine in water, and
B=the same reagents in 80:20 acetonitrile:water. Bumblebee
MCD peptide eluted as a very sharp peak at 19 min (Fig. 1).

Bioassay

Hemolysis of guinea pig erythrocytes and histamine re-
lease from purified rat peritoneal mast cells were performed
as previously described [2].

Amino Acid and Sequence Analvsis

Samples were hydrolyzed in evacuated sealed tubes with
6 N HCI for 24 hr at 110°C and amino acids were determined
with a Beckman 6300 amino acid analyzer essentially by the
method of Spackman, Moore and Stein [11]. Amino acid
sequences were determined manually by dansyl [5]
and dimethylamino-azobenzene-isothiocyanate (DABITC)-
phenylisothiocyanate (PITC) methods [4]. Dansyl- and
dimethylamino-azobenzene-thiohydantoin (DABTH) amino
acids were identified by thin layer chromatography using
5% 5 cm polyamide plates (Schleicher & Schuell). Automated
Edman degradation was performed with a Caltech gas phase
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TABLE 1
AMINO ACID ANALYSIS OF BUMBLEBEE MCD PEPTIDE AND ITS FRAGMENTS
Arpino BB MCD BB MCD BB MCD BB MCD BB MCD BB MCD BB MCD
acid P Tl T2 Tla Tib Tle TISS
CmCys 0.8(H 1.7(2) 0.9(1)
Asx 1.2(1) 1.1
Thr 0.8(1) 0.8(1) 0.8(1) 0.8(1)
Glx 2.1(2) 2.2(2) 2.0(2) 2.1(2)
Pro 1.9(2) 2.0(2)
Gly 3.313) 3.2(3)
'12:Cys 3.8(4) 4.1(4) 1.8(2)
Met 2.5(3) 2.8(3) 0.9(1) 1.8(2) 1.7(2)
lle 3.8(4) 3.0(3) 1.0(1) 1.0(1) 1.0cH 1.O(DH 0.8(1)
Leu 1.0(1) 1.2t
Phe 0.8(1) 0.9(1)
His 1.2¢1) 1.0(1) 1.0(1) 1.0
Lys 3.94) 1.9(2) 1.8(2) 0.8(1) 0.9(1) 0.8(1)
Arg 0.9(1) 0.9(1) 0.9(1)
Residues 28 17 11 3 S 9 10
The peptide did not show any absorbance peaks near 280 nm indicating the absence of Trp.
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FIG. 1. High performance liquid chromatography fractionation of
peptides in Megabombus pennsylvanicus venom. Sample: 0.16 mg
dry weight venom in 50 ul of 0.05% trifluoroacetic acid. Column:
C,. tBONDAPAK 0.39x30 cm: temp. ambient. Solvent A: 0.05%
trifluoroacetic acid and 0.025% triethyl amine in water: Solvent B:
the same reagents in 80:20 acetonitrile:water. Linear gradient: from
20 to 100% B in 60 min. Flow: 1 ml/min. One ml fractions were
collected, concentrated in a Speed Vac (Savant), dissolved in 200 u!
water and assayed for histamine release and erythrocytes hemolysis

[2}.

sequenator. Phenyl-thiohydantoin (PTH) amino acids were
identified at 269 nm on a Hewlett Packard high performance
liquid chromatograph equipped with a 0.4x25 c¢cm Zorbax
ODS column (Du Pont) as previously described [10].

RESULTS

From amino acid analysis, we calculated that from 9 mg

FIG. 2. High performance liquid chromatography fractionation of
tryptic peptides of the bumblebee MCD peptide. Two nmol of intact
peptide were incubated at 37° for 1 hr with 0.5 ug trypsin-TPCK in
50 ul of S0 mM Tris-HCI pH 8.0. Sample: the entire reaction mix-
ture. Linear gradient: 2 to 20% B in 30 min and to 80% B in the next
20 min. The other conditions were as in Fig. 1. except that
triethylamine was ommitted from Solvent A and B.

of dry venom 8 nmol of bumblebee MCD peptide were iso-
lated. and from one sac 0.2-0.3 nmol.

Anmiino Acid and Sequence Analvsis

Amino acid analysis revealed that bumblebee MCD pep-
tide is a highly basic 28 amino acid peptide (Table 1). It
contains 4 Lys, 1 Arg and | His together with 4'/: Cys and no
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TABLE 3
AUTOMATED EDMAN DEGRADATION OF BUMBLEBEE
MCD PEPTIDE
oo Amjno Yield
?3 5= Step acid (%)
= 2 Y=
= o Tz
Z £e<t 1 Met 78
x 7 7 E=z=
el = = S 5 = b _ _
- - [
£ = Ltz 3 Ile 80
T - 253 4 - -
3 = a § z 3 Lys 63
zl < < 2aig 7 Gly 71
Z 5 5. &= Z 8 Lys 54
3 z z sz 9 Pro 7
; = s :5_- fé 10 Leu 51
z Z 2 ;‘ f z 11 Pro 65
= < < Ey 12 Gly 46
z 2 = £ 13 Phe 53
<l - % % c 27 14 lle 48
5] i< = _g 2z 15 Gly 36
= 28 EZZ 16 Lys 25
= s 5. = 17 He 10
- ES =97
a v 5% 18 - —
3z 2 2l 3= 19 Arg !
w - . 2T = 20 Lys 8
< z = e - ys
S i 1353 21 e 5
= I 2552 2 - ”
e = 3 51 3 ,‘ ] 23 Met 4
= 2 = . 1232 24 Met 3
=z = 2 2l | ES< 25 Gln 2
< = E R 2 Gln >
-3 3 3 |gEs 27 Thr [
= z = =52 28 His !
= . =~ A, == =
2y = = =l U Ex
I z gt . .
z —-J =1 E Sz The intact peptide (1.3 nmol) was sequenced. PHT-amino acids
T '.\2 = < 2 were identified by high performance liquid chromatography [10]. No
- I =1 o = PTH amino acid was identified at cycles 2. 4. 18 and 22 (Cys).
e 4 A -
c ) | €52
z 7 7 ]
) 2> 2‘[ E"E -
= Q9 < =2
< < X B
4 Al é]t £z
= — <, ” E ; 2 free sulfidryl group. The amino terminal amino acid Met was
el B x 2252 determined by both the dansyl and DABITC methods. Di-
; z EQ 2S5 5E gestion with trypsin gave only two peptides, BB MCD T1
- < 2 5FZ z and BB MCD T2 (Fig. 2 and Table 1) with a 75% vyield.
< =4 = 22-1 although 6 peptides were theoretically expected. N-terminal
Z z Z ] amino acid analysis revealed Met, Ile and Lys at the
< E It s 2 w . T
= i bt SE3Z N-terminal of BB MCD T1 and Asn at the N-terminal of BB
-2 21l 32£2 MCD T2. Reduction with dithiothreitol and carboxymethyl-
EEE- ation with iodoacetic acid of BB MCD T1 produced 3 pep-
2 T == tides which were separated by high pressure liquid chroma-
2t kL o ~3Fz tography. BB MCD Tla. BB MCD T!b and BB MCD Tlc.
g = = = = 2= 5i with Ile. Met and Lys at their N-terminal, respectively (Fig.
S 3 3 £ 5 Eg0S 3 and Table 1). BB MCD Tla was covered by a huge peak of
S 3 3 5 = 2 _‘—j =7 UV absorbing ma_terial (Fig. 3). In order.to localize _BB MCD
m mom o= ., E52> Tla. one ml fractions were collected during the elution of the
m o m = m z 2y

UV absorbing material, concentrated with a Sped-Vac, sub-
jected to acid hydrolysis and analyzed for the presence of
amino acids. As the UV absorbing material did not interfere
with amino acid analysis. BB MCD Tla was found 7 min
after the injection. Manual sequencing of BB MCD Tla, BB
MCD Tl1b, BB MCD Tlc and BB MCD T2 was straightfor-
ward. except for the last 2 amino acids of BB MCD Tlc (Thr
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FIG. 3. High performance liquid chromatography fractionation of
BB MCD T1 after reduction and carboxymethylation. BB MCD T!
(Fig. 1) (1.4 nmol) was incubated 1 hr at 37° with 0.12 mM dithio-
threitol in 50 ul of 0.2 M N-methyl-morpholine-HCl pH 8.5.
lodoacetic acid was added to the reaction mixture in 20 ul of the
above buffer to a final concentration of 0.24 mM. The incubation
was continued for I hr at 37° and stopped by injecting the entire
reaction mixture in the column. The peptides were fractionated by
using the same conditions reported in Fig. 2. In order to localize BB
MCD Tla one ml fractions were collected and concentrated with a
Speed Vac. After acid hydrolysis at 110° in sealed evacuated tubes,
the amino acid composition revealed the presence of the peptide. No
interference was found due to the huge peak of UV absorbing mate-
rial.
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FIG. 5. High performance liquid chromatography of BB MCD TlI
after 2 Edman degradation cycles. One nmol of BB MCD T1 was
subjected to 2 manual Edman degradation cycles. The shortened
peptide was redissolved in 50 ul Solvent A. injected and fractionated
as described in Fig. 2.
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FIG. 4. Scheme of the reaction for the assignment of the disulfide
bridges in BB MCD T1. (a) Disulfide bridges between Cys*-Cys™
and Cys*-Cys?: (b) Disulfide bridges between Cys*~Cys* and
Cys*~Cys™. See the Results section for details.
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FIG. 6. Histamine release from rat peritoneal mast cells induced by
bumblebee MCD peptide and bombolitin V. The peptides were in-
cubated with 10° cell/sample at 37°C for 5 min without shaking in 200
u! of medium [12]. The reaction was stopped by cooling the samples
with ice cold water and centrifugating at 1500xg for 10 min. His-
tamine was determined in the supernatant spectrophotofluorometri-
cally [1]. Total histamine was determined by sonication of the cells.
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TABLE 4

STRUCTURE OF BUMBLEBELR MCD PEPTIDE,

APAMINE AND BOMBOLITIN V

BEL MCD PEPTIDE,

0

~

15

10

Met-Met-GiIn-Gin-Thr-His(NH.)

-Arg-1 ys-llc{‘}s-

-lle-Cys

-Lys-Asn-Gly-Lys-Pro-Leu-Pro-Gly-Phe-lle-Gly-1.ys

ys

Met-Cys-lle-C

BB MCD peptide

He-Lys-Cys-Asn-Cys-Lys-Arg-His-Val-He-Lys-Pro-His-He-Cys-Arg-Lys-1e-Cys-Gly-Lys-AsnNH.

-GIn-Gln-HisNH,

1
ys

Bee MCD peptide

r

Cys-Asn-Cys-1ys-Ala-Pro-Glu-Thr-Ala-Leu-Cys-Ali-Arg-Arg-C

Apamine

He-Asn-Val-Leu-Gly-le-Leu-Gly-Len-Leu-Gly-Lys-Ala-1Leu-Ser-His-1 cuNH.,

Bombolitin V
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and His) which could not be assigned by the manual
methods. The knowledge of the N-terminal amino acid. the
partial sequence of the intact peptide and trypsin cleavages
permitted the alignment of the tryptic fragments (Table 2).
Automatic Edman degradation of 1.3 nmol of the intact pep-
tide confirmed the sequence obtained manually and allowed
the assignment of Thr?’-His?*, although no amino acid was
identified at cycles 2, 4, 18 and 22. occupied by Cys (Table
3). Incubation of the intact peptide with carboxypeptidase A
(peptide:enzyme 1:20. 2 hr at 37°C) did not release any His or
other amino acids, indicating that the C-terminal is blocked.
probably amidated. However. attempts to release HisNH,
with thermolysisn and subtilisin [13] were unsuccessful, al-
though many amino acids were released.

Assignment of Disulfide Bridges

Digestion by trypsin of the intact peptide ruled out the
presence of disulfide bridges between Cys*-Cys' and
Cys"™-Cys® leaving only 2 possibilities: Cys*-Cys™ and
Cys'-Cys* or Cys*~Cys¥ and Cys'-Cys!™. Since both
bridges were present in BB MCD TI, 2 manual Edman de-
gradation cycles were performed on this peptide. The
scheme of the reaction is shown in Fig. 4. According to the
first possibility, free Arg and only one peptide containing the
intact disulfide bridge Cys’-Cys?? would be obtained, while
free Arg and 2 peptides would be produced if the second
possibility were correct. High pressure liquid chromatogra-
phy of BB MCD TI1 after 2 manual Edman degradation cy-
cles produced free Arg which eluted in the void volume and
only one peptide with the expected amino acid composition
and an intact disulfide bridge (BB MCD TISS. Fig. § and
Table 1). indicating that the first possibility is the correct
one. Determination of the N-terminal amino acid of BB
MCD TISS gave only lle. since the other expected amino
acid, Cys. does not give any measurable product.

Biological Activity

Bumblebee MCD peptide was tested in 2 bioassays:
hemolysis of guinea pig erythrocytes and histamine release
from rat peritoneal mast cells. The peptide was without ef-
fect up to a dose of | ug/ml on guinea pig erythrocytes (re-
sults not shown). On the other hand, the peptide induced a
significant release of histamine at a dose as low as 0.05 ug/ml
(1.6x 107 M) (Fig. 6). The maximal release (337 of total
histamine) was obtained with 0.5 ug/mi. On the contrary,
bombolitin V., the most potent bombolitin in the histamine
release bioassay {3). was without effect at 0.5 ug ml (3x 1077
M) and induced only a 2007 release at | ug/ml. Due to its lytic
effect. bombolitin V released the total histamine content at
doses higher than 4 ug/ml (Fig. 6).

DISCUSSION

Bumblebee MCD peptide represents less than 1% of the
dry weight of the venom. On the contrary, bombolitins con-
stitute 25-30% of the dry venom. The low amount of peptide
caused some problems in the manual determination of the
sequence of bumblebee MCD peptide. However. digestion
with trypsin, reduction and carboxymethylation produced
shorter peptides in amounts sufficient for the amino acid and
sequence analysis. The presence of a Lys-Pro bound, resis-
tent to trypsin. did not cause any problem, and only the last 2
amino acids could not be assigned by manual methods. On
the other hand. the automatic Edman degradation of the in-
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tact peptide was straightforward, probably because of the
high hydrophilic structure of the peptide, although the yield
dropped to values lower than 10% in the last cycles. The
isolation of a peptide that contains one of the 2 disulfide
bridges intact allowed the assignment of both disulfide
bridges. The only point that needs more investigation is the
determination of the C-terminal blocking group. Although
HisNH, was not released by thermolysin or subtilisin, the
peptide is probably amidated, as are the majority of the pep-
tides isolated from hymenopteran venoms.

Bumblebee MCD peptide is not related to bombolitins
and its sequence represents a new structure that has to be
added to the class of the specific, not lytic. mast cell de-
granulating peptides. Although a new sequence, bumblebee
MCD peptide is somewhat related to the bee MCD peptide
and apamine (Table 4). In fact, all 3 peptides contain 2 disul-
fide bridges, are rich in basic amino acids charged at physi-
ological pH and lack the surfactant character of melittin,
mastoparans and bombolitins. This is probably due to the
disulfide bridges, which restrain the peptides in a particular
configuration. The similarity is greater with bee MCD pep-
tide than with apamine. The fragment 17-22 of bumblebee
MCD peptide is identical to the fragment 14-19 of the bee
MCD peptide [8,15] and the 2 peptides show the same po-
tency in releasing histamine from rat peritoneal mast cells
[6,15]. On the contrary, the similarity with apamine is re-
stricted to the C-terminal, since apamine does not release
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histamine [6,15]. Apamine is thought to be a neurotoxin (6]
apparently for its ability to-bind with high affinity to
calcium-dependent potassium channels [9]. It is unknown
whether this property is common also to bee and bumblebee
MCD peptides. Recently a neurotoxic action of bee MCD
peptide has been reported [7). When injected in mice at a
dose of 4 nmol/kg intracerebroventricularly. but not
endovenously, the peptide causes convulsions and hyperac-
tivity followed by death. In addition high affinity binding
sites for bee MCD peptide have been reported in brain
synaptic membranes [14]. In view of the structural similarity
of bee and bumble bee MCD peptides. it would be not sur-
prising if bumblebee MCD peptide also exerts a neurotoxic
action and binds to brain membranes.

Although MCD peptides are present in the venom in very
low concentration. their potent pharmacological action cer-
tainly justifies more investigation. The availability of syn-
thetic MCD peptides will greatly facilitate the study of their
mechanism of action and perhaps will permit the discovery
of some yet unknown function of these peptides.
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