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We have investigated the effect of Vipera lebetina
enom on capillary permeability and isolated an in-
reasing capillary permeability protein (ICPP) which
s devoid of arginine ester hydrolase and phospho-
ipase A2 activities. This protein was purified with a
ield of about 0.2% by fast protein liquid chromatog-
aphy (FPLC) using successively Superose 12, Mono Q,
nd Mono S columns and by high-pressure liquid chro-
atography (HPLC) on a C8 reverse-phase column.
he purified protein migrated on SDS–PAGE as a band
f about 27 kDa under nonreducing conditions and as
band of about 16 kDa under reducing conditions.

hromatography on a C8 column of reduced and alky-
ated protein yielded a single peak suggesting that this
rotein is homodimeric. This protein was refractory to
dman degradation chemistry. We used successfully a
hemical unblocking involving the incubation of the
rotein with HCl in anhydrous methanol. The
-terminal amino acid sequence clearly shows consid-
rable similarity to that of vascular endothelial
rowth factor (VEGF) and platelet-derived growth fac-
or (PDGF). © 2000 Academic Press

Snake venoms are rich of proteins and peptides
hich may be employed to aid our understanding of
asic biological mecanisms. Among these proteins,
emorrhagic toxins have been extensively studied (1,
), and blood capillaries appear to be the main target of
hese enzymes. They cause a proteolysis of component
f the basal lamina of the microvasculature leading to
n alteration of the vessel permeability and extravasa-
ion (1, 3).

However, many other proteins free of hemorrhagic
ctivity, reported from snake venoms, have been
hown to increase capillary permeability. They include
radykinin potentiating factors purified from Bothrops

1 To whom correspondence should be addressed. Fax: 216 1 791
33. E-mail: ammar.gasmi@pasteur.rns.tn.
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idases of endothelial cells, responsible both for the
onversion of angiotensin I into angiotensin II (4) and
or bradykinin degradation (5, 6), kallikrein-like en-
ymes, described in the venoms of Trimeresurus mu-
rosquamatus, Crotalus ruber ruber and Agkistrodon
aliginosus which release bradykinin from kininogen
7, 8, 9, 10) and phospholipase A2 purified from Trim-
resurus mucrosquamatus and which induce a degran-
lation of mast cells and a release of histamin (11, 12).
In the present study, we report the purification of an

omodimeric increasing capillary permeability protein
ICPP) from the venom of Vipera lebetina. Sequential
omology search of the N-terminal aminoacid sequence
etermined by automated Edman degradation re-
ealed that this protein have a structural similarity
ith VEGF and PDGF.

ATERIALS AND METHODS

Materials. Snake venom was collected on ice cooled beakers from
ipera lebetina vipers in Pasteur Institute serpentarium and kept as
lyophilized powder. Fast Protein Liquid Chromatography columns
ere purchased from Pharmacia (Sweden) and reverse phase C8

olumn (5 mm, 4.6 3 250 mm) was obtained from Beckman (USA). All
eagents used were of analytical grade from commercial sources.

Protein purification. Crude Vipera lebetina venom was applied to
Superose 12 prep. grade HR 16/50 column previously equilibred
ith 0.1 M ammonium acetate pH 8.5 and eluted at 0.5 ml/min on a
ast Protein Liquid Chromatography (FPLC) system (13). The frac-
ion B eluted by gel permeation was loaded onto a Mono Q HR5/5
olumn pre-equilibred in 0.1 M ammonium acetate pH 8.5 and eluted
ith a 30 min linear gradient 0.1–0.5 M ammonium acetate pH 8.5
t a flow rate of 1 ml/min monitoring absorbance at 280 nm (14). The
rst peak fraction was further fractionated on Mono S HR 5/5 column
re-equilibred with sodium acetate 0.05 M pH 5.5. The elution was
chieved with Na Cl gradient from 0 to 0.2 M in 30 min and from 0.2
o 0.5 M in 10 min. The ICPP was purified from the main activity
eak on a C8 reversed phase HPLC column equilibrated in 0.1%
FA/10% acetonitrile and eluted with a 60 min linear gradient of
0–50% acetonitrile at a flow rate of 1 ml/min monitoring absorbance
t 214 nm.

Polyacrylamide gel electrophoresis. The homogeneity and appar-
nt mass of the purified protein and their subunits were determined
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS–
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AGE) according to the method of Laemmli (15) using 16% polyacryl-
mide gel with or without prior reduction by b-mercaptoethanol
nd subsequently visualized by Coomassie blue stain. Commercial
edium molecular weight proteins were used as molecular weight

tandards.

Capillary permeability increasing assay. White Swiss mice
18–20 g) were injected intravenously with 100 ml of a solution of 1%
w/v) Evan’s blue dye in phosphate buffered saline (PBS, pH 7.4).
fter 5 min, varied doses of the crude venom or fractions in 50 ml of
BS were injected intradermally in the mid-dorsal skin depilated
4 h before. After 30 min, the mice were killed and the skins re-
oved. The blue spot where the dye-complexed albumin had pene-

rated beyond the capillaries indicating the increase of capillary
ermeability was measured and the area estimated (16). Buffered
aline was used as negative control.

Subunit sequencing. Purified ICPP was reduced by incubating
or 1 h at 37°C in 6M Gu-HCl, 0.5 M Tris-HCl, 2 mM EDTA, 1.4 mM
TT, pH 7.5 and alkylated by addition of 4-vinylpyridine (9 mM final

oncentration). Reaction was terminated after 5 min by addition of
TT to a final concentration of 14 mM. The mixture was desalted by

hromatography on a reverse phase HPLC on a C8 column as de-
cribed for protein purification.
Chemical unblocking was performed by incubating the protein in 2
HCl in anhydrous methanol (17) for 48 h at 25°C. Absence of

leavage of internal peptide bonds which may be caused by this
reatment was checked by HPLC on a C8 column.

Sample of unblocked subunit was applied to polybrene-coated
lass fiber filters, and its amino-terminal sequence was determined
y Edman degradation in an Applied Biosystems 470 A gas-liquid
hase microsequencer equipped with an Applied Biosystems 120 A
henylthiohydantoin analyzer.

Protein determination and enzymatic activities assays. Protein
oncentration was determined by the procedure of Lowry (18) with
he folin phenol reagent and with bovine serum albumin as a stan-
ard. Phospholipase A2 activity was determined by a colorimetric
ethod using phenol red (19), and arginine esterase activity was

ssayed with tosyl-l-arginine methyl ester (TAME) by the hydrox-
mate method (20).

ESULTS AND DISCUSSION

Purification of ICPP to homogeneity was achieved
rom the crude venom of Vipera lebetina in four steps
ith retention of increasing permeability activity.
irst by gel filtration in a Superose 12 prep. grade
olumn and anion exchange chromatography column
13, 14), the un-bound fraction in Mono Q was further
eparated by cation exchange chromatography on a
ono S column (Fig. 1A) and finally fraction 6 obtained

rom the previous step found to contain the main ac-
ivity, was loaded on a C8 reverse phase HPLC column
Fig. 1B). Each fraction was assayed for increasing of
he capillary permeability using albumin bound with
van’s blue. In normal conditions, the albumin-dye
omplex does not permeate through the capillary mem-
rane. However, when the capillary is challenged by
ifferent amounts of ICPP or fractions containing this

rotein standards; Lanes 2 and 3: ICPP (10 mg) under nonreduc-
ng and reducing conditions, respectively.
FIG. 1. Purification of ICPP. (A) Chromatography of the frac-
ion B1 (1 mg) obtained after Mono Q on a Mono S column. Elution
as performed at a flow rate of 1 ml/min by increasing the NaCl

oncentration in the Tris-HCl buffer, as indicated on the figure
- - -). (B) Fraction F6 (0.1 mg) containing the increasing capillary
ermeability was applied to a reverse phase C8 column. Elution
as achieved using a gradient of acetonitrile from 10 to 50% in 60
in. (C) SDS–PAGE analysis of the purified protein. Lane 1:
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rotein its permeability increases and the plasma pro-
eins are suddenly allowed to penetrate the membrane.

The purified component was obtained with a yield of
.2% from the total venom. SDS–PAGE of the purified
CPP showed a single band having an apparent molec-
lar mass of approximately 27 kDa under nonreducing
onditions and a single band of approximately 16 kDa
nder reducing conditions (Fig. 1C). This result sug-
ests that ICPP is a disulfide linked dimer.
Figure 2 illustrates the activities on capillary perme-

bility at different stages of purification and shows
hat the purified ICPP seems to be about 6 orders of
agnitude more active than crude venom. Enzymatic

tudies also shows that this protein is free of arginine
ster hydrolase and phospholipase A2 activities.
Chromatography on a C8 reverse phase column of re-

uced and alkylated protein gave a single peak (data not
hown). It was concluded that ICPP is homodimeric.
dman degradtion of intact subunit did not allow us to
btain any sequence indicating a blockage at the amino
erminus of the molecule. The N-terminal amino acid
equence of this protein was, nevertheless, determined
fter a successful unblocking assay by HCl and metha-
ol, and the following residues were clearly identified
EVRPFPDVYQRSACQARETLVSILQEYP.
A search for homologous proteins in the BLAST pro-

ein database indicated that N-terminal sequence of
CPP showed a significant sequence identity to vascu-

FIG. 3. Alignment of the N-terminal amino acid sequence of ICP
f VEGF is based on the numbering of the mature, secreted polype
umbering of cDNA sequences.

FIG. 2. Activity of the crude venom and of the fractions obtained
t the different previous purification steps on capillary permeability
n mice. C: negative control, V: crude venom, B1: fraction obtained
fter Mono Q, F6: fraction obtained after Mono S, ICPP: purified
rotein after C8 column. An amount of 1 mg was used for each test.
71
hains of Platalet derived growth factor (PDGF) (22)
nd vascular permeability factor (VPF) (23). These pro-
eins are structurally related and are potent mitogens,
ut their target cell specificities and biological proper-
ies are different.

VEGF is a heparin-binding growth factor specific for
ascular endothelial cells that is able to promote an-
iogenesis, to cause permeabilization of blood vessels
nd to induce proliferation of vascular endothelial cells
24, 25). Its activities are mediated by endothelial cell-
pecific receptor tyrosine kinases, KDR (kinase domain
eceptor), which triggers the angiogenic response, and
ms-like tyrosine kinase 1 (Flt-1), which function is yet
oorly understood (26). VEGF is also a disulfide-linked
imeric protein which may exist in four different ho-
odimeric molecule species by alternative splicing of
essenger RNA (21, 27). Each monomer is having 121,

65, 189 or 206 aminoacids, respectively (VEGF121,
EGF165, VEGF189 and VEGF206). The different
EGF isoforms differ in their heparin binding ability.
EGF121 does not bind to heparin, whereas VEGF
65, VEGF189 and VEGF206 do with increasingly
reater affinity (28, 29). VPF was identified by cDNA
loning as the same protein as VEGF (21, 23).
hereas, PDGF are dimeric proteins which stimulate

rowth of a wide variety of cells such as fibroblasts and
mooth muscle cell (30) but are inactive on endothelial
ells and do not enhance permeability when tested in
he Miles permeability assay (16, 31).

Angiogenesis, a process by which new blood vessels
orm from pre-existing ones, is an essential process in
eproduction, development, and wound repair (32, 33,
4). Unregulated angiogenesis is associated with many
iseases, such as: arthritis, diabetes, ocular vascular-
zation, proliferative retinopathy, tumor growth, and

etastasis (33, 34, 35). Therefore, inhibition of angio-
enesis is considered as a major target for development
f therapeutic drugs. This concept gained support since
neutralizing murine anti-VEGF antibody, which in-

eract near the KDR and Flt-1 binding sites (36) and
ELEX-derived RNA molecules thought to interact
pecifically with the heparin-binding domain (37) and
ere shown to inhibit tumor growth in vivo (38). Pep-

ides that inhibit binding of VEGF to its receptors,
DR and Flt-1, have been produced using phage dis-
lay technology and were also shown to antogonize

ith those of HF, VEGF, PDGFa and PDGFb. Aminoacid numbering
e, whereas the sequences of PDGFa and PDGFb are based on the
P w
ptid
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cal vascular endothelial cells (39).
During the course of determination of primary struc-

ure of ICPP, Komori and coll. 1999 (40) described a
EGF-like heparin binding protein (HF) from the
enom of Vipera aspis aspis. None of the known venom
roteins was reported to possess similar characteris-
ics. This protein (HF) was shown to induce mitogenic
ffect on endothelial cells, hypotensive effect on rats
nd was able to bind heparin. Figure 3 shows the
lignment of the N-terminal aminoacid sequences of
CPP with those of HF, VEGF, PDGFa and b. ICPP
hares 86%, 68% and 11% sequence identity to the
revious proteins, respectively, and may also shares
any of their structural and functional characteristics.
We are currently assessing the full-length amino

cid sequence of ICPP and hopefully use this protein to
tudy regulation of angiogenesis and cell proliferation.
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