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Summary
A cDNA was cloned from the salivary glands of a blood- aorta  preparations when  preconstricted  with
feeding black fly Simulium vittatum The encoded protein  2umol =1 phenylephrine or 25 mmol 1 K* but not with
has been given the nameSimulium vittatum erythema 60 mmol -1 K*. Further, the rSVEP-induced relaxation
protein or SVEP, because of its ability to increase blood response of phenylephrine-constricted aorta was
perfusion in skin capillaries, resulting in the well- inhibited by glibenclamide (10umoll=1), suggesting that

characterized erythema of black fly bites. The full-length
cDNA contains 548 base pairs which encode 152 amino
acid residues of the nascent protein. Post-translational
processing produces a mature, secreted protein of 133
residues with a molecular mass of 15.4 kDa. Recombinant
SVEP (rSVEP) was produced in a baculovirus expression
system and purified by a one-step reversed-phase
HPLC procedure. Analyses of physical properties and
biological potency demonstrated fidelity of rSVEP to
the native protein. Recombinant SVEP relaxed rabbit

at least part of its action to relax smooth muscle may
result from the opening of ATP-dependent K channels.
SVEP is a novel salivary-gland-derived vasoactive protein
that may be essential for blood feeding by black flies and
could potentially enhance transmission of filarial
parasites.

Key words: erythema, vasoactive proteBimnulium vittatumblack
fly, salivary gland, cDNA.

Introduction

Blood-feeding insects cause a wide range of problems fdhe likelihood that the insect can feed to repletion before host
humans and other vertebrates, ranging from annoyance addtection.
skin irritation to transmission of a variety of pathogenic Insects vary in the nature of their mouthparts and the method
organisms that can result in acute disease, debilitation &y which they blood-feed. Vessel-feeding insects have
death. Of the many different insects studied, all secrete onelatively long, tube-like mouths that can penetrate skin to the
or more potent salivary factors into their vertebrate hosts tdepth of arterioles and venules and feed directly from vessels
facilitate blood feeding (Ribeiro, 1987). These factors mayGordon and Crewe, 1948). The second general type has
increase the rate of blood detection and engorgement (Ribeinouthparts that are shorter and unable to cannulate vessels and
et al. 1984, 1985, 1986), keep blood fluid during feedingthus relies on mouthparts to cut the smaller capillaries to form
(Hudson, 1964) or modulate the host immune response (Croagpool of blood for feeding (Sutcliffe and Mclver, 1984). For
et al. 1993,b, 1994; Titus and Ribeiro, 1988; Qureghial. = many of these insects, including black flies, sand flies and other
1996). Although an insect’s saliva may contain factors wittgnats, it may be essential also to increase blood flow to the skin
one or more of these properties, recent investigations hawapillary bed.
focused heavily on salivary anti-hemostatic properties. The structures and modes of action of vasoactive salivary
Vertebrate hemostasis is critical to survival and thus hafactors often differ between species, perhaps reflecting
interconnecting arms that serve (1) to decrease, bgonvergent evolution to blood feeding (Ribeiro, 1987). The
vasoconstriction, the volume of blood loss from an injureddifferences encountered among closely related species,
vessel, (2) to seal a lesion site rapidly by platelet adheren¢t®wever, may also show fine tuning due to host selection, as
and (3) to reinforce and stabilize the platelet seal byuggested for black flies (Cupp and Cupp, 1997). Thus, these
deposition of a fibrin meshwork as a result of the coagulationovel vasoactive factors, which have been shaped by
cascade. Vasoconstriction especially poses importamvolutionary processes, may also have potential as therapeutic
consequences to a blood-seeking insect because it decreaagents for human and animal hemostatic disorders (Ribeiro,



1554 M. S. GQUPP AND OTHERS

1995). Extracting salivary components (usually proteins) fronMolecular Instrument Facility, University of Georgia (Athens,
insect glands in adequate quantities to address importa@tA). A digoxigenin-labeled SVEP probe (DIG-SVEP) was
biological questions and to elucidate modes of action requireg/nthesized by PCR using the cloned SVEP fragment as
extremely large numbers of organisms and a heavy investmeeimplate and the Genius system (Boehringer Mannheim,
in time for dissection. Thus, molecular cloning andindianapolis, IN) using a ratio of digoxigenin-11-dUTP to
recombinant protein production offer a reasonable solution falTTP of 1:5. DIG-SVEP DNA was purified by agarose gel
obtaining large quantities of pure, highly active proteins forlectrophoresis.
study. Here, we describe the cloning and recombinant protein
production of a noveSimulium vittatumerythema protein ~ Simulium vittatumsalivary gland cDNA library construction
(SVEP) and demonstrate its structural identity to the native The linear phase for synthesis of salivary gland secretions
protein and its potency. In addition, we present initial evidencevas determined previously (Cupgt al. 1993), and this
for its mode of action to increase blood flow to the capillaryinformation was used to time the removal of salivary glands to
bed of skin which results in the skin erythema that ioptimize collection of corresponding mRNA. Total RNA was
characteristic of black fly bites. isolated fromS. vittatumsalivary glands using a micro RNA
isolation kit (Stratagene, La Jolla, CA) and the manufacturer’s
. instructions. Poly(A) Quik reagents (Stratagene, La Jolla, CA)
Materials and methods were used to isolate mMRNA anqu§ of the purified material
Molecular analysis of SVEP was used to construct the library in the ZAP Express vector
SVEP activity was purified from 900 pairs of salivary glandsfollowing the manufacturer’s protocol (Stratagene, La Jolla,
of Simulium vittatumas described previously (Cumg al. CA). The completed library was packaged in Gigapack Il Gold
1994); 170 pmol of the protein was used for physical analysigackaging extract (Stratagene, La Jolla, CA). The library was
including molecular mass determination by matrix-assistedmplified once and the titer determined by standard procedures
laser-desorption mass spectroscopy (MALD/MS), tryptic(Sambrooket al. 1989).
digestion to produce peptides, and subsequent amino acid
analysis of two of the peptides by automated Edman Cloning and sequencing of a full-length SVEP
degradation (Harvard Microchemistry Facility). XL1-Blue cells were transfected with 50 000 library plaque-
forming units (p.f.u.) for screening using nylon membranes for
Amplification by polymerase chain reaction and cloning of amlaque lifts and the DIG-SVEP probe. Two plaque picks from
SVEP cDNA fragment the first screening were confirmed positive in a secondary
Messenger RNA (mMRNA) was isolated from salivary glandscreen. Phage were extracted and amplified by growth in XL1-
extract (SGE) derived from 50 pairs 8f vittatumsalivary  Blue MRF cells on NZY plates. SVEP-positive clones were
glands using the Micro-Fast Track mRNA isolation kit versiontested by PCR amplification with SVEP-specific forward
1.2 (Invitrogen Corporation, San Diego, CA). Single-strandedSVEPF1) and reverse (SVEPRL1) internal primers, which were
cDNA was synthesized using Superscript |1l (Life based on a sequence in the cloned SVEP fragment. Two
Technologies, Inc., Gaithersburg, MD), according topositive clones were further tested by an additional plaque
manufacturer’s instructions, and divided into two equal partsassay and shown to be pure by hybridization of all colonies
Two polymerase chain reactions (PCRs) were set up using twath the DIG/SVEP probe.
pairs of degenerate primers (200ng each) designed from Phagemids containing SVEP cloned inserts were obtained
amino acid sequences of the SVEP peptides. PCR was carriegl automatic excision using ExAssist helper phage and the
out for 35 cycles in a thermocycler (Perkin Elmer, Foster Cityprotocol of Stratagene. XLOLR cells were infected with
CA). Amplified cDNA was resolved in a 1% agarose gel, andxcised phagemids and colonies established on LB-kanamycin
DNA was purified from excised bands using the Sephaglaslates (Sambrookt al. 1989); colony picks were amplified by
Band Prep Kit (Pharmacia Biotech, Uppsala, Sweden). DNAquid culture. Phagemid DNA was extracted (QlAprep Spin
(7ng) was inserted into the pCR vector (InvitrogenMiniprep Kit, Qiagen Inc., Santa Clarita, CA) and analyzed by
Corporation, San Diego, CA) using a T4 DNA ligase reactiorautomated cycle sequencing (model 373A, Applied
at 12°C overnight. OneShot cells (Invitrogen CorporationBiosystems, Arizona Research Laboratories, Tucson, AZ) in
San Diego, CA) were transformed with the product of thehe forward direction using primers T3 and SVEPF1 and in the
ligation reaction, according to manufacturer’'s instructionsreverse directions using primers T7 and SVEPR1.
and seeded on LB/agar plates (Sambrazkal. 1989)
containing ampicillin (5igmiY) for overnight growth at  Preparation of BacPAK8/SVEP plasmid and transformation
37°C. White colonies (containing insert) were picked and of baculovirus
grown in LB medium (Sambroolkt al. 1989) containing SVEP plasmid DNA and the transfer vector pBacPAKS8
ampicillin (30ugml1) at 37°C in a shaking incubator. (CLONTECH, Palo Alto, CA) were each digested wRhbt
Plasmid DNA was isolated from the cellular growth of twoand Xhd restriction enzymes and purified by gel
colonies; both were sequenced in the forward and reverstectrophoresis in Tris-acetate-EDTA buffer. Digested bands
directions, using primers for Sp6 and T7 promoters, by thevere excised from the gel, and DNA was extracted with
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Sephaglas Band Prep Kit (Pharmacia Biotech, Uppsala, Rabbit aorta relaxation test

Sweden). A 1:2 (vector:insert) ligation reaction was set up to Rabbit aorta rings, bathed in Krebs—Ringer’s solution and
run overnight at 15°C. OneShot cells were transformed withypbled with 95% @5% CQ, were contracted with

the BacPAK8 plasmid containing the SVEP insert2moll-! phenylephrine and 25mmaokt or 60 mmolt! K*
(BacPAKB8/SVEP) as described for the SVEP PCR fragmenpefore the addition of rSVEP at 1, 3, 10 onugdnl to the
Four colonies were selected for amplification at37°C. P|asmigathing solution. Increases intk€oncentration were matched
DNA was isolated for sequencing using the Bac 2 primefith equivalent decreases in Naoncentration to preserve
(CLONTECH). solution tonicity. Glibenclamide (5mmofi solution in

A recombinant baculovirus containing the SVEP insert wagthanol) was tested by adding to preconstricted aortic rings to

prepared by co-transfection of Sf9 cells with BacPAK8/SVERjeld a final concentration of 16nol I~ prior to the addition
plasmid and BSU36I-digested BacPAK6 viral DNA usingof rSVEP.

lipofectin (Life Technologies, Grand Island, NY) as

transfection reagent and SF900 serum-free medium (Life

Technologies, Grand Island, NY). SVEP-virus clones were Results

isolated and purified by plaque assay using standard methodsMALD/MS analysis of S. vittatum erythema protein,

contained in the BacPAK protocol of CLONETECH. Clear,isolated from salivary gland extracts by RP/HPLC, had a

positive plagues were picked, and virus was eluted in TNMmolecular mass of 15373+38 Da (meas.&), in agreement

FH medium. Sf9 cells were infected with eluted virus andwvith the value of 15351+1.3Da previously reported from

incubated for 4 days at 27 °C to generate passage 1 virus. electrospray ionization mass spectroscopy (ESI/MS) (@tpp
Cells were collected in phosphate-buffered salineal. 1994). SVEP was digested with trypsin, and the N-terminal

(10mmolf!, pH7.4) and DNA was extracted using theamino acid sequences of two peptides (designated CT29 and

Stratagene DNA micro extraction kit and protocol Il in theCT51 in the HPLC-separated digest) were obtained (Fig. 1).

instruction manual. Extracted DNA was used as template fdecause the orientation of the two peptides in the native

PCR with an SVEP forward and reverse primer pair and thprotein was unknown, two pairs of degenerate DNA primers

Bacl/Bac2 primer pair (CLONTECH). A secondary plaguewere synthesized on the basis of the amino acid sequences

assay was conducted to ensure clone purity. designated in Fig. 1 by the forward or reverse arrows. Two
o cDNAs of approximately 300 and 400 base pairs were
Characterization of rSVEP amplified by PCR in the reaction with the primer pair CT51

Sf9 cells were infected with virus (multiplicity of infection forward/CT 29 reverse and template copied fi®nvittatum
= 2) and incubated at 27 °C; media were collected at 12, 24alivary gland mRNA. No product was produced in the
48, 72 and 96 h. Virus was concentrated and removed from tlaalogous reaction using the opposite set of primers. Cloning
medium by centrifugation in Centriplus 100 concentratorsand sequencing of the two PCR products revealed seven base
(Amicon, Beverly, MA) at 300 for 2h at room temperature. differences (designated in italics), with only two base
Total protein in the fraction smaller than 100kDa wasdifferences resulting in a change of amino acid (designated in
estimated using the modified Lowry assay (Peterson, 197®old, Fig. 2).
Test compounds were sterilized by passage through syringeS. vittatumsalivary gland mRNA was isolated during the
filters (0.2um pore size; Gelman Sciences, Ann Arbor, Ml)first 48h after adult emergence, during the period when
and injected intradermally into the shaved skin of New Zealandalivary gland apyrase activity was known to be increasing at
White rabbits (NZW), as previously described (Cugipal.
1994). The appearance of visible redness (erythema) with
30min, centered at the site of injection, was designatedas - eeaaon
positive result (+). SVEP-CT29: GKNWGVMKDGEKHYFTVENCQIE]

Large molecular mass componentslQkDa) in the virus- — crooooos
free cell culture supernatant were concentrated by centrifugatic
at ;3000;1 for 4h in Centriplus 10 microconcentrator;. RP/HPLC SVEP-CT51- KPGQAE;:;:;YQY\;YN“PK
using a C18 macrosphere column and elution with al
acetonitrile/water (0.1% trifluoroacetic acid) gradient was usen T
for isolation of rSVEP from other medium components.Fig- 1. Sequence of two peptides from a trypsin digest of SVEP used
RP/HPLC-purified rSVEP ¢8. vittatumSGE were diluted 1:1 for constructing degenerate nucleotide primers. HPLC-purified

. . . SVEP was digested with trypsin and the resulting peptides separated
with 2x electrophoresis sample buffer (Laemmli, 1970), heate: e i
. . . ; : . f th
to 95°C for 5min, centrifuged for 5min at 12 GPGefore by RP/HPLC. The N termini of two of the more abundant peptides

. 0 . . ~ . were sequenced by automated Edman degradation (Harvard
resolving by SDS/15% PAGE (Laemmli, 1970) and V'Sual'z'nQMicrochemistry Facility, Cambridge, MA). Right-pointing arrows

by silver staining (Oakleyet al. 1980). Stained gels were jpgicate the residues used to design degenerate nucleotide primers in
scanned for densitometry analysis of band intensity (Personthe forward direction, and left-pointing arrows indicate amino acid
Densitometer S.I., ImageQuaNT for Windows NT, Molecularsequences used for degenerate nucleotide reverse primer
Dynamics, Sunnyvale, CA). construction.
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Fig. 2. Nucleotide sequences and
amino acid translation of SVEP
clones obtained by PCR. Two
nucleotide products, SVEP-300
(*) and SVEP-400 (+), generated
by PCR using the primer pair
SVEP-CT51 forward and SVEP-
CT29 reverse, were cloned and
sequenced. Base composition
varied at seven sites, but only two
differences coded for amino acid
changes. Base differences are in
italics and amino acid changes are
noted with bold letters. Underlined
amino acids indicate ones known
from protein sequencing.

a linear rate (Cuppt al. 1993). It was assumed that levels of
other proteins secreted in saliva would also be increasing inpolypeptide of 133 amino acid residues. Hydropathy plots,
similar time frame. mMRNAs were reverse-transcribed, and asing GCG version 7 (Genetics Computer Group, Inc.,
DNA library was constructed in the lambda ZAP ExpresdMadison, WI) indicated a hydrophobic leader sequence of 19
residues which would result in a processed, secreted protein of
114 residues. The calculated molecular mass of such a protein
The 300-base-pair DNA fragment of SVEP was used awas 15349 Da, which was 1-2 Da less than the molecular mass
template to synthesize a digoxigenin-labeled probe by PCR faf SVEP purified from salivary glands and determined by
screening the cDNA library to isolate a full-length clone. AnESI/MS. A BLAST search of the GenBank nucleotide and
initial screen of 50000 p.f.u. resulted in the identification of 35rotein data bases revealed no significant relationships to other

vector. The library was estimated to containx2@ clones
and was amplified once to produce a titer ok2@Bp.f.u. mrL.

KP

"G Q EFPYYVYMIPK GTEY
GGA CAG GAG TTT CCG TAC TAT GTC TAC ATG ATC CCG AAG GGT ACA GAG TAC
+)GGA CAA GAG TTC CCG TAC TAT GTC TAC ATG ATC CCG AAG GGT ACA GAG TAC
GQEFPYYVYMIPK GTEY

DDQRWILESVGGDHYK
GAC GAT CAA CGA TGG ATC CTG GAG AGT GTG GGA GGA GAT CAC TAT AAG
GAC GAT CAA CGA TGG ATC CTG GAG AGT GTG GGA GGA GAT CAC TAT AAG
DDQRWILESVGGDHYK

L KNK F SGRYLVYGTEFDY
CTG AAG AAC AAG TTT TCC GGA CGG TAT TTG GTG TAT GGC ACCTTT GA T TAT
CTG AAG AAC AAG CTT TCC GGA CGG TAT TTG GTG TAT GGC ACC TTT GA C TAT
L K NK L SGRYLVYGTFDY

FLTAGAAVR E MDHFKFT
TTC CTC ACG GCA GGA GCA GCC GTC AGA GAG ATG GAT CAT TTC AAATTC ACT
TTC CTC ACG GCA GGA GCA GCC GTC AGA GOG ATG GAT CAT TTC AAATTC ACT
FLTAGAAVR A M DHFKEFEFT

ADGTGKYDISSKANGH
GCT GAT GGG ACG GGC AAG TAT GAC ATC TCT AGC AAA GCG AAT GGA CAT
GCT GAT GGG ACG GGC AAG TAT GAC ATC TCT AGC AAA GCG AAT GGA CAT
ADGTGKYDISSKANGH

PRSRGKNWGV M KDGEKHYFTVENCQI[E]
CCT CGATCA CGC GGC AMA AAC TGG GGC GTC ATG
CCT CGATCT CGC GGC AAG AAC TGG GGC GTC ATG
PR SRGKNWGV M KDGEKHYFTVENCQI[E]

*) SVEP-300
+) SVEP-400

strongly positive clones. Two clones with the highest signal

were further subcloned to ensure purity.

isolated from preparations of the first clone
(designated 5A) was sequenced from the T3 and T7 promote
contained in the ZAP Express vector and from two interna
primers designed from the SVEP PCR clone. The cDNA inse
contained 548 base pairs, including 48 base pairs preceding 1
putative methionine start site (Fig. 3). Inspection of thend
revealed two stop codons in succession, which overlapped t
signal for the poly(A) tail (AATAAA). There was a relatively
short non-coding sequence of 19 bases between the end of
stop codon and the addition of the poly(A) tail.

DNA

Back-translation of the cDNA sequence predicted a

Table 1.Analysis of SVEP protein concentration by SDS/
polyacrylamide gel electrophoresis and densitometry of cell
culture supernatants from SVEP/baculovirus-infected cells

rSVEP Percentage
Time (h) band intensity of total
12 - -
24 - -
48 59 100
72 123 67
96 125 42
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CTGAAGTGTAAAGTACTTAAATCATTCGGTGGGAATTATCCAGCAAGTATGAGCATC
M S |

ACACAAAGCTTCTTTGTTTTAACCCTTGCCATATTTGGTGCTGCATCAGACAACCCA
TQSFFVLTLAIFGAAS*DNP

ATTGCTGATAGAAAATGTATCGTCATCAGTGACGGGGACCTGGTTATGCACGAGCG
IADRKCIVISDGDLVMHER

AAACCCGGTCAAGAGTTCCCATACTATGTCTACATGATCCCGAAGGGTACAGAGTA!
KPGQEFPYYVYMIPKGTEY

GACGATCAACGATGGATCCTGGAGAGTGTGGGAGGAGATCACTATAAGCTGAAGA/
DDQRWILESVGGDHYKLKN

AAGTTTTCCGGACGGTATTTGGTGTATGGCACCTTTGATTATTTCCTCACGGCAGGA
Fig. 3. Nucleotide sequence and amino acdK FSGRYLVYGTFDYFLTAG
translation of SVEP clone froi8imulium vittatum
salivary gland cDNA library. An SVEP clone was GCAGCCGTCAGAGAGATGGATCATTTCAAATTCACTGCTGATGGGACGGGCAAGTA
obtained by library screening using the digoxigenin-A AVR EMDHFKFTADGTGKY
labeled SVEP nucleotide fragment synthesized by
PCR. In addition to the full-length coding sequence, GACATCTCTAGCAAAGCGAATGGTCATCCTCGATCTCGCGGCAAAAATTGGGGAGT
48 base pairs preceding the methionine start sitetD | S S KANGHPRSRGKNWGYV
were obtained. The end of the putative hydrophobic
leader sequence (*) and the polyadenylation signal ATGAAAGATGGTGAGAAGCACTATTTCACTGTTGAAAATTGTCAGGAATAATAAA
(underline) are marked. These sequence data asttl K D GEKHYFTVENCQETT
available from GenBank under accession number
U94515. The daggers indicate stop codons. AGAAATGTTGAAGTTGAAAAAAAAAAAAAAAAAAA

database holdings (Altschat al. 1990). The nucleotide base post-infection, when the putative rSVEP band (approximately
and amino acid sequences for SVEP are deposited in GenBab&kDa) stained as the only detectable protein. By 72h post-
accession U94515. infection, the intensity of the band had doubled, and it
Cloned SVEP DNA was ligated into a baculovirus plasmidepresented 67% of the total detectable protein (Table 1).
vector (BacPAKS8) and used to generated a recombinant virdghere was no further change in intensity of the putative rSVEP
by co-transfection of Sf9 cells. DNAs extracted from cellsband at 96 h, but increases in the intensity of other protein
infected with wild-type virus, and co-transfected with thebands (also seen in the wild-type virus control lane) resulted
SVEP/BacPAK8 construct or virus-negative control DNA,in a decrease in proportion to 42% (Table 1). Vasodilative
were tested for PCR amplification using baculovirus andctivity in serial dilutions of media from wild-type virus-
SVEP-specific primers. Only DNA from co-transfected cellsinfected, SVEP virus-infected @. vittatumSGE showed no
had amplifiable DNA in both tests. Recombinantactivity, and endpoints of 1ng and 0.017 pairs of glands,
SVEP/baculovirus was purified by one round of plaqueespectively, in the rabbit skin erythema test (Table 2).
purification before further analysis. SVEP protein was semi-purified and concentrated by
Protein secretion into the cell culture medium by Sf9 cellgentrifugation of virus-free cell culture supernatant in
in the period 12-96 h post-infection was followed by PAGECentriplus 10 microconcentrators. RP/HPLC of this
and silver staining of virus-free cell culture medium toconcentrated sample yielded a single peak of vasodilative
determine the time course of rSVEP production. Densitometriactivity that co-migrated with a similar approximately 16 kDa
analysis of the stained gel revealed no protein bands until 48fand contained in SvSGE (Fig. 4). SVEP represented

Table 2.Presence of visible erythema in New Zealand White rabbit skin following intradermal injection of salivary gland
extracts (SGE) of femaf&imulium vittatumor semi-purified recombinai®. vittatumerythema protein (rSVEP)

Test compound Quantity/reactivity

SGE (pairs of glands) 1 0.5 0.05 0.3 0.025 0.020 0.017 0.014
+ + + + + + + -

rSVEP (ng) 1650 165 82.5 8.25 4.13 2.04 1.03 0.51

+ + + + + + + -
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rSVEP
97.4
45,0 w—
10 min

05¢g

Fig. 5. Relaxation of contracted rabbit aortic ring in response to
rSVEP. RP/HPLC-purified rSVEP was dried to remove solvents
and resuspended in Tyrode’s solution. The rabbit aortic ring was
e — bathed in Krebs—Ringer's solution with 5% §£®5% G and
) contracted with Zmoll~l phenylephrine. Addition of rSVEP
- (30pug mi~1=1.7umol I71) is indicated at the arrow. Note some
14.4 ww delay and slow relaxation.

inhibits opening of ATP-dependent Khannels, decreased the

m relaxation response to ilg mi~1 rSVEP by 64+7 % (Fig. 6B).
This degree of inhibition is similar to that observed for
1 2 3 4 S 6 cromakalim and pinacidil in the presence of glibenclamide

Fig. 4. SDS-PAGE ofSimulium vittatumsalivary gland extract (McPherson and Angus, 1990).

(SVSGE) and HPLC-purified rSVEP. Lane 1 contains the molecular

mass standards phosphorylase b (97.4kDa), ovalbumin (45kDa), ] )

carbonic anhydrase (31kDa) and lysozyme (14.4kDa). Lanes 2, 3 Discussion

and 4 contain extracts oS. vittatum salivary glands (SGE) Blood-feeding insects with short mouthparts that penetrate
equivalent to one, two and three pairs of glands. HPLC-purlfle@;km to shallow depths may require pharmaco'ogicaL
rSVEP is in lane 5 (fg) and lane 6 (Ag). The electrophoretic yas0active compounds in their saliva to increase blood
mobility of rSVEP is consistent with a protein containedSn S%erfusion in superficial regions of the skin to assist in the

vittatumSGE of approximately 16 kDa, based on the molecular ma . }
standards. Densitometric comparison of the SVEP protein bands mcatlon of the blood supply. The presence of potent erythema

SGE with those of rSVEP indicated that SGE contains 0.144@.01 Inducing activity in salivary glands of all black flies tested
of SVEP per pair of glands (mears#., N=3). supports the hypothesis that such factors are crucial for

survival and were strongly selected for during the evolution of

the New World species of Simuliidae. Further, the association
7.0+0.4 % of the total protein in SYSGE, which was equivalenbetween increased concentrations of erythema activity with
to 0.14+0.0ug of SVEP in a pair of glands (meanss#.,  anthropophilic blood-feeding behavior strongly correlates this
N=3). MALD/MS analysis of purified rSVEP gave a mass ofactivity with vector competency, at least in the species of
15377+38 Da, which matched the molecular mass of SVEBimuliumexamined to date.
isolated from SvSGE. In order to investigate further the means by which black fly

RP/HPLC-purified rSVEP was dried and resuspended isaliva is able to increase perfusion of the papillary dermis, we

Tyrode’s solution and tested for vasodilative activity in thehave cloned a salivary gland cDNA for the vasoactive protein
rabbit aorta relaxation test. Aortic rings, preconstricted witffrom S. vittatumand used it to produce a recombinant protein
2umol 71 phenylephrine, showed a slow relaxation followingthat appears to be identical in structure and function with the
a brief delay (Fig. 5). Furthermore, this relaxation occurred imative salivary protein. Evidence for this conclusion is
a dose-related manner after preconstriction of the aorta witprovided by the following observations: (1) identical migration
either 2umol I1 phenylephrine or 25 mmott K+ (Fig. 6A). In  characteristics of an approximately 16kDa protein in silver-
contrast, when increasing amounts of rSVEP were added to tetined gels following SDS-PAGE &. vittatumSGE and
aorta bathing solution following preconstriction with rSVEP; (2) the molecular mass of HPLC-purified rSVEP is the
60mmolf! K*, the effect was to increase constrictionsame as that of native SVEP isolated from salivary glands (see
(Fig. 6A). Glibenclamide (1@moll™), a compound that ESI/MS and MALD/MS data in Results); (3) the potency for
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Fig. 6. rSVEP-dose-related relaxation of rabbit aortic
rings and its inhibition by glibenclamide. (A) Dose—
response curve. Aortic rings were contracted with
2umol 171 phenylephrine (PE) and 25 or 60 mnmdIK*
before addition of rSVEP at 1, 3, 10 ori@pml~1. SVEP
induced dose-related relaxation in the presence of PE o
25mmol 1 K*, but caused increased contraction in the T
presence of 60 mmoll K*. Increased K concentrations %
were matched by an equivalent reduction in*Na x
concentration. Values are meanss£M., N=4. (B) B‘g
Inhibition of rSVEP-induced relaxation of rabbit aorta
by glibenclamide. Glibenclamide (5 mmotisolution in
ethanol, final concentration W@noll™) or ethanol
(control) was added to aortic rings 17min after —20 T T T T 1 0
contraction with Zimoll~1 PE. Recombinant SVEP 0 5 10 15 20 25 30 35 ({\@\ ’é('\\é‘&
(10pgmil) was added at 27min and inhibition was rSVEP (ug mi-1) e o
measured at 47 min. Values are measE#., N=4-5. e

60 30

%

- 20

- 15

Relaxation (%)

- 10

erythema induction in the rabbit skin test was 1 and 2ng fasften co-localized in neurons with non-peptide transmitters
rSVEP and salivary gland SVEP, respectively. PCR-generatdorris, 1995). They are released after stimulation with high-
fragments that differed by two amino acid residues indicatettequency impulses and often have postsynaptic effects that
that at least two isotypes of SVEP may be preseBtuittatum  develop more slowly and are of longer duration than their non-
saliva. The baculovirus expression system used to produgeptide counterparts (Morris, 1995), as would be expected
rSVEP with native properties also provided high yieldsfrom a receptor-mediated event. The slow relaxation of rabbit
(30 mg 1), which should facilitate further investigation of its aorta in response to rSVEP, following a short delay, indicates
importance to black fly parasite transmission, its mechanisma similar receptor-mediated effect of this insect protein. Further
of action in skin and its potential therapeutic uses. studies indicate that rSVEP also relaxes other non-vascular
SVEP is potent in its action on the peripheral circulatiorsmooth muscles such as the guinea pig tenia coli and trachea
with an end point for induction of visible erythema in the(J. Ribeiro, personal observation). SVEP did not induce
shaved skin of a rabbit of approximately 65 fmol. This potencyelaxation of aorta preconstricted by 60 mmbK ™, indicating
equals that of maxadilan, the erythema protein of sand fliethat, under standard concentrations of extracellufar8/EP
and thus SVEP is among the most powerful vasodilatoresults in increased flow of *Kout of the cell to cause
compounds yet described (Greveliak al. 1995). Although hyperpolarization and smooth muscle relaxation. With high
these two insect-derived erythema proteins show little primargxtracellular [K] abolishing the diffusion potential, membrane
structural identity (discussed below), their overall moleculadepolarization, along with opened*Khannels, resulted in
nature, which reflects secondary and tertiary properties, magcreased muscle contraction. The inhibition of rSVEP action
show more similarity. This notion is indicated by the strikingby glibenclamide further indicates that opening of ATP-
observation that each protein contains 14.29% basic amirdependent K channels may explain the vasoactive effect of
acid residues which could strongly influence its reactivity SVEP. Further evidence will be needed to prove that SVEP
Processing and amidation of maxadilan results in the loss @forks in a similar manner on vascular smooth muscle to induce
two C-terminal residues, increasing the basic nature of therythema and that its mode of action relies on opening ATP-
mature protein to 14.75%. There is no indication that SVEP idependent K channels.
processed to a shorter protein. Several channel inhibitors were tested but none could block
SVEP and maxadilan are secreted by flies that have a simildre effect of maxadilan and thus reveal how it leads to muscle
manner of feeding, i.e. from shallow pools of blood that collectelaxation (Grevelinket al. 1995). Other studies, however,
after capillaries have been lacerated by their short raspirftave shed light on the biochemical processes involved in its
mouth parts. Thus, on the basis of the site of saliva release am&chanism of action, including the elevation of intracellular
the erythema that is induced, it is likely that these proteinsyclic AMP concentrations (Grevelirdt al. 1995). Recently,
target blood flow to the capillary bed that supplies the papillarynaxadilan was shown to bind specifically to type 1 receptors
dermis. Endogenous blood flow to these vessels is under tfer the neurotransmitter pituitary adenyl-cyclase-activating
control of smooth muscle cells that form a precapillarypeptide (PACAP) (Moro and Lerner, 1997). Binding studies
sphincter at the point where they branch from arterioleindicate that most peptidic neurotransmitters, including
(Wilson, 1972). Muscle relaxation allows blood flow into the PACAP, have multiple cellular receptors, with varying ligand
capillary loop, imparting a red blush at the skin surface knowaffinities. In humans, only one of these three receptors
as erythema. (designated PACAP type 1 receptor) showed unique specificity
Muscle control can be mediated by neuropeptides, which afer PACAP, while the other two (PACAP/VIP R-1 and R-2)
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ISVEP ..KLKNKFSG RYLVYGTFDYFLTAGAAVREMDHHWDG GKYDISSKANGHRSRGKNWGVMKDGEKHYFTVENCQE
Maxadilan CDATCQFR KAIDDCQKQAHHSNVLQTSVQTFABMO SQLPGISVFKECNMKQKKKEFKA

PACAP 38 HSDGI FTDSYSRYRKQMNKKYLAAVL&KRYKQRVKNK

PACAP 27 HSDGI FTDSYSRYRKQNKKYLAAVL

Fig. 7. Sequence alignment of SVEP, maxadilan, PACAP 38 and PACAP 27. The full sequence is shown for maxadilan and the PACAP
peptides, but only the latter part of the sequence for SVEP is listed for simplicity. The sequences are aligned to ppggtides di
phenylalanine plus tyrosine in register (see Moro and Lerner, 1997). Identities and conservative amino acid differermesotvatgpto this
alignment are identified in bold type.

also bound vasoactive intestinal peptide (VIP) (Mesteal.  Cupp, M. S., Gupp, E. W.AND RAMBERG, F. B. (1993). Salivary gland
1996). Expression of each receptor shows tissue specificity,apyrase in black fliesS{mulium vittatup J. Insect Physiol39,
with overlapping expression among the three types (Wei and 817-821. o
MOjSOV, 1996) The SDECiﬁC, hlgh-aﬁlnlty blndlng of CUPP,.M. S., RBEIRO, J. M..C.AND Cupp, E. W. (1994). Vasodilative
maxadilan to PACAP type 1 receptor reveals a greater gztl'v'g;én black fly salivary glandsm. J. trop. Med. Hyg50,
complexity to the PACAP'reC.epto.r fam”y than prEViOUSIyPORDON, R.. M. AND CReEwg, W. (1948). The mechanisms by which
understood. This pbservatlon IS hlghllghtgd by the lack o mosquitoes and tsetse-flies obtain their blood-meal, the histology
strong sequence identity betwgen maxadilan and the otherqs the |esions produced and the subsequent reactions of the
members of the PACAP/VIP family (Moro and Lerner, 1997). mammalian host; together with some observations on the feeding
Alignment of SVEP with maxadilan and PACAP 38 and 27 so of Chrysop andCimex Ann. trop. Med. Parasitol2, 334—356.
that a common pair of residues, phenylalanine (F) and tyrosir&eveLink, S. A., GBORNE J., LoscALzo, J. AND LERNER E. A.
(T), is in register reveals few other similarities (Fig. 7). Six (1995). Vasorelaxant and second messenger effects of Maxadilan.
residues are in similar positions for maxadilan and the PACAP J. Pharmac. exp. The272, 33-37.
peptides, while five identical residues and three conservatiyd/DSON A. (1964). Some functions of the salivary glands of mosquitoes
differences occur between maxadilan and SVEP. and other blood-feeding insec@an. J. Zoal42, 113-120.

There are currently many gaps to fill before the structurall AEmMLE, U. K. (1970). Cleavage of structural proteins during the

significant epitopes of these two proteins and their cellular gzziggéy of the head of the bacteriophage Nature 227

targe;ts are revealed. Reso"_/mg the remalnlng.questlo.ns WNJlCR—IERSON G. A. AND ANGus, J. A. (1990). Characterization of
provide a better understanding of how these flies manipulate rgsponses to cromakalim and pinacidil in smooth and cardiac muscle
host blood supply and may further elucidate endogenous py use of selective antagonisds. J. Pharmac100, 201—206.
control mechanisms of peripheral circulation. Recombinantever, M., FLUGE, T., KRUHFFER M. AND FORSSMANN, W. G. (1996).
proteins, now available for each of these factors, should hastenBasic aspects of vasorelaxant and bronchodilating peptides in
the discovery of the missing components. clinical use: urodilatin (INN: Ularitide), VIP and PACARnNN.

N.Y. Acad. SciB05 443-458.
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