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Abstract

Delayed-type hypersensitivity (DTH) response to arthropod vector salivary proteins is associated with protection against pathogen trans
mission. Massive cDNA sequencing, high-throughput DNA plasmid construction and DNA immunisation were used to identify twelve DTH
inducing proteins isolated from Bhlebotomus ariasi salivary gland cDNA library. Additionally, nin®. ariasi DNA plasmids produced
specific anti-saliva antibodies, four of these showed a Th1l immune response while the other two exhibited a Th2 profile as determined by
IgG2a and IgG1 isotype switching, respectively. In order to validate the specificity of sand fly DNA plasmids, mice previously exposed to
sand fly saliva were intradermally injected once with sele@ead-iasi plasmids and a specific DTH response consisting of infiltration of
mononuclear cells in varying proportions was observed at 24 and 48 h. This approach can help to identify DTH inducing proteins that may be
related to host protection against vector-borne diseases or other disease agents where cellular immune response is protective.

Published by Elsevier Ltd.
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1. Introduction than Phlebotomus papatasi and Lutzomyia longipalpis and,
of more importance, on the type of immune responses they
In leishmaniasis, the body of work indicates that a cel- generate in the vertebrate host.
lular immune response (CIR) to sand fly salivary proteins,  The Old World sand flyPhlebotomus ariasi is a vector of
likely from CD4* T cells, provides protection against par- Leishmania infantum, the causal agent of visceral leishma-
asite infection[1,2]. Regardless of the importance of sand niasis (VL) in humans and dogs in the Mediterranean basin.
fly saliva in Leishmania infection, relatively little informa- VL, the most severe form of leishmaniasis, is usually fatal if
tion is available on salivary proteins from sand flies other left untreated. The global incidence of VL is estimated to be
500,000 cases per yej@]. There is no vaccine available for
this disease, and the current treatment is based on antimonial
hypersensitivity; RAS, reverse antigen screening; SGH, salivary gland dru_gs with ad.verse side effects. Recently, the mportance of
homogenate ’ ’ ' ’ salivary proteins from sand fly vectors as potential targets for
* Corresponding author. Tel.: +1 301 402 1582; fax: +1 301 594 5373.  vaccine development to contitishmania infection was put
E-mail address: jvalenzuela@niaid.nih.gov (J.G. Valenzuela). forward[1,2].

Abbreviations: CIR, cellular immune response; DTH, delayed-type
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Saliva from sand flies and other blood feeders contains within each cluster were compared with the non-redundant
potent pharmacologic components that facilitate blood mealsprotein database using the BlastX progrfif] and with
and evading host inflammatory and immune respops8% the CDD database, containing all Pfam and SMART motifs
Arthropod vector saliva also plays a role in pathogen trans- [17], using the RPS-BLAST prograiii6]. Three possible
mission. A small amount of vector saliva can exacerbate reading frames of each sequence were inspected for long-
parasite or virus infectivity6—13]. On the other hand, the reading frames with an initial methionine residue, followed
immune response to arthropod saliva or bites precludes estabby at least 40 residues. These were submitted to the SignalP
lishment of the pathogen in the vertebrate hidsi0,14] server http://www.cbs.dtu.dk/services/SignalP-2 fat ver-

The mechanism of protection may include generation of anti- ification of secretory signal peptide, which resulted in the
bodies that neutralise the effect of the salivary component(s)identification of 24 clusters coding for proteins containing
responsible for pathogen establishmgri]. The vertebrate  this peptide.

host CIR against salivary proteins, however, may either kill ~ Table 1shows the first 40 clusters (from a total of 105) in
the parasite or negatively affect its future development by descending order, from the most abundant sequences to the
changing the cytokine pattern at the parasite inoculation site.least (Table 1 columns A and B); the best matches of these
Indeed, Kamhawi et aJ1] reported that animals pre-exposed sequences to the NCBI data bank (column C); the e-value for
to P. papatasi sand fly bites generated a strong delayed-type the NCBI match (column D); the protein family (Pfam) best
hypersensitivity (DTH) response at the site of the bite that match (column E); the e-value for the Pfam match (column
protected them againgt major infection. Moreover, mice  F); the presence (SIG) or absence (No SIG, No ORF, ANCH)
vaccinated with a 15-kDa protein & papatasi (PpSP15) of signal secretory peptide (column G), and annotations for
produced a strong DTH in C57BL/6 mice resulting in pro- these sequences (column H). Of the first 40 clusters, 19
tection againsL. major infection[2]. were of sequences with predicted secretory proteins and the

Because the CIR to vector salivary proteins depends on theremaining represent clusters containing housekeeping genes
genetic background of the vertebrate host, a broader approactor unknown sequences without a clear secretory signal pep-
is required for selecting and testing of multiple candidates. tide. In this cDNA library we found 53 sequences (out of 538)
Unfortunately, robust algorithms capable of predicting pep- of probable housekeeping genes arranged in 49 clusters, an
tides to be presented as MHC class Il are not currently average of 1.1 sequences per cluster. Another set of cDNA
available. Such algorithms are required to select transcriptsfound in this library contains clones which do not have sim-
or genes that can generate a cellularimmune—particularly ailarities to other genes in the NCBI databank, do not have
DTH—response. an assigned function (by CDD analysis), and do not have

In the present work, high-throughput approaches baseda secretory signal peptide. We found 40 sequences (out of
on massive cDNA sequencing, proteomics, and customised538) of these types of genes arranged in 33 clusters (1.21
computational biology were used to explore the transcripts sequences per cluster). The most abundant cDNA found in
present in the salivary glands of the sandHlyiriasi. Tran- this library are the ones coding for secretory proteins. We
scripts encoding the most abundant secreted proteins werdound 445 cDNA (out of 538 sequences) coding for poten-
tested by DNA immunisation and reverse antigen screeningtially secreted proteins arranged in 24 clusters (an average
(RAS) for their ability to induce either cellular or humoral of 18.5 sequences per cluster). Overall, cDNA coding for
immune responses in animals. The RAS approach consists okecretory proteins is 5.3 times greater than cDNA coding for
a recall immune response produced by the injection of DNA non-secreted proteins. The cDNA coding for secretory pro-
plasmids coding for salivary transcripts in animals previously teins therefore represents 82.7% of the cDNA sequenced in
exposed to sand fly salivary proteins. this sand fly cDNA library.

High-throughput screening combined with RAS repre-  The full-length sequence was obtained for each of the
sents a novel method for rapid screening of vector pathogen24 clusters (out of 105 clusters) containing cDNA coding
molecules to search for vaccine candidates based on identifor proteins with a clear signal peptiddable 2 shows
fication of CIR that can prevent a particular disease. the analysis of these sequences, including the name of

the sequence, the cluster to which the cDNA belongs, the
molecular weight of the mature protein, the best match to

2. Results NCBI database, the e-value for NCBI best match, the size of
the clone, the signal peptide cleavage site, and the isoelectric

2.1. Identification of the most abundant secreted point of the predicted mature protein. The penultimate

proteins in the salivary glands of P. ariasi column indicates whether the sequence of predicted protein

from the cDNA has been found in proteome analysgi®.

A non-amplified cDNA library from the salivary glands of  ariasi salivary gland homogenate (SGH) (data not shown).
the female sand flf. ariasi was plated and 550 plaques were Similar to Table 1 the selected cDNA inTable 2 are
randomly picked and sequenced. The resulting sequencesrranged in descending order, from the cluster containing
were clustered using Blaatwith a cutoff of 10EC obtain- the most abundant transcripts to that with the least abundant
ing 105 unique clusters of related sequences. All sequencedranscripts in the cDNA library. Imable 2 the sequences
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Table 1
First 40 clusters from the salivary gland of the sandPyebotomus ariasi
A B C D E F G H
1 89 gi 10443907 salivary apyrase. . 1.00E-50 pfam00902 UPF0032 3.00E-05 SIG Apyrase
2 64 gi 10726425 CG3996 gene product 7.00E-04  pfam00654 volieyE€ 7.00E-04  SIG Unknown/lon channel
3 62 014887114 SL1 protein [Lutz. .. 9.00E-22  pfam02414 BorreliarfA 5.00E-07 SIG SL1 protein
4 61 014887116 putative yellowr. .. 2.00E-52  No matches found SIG Yellow protein
5 38 014887102 antigen 5-related. . 9.00E-72  pfam01604 7td 8.00E-05 SIG Antigen 5
6 32 0i4887114 SL1 protein [Lutz. .. 5.00E-24  No matches found SIG SL1 protein
7 22 gi 159559 D7 protein [Aedes aegypti] 5.00E-04  Smart smart00198 SCP 3.00E-19 SIG D7 protein
8 12 0i4887114 SL1 protein [Lutz. .. 4,00E-19 pfam00520 iatrans 9.00E-05 SIG SI1 protein
9 11 0i14770686gi|14770686ef XP_012055.3 0.019 No matches found SIG Unknown
10 10 0{5881881 deoxyribonuclease | 1.00E-08  Smart smart00477 NUC 2.00E-11 SIG DNAase
11 9 017290519 CG3009 gene product 3.00E-15 Smart smart00085 PA2c 6.00E-04 NOORF Phospholipase like
12 8 gi 159559 D7 protein [Aedes aegypti] 4.00E-04  No matches found SIG D7 related protein
13 6 No matches found (novel) No matches found SIG Unknown
14 5 gi 729283% CG4346 gene product 0.059 No matches found NoORF  Unknown
15 3 No matches found pfam01028 Topoisomerase2.00E-06  SIG Unknown
16 3 gi7301811 CG7592 gene product 3.00E-05 No matches found SIG D7 protein —-DM
17 2 No matches found No matches found SIG Unknownv
18 2 012565196 non-functional folate 4,00E-18 No matches found NoORF  Unknown/conserved
19 2 gi 12328431 elongation factor 1 8.00E-68  pfam00043 GST 9.00E-17 NoSIG Elongation factor
20 2 gi7291156 CG15304 gene product 3.00E-12  No matches found NoSIG CcAMP generating
peptide
21 2 No matches found No matches found SIG Unknown
22 2 017302162 CG12775 gene product 6.00E-60 pfam01157 Ribosdi@de  3.00E-37  NoSIG Ribosomal protein
23 2 No matches found No matches found SIG Unknown
24 2 0i1478352%i|1478352%ef XP_047386.1  0.001 pfam01456 Tryjmucin 5.00E-04 NoORF  Mucin
25 1 No matches found No matches found SIG Unknown
26 1 No matches found No matches found NoSIG Unknown
27 1 No matches found pfam01604 76n 4.00E-07 NoOORF
28 1 01266920 ... 2.00E-67 pfam00827 Ribosomial5e  4.00E-89 NoSIG Ribosomal protein
29 1 No matches found No matches found NoORF  Unknown
30 1 No matches found No matches found NoORF  Unknown
31 1 0i31231749i|3123174spQ16465YZAL - 0.001 No matches found NoORF  Unknown
HUM
32 1 gi 10728700NPC1 gene product 8.00E-29 pfam02460 Patched 4.00E-17 ANCH Membrane protein
33 1 0i2313033rabl [Drosophila 8.00E-91  pfam00071 ras 3.00E-74 NoORF RAB protein
34 1 No matches found No matches found ANCH Unknown
35 1 gi 7298584 Sd gene product 3.00E-16  No matches found ANCH RANGap protein
36 1 gi 4585827 ribosome associated 6.00E-17  No matches found NoORF  Ribosome associated
37 1 No matches found No matches found NoSIG Unknown
38 1 No matches found No matches found NoORF  Unknown
39 1 No matches found No matches found NoORF  Unknown
40 1 0i3123274. .. 8.00E-62  pfam01655 RibosomiaB2e  2.00E-37  NoSIG Ribosomal protein

(A) Cluster number; (B) number of sequences in cluster; (C) NCBI best matclg y@lues of NCBI match; (E) Pfam best match; @Fyalue of Pfam; (G)

SignalP result; (H) Comments/annotations.

were named based on the sand fly species {Patiasi), the

endonucleasePgrSP10), a phospholipase A2PgrSPI11),

origin (SP, salivary protein), and the cluster number where an enterokinase PgrSP46), and three cDNA homolo-

the cDNA was located (01 represents cluster 1).
Fromthe 24 cDNA described ifable 2 eleven are homol-

gous toAnopheles gambiae genes agCP1360PdrSP31),
XP_319892 ParSP43) and XP311647 ParSP80); and seven

ogous to proteins previously described in other sand flies, cDNA with no sequence similarities to any other proteins or

including a salivary apyras@4rSP01) from P. papatasi and
Lu. longipalpis, the 32-kDa salivary protein frol papatasi
(ParSP02), SL1 protein fromLu. longipalpis (ParSP03 and
ParSP06), a yellow related proteinRarSP04 andParSP04b)
from P. papatasi andLu. longipalpis, antigen-5 related pro-
teins from Lu. longipalpis (ParSP05), D7-related proteins
(ParSP07, ParSP12 and ParSP16), and a 12-kDa salivary
protein fromP. papatasi (ParSP08). Six cDNA are homol-

genes in accessible databases-§P09, ParSP13, ParSP15,
ParSP17, ParSP21, ParSP23 and ParSP25). These proteins
may be unique t@® ariasi.

2.2. High-throughput cloning of the most abundant P.
ariasi clones coding for secreted proteins

Because CIR to vector salivary proteins are associated

ogous to proteins described in other insects, including an with protection against parasite transmission, we wanted to
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Table 2
Phlebotomus ariasi cDNA coding for secreted proteins
Name Cluster  Mature Best match to NR database Evalue  cDNA SigP p/ Presentin  NCBI gene

Protein size cleavage N-terminal  accession

MW (bp) site sequence number

analysis

ParSP01 1 35.48  Phlebotomus papatasi apyrase 4e-96 1161 20-21 8.52 Yes AY845193
ParSP02 2 30.45 32 kDa protdthlebotomus papatasi 7e-18 992 17-18 10.25 Yes AY845194
ParSP03 3 14.3 SL1 protelmzomyia longipalpis 4e-18 530 20-21 8.63 Yes AY845195
ParSP04 4 41.67 P papatasi yellow related protein 44kDa  e-110 1268 18-19 578 Yes AY845196
ParSP04b  4b 42.89 P papatasi yellow related protein 44kDa  e-118 1306 18-19 8.28  Yes AY850692
ParSP05 5 29.64 Antigen 5 related proteidongipalpis 3e-91 1067 19-20 9.13  Yes AY850691
ParSP06 6 14.26 SL1 protelmrzomyia longiapalpis 3e-20 506 19-20 9.44  Yes AY861654
ParSP07 7 26.91 P papatasi D7 related protein, 30kDa 8e-42 977 19-20 9.44 AY861655
ParSP08 8 14.09 12 kDa protdpapatasi 3e-17 518 20-21 8.8 Yes AY861656
ParSP09 9 34.16 Novel sequence 1047 22-23 9.03 AY861657
ParSP10 10 41.38 Similar to endonucledségngipalpis 7e-43 1268 23-24 9.41 AY861658
ParSP11 11 29.82 Phospholipase B2melanogaster 3e-83 1087 29-30 8.43  Yes AY861671
ParSP12 12 26.56 P, papatasi D7 related protein, 28 kDa 2e-72 838 18-19 9.06 Yes AY861672
ParSP13 13 12.29 Novel sequence 530 21-22 4.88 AY 862484
ParSP15 15 4.9 Novel sequence 303 20-21 11.47 AY 862485
ParSP16 16 26.74 P papatasi D7 related protein, 28 kDa 6e-71 815 19-20 7.5 Yes AY862991
ParSP17 17 38.97 Novel sequence 1263 25-26 7.57 AY862992
ParSP21 21 10.22 Novel sequence 492 20-21 4.86 AY862993
ParSP23 23 2.38 Novel sequence 346 24-25 9.19 AY862994
ParSP25 25 26.56 Novel sequence 914 21-22 4.93 AY862995
ParSP31 31 23.71  Anopheles gambiae, agCP13609 8e-17 899 17-18 6.79 AY862996
ParSP43 43 10.57  Anopheles gambiae, XP-319892 le-36 536 21-22 4.83 AY862997
ParSP46 46 47.88 Similar to enterokinaBemelanogaster ~ 3e-51 1520 20-21 4.76 AY 862998
ParSP80 80 16.25 16.1 kDalongipalpis salivary protein 3e-72 674 20-21 5.44 AY862999

determine if the isolate® ariasi salivary cDNA coding for of producing a secreted protein and to mimic the presenta-
secreted proteins were capable of producing specificimmunetion of the antigens that are injected by the sand fly into the
responses in animals that could be associated with correlateskin. Using this plasmid, we cloned the cDNA coding for the
of protection against leishmaniasis, mainly a Thl type CIR. 24 most abundant secreted proteins fr@Bmriasi, resulting

At present, there are no robust algorithms capable of pre-in more than 90% cloning efficiency. The resulting plasmids
dicting CIR based on peptides presented in the context of were purified and sequenced; no mutations or frame shifts
MHC class Il. The conventional approach is to produce syn- were observed in any of the preparations.

thetic peptides or recombinant proteins, then purify them and

test their antigenicity. This approach, however, is limited to 2.3. Specific delayed-type hyper sensitivity response

a small number of samples and to the speed of the produc-induced by DNA plasmids encoding P. ariasi salivary

tion of recombinant proteins, the quality, quantity, and purity proteins

of these expressed proteins. An alternative approach is DNA

immunisation. Delivery of antigens by DNA immunisation A CIR is a key event inLeishmania infections. A

has been shown to produce both humoral and CIR. To testThl-type CIR controls the establishment béishmania

all the secreted proteins present in the saliv& afriasi, we parasites in vertebrate hosts, while Th2 immune responses
designed a high-throughput cloning DNA plasmiidyg. 1) to promote their survival. Because a CIR, particularly a
be used as a delivery and expression system of these salivargelayed-type IV hypersensitivity response, Ropapatasi
genes in animal skin for the purpose of studying immune sand fly bites or SGH can protect agaihstnajor infection
responses in animals to sand fly salivary proteins. This DNA [1,10], we wanted to determine whether DNA plasmids
plasmid named VR2001-TOPO is derived from the plasmid encodingP. ariasi salivary proteins could induce a specific
VR1020 (Vical Inc.), which has been extensively utilised as DTH response in the ear of mice. We used DTH response,
a DNA vaccine to deliver antigens into animals, including measured as the increase in ear thickness 24 and 48 h post
humang18]. VR2001-TOPO was modified by the addition injection, as a surrogate for CIR. Outbred Swiss Webster
of topoisomerases flanking the cloning site as described in themice were injected three times at two week intervals with
Sectiond (Fig. 1). The advantage of this new plasmid is the ariasi DNA plasmids. Two weeks later, mice were injected
rapid and efficient cloning without the creation of new restric- in the opposite ear with supernatant of theariasi SGH
tions sites on the mature product. Additionally, the plasmid as an antigen to induce a specific DTH response. A CIR
contains a signal secretory peptide that increases the chancewas scored by measuring mouse ear thickness at 24 and
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Accl - 14

BamHI - 193

TOPO cloning site - 194
BamHI - 210

Bglll - 216

Sphl - 423

Bsgl - 729

Hindlll - 2343

TOPO cloning site

Gly Ser Leu

5’.. GCA GTC TTC GTT TCG CCC AGC GGT ACC GGA TCC CTT-TOPO GGGATCC .. 3
3’.. CGT CAG AAG CAA AGC GGG TCG CCA TGG CCT AGG GA TOPO-TTCCCTAGG .. 5'
(B) BamH I BamH I

Fig. 1. Schematic representation of the VR2001-TOPO DNA cloning plasmid. (A) The high-throughput DNA cloning vector was constructed as described in
Sectiord. The VR2001-TOPO construct contains the sequence encoding the tissue plasminogen activator signal peptide (TPA) to ensure the protein is secrete
This vector also contains the Cytomegalovirus promoter (CMV) for expression on mammalian cells and a kanamycin resistance gene. Two topaigomerases
flanking the cloning site (marked as “TOPO” cloning site) to facilitate cloning into this vector. Note that sequences encoding the signal peppicenGidi/

and Kanamycin resistance gene are not drawn to scale (B) Detailed sequence of the TOPO cloning site indicating the amino acids from the TPAIsignal pepti
that precedes the cloning site and the two unique Bam Hl sites flanking the DNA insert site.

48 h after salivary gland injection. Animals immunised with
a number ofP. ariasi DNA plasmids produced a specific
DTH response taP. ariasi SGH (ig. 2A). In contrast,
control vaccinated animals or ive mice do not produce
a detectable DTH response. Twelve out of the 24 DNA
plasmids (50%) produced skin responses abovigenar
empty plasmid-immunised mic€ig. 2A). The rank of mea-
surements (meah standard error of the mean or S.E.M.) in
descending order is as followBarSP25 (1.074+0.20 mm),
inducing the largest measurable skin responzeSP0I
(0.97+£0.19mm), ParSP03 (0.874+0.08 mm), ParSP15
(0.840.15mm), ParSP46 (0.77+0.08 mm), ParSP17
(0.764+0.03mm), ParSPO7 (0.73+0.08 mm), ParSPI2
(0.73+0.08 mm), ParSP0O5 (0.74+0.06 mm), ParSP21
(0.67+0.18 mm),ParSP08 (0.63+ 0.17 mm), andParSP10
(0.6+0.15mm), with the lowest detectable increase. Only
the skin responses generatedPaySP25, ParSP01, ParSP0O3

and SGH were statistically significant when compared with
the empty vector and the iv@ mice p <0.05).ParSP25, the
strongest DTH-inducing plasmid from this cDNA library,
encodes a 26-kDa protein, with no similarities to other
proteins in accessible databas&sg( 2B). This predicted
protein is very rich in negatively charged amino acids such
as aspartate (D) and glutamate (E), 47 in total, and very rich
in serine (S), representing a total of 29 amino ackig.(2B).
Most of these charged amino acids are concentrated at the
N-terminus region of the proteir{g. 2B). The amino acid
charge distribution of this protein may be relevant for its
antigenicity. ParSP01, the second strongest DTH-inducing
cDNA, codes for the most abundant protein in this cDNA
library. ParSPO1 codes for a protein of 35-kDa and is
homologous taCimex apyrase family of proteinfl9], that
includes the apyrase frotu. longipalpis [20] and P. pap-
atasi [21]. Homologous proteins are also present in humans,
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Fig. 2. (A) Delayed-type hypersensitivity (DTH) response generated Aftetasi plasmid immunisation. Five Swiss Webster mice were immunised three
times at 2-weeks intervals with ariasi DNA plasmids in the right ear, and subsequently challenged 2-weeks later in the left ear With/@:5 salivary gland
pairs. DTH was assessed by ear thickness measurements at 48 h. Asterisks indicate statistical differér@®s when compared with theina and empty
plasmid immunised mice (VR2001).The errors bars represent standard error of the mean. (B) Predicted amino acid séqug&p2e ddNA. Underlined
amino acids indicate the signal secretory peptide. Shaded amino acids indicate negatively charged amino acids present on this molecule.

rats, and some insectBi@. 3A). Phylogenetic tree analysis (Fig. 3B). The third strongest DTH-inducing protein is
of the different apyrases separates sand fly apyrases into &2arSP03. This is a protein of 14-kDa homologous to the
different clade, which is much closer to that of the bedbug SL1 Lu. longipalpis salivary protein and to the PpSP12,
C. lectularius apyrase than tDrosophila or human apyrases  PpSP14 and PpSP15 proteins frBrpapatasi. PpSP15 was

Drosophila
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(B) o2 P.papatasi
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Fig. 3. Analysis of ParSP01, an apyrase homologue. (A) CLUSTALW alignment of ParSP01 with apyrases from different organisms including human, rat,
XenopusAnopheles gambiae, Cimex lectularius, P. papatasi, andLu. longipalpis. Black-shaded amino acids represent identical amino acids and gray-shaded
amino acids represent similar amino acids. (B) Phylogenetic tree analysis comparing ParSP01 with other apyrases.
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previously shown to produce a strong antibody and DTH and Lu. longipalpis), there were only a few amino acids
response to salivary proteins and to confer protection againstthat were identical or similar among these seven proteins.

L. major infection in mice[2]. There are no similarities

Among them, are six highly conserved cysteinesgy (4B),

of ParSP03 to proteins from other organisms, suggestingwhich may be important in maintaining the structure for
this protein may be unique to sand flies. There were two this family of proteins. Phylogenetic tree analysis of these

other cDNA related to this protein in this librarBarSP06
and ParSPO08, of which ParSP0OS produced a DTH in mice

proteins shows three distinct groups with ParSP03 separating
from the rest of the proteins, ParSP06 and ParSP08 grouping

(Fig. 4A). When these three proteins were aligned with with SL1 from Lutzomyia and the thre. papatasi proteins
grouping in a separate cladeig. 4C).

homologues from the other two sand fly specggparasi
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Fig. 4. (A) CLUSTALW alignment of ParSP03 with ParSP06 and ParSP08. Black shaded amino acids represent identical amino acids and gray shaded amin
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Black-shaded amino acids represent identical amino acids and gray-shaded amino acids represent similar amino acids. (C) A phylogenetidénigee compar
full-length ParSP03, ParSP06, and ParSP08 with homologuegdpatasi andLu. longipalpis sand flies.
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Fig. 5. Comparison of antibody levels produced by Swiss Webster mice immunised with the 24 differeinsi DNA plasmids or with salivary gland
homogenate (SGH). Results are expressed as the m8daM. of three different experiments. Asterisks indicate statistical differepce8.05) when
compared with the rige and empty plasmid immunised mice (VR2001).

2.4. Humoral immune responses induced by DNA with P. ariasi DNA plasmids that previously produced either
plasmids coding for P. ariasi salivary proteins a strong antibody or CIR were selected. The sera of mice
immunised with the plasmidBarSP25, that produced the
To evaluate whether the VR2001-TOPO DNA plasmids strongest antibody and DTH-(gs. 2A and %, resulted in
encodingP. ariasi salivary proteins can also elicit a humoral higher production of IgG1 antibodies when compared with
immune response, serum of immunised animals was testedhe 1gG2a isotypeKig. 6), suggesting an immune response
by ELISA for the ability to recognise ariasi SGH proteins. with Th2 profile. Mice immunised with SGH had a similar
Antibody responses were detected in mice immunised with IgG1/lgG2a profile a®arSp25, with overall lower antibody
plasmidsParSP03, ParSP04b, ParSP07, ParSP10, ParSP15,
ParSP16, ParSP23, ParSP25 andParSP46 (Fig. 5). Animals Table 3
injected with the other 15 plasmids or with empty VR2001 mmune responses (antibody and DTH) generated by SW mice after immu-
DNA plasmids did not produce observable levels of antibod- nization withP. ariasi DNA plasmids as described in Figs.2 and 5

ies againsP. ariasi salivary proteins. As a positive control, DTH response Antibody response
the sera of animals injected with SGH produced antibodies 5, cpo; et _
to these proteing~g. 5). ParSP02 - -
Mice immunised with plasmid®arSP25 and ParSP23 ParSP03 +H+ ++
produced the strongest antibody responsé deiasi SGH. Parsp0o4 - -
ParSP04b - +

ParSP25, described irFig. 2B, is also the strongest inducer ParSPOs o "
of a DTH. ParSP23, the second strongest antibody inducer, . .cpog _ B
codes for a small salivary peptide of only 2-kDa; this peptide parspo7 + +
has no significant similarities to other sand fly proteins or ParSP08 + -
other proteins deposited in accessible databases, thus probdarSP09 - -
bly representing a sand fly-specific peptitigble 3showsthe ~ ParSP10 * *
. . .. ParSP11 - —
immune responses (CIR or antibody) generated by the dif- ,_ sp1>
ferent DNA plasmids coding faP. ariasi secreted proteins. ParSP13 _ _

ParSP15 ++ ++
2.5. Specific production of IgG1 and IgG2a antibodies Ez:giig _+ + .
to P. ariasi salivary proteins ParspP21 o _
_ _ ) _ ) ParSP23 - +++
Sera of mice immunised witlR ariasi DNA plasmids, ParSP25 +H+ -

which previously produced either a strong antibody or strong ParSP31 - -
antibody and CIR, were investigated to determine the type of Eagiﬁ ", )
immune response generated by fheriasi salivary proteins. P:rSPSO _ B

The level of specific IgG antibody subclasses, 1gG1 (Th2 ggn i et

profile) and IgG2a (Th1 profile) were tested by ELISA using VR2001 - -

SGH a?’ antige_n' Itis well dO_Cume_nted th_at Thlresponses Ar8GH, salivary gland homogenate; VR2001, empty vector. (—) represents
protective againgdteishmania infection, while Th2 responses  no response detected; (+) low response, (++) good response; (+++) strong
promoteLeishmania infection[22]. Sera of mice immunised  response.
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Fig. 6. Production of specific antibody isotypes (IgG1 or IgG2a) in Swiss Webster mice injected with séleotiedi DNA plasmids. Isotype antibody
response was measured by ELISA using the serum of animals immunised with selected DNA plasnfitlglandmus ariasi salivary gland homogenate
(SGH) as an antigen. Results are expressed as thesm®dnM. of three different experiments.

titers (Fig. 6). The sera of mice immunised witPurSP15 accessible databasd%.rSP46 codes for a protein that pro-
plasmid resulted in an equivalent production, however low, duced a strong DTH respondéd. 2A), low antibody levels
of IgG1 and 1gG2a antibodie®arSP15 codes for a protein  (Fig. 5), and a Th1 profileKig. 6). Based on the large num-
of 4.9-kDa, with no similarities to other genes or proteins ber of identical amino acids throughout the molecule, this
in accessible databases. Background levels of the two sub-48-kDa protein has similarities to enterokinases from other
classes were observed RarSP10, nave or empty vector  organisms, including fruit flies, mosquitoes, and humans
immunised miceKig. 6). (Fig. 8).

The P, ariasi DNA plasmids that produced a Th1 profile,
as indicated by the predominance of IgG2a rather than IgG12.6. Reverse antigen screening (RAS): specific skin
antibodies, wer&arSP03, ParSP07, ParSP10, ParSP23, and recall responses produced by P. ariasi salivary DNA
ParSP46 (Fig. 6). ParSP03 was shown to produce both a plasmids
DTH and antibody respons€ifs. 2A and %. This protein,
as described above, is similar to SL1 protein frbim longi- In this study we have demonstrated that repeated DNA
palpis and to the PpSP15 protein fraPpapatasi. ParSP07, immunisation using a number Bfariasi salivary DNA plas-
another DNA plasmid producing a Thl profile and shown mids can prime the immune system to produce a specific
to produce a DTH and antibodieBi¢s. 2A and %, encode DTH response when animals were subsequently injected with
a salivary protein of 27-kDa that belongs to the D7 family total SGH. To determine how specific these immunisations
of proteins, and also found in other diptg38]. There are were and evaluate the type ofimmune response generated, we
two other cDNA with homologies to D7 from this cDNA  tested an approach we have abbreviated as “RAS” to deter-
library, ParSP12 and ParSP16 (Fig. 7A). Neither of these mine whether a skin recall response or CIR in sand fly saliva
two cDNA produced antibody response when injected in pre-sensitised animals can be specifically induced following
mice Fig. 5 and only ParSP12 produced a DTH in ani-  inoculation of a particulaP. ariasi salivary DNA plasmid.
mals Fig. 2A). When comparing D7 proteins found in the The rationale for this approach relies on the presence of mem-
P. ariasi cDNA library to D7 proteins from other insects, ory by T cells to specific salivary antigens following exposure
we observed that only a small number of identical or similar to SGH or to sand fly bites. A specific recall response will
amino acids are present throughout the moleckig. (7B). be produced if the injected DNA plasmid expresses a protein
Phylogenetic tree analysis clustered the ParSPO7 protein withthat can be recognised by the memory T cells. Phe-iasi
D7 proteins fromAedes andAnopheles mosquitoes while the  salivary DNA chosen for this experiment were selected based
other twoP. ariasi D7 proteins were clustered with thex. on their ability to produce either a Th1l profile such as plas-
longipalpis D7, apart fromP. papatasi D7 proteins Fig. 7C). mid ParSP03, a Th2 profile such as plasmi@rSP25, and a
ParSP23, a Thl profile-inducing plasmid that appeared to plasmid that produced only DTH and no antibody responses
produce antibody but not DTH response, encodes a novelsuch as plasmidarSP0I1. Swiss Webster mice previously
2.3-kDa protein with no similarities to other proteins in immunised three times witR ariasi SGH on the right ear

Fig. 7. (A) CLUSTALW alignment of ParSP07 with ParSP12 and ParSP16. Black-shaded amino acids represent identical amino acids and gray-shaded amin
acids represent similar amino acids. (B) CLUSTALW alignment of ParSP07 with related proteins in other insects. Black-shaded amino acidsespiczdent i

amino acids and gray-shaded amino acids represent similar amino acids. (C) A phylogenetic tree analysis comparing ParSP07, ParSP12, and ParSP16 w
homologues in other insects.
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Fig. 8. CLUSTAW alignment of ParSP46 with related proteins in other organisms. Black-shaded amino acids represent identical amino acidsadetigray-sh
amino acids represent similar amino acids.

were challenged only once with DNA plasmids coding for animals injected wittParSP25, ParSP01, andParSP03 DNA
ParSP25, ParSP0O1, and ParSP0O3 or empty plasmid on the  plasmids equivalent to responses showrig. 2, no skin
left ear. Skin responses were analysed by ear thickness at 24esponse was observed in animals injected with empty plas-
and 48h. A DTH response (ear thickness) was observed inmid. To investigate the nature of the DTH response produced

ParSP25 ParSP01 ParSP03 VR2001
B i) c M D #i7ap"
¢ [/
.( {
.ﬁ? }
H 6

Fig. 9. Specific skin-recall response generate® byiasi DNA plasmids in animals previously exposediairiasi salivary proteins. Histologic analysis was
performed on 10 mouse ears previously immunised with salivary gland homogenate (SGH) and then challenged with ParSP25, ParSP01, and PasSP03 plasm
or control VR2001 DNA plasmid (empty vector). Sections are from tissue taken at 48 h after DNA immunisation. Magnifications<ae-1¥)0and 320X

(E-H). Parafilm slides from these tissues were stained with hematoxylin-eosin (H and E) and analysed under a light microscope. Three sectilyasdvere ana
per mouse ear.
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by these molecules, histological evaluation from mouse ear ParSP03. This inflammatory infiltrate consisted mostly of
sections at 24 (not shown) and 48 h after DNA plasmid injec- mononuclear cells with only a few polymorphonuclear cells.
tion was performedKig. 9). In the areas of the injection, Apoptotic cells or necrosis were not seen in the H&E slides
inflammatory response was seen as early as 24 h after plasmit higher magnificationqig. 104).

injection (not shown) but was more extensive and pronounced  To identify the specific cell type present on the DTH pro-
at 48 h Fig. 9A—H). Recruited cells extended from the der- duced byParSP03 plasmid, immunohistochemistry of mouse
mis of the ear into subcutaneous tissues and adjacent to thear sections was performed. Macrophages were detected by
ear cartilage. The skin responseRaariasi plasmid injec- the expression of Mac-2 and these were very abundant in
tion consisted of infiltration of inflammatory cells including the inflammatory sitedg. 18B—C). CD3 T cells were also
small lymphocytes, macrophages, and neutrophils, in vary- detected and were the prominent cell type in the inflammatory
ing proportions, as seen in H&E stained sectidfig.(9%E—H). sites Fig. 1). Only a few CD45R B-lymphocytes and a
The difference amongie ParSP0O1, ParSP03, andParSP25 few plasma cells were seen on these sites (data not shown).
challenged mice groups was primarily in the degree of inflam- Neutrophils detected by myeloperoxidase expression were
matory response rather than the population of inflammatory seen only in small proportion as compared with other cell
cells. ParSP25 challenged mice had the largest increase in types fig. 1(E). Mast cells, detected by Giemsa stain, were
ear thickness when compared wiearSP0OI and ParSP03, often found adjacent to the inflammatory lesioRgy( 10F).

at either 24h or 48h time point§ig. 9A-D). The plas- This type of cell was mostly present along the skin and car-
mid producing the most focal cell recruitment, however, was tilage of normal untreated ears and in areas of the ear away

SN N
e 7L

.-..-.—
vy

Fig. 10. Immunohistochemical characterisation of the cell infiltrate recruited after injectRam$#03 on mice previously immunised with ariasi saliva. (A)
Morphology of the mixed inflammatory cell population at 48 h after challengeRuitsiP03 plasmid. H and E stain; 1060magnification. (B) CD3 positive cells
with T-cell morphology detected at 48 h after challenge wihSP03 plasmid. Immunoperoxidase, hematoxylin counterstain 4@C) Macrophages were
detected by anti-Mac-2 antibodies, at 48 h after challenge RuithiP03. Inmunoperoxidase, hematoxylin counterstain, 4@0agnification. (D) Same as (C)
at 1000« magnification. (E) Neutrophils were detected by myeloperoxidase expression at 48 h after challe®geS®ih. Inmunoperoxidase, hematoxylin
counterstainx 1000. (F) Mast cells were identified as dark metachromatic cells surrounding the cell infiltrate 48 h after challefgesWith. Giemsa stain;
200x magnification.
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from inflammatory sites associated with the injection sites. for the identification of vector salivary molecules that can
The ear of the mice injected with the empty plasmid showed produce CIR in animals.
no increase in ear thickness and no infiltration of inflamma-  In leishmaniasis, it is established that the generation of
tory cells. Th1l responses protect from infection, while Th2 responses
promote the development of dised2€]. Moreover, it was
demonstrated that a Type 1 CIR, particularly a delayed-
3. Discussion type IV hypersensitivity response, generatedPbyapatasi
sand fly bites or SGH protected agairist major infec-
Here we report on the development of a high-throughput tion in C57BL/6 mice[1,10]. Therefore, we postulated that
DNA plasmid production and immunisation strategy aimed at salivary proteins that induce a Type | CIR represent good
the identification of proteins that can produce a strong DTH anti-Leishmania vaccine candidates. Importantly, not all the
response, antibody response or a combination of both. Weplasmids that produced a DTH response were associated with
believe this novel approach will accelerate vaccine develop- a Thl immune profile. For example, a Th2 profile, as mea-
ment by improving the rationale for choosing candidates for sured by IgG1 isotype switching, was observed in animals

testing. immunised withParSP25 DNA plasmid. A mixture of Thl
Since we are interested in sand fly salivary proteins as and Th2 was observed in animals immunised with plasmid
candidates for the development of an awishmania vac- ParSP15. Therefore, these proteins, despite the fact that they

cine, and because of the large number of sand flies that carproduce a strong DTH response, may not be good vaccine
transmitLeishmania and the large number of salivary pro- candidates for protection agairstishmania infection.
teins present in each species, we wanted to design a robust Salivary proteins that produced a strong Thl profile
system to study the immune responses generated by the difinclude ParSP03 that produced one of the strongest DTH
ferent salivary proteins. The massive sequencing ofiasi and IgG2a antibody responses. This protein is similar to the
salivary gland cDNA allows us to identify and isolate the SL1 protein fromLu. longipalpis and to the PpSP15 pro-
most abundant secreted proteins present in the sand fly salitein from P. papatasi that conferred protection againkt
vary glands that would be exposed to the vertebrate immunemajor infection in mice[2]. We found two other proteins
system and thus represent a targeted repertoire of proteins tavith high similarity to ParSP03 in the cDNA library, ParSP06
test as vaccine candidates. and ParSP08. Only ParSP08 produced a DTH response and
To evaluate their potential immunogenicity we opted for neither of these two proteins produced antibody responses.
a high-throughput DNA plasmid cloning strategy based on Notably, ParSP03 is more similarto ParSP08 than to ParSP06
a modified mammalian expression plasmid, VR2001-TOPO. (Fig. 4), which may explain the ability of these two molecules
The advantage of this plasmid is that a simple PCR ampli- to produce a DTH response. Further evaluation of the differ-
fication of the target clone is sufficient for cloning without ences between these molecules may help to determine the
the need of incorporating an “extra” sequence or the cre- amino acids responsible for producing this type of immune
ation of a new restriction site. This plasmid takes advan- response.
tage of the topoisomerase technology (Invitrogen) and the Inthis work, we also reported the use of a DNA plasmid to
T/A cloning strategy. Therefore, PCR amplified from the elicit a specific DTH response in animals previously exposed
nucleotides coding for the N-terminus (forward primer) and to sand fly saliva. This RAS approach enabled us to measure
for the stop codon (reverse primer), will result in a PCR DTH response to specific proteins of the saliva and to vali-
product which can be immediately cloned in this mam- date the use of DNA plasmids to elicit CIRs. The plasmids
malian expression vector. Another advantage of this DNA coding for ParSP01, ParSP03, and ParSP25 showed a spe-
plasmid is the presence of the tissue plasminogen activa-cific DTH when injected only once in animals pre-exposed
tor (TPA) signal-secretory peptide upstream from the tar- to sand fly saliva. This response was identical to the one
get insert. This ensures the production of secreted proteins,observed when animals were immunised three times with
important because secreted proteins will most likely be pre- these plasmids and challenged with SGH. The ear thickness
sented as MHC class Il antigens necessary for presentatiorresulting from the two different approachdsds. 2 and 9
to CD4" T helper cells for the generation of DTH response or |-L) were also identical where ParSP25 showed the largest
CIR. Another advantage of this plasmid is the presence of theear thickness followed by ParSP01 and ParSP03. Histologic
CMV promoter, which allows the protein to be expressed not analysis demonstrated that the observed DTH in the ear is
only in animal tissues but also very efficiently in in vitro comparable with conventional DTH response in its kinetics
mammalian expression systems (Valenzuela, unpublished(24—48 h) and cell types but is distinct from an acute inflam-
results). matory response or the repair reaction brought out by injury
Immunisation with the 24 ariasi DNA plasmids encod-  following injection. The DTH produced b§ ariasi plasmids
ing secreted salivary proteins resulted in the identification consisted of a cellular infiltrate, mostly by macrophages and
of 12 and 9 salivary proteins capable of producing a DTH CD3" T cells, with only a few neutrophils and mast cells
or antibody responses in Swiss Webster mice, respectively.detected at the site. The overall cell recruitment produced by
This is the first demonstration of a high-throughput approach P. ariasi plasmids is slightly different from that produced®y



F. Oliveira et al. / Vaccine 24 (2006) 374-390 387

papatasi bites[1] or by PpSP15 protei2] where neutrophils ~ were plated by infecting log phase XL1-blue cells (Clon-
and eosinophils were the predominant cells recruited to thetech) and the amount of recombinants was determined by
inflammatory site after 24 and 48 h. The observed differencesPCR using vector primers flanking the inserted cDNA and
may be due to the nature of salivary proteins in the two sand visualised on a 1.1% agarose gel with ethidium bromide
fly species, or to the detection method (flow cytometry versus (1.5ug/ml).
histology).

When comparing the thre@ ariasi plasmids tested using  4.3. Massive sequencing of cDNA library
RAS—ParPS25, ParSPOI and ParSPO3—apparently, they
showed similar cellular recruitment with varying intensi- P. ariasi salivary gland cDNA libraries were plated to
ties to their inflammatory response. IntriguingByrSP25 approximately 200 plaques per plate (150 mm petri dish).
showed the largest increase in ear thickness but with notThe plaques were randomly picked and transferred to a
many cells recruited in the site as comparedPt@SP03 96-well polypropylene plate (Novagen) containingud=f
which recruited more cells to the site resulting in a focal water per well. Four microliters of the phage sample was
response in the ear dermis. NotalityySP25 has a Th2 pro-  used as a template for a PCR reaction to amplify random

file, while ParSP03 has a Th1 profile. InterestinglgarSP03 cDNAs. The primers used for this reaction were sequences
is similar to theP. papatasi protein PpSP15, which conferred  from the triplEX2 vector. PT2F1 (FAAG TAC TCT AGC
protection againskt. major infection in mice[2]. Over all, AAT TGT GAG C-3) is positioned upstream of the cDNA of

the DTH-inducing property of ParSP03 combined with the interest (5end), and PT2R1 (ECTC TTC GCT ATT ACG
predominance IgG2a over IgG1, and supported by alocalisedCCA GCT G-3) is positioned downstream of the cDNA
DTH response in salivary gland pre-sensitised mice, suggestof interest (3 end). Platinum Taqg polymerase (Invitrogen)
that this salivary protein represents the best vaccine candi-was used for these reactions. Amplification conditions were:
date to test for protection from infantum transmitted by, 1 hold of 75°C for 3min, 1 hold of 94C for 2 min and
ariasi. 30 cycles of 94C for 1 min, 49°C for 1 min, and 72C
We have demonstrated that identification and selection of for 1 min and 20s. Amplified products were visualised on
DTH and Thl inducers from a large set of molecules can a 1.1% agarose gel with ethidium bromide. PCR products
be competently achieved using DNA immunisation in small were cleaned using the PCR multiscreen filtration system
animals. More importantly, we have shown that inoculation (Millipore). Three microliters of the cleaned PCR product
of plasmids encoding salivary proteins can produce a spe-were used as a template for a cycle-sequencing reaction
cific skin recall response in animals previously exposed to using the DTCS labeling kit from Beckman Coulter. The
SGH. This novel RAS approach can be easily applied to large primer used for sequencing, PT2F3{8T CGG GAAGCG
animals such as dogs and primates; the search for vaccineCGC CAT TGT-3) is upstream of the inserted cDNA and
candidates can thus be carried out in the animal species tardownstream of the primer PT2F1. Sequencing reaction was
geted by the vaccine. This has strong implications for the performed on a Perkin-Elmer 9700 Thermacycler. Condi-
identification of vaccine candidates in general and may lead tions were 75C for 2 min, 94°C for 2 min, and 30 cycles of
to novel strategies for finding vaccine candidates based on96°C for 20s, 50 C for 10 s, and 60C for 4 min. After cycle
cellular immune responses in humans. sequencing the samples, a cleaning step was done using the
multi-screen 96-well plate cleaning system from Millipore.
Samples were sequenced immediately on a CEQ 2000XL
4. Materials and method DNA sequencing instrument (Beckman Coulter) or stored at
—30°C.
4.1. Sand fly capture
4.4. Bioinformatics
FemalePhlebotomus ariasi sand flies were captured in the
Cévenne region of France. Sand flies were identified and the  Detailed description of the bioinformatic treatment of the
salivary glands dissected and stored in groups of 20 or 50data can be found elsewhdg#]. Briefly, primer and vector
pairs in 20w NaCl (150 mM) Hepes buffer (10 mM, pH 7.4)  sequences were removed from raw sequences, compared with

at—70°C until needed. the GenBank non-redundant (NR) protein database using the
standalone BlastX program found in the executable pack-
4.2. Salivary gland cDNA library age atftp://ftp.ncbi.nim.nih.gov/blast/executablegl6] and

searched against the Conserved Domains Database (CDD)
P. ariasi salivary gland mRNA was isolated from 50 sali- (ftp:/ftp.ncbi.nlm.nih.gov/pub/mmdb/cddAvhich includes
vary gland pairs using the Micro-FastTrack mRNA isolation all Pfam[17] and SMART][25] protein domains. The pre-
kit (Invitrogen). The PCR-based cDNA library was made dicted translated proteins were searched for a secretory sig-
following the instructions for the SMART cDNA library con-  nal through the SignalP servi26]. Sequences were clus-
struction kit (BD-Clontech) with some modificatiofid4]. tered using the BlastN prograff7], as detailed previously
The obtained cDNA libraries (large, medium and small sizes) [24].
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4.5. SDS-PAGE and proteome analysis reaction was stopped on ice. Two microliters of the liga-
tion reaction were added to TOP-10 cells (Invitrogen) and
Tris—glycine gels (4-20%), 1 mm thick (Invitrogen), were incubated for 15 min on ice. Cells were heated for 30s in
used. Gels were run with Tris—glycine SDS buffer accord- a 37°C water bath and transferred to ice for 2 min. Two-
ing to manufacturer’s instructions. To estimate the molecular hundred microliters of SOC media were added to the cells
weight of the samples, SeeBMi markers from Invitrogen  and incubated for 30 min at 3T. Transformed cells were
(myosin, BSA, glutamic dehydrogenase, alcohol dehydroge- transferred to LB/kanamycin (30 ug/ml) agar plates and incu-
nase, carbonic anhydrase, myoglobin, lysozyme, aprotinin, bated overnight at 37C. Sixteen colonies were selected and
and insulin, chain B) were used. SGH were treated with equal resuspended in 30 of sterile water. Twenty-five microliters
parts of 2« SDS sample buffer (8% SDS in Tris—HCI buffer, were transferredto 1ol LB/kanamycin (100 ug/ml) in a 96-
0.5M, pH 6.8, 10% glycerol and 1% bromophenol blue dye). well plate and incubated on a temperature controlled shaker
For aminoterminal sequencing of the salivary proteins, 40 at 37°C for 4 h. The other .l were used for a PCR reaction
homogenised pairs of salivary glands were electrophoresedusing vector specific primer VRF@&CA ggA gTC CAg
and transferred to polyvinylidene difluoride (PVDF) mem- ggC Tgg AgA gAA) and VRR (5AgT ggC ACC TTC CAg
brane using 10mM CAPS, pH 11.0, 10% methanol as the ggT CAA ggA). PCR conditions were as follows: 1 hold of
transfer buffer on a Blot-Module for the XCell Il Mini-Cell ~ 75°C for 3 min, 1 hold of 94C for 2 min and 30 cycles of
(Invitrogen). The membrane was stained with Coomassie 94°C for 1 min, 49°C for 1 min and 72C for 1 min and 20 s.
blue in the absence of acetic acid. Stained bands were cutAmplified products were visualised on a 1.1% agarose gel
from the PVDF membrane and subjected to Edman degra-with ethidium bromide. PCR products were cleaned using the
dation using a Procise sequencer (Perkin-Elmer Corp.). ToPCR multiscreen filtration system (Millipore). Three micro-
find the cDNA sequences corresponding to the amino acid liters of the cleaned PCR product were used as a template for
sequence obtained by Edman degradation, we used a search cycle-sequencing reaction using either the VRF or VRR
program (written in Visual Basic by IMCR) that comparesthe primers and the DTCS labeling kit from Beckman Coul-
amino acid sequences with the three possible protein translater. Sequencing was done on the CEQ8000 DNA sequencing

tions of each cDNA sequence obtained in theriasi DNA instrument (Beckman Coulter). Bacteria carrying the plasmid
sequencing project. A more detailed account of this program with the correct insert orientation and sequence were kept as
is found elsewherg24]. glycerol stocks at-70°C.

4.6. Construction of high-throughput DNA plasmid 4.8. Plasmid preparation and purification

(VR2001-TOPO)
An aliquot of a glycerol stock containing the cDNA of

Topoisomerase (TOPO) adaptation to VR1020 plasmid interest was added to 1.5L of LB kanamycin (30§/ml)
(Vical, Inc.) was performed by Invitrogen. Briefly, VR1020 and incubated overnight on a shaker at@7Plasmid purifi-
plasmid (Vical, Inc.) was digested wiBumH1 and a 6 mer  cation was performed using the Endofree Plasmid Mega Kit
adapter carrying a crosslinked topoisomeraseAGCCTT- (Qiagen) following manufacturer’s specifications with the
TOPO-3) was ligated to the linearised plasmid. The result- exception of the last step. After plasmid elution, the eluant
ing plasmid VR2001-TOPOH(g. 1) carries a “TOPO/TA’ was transferred to a centricon plus-20 with a 100-kDa cutoff
cloning site at the’3end of the tissue plasminogen activator (Millipore). The sample was washed three times with ultra-
signal peptide. The signal peptidase cleavage site is preservegure water and concentrated to a volume of approximately
in this plasmid as well as the kanamycin-resistance gene and600pu.l. The concentration of the samples was measured on

the cytomegalovirus promot§g2]. a spectrophotometer, and stored-at0°C before immu-
nisation procedures. Before injection, samples were passed
4.7. P. ariasi salivary DNA plasmids construction through a 0.2.M filter unit (Millipore).

Twenty-fourP. ariasi cDNA coding for secreted proteins  4.9. Mice immunisation with DNA plasmids
were amplified by PCR using a forward primer deduced
from the amino-terminus of each cDNA and a reverse primer  Female Swiss Webster mice, 8-12-weeks old were pur-
deduced from the carboxy-terminus region including the stop chased from the Division of Cancer Treatment, National
codon. PCR amplification conditions were: 1 hold of°T5 Cancer Institute. Mice were maintained in the National Insti-
for 3min, 1 hold of 94 C for 2 min and 22 cycles of 94C for tute of Allergy and Infectious Diseases Animal Care Facility
1min,49°Cfor1minand 72Cfor 1 minand 20 s. Amplified  under pathogen-free conditions.
products were visualised on a 1.1% agarose gel with ethid- Mice were anesthetised with 1p0of 20 mg/ml ketamine
ium bromide. Three microliters of the PCR reaction mixture HCI (Fort Dodge [IA] Animal Health) and immunised with
was immediately incubated with Qu3 of VR2001-TOPO DNA plasmids intradermally in the right ear, using a 29.5-
plasmid, ul of salt solution (1.2 M NacCl, 0.06 M MgG]), gauge needle. DNA plasmidsb/ul) were injected in 1Gul
and 1.5ul sterile H,O for 5min at room temperature. The volume, three times at two-weeks intervals. Two weeks after
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the last DNA immunisation, animals were injected with used (Oster 5713, Sunbeam) with Trilogy, an antigen retrieval
ariasi SGH (0.5 salivary gland pairs/34) in the left ear. solution (Cell Marque; Catalog #CMX833). For retrieval,
sections were heated for 200 min and cooled for 20 min.
4.10. Measurement of mouse DTH responses
4.13. Statistical analysis
Mouse ear thickness and redness were used as an indi-
cator of an immune response to salivary proteins. The mea- Comparisons of ear-thickness measurements were made
surements were made using an absolute Digimatic caliperby one-way analysis of variance and Tukey-Kramer Test. Sig-
(Mitutoyo Corp.) recording the ear thickness from the dor- nificance was determined a% 0.05. All statistical tests and
sal to the ventral portion of the ear. The measurements weregraphs were done using Prism-GraphPad version 4 (Graph-
made at 24 and 48 h following intradermal injection Rf Pad Software Inc.).

ariasi SGH.
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