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Summary

Using massive cDNA sequencing, proteomics and protein homologous to a silk protein with amino acid
customized computational biology approaches, we have repeats resembling extracellular matrix proteins, a 5
isolated and identified the most abundant secreted nucleotidase, a peptidase, a palmitoyl-hydrolase, an
proteins from the salivary glands of the sand fiyutzomyia  endonuclease, nine novel peptides and four different
longipalpis Out of 550 randomly isolated clones from a groups of proteins with no homologies to any protein
full-length salivary gland cDNA library, we found 143  deposited in accessible databases. Sixteen of these proteins
clusters or families of related proteins. Out of these 143 appear to be unique to sand flies. With this approach, we
families, 35 were predicted to be secreted proteins. We have tripled the number of isolated secretory proteins
confirmed, by Edman degradation of Lu. longipalpis  from this sand fly. Because of the relationship between the
salivary proteins, the presence of 17 proteins from this vertebrate host immune response to salivary proteins and
group. Full-length sequence for 35 cDNA messages for protection to parasite infection, these proteins are
secretory proteins is reported, including an RGD- promising markers for vector exposure and attractive
containing peptide, three members of the yellow-related targets for vaccine development to controlLeishmania
family of proteins, maxadilan, a PpSP15-related protein, chagasiinfection.
six members of a family of putative anticoagulants, an
antigen 5-related protein, a D7-related protein, a cDNA Key words: salivary gland transcript, salivary protein, New World
belonging to the Cimex apyrase family of proteins, a sand fly,Lutzomyia longipalpissaliva.

Introduction

The New World sand flyLutzomyia longipalpisis an the pathogen in the vertebrate host (Bell et al., 1979; Jones and
important vector oleishmania chagasicausal agent of the Nuttall, 1990; Wikel et al.,, 1997; Nazario et al., 1998;
visceral form of leishmaniasis in humans. These sand flie&Kamhawi et al., 2000). There are two hypotheses (not mutually
as well as many other blood feeders, contain potergxclusive) to explain this protection. First, vertebrate immune
pharmacological components in their saliva that assist them nesponse to insect salivary proteins, particularly antibodies,
obtaining their blood meals and evading host inflammatory anahay neutralize the effect of the salivary component(s)
immune responses. Components such as anticoagulantssponsible for pathogen establishment. There is evidence
inhibitors of platelet aggregation and vasodilators have beesupporting this hypothesis; Morris et al. (2001) demonstrated
described in blood feeders (Ribeiro, 1987, 1995). In the salivénat animals vaccinated with maxadilan, a potent vasodilator
of Lu. longipalpis apyrase, anticoagulant, vasodilatory andand immunomodulator froru. longipalpis raised antibodies
immunomodulatory activities have been reported; some dagainst this salivary protein, which resulted in animals
these molecules were characterized at the molecular levetotected againdte. majorinfection. Second, vertebrate host
(Lerner et al., 1991; Charlab et al., 1999; Gillespie et al., 2000 mmune response to salivary proteins creates an inhospitable

Arthropod saliva modifies the physiology of the host at theenvironment to the pathogen, which is either killed or its future
site of the bite, making it more permissive for pathogerdevelopment negatively affected at the site of the bite. In this
invasion (Titus and Ribeiro, 1988; Ribeiro, 1989; Kamhawicase, the anti-salivary immune response may be mainly a
2000; Nuttall et al., 2000). In some vector/parasite systemsgllular rather than humoral response. Evidence to support this
immune response to arthropod feeding or arthropod bitdsypothesis comes from the work of Kamhawi et al. (2000),
(probably to salivary proteins) precludes the establishment afhere animals pre-exposedRblebotomus papatasand fly



3718 J. G. Valenzuela and others

bites generated a strong delayed-type hypersensitivity response Salivary gland cDNA library
at the site of the bite; this response was related to protection| u. longipalpissalivary gland mRNA was isolated from 80
againstLe. majorinfection. Mice vaccinated with a ¥a  salivary gland pairs using the Micro-FastTrack mRNA
salivary protein (PpSP15) produced a strong delayed-typgolation kit (Invitrogen, San Diego, CA, USA). The PCR-
hypersensitive response (DTH) and antibodies in black/6 micgased cDNA library was made following the instructions for
resulting in protection againste. major infection when  the SMART cDNA library construction kit (BD-Clontech, Palo
parasites were co-inoculates with salivary gland homogenai®to, CA, USA) with some modifications (Valenzuela et al.,
(SGH). Further evidence suggested that DTH was responsibf@01a, 2002c). The obtained cDNA libraries (large, medium
for the observed antieishmanigrotection and that antibodies and small sizes) were plated by infecting log phase XL1-blue
were not necessary (Valenzuela et al., 2001a). cells (BD-Clontech), and the amount of recombinants was
In humans, we have reported a correlation between immungstermined by PCR using vector primers flanking the inserted

response toLu. longipalpis salivary proteins and cellular ¢DNA and visualized on a 1.1% agarose gel with ethidium
response tolLeishmania chagasia protective mechanism bromide (1.51g mi-2).

against leishmaniasis (Barral et al., 2000). Additionally, we
have reported a number of salivary antigens recognized by sera Massive sequencing of cDNA library
of humans, which may be related to protection against Lu. longipalpissalivary gland cDNA libraries were plated to
leishmaniasis (Gomes et al., 2002); however, the identity i number of ~200 plaques per plate (5@ Petri dish). The
these proteins remains to be solved. plaques were randomly picked and transferred to a 96-well
We have hypothesized that the protective effect of sand flgolypropylene plate (Novagen, Madison, WI, USA) containing
salivary proteins is related to a cellular response to thes&pl of water per well. Four microliters of the phage sample
molecules, probably from CD4 T cells (Valenzuela et al.was used as a template for a PCR reaction to amplify random
2001b). Accordingly, these responses depend on theDNAs. The primers used for this reaction were sequences from
immunogenetic background of the vertebrate host; thushe triplEX2 vector. PT2F1 (BAAG TAC TCT AGC AAT
targeting a single protein may not be an adequate approach®&T GAG C-3) is positioned upstream of the cDNA of interest
identify the right vaccine for a population. A broader approact5' end), and PT2R1 (BTC TTC GCT ATT ACG CCA GCT
or selection of multiple candidates may be required. HighG-3) is positioned downstream of the cDNA of interesSe(®l).
throughput approaches based on massive cDNA sequenciatinum Taq polymerase (Invitrogen) was used for these
proteomics and customized computational biology approachesactions. Amplification conditions were:hld of 75C for
are helping us to reveal the proteins present in the salivaB/min, 1hold of 94C for 2min and 30 cycles of 9€ for 1 min,
glands of different blood-feeding arthropods, including the49°C for 1min and 72C for 1min 20s. Amplified products
mosquitoesAnopheles gambiaé-rancischetti et al., 2002), were visualized on a 1.1% agarose gel with ethidium bromide.
Anopheles stephenglValenzuela et al., 2003)Anopheles PCR products were cleaned using the PCR multiscreen filtration
darlingi (Calvo et al., 2004) anfledes aegyptiValenzuela et  system (Millipore, Bedford, MA, USA). Three microliters of the
al., 2002a) the tick Ixodes scapulariValenzuela et al., cleaned PCR product was used as a template for a cycle-
2002b) and the buBhodnius prolixugRibeiro et al., 2004). sequencing reaction using the DTCS labeling kit from Beckman
In the present work, we explored the proteins and transcriptoulter (Fullerton, CA, USA). The primer used for sequencing,
encoded in the salivary gland lofi. longipalpis targeting the PT2F3 (5TCT CGG GAA GCG CGC CAT TGT'} is
isolation and full sequencing of the secreted and putativepstream of the inserted cDNA and downstream of the primer
secreted proteins, which are potential markers for vectdPT2F1. Sequencing reaction was performed on a Perkin ElImer
exposure and vaccine candidates to contrel chagasi 9700 thermacycler (Foster City, CA, USA). Conditions were
infection. 75°C for 2min, 94C for 2min and 30 cycles of 9€ for 20s,
50°C for 1Cs and 60C for 4min. After cycle-sequencing the
samples, a cleaning step was done using the multiscreen 96-well
plate cleaning system from Millipore. Samples were sequenced
Sand fly rearing immediately on a CEQ 2000XL DNA sequencing instrument
Lutzomyia longipalpis(Lutz and Neiva 1912), Jacobina (Beckman Coulter) or stored at =80
strain, were reared at the Walter Reed Army Medical Research
Institute and at the Laboratory of Parasitic Diseases at the NIH, Bioinformatics
using as larval food a mixture of fermented rabbit feces and Detailed description of the bioinformatic treatment of the
rabbit food. Adult sand flies were offered a cotton swallata can be found elsewhere (Valenzuela et al., 2002c).
containing 20% sucrose and were used for dissection &riefly, primer and vector sequences were removed from
salivary glands at O-@ays following emergence (for cONA raw sequences, compared against the GenBank non-
library construction) and 4-days following emergence for redundant (NR) protein database using the stand-alone
proteomic analysis. Salivary glands were stored in groupBlastX program found in the executable package at
of 20 pairs in 2Qul NaCl (15Cmmoll-1):Hepes buffer ftp://ftp.ncbi.nim.nih.gov/blast/executables/ (Altschul et al.,
(L0mmolI-1, pH 7.4) at —70°C until needed. 1997) and searched against the Conserved Domains

Materials and methods
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Database (CDD) (ftp://ftp.ncbi.nim.nih.gov/pub/mmdb/cdd/),(same conditions as described above). The PCR samples were
which includes all Pfam (Bateman et al., 2000) and SMARTleaned using the multiscreen PCR 96-well filtration system
(Schultz et al., 1998, 2000) protein domains. The predictefMillipore). Cleaned samples were sequenced first with PT2F3
translated proteins were searched for a secretory signal througtimer and subsequently with custom primers. Full-length
the SignalP server (Nielsen et al., 1997). Sequences wesequences were again compared with databases as indicated for
clustered using the BlastN program (Altschul and Lipmanthe nucleotide sequences above, and the data displayed as in
1990) as detailed before (Valenzuela et al., 2002c¢), and the datable2.

presented in the format of TaldleThe electronic version of the

table (available on request from jvalenzuela@niaid.nih.gov) has SDS-PAGE

additional hyperlinks to ClustalX alignments (Jeanmougin Tris-glycine gels (4—20%), thm thick (Invitrogen), were

et al., 1998) as well as FASTA-formatted sequences for alised. Gels were run with Tris-glycine SDS buffer according to

clusters. manufacturer’s instructions. To estimate the molecular mass of
_ the samples, SeeBlue™ markers from Invitrogen (myosin,
Full-length sequencing of selected cDNA clones bovine serum albumin, glutamic dehydrogenase, alcohol

An aliquot (4ul) of the A-phage containing the cDNA of dehydrogenase, carbonic anhydrase, myoglobin, lysozyme,
interest was amplified using the PT2F1 and PT2R1 primeraprotinin, and insulin, chain B) were used. SGH were treated

Table 1.First 40 clusters from the salivary gland of the sand.éiizomyia longipalpis

No. of E values

Cluster sequences of NCBI E value SignalP Comments/

no. in cluster NCBI best match match Pfam best match of Pfam result annotations

1 69 0i|4887112| putative RGD-containing peptide 7.00E-38 pfam01028 Topoisomerase_| 1.00E-04 SIG RGD-like peptide

2 46 0i|4887116| putative yellow-related protein 1.00E-120 No matches found SIG Yellow protein

3 30 0i|266511|gi|266511|sp|P30659|MAX_LO 5.00E-29 pfam01127 Sdh_cyt 8.00E-07 SIG Maxadilan

4 30 No matches found pfam01028 Topoisomerase_| 9.00E-06 SIG Unknown protein

5 28 0i|4887114| SL1 proteibftzomyia longipalpls ~ 1.00E-65 pfam02386 TrkH 3.00E-05 SIG SL1-protein

6 25 No matches found pfam02414 Borrelia_orfA 5.00E-06 SIG Unknown protein

7 22 No matches found pfam01604 7tm_5 4.00E-04 SIG Unknown protein

8 20 0i]4928272| anticoagulamt (ongipalpig 2.00E-55 Smart smart00034 CLECT 7.00E-20 SIG Anticlotting 2

9 20 0i|4887116| putative yellow-related protein 2.00E-47 No matches found SIG Yellow protein 2

10 19 gi|4887102| antigen 5-related protein 1.00E-115 Smart smart00198 SCP 9.00E-20 SIG Antigen 5

11 18 0i|4928272| anticoagulant {ongipalpig 5.00E-22 Smart smart00034 CLECT 2.00E-20 SIG Anticlotting

12 17 gi|7301811| CG7592 gene product 8.00E-04 No matches found SIG D7 protein — PBP

13 16 gi|4928274| putative apyrase... 1.00E-116 No matches found SIG Apyrase

14 15 0i]4928272| anticoagulaiht {ongipalpig 3.00E-90 Smart smart00034 CLECT 2.00E-20 SIG Anticlotting

15 9 No matches found No matches found No ORF Unknown protein

16 8 No matches found No matches found SIG Unknown protein

17 8 0i|4928272| anticoagulamht (ongipalpig 5.00E-33 Smart smart00034 CLECT 9.00E-22 SIG Anticlotting

18 7 No matches found pfam01490 Aa_trans 1.00E-05 SIG Unknown protein

19 7 0i|4928272| anticoagulamt (ongipalpig 1.00E-18 Smart smart00034 CLECT 2.00E-16 SIG Anticlotting

20 6 No matches found pfam02414 Borrelia_orfA 1.00E-04 SIG Unknown protein

21 5 No matches found No matches found SIG Unknown protein

22 5 gi|4887116| putative yellow-related protein 1.00E-43 No matches found SIG Yellow protein

23 4 No matches found No matches found SIG Unknown protein

24 4 No matches found pfam01943 Polysacc_synt 1.00E-04 No SIG Unknown protein

25 3 No matches found pfam02414 Borrelia_orfA 6.00E-06 SIG Unknown protein

26 3 No matches found pfam01838 DUF40 3.00E-05 SIG Unknown protein

27 2 gi|7302779| CG4837 gene product 8.00E-36 pfam01009-5_nucleotidase 4.00E-26 SIG '-nucledidase

28 2 0i|2500418]gi|2500418|sp|Q24186|RS5_M 2.00E-78 pfam00177 Ribosomal_S7 5.00E-37 No SIG Ribosomal protein

29 2 0i|4887104| putative alpha-amylase 1.00E-116 pfam00128 alpha-amylase 1.00E-41 SIG Amylase

30 2 No matches found No matches found ANCH Unknown protein

31 2 0i|4588920| ribosomal protein S14 4.00E-55 pfam00411 Ribosomal_S11 2.00E-37 No ORF Ribosomal protein

32 2 No matches found No matches found No SIG Unknown

33 2 gi|8745398| putative adenosine deaminase 8.00E-57 No matches found No ORF Adenosine
deaminase

34 2 No matches found pfam02695 DUF216 6.00E-05 SIG Unknown protein

35 1 gi|1709616|gi|1709616|sp|P54399|PDI_DROM 4.00E-70 pfam01216 Calsequestrin 1.00E-05 No ORF PDI Prolyl
hydroxylase

36 1 gi|1168228|gi|1168228|sp|P41570/6PGD_CER 3.00E-92 pfam00393 6PGD 3.00E-98 No SIG 6-phosphogluconate
dehydrogenase

37 1 gi|10726855| CG7866 gene product 2.00E-10 No matches found No SIG Unknown protein

38 1 0i|2499905|gi|2499905|sp|Q10715|ACE_HAEI 7.00E-43 pfam01401 Peptidase_M2 2.00E-15 SIG Dipeptidyl-
peptidase

39 1 0i|12848978| putativéiis musculuys 1.00E-100 pfam00189 Ribosomal_S3_C 4.00E-22 No SIG Ribosomal protein

40 1 gi|7300077| globl1 gene product (alt 1) 3.00E-21 pfam00042 globin 6.00E-16 No ORF Globin

SIG, signal secretory peptide present; No ORF, no open reading frame; No SIG, no signal peptide present; ANCH, probablyratehore
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with equal parts of SDS sample buffer (8% SDS in Tris- SMART motifs (Bateman et al., 2000; Schultz et al., 2000),
HCI buffer, 0.5moll-1, pH 6.8, 10% glycerol and 1% using the RPS-BLAST program (Altschul et al., 1997). The
bromophenol blue dye). Thirty pairs of homogenized salivarghree possible reading frames of each sequence were inspected
glands per lane (approximately BQ protein) were applied for long-reading frames with an initial methionine residue
when visualization of the protein bands stained withfollowed by at least 40 residues; these were submitted to the
Coomassie blue was desired. For amino-terminal sequenci®ignalP server (http://www.cbs.dtu.dk/services/SignalP-2.0/)
of the salivary proteins, 40 homogenized pairs of salivaryor verification of secretory signal peptide. This resulted in the
glands were electrophoresed and transferred to polyvinylidendentification of 35 clusters coding for proteins containing a
difluoride (PVDF) membrane using h@moll-1 CAPS, pH secretory signal peptide. These analyses are summarized in
11.0, 10% methanol as the transfer buffer on a Blot-Modul@ablel. Because of space limitations, we show only the first
for the XCell II Mini-Cell (Invitrogen). The membrane was 40 clusters; the remaining clusters can be obtained from the
stained with Coomassie blue in the absence of acetic acidlectronic version of this table (available on request from
Stained bands were cut from the PVDF membrane angalenzuela@niaid.nih.gov).
subjected to Edman degradation using a Procise sequenceiTablel shows the most abundant clusters in descending
(Perkin-Elmer Corp.). To find the cDNA sequencesorder, from the most abundant sequences to the least. From
corresponding to the amino acid sequence obtained by Edm#rese 40 clusters, 28 contain sequences with predicted
degradation, we used a search program (written in Visual Bassecretory proteins, and those remaining represent clusters for
by J. M. C. Ribeiro) that checked these amino acid sequenckesusekeeping genes or unknown sequences without a clear
against the three possible protein translations of each cDNgecretory signal peptide. We found 65 sequences (out of 550)
sequence obtained in the DNA sequencing project. A moref probable housekeeping genes, arranged in 61 clusters, an
detailed account of this program is found elsewher@verage of 1.07 sequences per cluster. Examples of these
(Valenzuela et al., 2002c). housekeeping genes are: protein disulphide isomerase (cluster
35); 6-phosphogluconate dehydrogenase (cluster 36);
ribosomal protein (cluster 39); actin (cluster 54); adenylate
Results kinase (cluster 92); ATP-synthase (cluster 65) and cytochrome
Massive cDNA sequencing oxidase (cluster 57). These clusters represent only the clusters
An unamplified cDNA library from the salivary glands of from the middle of Tabl& downwards, with only a few
the female sand flyu. longipalpiswas plated, and 550 plaques sequences per cluster (most are only one sequence per cluster)
were randomly picked and sequenced. The resulting sequengegpresenting the low abundant messages.
were clustered using BlastN with a cutoff of 10E-20, obtaining Another set of cDNA found in this library contains clones
143 unique clusters of related sequences. All sequences withttmat do not have similarities to other genes in the NCBI
each cluster were compared with the non-redundant (NRJatabank, do not have an assigned function (by CDD analysis)
protein database using the BlastX program (Altschul et aland do not have a secretory signal peptide. We found 34
1997) and with the CDD database, containing all Pfam anslequences (out of 550) of these types of genes arranged in 23
clusters (1.48 sequences per cluster).
The most abundant clones found in this
cDNA library are the ones coding for
secretory proteins. We found 451 cDNA

Lutzomyia longipalpis
salivary proteins

M EDGSYEIIILHTN LJL11 Clu27 .
(kDa) (out of 550 sequences) of potentially
64 AYVEIGYSLRNIT LJM17 Clu2  secreted proteins arranged in 40 clusters
- ADTQGYKWKQLL LJM11 cluo (an average of 11.27 sequences per
50 = VEIKQGFKWNKI LIM111 Clu22 cluster). Although four of these clusters
APPGVEWYHEGL LJL23 Clu13  (cluster 33 with two sequences, cluster 84

LJL15 Clusb  With one sequence, cluster 88 with one
LJMO6 Clul9 sequence and cluster 110 with one
LJL13 Clul2 Sequence) resulted in no signal peptide in

TDLIEKEL SDXKKIFI
36 — EDYDKVKLTGRT

_  WOQDVRNADQTL _ :
30 DQTLIEKELTGR LJS142 cluly our analysis, we included these sequences
ADLTEKELSDGKK LJL9L Clu8
LQVTEKEL SDGKKI LIM10 Cluld — _ _
EEELIERKLTGKT LJL18 Clull Fig.1. Proteome analysis ofLutzomyia

16 = EHPEEKXIRELAR
SEDXENIFHDNAY
6 T NEDYEKQFGDIVD

LIMO4 Clu5 longipalpissalivary proteins. Salivary proteins
- were separated by SDS-PAGE and transferred
LIM19 Clu7 to PVDF membrane as described in the
LJL17 Clul8  Materials and methods section. N-terminal
LJS201 Clul1s Sedquences are annotated on the left, and their
- corresponding cDNAs are annotated on the
XDATXQFRKAIEDDK LJLO8 Clu3 right.

GLKDAMEHFKNGK
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Table 2.Salivary gland cDNA coding for secreted proteins

Cluster  SignalP Cleavage Mature Match Present in
Sequence no. result  positioM; (kDa) pl NR best match E value extent % Match proteome
LJL35 1 SIG 23-24 6.04 3.97 Putative RGD-containing peptide 2E-038 76176 100
LIM17 2 SIG 18-19 45.15 5.71 Yellow-related protein 0 399/412 96 Yes
LJLO8 3 SIG 23-24 6.87 8.91 Maxadilalutzomyia longipalpis 4E-028 60/86 69 Yes
LJL38 4 SIG 20-21 2.46 3.34 Yes
LIM04 5 SIG 20-21 13.76 9.09 SL1 protein 9E-072 129/139 92 Yes
LJS192 6 SIG 23-24 9.64 4.21
LIM19 7 SIG 22-23 10.74 4.15 Yes
LJL91 8 SIG 19-20 16.32 5.83 Anticoagulaht {ongipalpi9 8E-056 97/160 60 Yes
LJL15 8b SIG 19-20 16.45 6.11 Anticoagulaht [ongipalpig 4E-055 97/160 60 Yes
LIM11 9 SIG 18-19 43.22 9.32 Yellow-related protein 1E-110 197/405 48 Yes
LJL34 10 SIG 19-20 28.79 9.09 Antigen-5 related protein 1E-165 271/271 100
LJL18 11 SIG 19-20 16.29 6.49 Anticoagulaht [ongipalpig 1E-022 53/160 33 Yes
LJL13 12 SIG 19-20 26.39 4.93 D7 salivary protdinlpngipalpig 1E-150 2471247 100 Yes
LJL23 13 SIG 21-22 35.03 9.14 Putative apyrdsddngipalpig 0 325/325 100 Yes
LIM10 14 SIG 19-20 16.64 8.61 Anticoagutdh. longipalpig 3E-093 160/160 100 Yes
LJL143 16 SIG 23-24 32.41 8.45 Hypothetical proté falciparun) 0.030 33/115 28
LJS142 17 SIG 20-21 16.62 7.07 Anticoaguldntlpngipalpig 3E-033 63/139 45 Yes
LJL17 18 SIG 20-21 10.11 4.31 CCAAT-box-binding transc. factor 0.091 23/67 34 Yes
LIMO06 19 SIG 19-20 16.32 8.9 Anticoagulaht {ongipalpi9 8E-024 59/155 38 Yes
LJLO4 20 SIG 17-18 29.21 10.16 ¥Da salivary proteinR. papatagi 3E-018 53/150 35
LIM114 21 SIG 24-25 14.17 5.55
LIM111 22 SIG 18-19 42.95 4.85 4Da salivary protein P. papatagi 1E-095 182/399 45 Yes
LIM78 23 SIG 20-21 37.18 7.7
LJS238 25 SIG 20-21 4.63 7.32
LJS169 26 SIG 22-23 11.55 4,54 PDZ domain prot@iny@eli) 0.022 27/109 24
LJL11 27 SIG 25-26 60.55 6.94 '-BucleotidaseL. longipalpis 0 540/560 96 Yes
LJS105 34 SIG 19-20 7.29 4,53
LJLO9 38 SIG 18-19 71.06 5.58 Angiotensin converting enzyme 0 404/595 67
LIM26 56 SIG 17-18 48.77 5.78 Serine protease inhibitor SERPIN 3E-080 169/423 39
LJS03 58 SIG 19-20 15.06 4.02 Erythrocyte membrane-associated 4E-008 30/97 30
LJL124 67 SIG 20-21 6.01 431
LJL138 71 SIG 20-21 43.72 9.45 agCP96@x¢pheles gambige 3E-041 117/376 31
LJS138 97 SIG 20-21 16.11 5.84 agCP101Andpheles gambige 4E-052 103/173 59
LJS193 113 SIG 20-21 32.17 6.34 Palmitoyl-(protein) hydrolase 2E-089 154/275 56
LJS201 115 SIG 23-24 8.56 4.86 orf 48 (ateline herpesvirus 3) 0.092 25/77 32 Yes

as secretory proteins because they are truncated versions of Ribeiro) similar to the BLOCK program, we were able to
salivary adenosine deaminase cDNA and the salivaridentify all the coding cDNA, which correspond to the 14 N-
hyaluronidase cDNA, previously analyzed and reported to beerminal sequences (right side of Fly. We identify by
secretory proteins (Charlab et al., 1999). Therefore, the numbEdman degradation the N-terminus of the cDNA
of cDNAs coding for secretory proteins is 10.53 times greatecorresponding to clusters 2, 3, 5, 7, 8, 8b, 9, 11, 12, 13, 14, 17,
than the cDNA coding for housekeeping genes and 7.61 timds, 19, 22, 27 and 115. With the exception of cluster 115, all
greater than the cDNA coding for proteins with unknownclusters were within the first 40 clusters. Not all the attempted
function; overall, cDNA coding for secretory proteins is 4.4Edman degradation experiments resulted in a sequence,
times greater than cDNA coding for non-secreted proteins. Thgrobably because of the small amount of protein or because
cDNAs coding for secretory proteins represent 82% of théhese proteins were blocked at the N-terminal end.

cDNAs sequenced in this sand fly library. In fact, out of the

first 40 clusters, 28 belong to cDNA coding for secretory Full-length sequence of clones coding for secreted proteins

proteins (Tabld). Because we are primarily interested in the identification and
_ _ o _ characterization of secreted proteins from this cDNA library,
Proteome analysis &fu. longipalpissalivary proteins we selected the 35 clusters containing sequences with a clear

The supernatant dfu. longipalpisSGH was separated by signal peptide and obtained full sequence on all of them.
one-dimension SDS-PAGE, the proteins transferred to PVDFable2 shows the analysis of these sequences, including the
membrane, and Edman degradation performed on thggnal peptide cleavage site, molecular mass, isoelectric point
Coomassie blue-stained bands. Hig(left side) shows the and best match to NCBI database. The last column of Pable
resulting N-terminal sequence of 17 proteins. By searching oumdicates whether the clone has been found in the proteome
database using an in-house program (written by J. M. Gnalysis. Extensive analysis is presented in the electronic
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NIPTGLAVDPEGYRLFIAI
MISTAFAYDAEGEKLFLAV
NILTAFAYDPESQKLFLTV

KFKKFNGEGK----—--KDLVNV
LLNKFSGHKTG
LLGKFSGHETG------KELTSV

------------- RSQQFSFTVSFFFSKMAKWAVFGIIFLIG--LFS--E
MLSPQFLILSLISGLQLLSLADADPMIEVFRWKQMDFYNRGDGHLSSGGR

ML

------ MKFFLSVIALASFQYVFCDDVERFYAWRNITFEDVKEGTYKPGD
----- MMKLILCVLSFLSLQVALSDDVGRAYEWSEIKLVGVRPNAYDSGN

------ MRFFFVFLAIVLEQGIHGAYVEIGYSLRNITFDGLDTDDYNPKF
------MKVFFSIFTLVLEQGTLGADT-QGYKWKQLLYNNVTPGSYNPDN
------ MKLFFFLYTFGLVQTIFGVEIKQGFKWNKILYEGDTSENFNPDN

ELRITSAEKLQLVYQWSQLKSSNSSEASQNVVFAANSVPADEDT-FNAYG
KDRPSFSAPVVFPGKYSRRKRKIMTSRDTPVVVSSRADSDDPNASYIPYN
RLVFLCVVAFAALTVVSGQRQVEEVLKWQQVEFDVPASVLSAPDGYIPIN

VIPTGVTHDAKTKKLYFGV
IVPTGVAYDAASKMLFFGI

EERYSNIPYJLAEIDTRNYNRSEIRSPP---
[&3/YSRVPI JFAQLSTRSYNSAEIPNPP---
[EERKPKVPIIVAELNMVMNPGFPVERAPSFE
[EEKLPRVPYILAEVDTKNSLGVKGKHSP---
[EEKYPETMILAEVDTEKNSFESGDTSP---
[EBERRPGIPAILNVIDLARNPSANNPTLD---
EERRVGIPYILNYIDLAEDGSNRSPKLR---
EERRWGIPILNVVELEPPYPVTNPVLK---

NLPMGVTHHKG--FLYVTI
NVPMGATHFRG--RLFVTM
NIPMSGVHYKN--RVFVTV

-FSKFNSQSG-—-— KEFTSI NQPVIEHERFEIVLEVEQVDYKK-HG
-LDKFSGKSK:----- QPLTSV NQPVIECSRERVLBVEVENEA-ER

NQPVIECSRRIRVL! [EKVEYTGGDA
NQPVIBCERRIRV\B! [ESVEYRSRGA
QP VIBESHEIRVVBVESVERNSDGT
YRTQBREOFMYF\VBTEYLEYPG--G
NRTS\BASCRYFI BTEMLEYPN--N
YRPR\ERECIRYF VB TEMMEIPG---

KELTSI

PYPNLLVNSLRRDFTADPKRIISV
AYPNFALN----QFNASAENLVSV
PYPSFELNELRADLQPDANRLVTV

gi_15963519_Phlebotomus ~ NEYPTKN BEIAE BINQEGNPE\EYKLEGDVARSPLGEGGHRIYNPN
gi_15963517_Phlebotomus ~ KTYPIKK ESLIAF BITKSNYPEIHRYELTGEAGKNPLGYGGHRWNPK
Clu2_Lutzomyia_ DQYPKGK ETLIAY BIKKDHTPEIHZFEIPDDLYSSQVEFGGFANVNTK
Clu9_Lutzomyia_ KDYPSHR BAIVAYBIKQPNYPEVRYYFPTRLVEKPTYFGGFBNANPK
Clu22_Lutzomyia_ EGQPEHN ETLVAYRIKEANYPEVRY TFPDNSIEKPTFLGGFARIVKPD
gi_21297027_Anopheles  AGRQVQR EALWVBIITIN--RSVR FFEIPPEMVEFGYGIPNIERDDRD
gi_18487033_Drosophila  R-QQIRR ESIWW\BIIATD--QVLKEFDVPESIAETGRGLASITBIKAGQ
gi_19335662_Aedes NFTVVQR ESIWSIBIKTN--QPLSEYEIPQKDVETGYGLTSITEBNDPDD
gi_15963519_Phlebotomus ~ GNCAKSDETYL MITNFIDNALIV BDMKNKNJKFNDDFKPEPGKSVFNH
gi_15963517_Phlebotomus ~ RCSDKNEKTYI MIANFDENSLIVYDKKKGENSLKDD{GKPE-GVTTFTL
Clu2_Lutzomyia_ GDCT--ESFV NLTNFKDNSLIMYDETQKKNKFTDK EAD-KESTFSY
Clu9_Lutzomyia_ GDCS-—ETFV NI TNFLRGALFI JDHKKQDENVTHP§KAE-RPTKFDY
Clu22_Lutzomyia_ -ECS—ETFV NITNFLTNALIV JDHKNKDETVQDSEGPD-KKSKFDH
gi_21297027_Anopheles  --CG—-RAYA YIPDYEWRRLYYGLTEGRERFEHNFSFEPRYGDFNV
gi_18487033_Drosophila  --CG---DAYA NIPDLVYRRLY\YHLRNDRUSFEHN{ENFDPLSGDLSI
gi_19335662_Aedes —-CS---KVFV NISDLQTYRMVYDHENQKURFLHNYFFLNPLEGDFNI

gi_15963519_Phlebotomus K [EEQ-YSYIAE! FGITLGDRNKD--GHEPAYYIAGSSTKVYSVNTAEKE
gi_15963517_Phlebotomus N [€KE-HKFKAE! [FGIALGDRNKE--GNFPAYYLAGSSTKLYRLDTIEKK
Clu2_Lutzomyia_ 5 [EEEQMKYKEL [FGIALGDRDEM-GIFPACYIAGSSTKVYSVNTHEKT
Clu9_Lutzomyia_ G [€KE-YEFKAE! [GITLGDRDSE--GNEPAYYLAGSAIKVYSVNTHEKQ
Clu22_Lutzomyia_ D [€QQ-YEYE/El [GITLGERDNE--GNRQAYYLVASSTKLHSINTKEKQ
0i_21297027_Anopheles A [EQQ-FTWY[el fSVAVGGRWENSARE/YLHAMASVSEIAVSNIEQN
gi_18487033_Drosophila G [€QT-FRWD[E! [FSITLGAQKLD--GS[FDAYFHPMASTNEFVVSNEYQ

gi_19335662_Aedes

gi_15963519_Phlebotomus
gi_15963517_Phlebotomus

Q [€IP-FAWDLE! [FSIALSNPDPMT-KHETAYFHALSSNSEFTVST/ERN

KGASLKPR-------- LL
KGSKLEPK--------| LI

[EEREFK TEAIALAYOEKTKVIFEVESDSRQVS
[EDREFK TEAIALAYLFETKVLFFAEADSRQVS

Clu2_Lutzomyia_ ENGQLNPQ--------| [EDReK Y TDAIALAYIFEHKVLYFAESDSRQVS
Clu9_Lutzomyia_ KGGKLNPE-------- [ENZEK YNDAIALAYIFKTKVIFFAEANTKQVS
Clu22_Lutzomyia_ KGSKVNAN-------- [EDREESTDAIGLVYIEKTKTIFEVESNSKRVS
gi_21297027_Anopheles ETMAQLGSGAYGRAFHHL [EAREPNTQSSSHAFRTGVLFYAEINRNAIG

gi_18487033_Drosophila
gi_19335662_Aedes

gi_15963519_Phlebotomus
gi_15963517_Phlebotomus
Clu2_Lutzomyia_
Clu9_Lutzomyia_
Clu22_Lutzomyia_
gi_21297027_Anopheles
gi_18487033_Drosophila
gi_19335662_Aedes

gi_15963519_Phlebotomus
gi_15963517_Phlebotomus
Clu2_Lutzomyia_
Clu9_Lutzomyia_
Clu22_Lutzomyia_
gi_21297027_Anopheles
gi_18487033_Drosophila
gi_19335662_Aedes

QEKIWKMRFVNRKIRIMKVD-TERVFKYSR
S---EKFKYDFPRYRLMRIMDTQEAIAGTA
S---DKFVFTKPRYQIFKVN-IQEAIAGTK

ESNAARSD--HGNDFRVL
ETASKRGY--HGDDFKLL

€SP STQSTMHARBTGVIFFDEIQRNGVG
EYREAQSQSSIHGFEETGVIFFALVQLNAVS

SINIQKE-LIPKNVGVIYTN-AYFVEGTBIMVBADS TIFMPAHPPTEL
@INIKHE-LKPENVGVIYAN-PNFNFGBIMVBSKGFIFMNGQPPID-
@INVNME-LKPDNTDVIFSS-ARFTFGRILV BSKGMEIMANGHPPVED
SINTQKMPLRMKNTDVVYTS-SREVBEVY BSKGGIFMNGRPPIRK
SINTQET-LNKDKIDVIYHN-ADFSFGBISI BSQDNJFLANGLPPLEN
SINTHKQ-FTPENHGIVHLDNEEMIY[BARI BSDGDVIS NRLPIWIY
@IKTSKP-ISAENYGSVDSNAEDMIYIBES| BEDGTIFVMYSMPIFIY
SIDTRKP-FAPQNMAIVYKNDRDIIYFBLSI BQEGNEFMSIIKLLY

----PKLDFDKRQIRLMYVP-THRAIRNLP
----EKMEYDVPQIRLMKVK-TKRAIKGEK

S---QLNRT-EVNYRIWRQS-ASRAVAGTV
S---TLDTS-IYNFRIWKQK-ASLAKRGTV
----TQLSLEEFDFHIWRAN-IKEIIKGTV

E.
[€DPTVPPNVDHGQRFGGEQN

— Clu 9Lutzomyia
1000
L—— Clu 22 Lutzomyia

Clu 2 Lutzomyia

852 §i[15963519 Phlelotomts
982
L @i|15963517 Phletmtomts
gi|193356& Aedes
1000___ 4i|21297027 Anopheles
675

L @i|18487033 Drosophila

Fig. 2. (A) ClustalW analysis of yellow-related proteins from
different Diptera, includingPhlebotomus papatassalivary
proteins, Aedes aegyptidopachrome converting enzyme,
Anopheles gambiaand the three yellow-related proteins found

in the salivary gland cDNA library dfutzomyia longipalpis
Reverse-shaded amino acids represent identical amino acids
among all these proteins; gray-shaded amino acids represent
identical amino acids among phlebotomine yellow-related
proteins. (B) Dendrogram of the vyellow-related proteins
indicating the distribution of three distinct clades. Bootstrap
values are indicated in their respective nodes.

version of Tabl@ (available upon
jvalenzuela@niaid.nih.gov).

The selected cDNAs in Tabk are arranged in
descending order from the cluster containing the largest
number of cDNA to the clusters containing the least
number (from the most abundant transcripts to the least
abundant transcripts in this cDNA library).

request from

Description of cDNAs coding for secreted proteins

Cluster 1 (LJL35; GenBank acc. no. AF132516) — RGD
peptide

The cDNA from this cluster codes for a secret&@®é
peptide with no similarities to other proteins in
databanks. We previously isolated this transcript by PCR
subtraction technique (Charlab et al., 1999). The function
of this protein remains unknown, although it may inhibit
platelet aggregation by interfering with the binding of
platelet receptor to fibrinogen by the RGD motif present
on it. We did not find this protein in our proteomic
analysis, probably because of its small size or because
the N-terminal amino acid is blocked.

Clusters 2, 9 and 22 — family of yellow-related proteins
Proteins from this family were found in cluster 2
(GenBank acc. no. AF132518), cluster 9 (GenBank acc.
no. AY445935) and cluster 22 on this cDNA library.

Cluster 2 codes for a secreted protein ofkBa
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LJL38_Clu4
MKTFALIFLALAVFVLCIDG APTFVNLLDDVQEEVEVNTYEP

LIS192_Clué
MVKYSCLVLVAIFLLAGPYGVVG SCENDLTEAAKYLQDECNAGEIADEFLPFS
EEEVGEALSDKPENVQEVTNIVRGCFEAEQAKEHGKCERFSALSQCYIEKNL
CQFF

LIM19_Clu7
MKFFYLIFSAIFFLADPALVKC SEDCENIFHDNAYLLKLDCEAGRVDPVEYDDI
SDEEIYEITVDVGVSSEDQEKVAKIIRECIAQVSTQDCTKFSEIYDCYMKKKIC
NYYPENM

LJL17_Clul8

MONFLLVSLALAALMLCAEA KPYDFPLYQDLIQGVIQRESQAEREKRSPNED
YEKQFGDIVDQIKEISFNVMKMPHFGSSDDNRDDGEYVDHHYGDEDDRDYD
HY

LJS238_Clu25
MLKIVLFLSVLAVLVICVAA MPGSNVPWHISREELEKLREARKNHKALEKAID
ELIDKYL

LJS169_Clu26
MKFSCPVFVAIFLLCGFYRVEGSSQCEEDLKEEAEAFFKDCNEAKANPGEYEN
LTKEEMFEELKEYGVADTDMETVYKLVEECWNELTTTDCKRFLEEAECFK
KKNICKYFPDEVKLKKK

LJS105_Clu34
MNVLFVSFTLTILLLCVKA RPEDFVALQDQANFQKCLEQYPEPNQSGEVLACL
KKREGAKDFREKRSLDDIEGTFQESGNLWGA

LIL124_Clu67
MVSILLISLILNLLVFYAKA RPLEDISSDLSPDYYITEGYDGVKEKREIELVPVT
FGIFNIHTTPAPRITFEW

LJS201_Clul1l5
MRNFAVVSLAVAVLLFCAWPINA EDNEEVGKAREKRGLKDAMEHFKNGFKE
LTKDEKLPSLPSLPGFGKKPESGSSEDSGDKTEDTSGSKDDQSKDNTVEES

found in cluster 9 (GenBank acc. no. AY445935) and cluster
22. Fig.2 shows the ClustalW alignment of this protein with
related proteins, including yellow-related salivary proteins
from P. papatas{Valenzuela et al., 2001b)e. aegyptimidgut
dopachrome conversion enzyme (Johnson et al., 2001) and
D. melanogasteryellow protein. Similarities among the
phlebotomine’s yellow proteins are greater than non-salivary
yellow from other Diptera and are marked as gray-shaded
amino acids (Fig2A). Bootstrap neighbor-joining analysis
(Fig. 2B) resulted in grouping insect yellow proteins in three
distinct clades: the first group contains thedes Anopheles
and Drosophila yellow-related proteins (non-salivary); the
second group contains the twR papatasiyellow-related
salivary proteins and théu. longipalpis yellow salivary
protein from cluster 2; and the third group containslthe
longipalpisyellow salivary proteins from clusters 9 and 22.

Cluster 3 (LJLO8; GenBank acc. no. M77090) — maxadilan

This cluster codes for the most studied salivary protein from
a sand fly. It was discovered to be the most potent vasodilator
from any organism (Ribeiro et al., 1989) and later as an
immunomodulatory molecule (Soares et al., 1998). Recently,
Morris et al. reported that mice vaccinated with thisDé
peptide produced antibodies against this molecule, and
these animals were protected agaihst major infection
(Morris et al., 2001). The N-terminal of this protein,

Fig. 3. Small proteins and peptides of novel sequences present in tXdOATXQFRKAIEDDK, was found in the proteomic analysis.
salivary glands of the sand fljutzomyia longipalpis.Protein  Surprisingly, the cDNA we found in this library is only 69%
sequences represent the translation of their corresponding cDNAslentical to the previously reported maxadilan. Differences
The signal secretory peptide is underlined. Amino acids of maturmay be due to strain differences or the polymorphism reported

peptides are in bold. N-terminus peptides observed in proteomiggr this molecule (Lanzaro et al., 1999).
analysis that differ from predicted SignalP programs are highlighted

in gray. Clusters 4, 6, 7, 18, 25, 26, 34, 67 and 115 — novel peptides
from the saliva ofEu. longipalpis

previously characterized by PCR subtraction (Charlab et al., With our approach, we identified a number of small peptides
1999). The gene coding for this protein was first describeth this cDNA library. Only two peptides were previously
in Drosophila melanogasteGeyer et al., 1986). When reported from the salivary glandslof. longipalpis maxadilan
comparing with other Diptera, this protein was not found in th¢Ribeiro et al., 1989) and an RGD-containing peptide (Charlab
salivary glands ofAe. aegypti(Valenzuela et al.,, 2002a), et al., 1999). Following is the description of the nine clusters
An. gambiae(Francischetti et al., 2002) okn. stephensi containing these novel peptides. Sequences of these peptides
(Valenzuela et al., 2003). It was, however, describeden are shown in Fig3.
aegyptiwhole-larvae extract and purified as a dopachrome- (1) Cluster 4 (LJL38; GenBank acc. no. AY438269)is
converting enzyme (Johnson et al., 200f)e homologue of cDNA codes for a small secreted peptide of onlyk&, with
Lu. longipalpis yellow protein was also described in the no similarities to other proteins in the searched databases. This
salivary glands of the sand . papatasi(Valenzuela et al., peptide was previously isolated and fully sequenced from the
2001b). The function of this protein in the saliva remains to bealiva of Lu. longipalpisby molecular sieving and reverse-
elucidated. In the proteomic analysis (Fiy,. this cluster codes phase HPLC (J. M. C. Ribeiro, unpublished results). The
for one of the most abundant proteins (AYVEIGYSLRNIT) in function of this protein remains unknown.
the saliva of this sand fly. Interestingly, a protein with similar (2) Cluster 6 (LJS192; GenBank acc. no. AY4382Thjs
molecular mass was the most recognized antigen by the se@NA codes for a secreted protein of KDa, with no
of individuals who were exposed to sand flies and developesimilarities to other proteins in the searched databases.
a cellular immunity toLe. chagasi(Gomes et al.,, 2002). Searching a motif database, this protein matched pfam02414
Therefore, this protein is a candidate marker forfrom Borrelia orfA. This cDNA appears to be unique to sand
epidemiological studies on vector exposure and may be fies and has not been found in any mosquito, tick or triatomine
potential vaccine candidate to contt@. chagasinfection salivary gland cDNA libraries.

This yellow-related protein is highly similar to proteins (3) Cluster 7 (LIJM19; GenBank acc. no. AY43827lis
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A Fig.4. (A) ClustalW analysis of the six C-type

LJL18_Clull_  -MLLRSLFVLFLIFLTECN REEELIERKET-GKTIY [JTIKLP §FRLNHSVKNG MVS lectin proteins found expressed in the salivary

LJS142_Clul7_  MAFSNTLFVLFVSFLTFCG BDQTLIEKEET-GRTVYEIKIKLN GNOEFDYSIRNGLIFAK ; i ;

LIMO6_Clu19_  -MKFYIFGVFLVSFLALCN  [BED-YDKVHET-GRTVYEIRSKARFTELDNENRLRIIFAM glands_ of Lutzomyia Ion_glpalpl.s (B) CIu;taIW

LJL91 clus_ ~  -MNLPLAILFVSYFTLIT J3AD-L TEKEESDGKKIfKAEL jFDALDASTEKDIILLT analysis of C-type lectin-related proteins from

LIL15_Clugb_  -MNLHLAIILFVSYFTLIT JATD-LIEKE [ESDCKKIFKAEL TGFGALDFSTEQNILLS : : : . :

LIM10_Cluld_  -MALKFLPVLLLSCFAMST = [BLQ-VTEKEESDGKKIFEIKVELNIFERLDFSIHRGLELLS various organisms, Includlng. Insects "fmd_ a
mammal. Reverse-shaded amino acids indicate

LIL18_Clull_ [TFEENKELLKELKRVIRTEDT--QV [ [EiLKHHQFARRIVSDGSHVATASGTR identical amino acids among all these proteins;

LJS142_Clul7_ [4SAEENTELSEKLKTVIRTEEF---QV [l [UEHHQDSERIVSDSQPITNKLGYNTR gray_shaded amino acids represent h|gh|y

LIMO6_Clu19_ [C4SQHENEEL TNALLSVIKSDEE---NV [fjl [ELRHDLDD[E3ll|SFG-TALSKTS-- TN . .

LIL91 clus_ 4SARENEEVTKAVRAEVHLPDTKKSHILENRYDQDKERYSDGTTVT-KTV-- ji N conserved amino acids. (C) Dendrogram of the C-

LIL15_Clu8b_ [4SARENDEVTKAVRAEVHLPDTKKSJLENIR YDQDKIZRISDGTTVT-KTV-- i i ; ; ;

LIM10_Clul4_ [C4SAKENVDVTKAIRAELNFDSKKLAHGTIEIRHSQDKZRINDG TKVV-KRV-- TN type lectin-related .protelns froou. longipalpis
and other organisms. Bootstrap values are

LIL18_Clull_ GAPGEEADS--FYYDQFEMAMLFRKDG EBLNSWVKNLFEEKRDD indicated in their respective nodes.

LIS142_Clul7_ UNTCEFTN-—-YQNNEY [LEILFRKEDGHINBFP@SARHHFSEKRTK

LIMO6_Clu19_ YAPKE5TGRPHRTQNDEMQMSFK-DGQUSBNT@WRKRLYEKRD-

LIL91_clug_ %Y QEENGG---RYQKERSMEL YFKTPAGUNED! 6T AKHHFISQEKK-

LIL15_Clugb_ %Y QEENGG---RYQKERSMEL YFKTPAGENED! 8T AKHHFISQEKK- TR . .

LIM10_Cluld_ 0P TGEENNG—YWKDERSLEIY YKTEE GHINBDKSHVKHHFSOEKK- similarites to other proteins in the
databank. The N-terminus sequence,

B NEDYEKQFGDIVD, found in the proteomic

gi_23092746_Drosophila
gi_21299674_Anopheles
LJL91_clu8_

gi_7441637_conglutinin_bovine

----------------------------- PITDCPNCVEESSAPP-RWTM
-------------------------- MNLPLAIILFVSYFTLITAADLTE

gi_23092746_Drosophila PLLKL
gi_21299674_Anopheles PLLKL
LJL91_clu8_ KELSD

gi_7441637_conglutinin_bovine  DGQAV

RDFG----LGHEHFWISGTDLADEGN

KDYG----LATEHFWTSGTDLAEEGS
RAEVHLPDTKKSHIWLGGIRYDQDKD
RAQE------| KN-AYLSMNDISTEGR

gi_23092746_Drosophila
gi_21299674_Anopheles
LJL91 clu8_

gi_7441637_conglutinin_bovine

gi_23092746_Drosophila NFRYENGEE ENSLELWNRDAELKINNSAESFETYF\SEVQPN
gi_21299674_Anopheles NFRYENGEE [EHSLELWNRDAELKIIN TPOSFETYFIEV---
LJL91_clug_ GGRY--QK EFSMELYFKTPAE-QIIND! @TAKHHF[@QEKK-
gi_7441637_conglutinin_bovine  NSDE--GQP ENSVEIF---PD  [€-K INIVHESKQLLVIGEF---
C LJL18
LJS142
—LJL15
1000
470 10007LJL91
LIM10
915 — Drosophila
1000
742 ——A. gambiae
0983 Conglutinin
LectinS peregrha

LIMO6

cDNA codes for a secreted protein of Kla, with no

EQHDQYYG----------| NIFHRDPSENEVDNDCPNCVDESQYTPNKWTM
DRGDPGETGAKGESGLAEVNALKQRVTILDGHLRRFQNAFSQYKKAVLFP

[€EERYYLGIFFKANWFETQYSRYHGMBASISSQEERDRLEKHI

[€EKRY YLSIFFKANWFALQYSRFHGMEBASIQTQHENDRLEKYV
[€KE--IFISKAELSWFD L DASTEKDLELTIKSAR[ENEEVTKAV
[€EK-IFKTAGAVKSY STAEQUEREAKGBASPRSS E)EAVTQMV

FFWMATGRPIT---FTNINASER
[FFWVSNGRPLS---FININASEg
FRWISDGTTVTKTVYNYY (S
ETYPTGEILVY--S- [WACEER

analysis, is not exactly in the position
predicted by the SignalP program (F3j.
The observed N-terminus sequence suggests
that a cleavage occurred at positio-so,
resulting in a peptide of kDa. The cleavage
was probably due to either a protease in the
saliva or the fact that this peptide bond is
unstable at the conditions where the protein
was isolated.

(5) Cluster 25 (LJS238; GenBank acc. no.
AY455909).This cluster codes for a small
secreted protein of EDa, with no similarities
to other proteins in databases searched.

(6) Cluster 26 (LJS169; GenBank acc. no.
AY455912)This cluster codes for a secreted
protein of 11.%Da, with no significant similarities to other
proteins in databases.

(7) Cluster 34 (LJS105; GenBank acc. no. AY455910)s
cDNA codes for a protein of kDa, with no significant
similarities to other proteins in the databases searched.

(8) Cluster 67 (LJL124; GenBank acc. no. AY45591Bjs
cDNA codes for a protein of Da, with no significant
similarities to other protein in the searched databases.

(9) Cluster 115 (LJS201; GenBank acc. no. AY455919).
This cDNA codes for a protein of Da, with no significant
similarities to other proteins in the databases searched. The
N-terminus sequence, GLKDAMEHFKNGKKELTTKDF,
found in the proteomic analysis, is not exactly in the position
predicted by the SignalP program (F3). The observed N-
terminus sequence suggests that a cleavage occurred at
position ReG37, resulting in a peptide of 7KkDa. The
cleavage was probably due to a protease in the saliva or the
fact that this peptide bond is unstable at the conditions where
the protein was isolated.

similarities to other proteins in the databank. The N-terminu€luster 5 (LJM04; GenBank acc. no. AF13253PpSP15-
of the predicted salivary protein, SEDXENIFHDNAY, was like proteins

found in the proteomic analysis.
(4) Cluster 18 (LJL17; GenBank acc. no. AY45269%8)s
cluster codes for a secreted protein ofkD@, with no

This cDNA was previously isolated by PCR subtraction and
named SL1. This cDNA codes for a protein ofkD&a and is
similar to the protein of 1EDa fromP. papatas{PpSP15) that
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1 MIKEVFSLALLVALAQC ANEIPINRQGKDYPVPIIDPNKSSSDDY gambiae(Francischetti et al., 2002). We previously isolated
this cDNA from the salivary glands &fi. longipalpisby PCR
46 FDDRFYPDIDDEGIAEAPKDNRGKSRGGGAAGAREGRLGTNGAKP g\ bt ciion (Charlab et al., 1999)

91 [elgGTRAOIEG TRATOIEG TRAOIEG TRHOIEG TRHEOIERTKPAQG

Cluster 12 (LJL13; GenBank acc. no. AF420274) — D7-
136 TTRPAQGTRNPGSVGTKEAQDASKERIEKRRPGQVGGKRPGQANA

related protein

181 PNAGTRKQQKGSRGVGRPDLSRYKDAPAKFVFKSPDFSGEGKTPT This cluster codes for a secreted protein okR& and
226 VNYFRTKKKEHIVTRGSPNDEFVLEILDGDPTGLGLKSETIGKDT belongs to the D7 family of proteins (Valenzuela et al., 2002c).

One salivary D7 protein frorAn. stephensivas shown to be
an inhibitor of the blood coagulation Factor XIlI (Isawa et al.,
Fig.5. Predicted protein sequence from the cDNA of cluster 22002). The N-terminus of the predicted salivary protein,
(LJLO4). Reverse-shaded amino acids and gray-shaded amino acMéQDVRNADQTL, was found in the proteomic analysis
represent the repeats found in this protein. Bolded amino acidfig. 1).

represent a putative signal secretory peptide.

271 RLVLENPNGNSIVARVKIYKNGYSG

Cluster 13 (LJL23; GenBank acc. no. AF131933) — apyrase

This cluster codes for a secreted protein ofkBa
conferred protection againdte. major infection The N-  previously characterized by PCR subtraction (Charlab et al.,
terminus predicted from this cDNA, EHPEEKXIRELAR, was 1999). This protein belongs to a family first described in
present in our proteomic analysis (Fig. Previously, we Cimex lectulariusand shown to be a salivary apyrase
reported three similar proteins (three different clusters) on th@/alenzuela et al., 1998). Later, the clone coding for an
salivary glands oP. papatasiPpSP12, PpSP14 and PpSP15).homologous cDNA fromP. papatasiwas expressed and
We found only one cluster of this family of proteins inkthe  demonstrated to be a calcium-dependent apyrase (Valenzuela

longipalpiscDNA library. et al., 2001b). Recently, a Cimex homologue from humans
was demonstrated to have ATPase and low ADPase activity

Clusters 8, 8b, 11, 14, 17 and 19 — family of putative (Murphy et al., 2003), while the insect apyrases have

anticoagulants (C-type lectin) high ADPase activities. The N-terminus of the predicted

One of the most abundant families of protein found in thisalivary protein, APPGVEWYHFGL, was found in the
cDNA library is the family of putative anticoagulants with proteomic analysis (Fid.). A protein with similar molecular
homology to C-type lectins. Six clusters (8, 8b, 11, 14, 17 anthass to the cDNA prediction for this cluster (@3a)

19) belong to this family. was recognized with high frequency among serum of

Cluster 8 (LJL91; GenBank acc. no. AY445934)s cDNA  individuals exposed naturally to sand flies who developed a
codes for a secreted protein of KlBa and is similar to the cellular immunity toLe. chagasi(Gomes et al., 2002).
previously described anticoagulant froiu. longipalpis  Therefore, this protein may be a good marker for vector
(Charlab et al., 1999). These proteins contain a C-type lectisxposure and potential vaccine candidate to conitenl
or C-type lectin-like domain. This domain functions as achagasiinfection.
calcium-dependent carbohydrate-binding pocket involved in
extracellular matrix organization, pathogen recognition anélusters 16, 21, 23, 58 — novel sequences
cell-to-cell interactions. Factor IX/X and Von Willebrand Cluster 16 (LJL143; GenBank acc. no. AY445938)is
factor binding proteins contain these domains, suggesting theluster codes for a secreted protein ofkB2. It has no
the anticoagulant(s) dfu. longipalpismay be binding some significant homology to known proteins from GenBank. This
of the targets of these coagulation factors and inhibiting thprotein may only be present in phlebotomines, because we did
blood coagulation cascade. An alignment showing all the Gaot find similar sequences in either thgrosophila or
type lectin proteins found in this cDNA library is shown in Anophelegjenome or any other databases.

Fig.4A. A ClustalW alignment of this protein and other Cluster 21 (LJM114; GenBank acc. no. AY4559his
proteins containing lectin-like domains is shown in Bi§. cluster codes for a secreted protein ofkD4, with no
Phylogenetic tree analysis of C-type lectin-like proteins frormsimilarities to other proteins in the databank. It is a relatively
Lu. longipalpisand other organisms is shown in HM§. C-  abundant cDNA in this library and is therefore a novel protein
type lectin-like salivary proteins have only been described iin sand fly saliva.
Lu. longipalpissand flies. Cluster 23 (LIJM78; GenBank acc. no. AY455908)is
cluster codes for a secreted protein ofkBa, with no
Cluster 10 (LJL34; GenBank acc. no. AF13252antigen 5-  similarities to other proteins on the databases searched. This
related proteins cDNA represents a novel protein from the saliva of a sand fly.

This cluster codes for a secreted protein ck28 similar Cluster 58 (LJS03; GenBank acc. no. AY4559T4)is
to antigen 5-related protein from vespid venom (Lu et al.cDNA codes for a secreted protein of KIBa, with no
1993). Similar proteins have been isolated from the salivargignificant similarities to other proteins in the searched
glands of Ae. aegypti(Valenzuela et al., 2002a) amdin.  databases.
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LJL09_Clu38  ELDRRKNINTVAAWA  EASNIEVNLKNMNDVSVETAKYYKELASELKGFNAKEYKSEDLK Fig. 6. ClustalW alignment of angiotensin converting
Anopheles ACE EILARNNNATELSWA  NESNIIEEALKQRNEAASRNANFFKEVARELRLYDYNNFKDADLK
Drosophila ACE ELAKRTNVETEAAWA NGSNIIDENEKKKNEISAELAKEMKEVASDTTKFQWRSYQsEDLK ENZyme-related proteins from different organisms, including

Chicken ACE ~ TAEVVWNAYTEASWE HNWDHNKEVMLEKNLAMSKHTIEYGMRARQFDPSDFQDETVTLutzomy|a |ong|pa|p|'s Anophe|es gamb|aeDrosoph||a
Human ACE ~ ----------mmm- UNTNITETSKILLQKNMQIANHTLKYGTQARKFDVNQLQNTTIK

melanogaster chicken and human. Reverse-shaded amino
acids represent identical amino acids among all these

LJLO9_Clu38 EQIKKLSKEGY MIPSEKYHELLEAITWIESNYAKVESYKDPKKCDLBEREITEILI i
Anopheles ACE ERIKKLTDIGYANIDETKFELVDAISRYQENYATAMIQYKNESNCNEERELTETLA proteins.
Drosophila ACE EQFKALTHIGYANIPEDDY ELLDTLSAYESNFAKV|ZEDYKDSTKCDLBOFEIEEVIS

Chicken ACE RILNKLSVEERANIPEDELKHEYNTLLSINETTYSVAZERENNT--F-HP [IDFDLTDILA

Human ACE EIIKKVQD MERANIPAQELEEYNKILLDIETTYSVAMEHPNGS--C-LQEEFDLTNVMA

bind to the extracellular matrix proteins of the

LJL09_Clu38 K  EEDPEFEKYYGKQWYDKETPTRESFNAYQENREMEKEDGFYSGAHLDEREDETRE vertebrate host.

Anopheles ACE K S3DPDEKHYJVQWHE\VEKPVRKDFDYAVAINREAQINNFTSGAE]LDAYEDDTRE

Drosophila ACE K  SDHEfNAYYIREFYDKIETAVRSQFENRVERN THEKINNFTSGAE]LDEEDDTHE

ChickenACE T EFDYNIILFAYKGWWDIEBKIKDKYKHRERSNHNVENG Y TONGAYRSLETPTHE Cluster 27 (LJL11; GenBank acc. no. AF132510)—5
Human ACE T  EKYECNLWAIEGWRDKERAILQFYPHAVENINQEERING YVDAGIIRSNEETPSLE nucleotidase

LJL09 Clu38 KQLEDIFAQR  EREQUEAMGFKEREHEENDVVSE SREMEMEENMCATHSEVAPIL This cluster codes for a secreted protein ckba.
Anopheles ACE  AQVDAAIEQIR PL EQI:AW;‘Y RKI lNDIVSEl-I HLLGNM STIUDNIADIT . . . .
Drosophila ACE QQLEDIFADIR QQ.EWF%RK%DAWSEXEQ%SE.AD.V It is the secreted'Hucleotidase fronku. longipalpis

Chicken ACE  EDLERLYLQLQ (RN GRANYNHEEAEHISLKERIZARMEENY ASSESNIFDLY ; ; ;
e e ooeniroEd LNLEWAmRﬁHR%AQHINLE‘?‘ESNIYDLV previously isolated by PCR subtraction (Charlab et al.,
1999). The N-terminus of the predicted salivary

LLo9 C38 v E&ﬁﬁﬁt%%%%EE‘E%W%E%EE&Et protein, EDGSYENILHTN, was found in the

nopheles PP D Q(TA IQVBERECE P g F\DGH . . . . . .

Drosophia ACE S [EFEEKPL\EVSAH]E@YEELKMESMEETEMNLTKI[EQ@D}@| Eeeo.  proteomic analysis (Fid.), suggesting that this protein

Chicken AC PP QOVIEKMYLEE BRESTELGLIPM SYIEKFADGH ; ; ; e

e e L = e = O EERI e WSS, is very abundant in the saliva of this insect.

(IR I T B B CH /A S AV DHEDVRIKQC TR IOz atH HEIGHEQ WEIQ N R IFYA REGANPGH Cluster 38 (LJL09; GenBank acc. no. AY455911) —

AnOPhel(?SACE \4 [CHASAWDHGUOVRIKQCTRVNIVIS I HHENG HIQ WIEQ YOl IIPSA REGANPGH an |Otens|n ConverUn enzvme

Drosophila ACE V  [SEINIAQISY TDBVAEGIRY TQDQLFTERE € [OXFLOYQHGF VY TNl g g y

e v M A R This cDNA codes for a secreted protein ofkDia,
with high similarities to angiotensin converting enzyme

LIL09_Clu38 E@LMWEKVCKDFKFBI:SQIEQLLNLA!DKMAELEAYTIE:Kme (ACE) from An. gambiae D. melanogasterchicken

g?ggf,frﬁiﬁgg % WmWEEI§=§BXXEBE?ET%SEES%@ER@%QE@%E and human (Figg). The function as a peptidase

Chicken ACE EANG M4m :HI]!HS|N DQVTEN[ESDINYLMSI IA FLEECYLNBQ' K H . .o ..
Human ACE A oL HBor G SE oIS VB GA i iy Eoa  remains to be elucidated. The activity may be similar

to the kininase activity observed in the tickcapularis

LILoo Clu3s v FREEISPSEYCKAUENGSWICEIE A ESEBEIPPRISSOUUL@EF 8 (Ribeiro and Mather, 1998).

Anopheles ACE | [§REDVKPEHNCKRUENETKYSEVEREVERSE BlIAAXYEVSANENLRYFYEY IV [0

Drosophila ACE L ﬁF@EVDKANﬁCAF&EL@EEﬁSELE ﬁ;w&gg%@%@:gmg%rgtﬁm | E

Fiovdrori S % iae SN Wy et e M T i el Cluster 56 (LJM26; GenBank acc. no. AY455913) —
serine protease inhibitor

LIL09_Clu38 [EGHQAEQKTEQFVPNDPEKTL LSIINGEAEENAFKEMLKESEKEINDAMEILTEQ This cDNA codes for a secreted protein ofki®h,
Anopheles ACE [OLHRASEKAEQYVKGDPEKTVIEBIN S TENENAL KAMLAESEKEI DAMEVL €Q . . R . .
Drosophila ACE [§0]; YKSASIKA [€QYDPDNVELPL ISR GSANNEAAFHNML SEASKRIN DAL EAFNEE with high similarities to the serpin family of protease

fmanaCE ECAROMEITaP Lk SENSERORATAMNE EFalIcAMoLTES  inhibitors (Fig.7). This protein may function as an

anticoagulant in the saliva or may be responsible for

regulation of the insect immune response.
Drosophila ACE RI %SG@IAE&%R\MEA%IKNNVHI%TTSNKCVSS Anticomplement activity inLu. longipalpishas been
Chicken ACE PN SAHALM WV KKYTENGEVEIPEY SWTPYAVTEFHAATDT--ADFLGMS .

HumanACE PN [SAdIMLSMaKaEL DIURTENEL HGEK[SIPOYNWTPNSARSEGPLPDSGRVSFLGLD lecently described (Cavalcante et al., 2003); because of

its putative anti-protease activity, this cDNA may code
for the salivary anti-complement activity.

LILO9_Clu38 RK  [DAZALIE MEREESEIIQKHIKELGAY [EIDKSTKCVKNV!
Anopheles ACE RK  [NSATALIE MQalY QIVKENKALGAHIEIEEKPKCKSA--

Cluster 20 (LJL04; GenBank acc. no. AY455906) — collagen
binding-like proteins Cluster 71 (LJL138; GenBank acc. no. AY455916) —

This cluster codes for a secreted protein okR@, with ~ endonuclease
similarities to PpSP32 salivary protein frdP papatasiand This cDNA codes for a protein of 4Da, with high
to the collagen adhesion protein frddacillus cereugacc. similarities to non-specific RNA/DNA endonucleases from
no. NP_830673). This 2@Da protein is rich in glycine different organisms. A similar cDNA was isolated from
(51 amino acids), arginine (25 amino acids), prolinethe salivary glands of the tsetse fl§gl¢ssina morsitans
(25 amino acids) and lysine (23 amino acids). These fouand Culex quinquefasciatuéRibeiro et al., 2004) and the
amino acids represent 44% of the amino acids in thiprotein was named Tsal (Li et al.,, 2001). The function
protein. Additionally, the pl of this protein is 10.2, making it as an endonuclease remains to be elucidated. The presence
a very basic protein. Different short repeats were identifiedf endonuclease in the saliva of an insect is puzzling
in this protein, particularly the repeats GQG and GTRRand it is interesting to note that enzymes directed to
(Fig. 5). Because of its similarities to the collagen-bindingnucleotide metabolism, such as’'-rucleotidase and
protein fromB. cereusthe high pl, the richness in glycine adenosine deaminase, are present in this sand fly (Charlab et
and the repeated amino acid motifs, this salivary protein magi., 2000).
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LIM26_Clu56
Manduca serpin  NGTLVDPDYWDTEEFQPST---ADYDI
Anopheles serpin --------- AQQDVHGPFQG--QRQNE
Drosophila serpin PSGAGI--YDDIDTFVPFRS--DSHDP

PSESMD--YWENDDFVPFEGPFKDIGE ~ [FDWNLSKIVFEENKGJAIL B5LSVKLLMSLL
[EDWVLTKRVASTSNANFLLEELGLKLALAIL
[EDLMFVKEIFKNHNS-RVVIEEFSVKILLTLI

[ESWHLLKTVLQNETARKII §FSVKLVLALL

Mouse Serpin = -------mmmmmeeemeneeeees T [FAIHLLKVLCQDNPSKRVCEZMSISSALAMV
Human serpin =~ --- ---K [EMFDLFQQFRKSK-ENNIFY B3ISITSALGMV
Cat Flea serpin - ---------------nnseeeeeeev Q [EAGSLYNTVASGN-KONLIMEELSVQTVLSLY
LIM26_Clu56 FEASASGTLTQHQLRQATPTIVTHYQ------------- SREFYKNIFDGLKKKSNDYT-

--VRRKFSTIIESLKRESPDYI-
DHTRSYYKQLLESAQQDNKDYD-
----- VREFYRKTLNSFKKENQLHET

Manduca serpin  TEAATG--STRSELASALGFGLDRTE----
Anopheles serpin YEASDTSFGNAVSNTKRELSSVIQNDNI--
Drosophila serpin AEAAGAGTQTQVELANTQTDIRSQNN--

Mouse serpin  LLGAKGDTAVQICQALHLNPDED---------------- VHQGFQLLLHNLNKQNNQKYC
Human serpin  LLGAKDNTAQQIKKVLHFDQVTENTTGKAATYHVDRSGNVHHQFQKLLTEFNKS-TDAYE
Cat flea serpin  SMGAGGNTATQIAAGLRQPQSKEK--------------- IQDDYHALMNTLNTQ--KGVT

LIM26_Clu56 VHFGTRIYVDQFVTPRQRYAAILEKHYLTDLKVEDFSKA-KETTQA [NJSIVSNIONEHIK
Manduca serpin  LNLGSRIYMGEGVQPRQRFAAIAQEFYKTELKTTNFFKP-EVAARE [NINJVSNAIQGKIP
Anopheles serpin LNIATNFFVDDFIEVINKYQQIANTHYHAMLEKVSYSNP-TQTAAT  [NINJVSEHINGRLR
Drosophila serpin LSVRTKLFTDSFIETQQKFTATLKHFYDSEVEALDFTNP-EAAADA [INJAAANILIQGRLQ
Mouse serpin  LRMANRLFVENTCELLPTFKESCLKFYHSEMEQLSFAKAAEESRQHINIM]VSK@NGKIP
Human serpin  LKIANKLFGEKTYLFLQEYLDAIKKFYQTSVESVDFANAPEESRKK [[NISVESQ@NEKIK
Cat flea serpin  LEIANKVYVMEGYTLKPTFKEVATNKFLAGAENLNFAQN-AESAKV  [[NTNVEERIHDKIH

LIM26_Clu56 DLVKEEDVQN-SVMLML
Manduca serpin  NLVEADDVAD-VILLIL
Anopheles serpin EIVTPDSLEG-AVITLV
Drosophila serpin QLVAPDNVRS-SVMLLT
Mouse serpin  DLLSKDSVNSQTRLILA
Human serpin ~ NLIPEGNIGSNTTLVLV
Cat flea serpin  DLIKAGDLDQDSRMVLV

NAVMGRELGRKAEN--RTLPLP FHVSADESKTTOILTDGLYY

NTLGKETIRHGAPNATKPGFYVSPQLQKTVAINVKDNFY
RVI MEKELYGTYAFPEVANNVKEY GTRGKPTNAQEQNGQFY
DLl ENELIRRGATTFQ--GS[FFRSKDDQSRAREQTDYFY
NALGGHETIICKAFEKNRTKEMgKINKKETRPVQWREDTLF
NAI MEKEQIEKKENKEDTKEEFWPNKNTYKSIQYRQYTSFH
NALGEKELGEKEKKENTQDKEYVTETETKNVRIHIKDKFR

LIM26_Clu56 FYEAKELD
Manduca serpin  YVDSSRFD
Anopheles serpin YDNSADLG
Drosophila serpin YTTSEKLK
Mouse serpin ~ HAYVKEIQ
Human serpin  FASLEDVQ
Cat flea serpin  YGEFEELD

BKILRI IKGKQYAMTVIENSKSGIDSFVRQINTVEHRIK--WLMDEVEC
BKILRL [@RGNKYAMYIVENSLTGLPRVLNNLS--fIRTEM--IYLQERLV
BQILRL[ERGNKLAMYFIENPDNTVNQVLDRINS{BBQAL--WYMEENEV
BQILRL[KG-KNSLFVLLgYALNGIHDLVKNLENCEKSAQ--WAMEEVKV
BQVLVNREGIDLNFVVLLUEDEGVDISKVENNLTFEHRTAWTKPEFMNRTEF
BKVLEI @IKGKDLSMIVLIENEIDGLQKLEEKLTAEEMEWTSLQNMRETRV
BKAVELRRNSDLAMLIILENSKTGLPALEEKLQNYEDNLT--QRMYSVEV

LIM26_Clu56 RVI
Manduca serpin  DVI
Anopheles serpin NVT
Drosophila serpin KVT
Mouse serpin  HVY
Human serpin ~ DLH
Cat flea serpin ILD

EEKEHFOMTNELKEBVKLEISQ! [FTS-EBSLPSLARGQGVQNRLEWIQKAGII
MEKEQFEYMSRLEQURENEVREAZED-TRSFPGIARGQLLYQRLAEKVFQRTGIE
EEKEKFDFSEQLNEBQQYEIRE! [§SQ-NASLPLLARGRGARDEVERIFQKAGIT
EEKEHFDYQQNLKHERSUEVREIFED-SESLPGLTRGADVAGKVENILQKAGIN
EEKEQLQEDYDMNEQHIEILNY [fDGSHEDLSGMS----TKENLCLEEFVHKCVVE
EEREKVEESYDLKDERTNEMVD [ENG-DEDLSGMT----GSRGLVLEGVLHKAFVE
[MEKEKIESEINLNDPKKLEMSD [FVPGHIDFKGLLEG--SDEMLYEKVIQKAFIE

LIM26_Clus6 VD
Manduca serpin VN
Anopheles serpin IN

EKESTRYARSEVSLVNKFGD-DEFVMFN--ANGELFTIEDETTGAIEFTEKVVIETQ
LeSVAFSATQIGIQNKFGE-DSDINYEVVANREMFFIQEESTRQEFTIERVSIRAL
ELESERYARTEIQLVNKFGG-DGVQIFN--ANHaEIFFIEDETLG TMEFAEKIENEVF

| M) m]

Drosophila serpin VN [EKETERYARTVVEIENKFGGSTAIEEFN--VNHREVFFIEEESTGNIMEAEKVHETT
Mouse serpin VN EEETEHRAARSAVEFIFLCLG-PDPETFC--ADHgELFFIMHSTTNSIMFERFSS5--
Human serpin VT EEEAHRAARTAVVGFGSSPT-STNEEFH--CNEIFLFFIRQNKTNSIHE Y[ERFS 5L -

Cat flea serpin VN [EECAHEAARTXVMLMMRCMP-MMPMAFN--AgIHY FLHSK--NSVEENERLVKE TT

Cluster 97 (LJS138; GenBank acc. no. AY455917) —
translocon-associated protein

This cDNA codes for a secreted protein okDg&, with high  these 35

Fig.7. ClustalW alignment of serpin-related proteins
from different organisms, including Lutzomyia
longipalpis Manduca sexta Anopheles gambiae
Drosophila melanogastercat flea, mouse and human.
Reverse-shaded amino acids represent identical amino
acids among all these proteins. Gray-shaded amino acids
represent highly conserved amino acids.

glands of the sand fljutzomyia longipalpis
When comparing this PCR-based cDNA library
construction/massive sequencing approach to the
PCR subtraction technology we have used before
(Charlab et al., 1999), we have tripled the finding
of cDNA coding for secreted proteins.
Additionally, the isolated cDNA are, in the
majority, full-length cDNA, making the process of
isolation and sequencing less laborious than in the
PCR subtraction method, which cuts the full-
length cDNA into smaller pieces.

It is interesting to note that we needed to
sequence only 550 cDNA to identify the majority
of secretory salivary proteins for this sand fly. The
most abundant transcripts in tHis. longipalpis
salivary gland cDNA library correspond to
putative secreted proteins, which indicates that
most transcripts in this organ are directed to
secretion. From these 550 cDNA, we obtained 143
different clusters of related sequences, suggesting
that the cDNA library was diverse enough to have
a good representation of the transcripts present in
the salivary gland of this sand fly.

From the 143 different clusters or families of
proteins, we identified 35 clusters of proteins
containing a secretory signal  peptide.
Interestingly, the majority of the cDNAs
sequenced (451 out of 550) were in these 35
clusters. We confirmed by Edman degradation the
presence of 17 secreted proteins in the salivary
gland of this sand fly. These 17 proteins are

included in these 35 clusters. In fact, all the proteins that
resulted with N-terminus data had a corresponding cDNA in

clusters, and the predicted signal cleavage site

similarities to translocon-associated protein from differen{SignalP program for these 35 clusters) matched perfectly with
organisms and may be associated with an ER protein expdhe N-terminus obtained, with the exception of two proteins.

function.

These two proteins probably underwent further processing by

a protease.

Cluster 113 (LJS193; GenBank acc. no. AY455918) —
palmitoyl thioesterase

This cDNA codes for a protein of ¥Da, with high

When comparing these 35 clusters with sequences deposited
in existing databases, we found that nine of these cDNAs
correspond with already describéd. longipalpis proteins.

similarities to palmitoyl-(protein) thioesterase from differentWe found eight cDNAs with low homology to already

organisms.

described_u. longipalpisproteins, suggesting that they belong

to related families of proteins but are different enough to be
clustered in different groups. We found 10 cDNAs with

Discussion

homology to other proteins in databases, including an

In this work, we have isolated and characterized the mosingiotensin converting enzyme, a protease and a palmitoyl-
abundant secretory proteins and transcripts from the salivahydrolase; the rest of the cDNAs (seven) did not match to any
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