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Summary

Hundreds of Anopheles gambiaesalivary gland cDNA
library clones have been sequenced. A cluster analysis
based on sequence similarity a8 grouped the 691
sequences into 251 different clusters that code for proteins
with putative secretory, housekeeping, or unknown
functions. Among the housekeeping cDNAs, we found
sequences predicted to code for novel thioredoxin,
tetraspanin, hemopexin, heat shock protein, and TRIO
and MBF proteins. Among secreted cDNAs, we found 21
novel A. gambiae salivary sequences including those
predicted to encode amylase, calreticulin, selenoprotein,
mucin-like protein and 30-kDa allergen, in addition to
antigen 5- and D7-related proteins, three novel salivary
gland (SG)-like proteins and eight unique putative
secreted proteins (Hypothetical Proteins, HP). The
electronic version of this paper contains hyperlinks to

FASTA-formatted files for each cluster with the best
match to the nonredundant (NR) and conserved domain
databases (CDD) in addition to CLUSTAL alignments of
each cluster. The N terminus of 12 proteins (SG-1, SG-1-
like 2, SG-6, HP 8, HP 9-like, 5nucleotidase, 30-kDa
protein, antigen 5- and four D7-related proteins) has been
identified by Edman degradation of PVDF-transferred,
SDS/PAGE-separated salivary gland proteins. Therefore,
we contribute to the generation of a catalog oA. gambiae
salivary transcripts and proteins. These data are freely
available and will eventually become an invaluable tool to
study the role of salivary molecules in parasite-host/vector
interactions.

Key words: Anopheles gambiaanosquito, salivary gland, malaria,
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Introduction

Malaria affects 200 million people worldwide and causeof A. gambiaegenes been envisaged (Adam, 2001; Balter,
approximately 1.5 million deaths every year (Fauci, 2001). Th2001).

disease is caused Rlasmodiunparasites transmitted by the
blood-sucking mosquitcA. gambiag known as the major

In an attempt to reveal the complexityfofgambiaesalivary

glands, a high-throughput approach designed to identify a large
vector of malaria in sub-Saharan Africa (Collins andnumber of cDNAs in the gland of this mosquito has been

Paskewitz, 1995). The parasite has a complex life cycle in themployed. Remarkably, only approximately 15% of our
vector, where it becomes infective after invasion of the salivargDNA isolates matchA. gambiae sequences previously

gland (Cerami et al., 1992; Touray et al., 19%2asmodium
is transmittedvia the bite of an infected mosquito, which

reported (Arca et al., 1999); many of the remaining clusters

have unknown functions. Generation of a sefAofgambiae

releases the sporozoite stage into the skin (Sidjanki arghlivary cDNAs, in addition to thd’lasmodiumgenome

Vandeberg, 1997) together with saliva (Huribut, 1966). Salivaurrently available, may provide indispensable tools for the
not only operates as a carrier to deliver the sporozoite into tteystematic and comprehensive analysis of molecules that may

host (Krettli and Miller, 2001), but also contains a number oplay an active role in the pathogenesis of malaria.
pharmacologically active molecules which counteract host
defenses that are triggered by blood feeding (Ribeiro, 1987).

Although both genome surveys (Kappe et al., 2001; Carlton et
al., 2001; Janssen et al., 2001) and genome projects (Gardner

et al., 1998; Bowman et al., 1999) felasmodiunmspp. have

Materials and methods
Reagents
All water used was of 18 @ quality and was produced

been conducted, only more recently has systematic sequencinging a MilliQ apparatus (Millipore, Bedford, MA, USA).
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Organic compounds were obtained from Sigma Chemical Sequencing oh. gambiaecDNA library
Corporation (St Louis, MO, USA) or as stated otherwise. The A. gambiaesalivary gland cDNA library was plated to
approximately 200 plaques per Petri dish (150 mm diameter).
Mosquitoes The plaques were randomly selected and transferred to a 96-

A. gambiae gambia@iles mosquitoes were reared under thewell polypropylene plate containing 1QDof water per well.
expert supervision of Mr André Laughinghouse. InsectaryThe plate was covered and placed on a gyratory shaker for 1 h
rooms were kept at 26+0.5 °C, with a relative humidity of 70 %at room temperature. The phage samplgl)(5vas used as a
and a 16 h:8 h light:dark photoperiod. Adult female mosquitoetemplate for a PCR reaction to amplify random cDNA. The
used in the experiments were aged 0—7 days, took no blogdimers used for this reaction were sequences from the
meals, and were maintained on a diet of 10% Karo syrupriplEx2 vector and were named PT2F1-A2\G TAC TCT
solution. Salivary glands from adult female mosquitoes werdGC AAT TGT GAG C-3), which is positioned upstream
dissected and transferred to |[2OHepes saline (HS; NaCl from the cDNA of interest (®end), and PT2R1 (82TC TTC
0.15molt1, 10mmolt? Hepes, pH7.0) in 15ml GCT ATT ACG CCA GCT G-3, which is positioned
polypropylene vials in groups of 20 pairs of glands ipnR2&  downstream from the cDNA of interest €hd). PlatinuniTaq
HS or as individual glands in 10 of HS. Salivary glands were polymerase (Gibco-BRL) was used for these reactions.

kept at —75C until needed. Amplification conditions were: 1 hold at 76 for 3min, 1
_ _ _ hold at 94 C for 2 min, and 33 cycles at 92 for 1 min, 49C
Salivary gland cDNA library construction for 1min, and 72C for 1min and 20s. Amplified products

A. gambiaesalivary gland mRNA was isolated from 80 were visualized on a 1.1 % agarose gel with ethidium bromide.
salivary gland pairs from adult females at days 1 and 2 aft@the concentration of double-stranded cDNA was measured
emergence using the Micro-FastTrack mRNA isolation kitusing Hoechst dye 33258 on a Flurolite 1000 plate fluorometer
(Invitrogen, San Diego, CA, USA). The polymerase chainDynatech Laboratories, Chantilly, VA, USA). PCR reactions
reaction (PCR)-based cDNA library was made following thg3—4ul) containing between 100 and 200 ng of DNA were then
instructions for the SMART cDNA library construction kit treated with exonuclease | (0.5 units) and shrimp alkaline
(Clontech, Palo Alto, CA, USA)A. gambiaesalivary gland phosphatase (0.1 unjis1) for 15min at 3?C and 15min at
MRNA (200ng) was reverse transcribed to cDNA using80°C on a 96-well PCR plate. This mixture was used as a
Superscript Il Rnase H-reverse transcriptase (Gibco-BRLltemplate for a cycle-sequencing reaction using the DTCS
Gaithersburg, MD, USA) and the CDSIIN/®CR primer labeling kit from Beckman Coulter Inc. (Fullerton, CA, USA).
(Clontech) for 1h at 42C. Second-strand synthesis wasThe primer used for sequencing (PT2F3) is upstream from the
performed through a PCR-based protocol using the SMARTnserted cDNA and downstream from primer PT2F1. The
Il primer (Clontech) as the sense primer and the CDS Ill/3sequencing reaction was performed on a Perkin EImer 9700
primer as antisense primer. These two primers c&fédeand  thermocycler. Conditions were 76 for 2min, 94C for
SfiB sites at the ends of the nascent cDNA. Double-strand min, and 30 cycles of 9& for 20 s, 50C for 20 s and 6€C
cDNA synthesis was done on a Perkin EImer 9700 Thermdbr 4 min. After cycle-sequencing the samples, a cleaning step
cycler (Perkin Elmer Corp., Foster City, CA, USA) usingwas done using the multiscreen 96-well plate cleaning system
Advantage Klenfag DNA polymerase (Clontech). PCR (Millipore). The 96-well multiscreening plate was prepared by
conditions were the following: 9€ for 2min; 19 cycles of adding a fixed amount (manufacturer's specification) of
94°C for 10s and 68C for 6 min. Double-strand cDNA was Sephadex-50 (Amersham Pharmacia Biotech, Piscataway, NJ,
immediately treated with proteinase K (Aggul—2) for 20min ~ USA) and 30Qul of deionized water. After 1h of incubation
at 45°C and washed three times with water using Amicorat room temperature, the water was removed from the
filters with a 100 kDa cutoff (Millipore). Double-strand cDNA multiscreen plate by centrifugation at Zp@r 5min. After
was then digested witBfi for 2h at 50C. The cDNA was patrtially drying the Sephadex in the multiscreen plate, the
then fractionated using columns provided by the manufacturevhole cycle-sequencing reaction was added to the center of
(Clontech). Fractions containing cDNA of more than 400 baseach well, centrifuged at 750or 5min, and the clean sample
pairs (bp) in size were pooled, concentrated, and washed threas collected on a sequencing microtiter plate (Beckman
times with water using an Amicon filter with a 100 kDa cutoff. Coulter Inc.). The plate was then dried on a Speed-Vac SC 110
The cDNA was concentrated to a volume ofil.7 The  model with a microtiter plate holder (Savant Instruments Inc,
concentrated cDNA was then ligated into a Lambda TriplExHolbrook, NY, USA). The dried samples were immediately
vector (Clontech), and the resulting ligation reaction wasesuspended with 28 of deionized ultrapure formamide (J.
packed using Gigapack Gold Il from Stratagene/BiocresT. Baker, Phillipsburg, NJ, USA), and one drop of mineral oil
(Cedar Creek, TN, USA) following the manufacturer'swas added to the top of each sample. Samples were either
specifications. The obtained library was plated by infectingequenced immediately on a CEQ 2000 DNA sequencing
log-phase XL1-Blue cells (Clontech) and the amount ofnstrument (Beckman Coulter Inc.) or stored at %30
recombinants were determined by PCR using vector primers
flanking the inserted cDNA and visualized on a 1.1 % agarose Sequence information cleaning
gel with ethidium bromide (145g mt3). Raw sequences originating from the DNA sequencer were
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assigned one of five letters in tr A. gambiae
result: ATCG for identifie Salivary gland
nucleotide bases, and N when Stndards l
sequencer program could not ca KD
base. Usually the beginning and e a _ _ -
of the sequences have a hig 2907 = ™ N terminus | dentification
proportion of N calls. Sequences ¢ i
contain primer and vector sequen <— EQXVIQLVRGMVTRL Sdlivary gland 1 protein
used in library construction. For tl 54~ el K SEPHGEKAPFPLTL 5' nucleotidase
reason, raw sequences were tre

i i i < 50~ DGGSFLAP Salivary gland 1-like 2 protein
gyoa prc\’f’éam W,(/'It.ten '”ﬁv'sunga‘ RRLPKX SDSEEA Hypothetical protein 9 [dB2]-like

0 (vB) (Microso op. el RGLPESSKLEAXGQHYGAL  Hypothetical protein 8 [CB1]
Redmond, WA, USA) as follows. | s . .
. . <— ADDTSDQESSTELSDDAGAE Salivary gland 30-kDa protein

Sequences were analyzed in their 30- - "‘\"-- FKALDPEEAWYVYER D7 related protein, long form
80bp for groups of four Ns, and, GXQYXSDLXPR* Antigen-5 related 1 protein
found, the block of four Ns closer
position 80 was used to trim the r - _ _— NTVKKCENKMPASLKSQLCE D7 related 1 protein
sequence from this' N-rich region «— RKESTVEEXEKNIGDSLKDR D7 related 2 protein
(") For sequences |Onger than 110 :RQEETVEE:ERN'PASLKER D7re|aled 3 protein ]
windows of 10bp were screened 6 EKVXV DRDKVY Sdlivary gland 6 protein

the occurrence of four or more

above position 100. The positi
window with the smallest positic
value was used to trim the seque
from the 3 N-rich region. Sequenc
thus trimmed and having more tf
10% N content were discarded. (

1 2

Fig. 1. SDS-PAGE ofA. gambiaesalivary proteins, under denaturing non-reducing conditions.
Molecular mass markers are shown on the left. The match found is shown on the right.
*Sequence was obtained using salivary protein separated by a 12 % NU-PAGE gel, Mops buffer,

under denaturing non-reducing conditions.

Good quality and trimmed sequences were then searched fiop://ftp.ncbi.nim.nih.gov/blast/executables/) with the help of
occurrence of the primers used in library construction (th@ program written in PERL code (software found at
SMART Il primer as well as the CDS/R primers). A moving www.activeperl.com). NCBI sequences are indicated in this
window the size of the primer was searched on the sequenoenuscript by their accession number as gi|XXXX where
for matches with the primer sequence. If more than a 70 2%XXX is a unique identifier number. The resulting file was

match was obtained, or if a contiguous match longer than 50 arsed, and the best match was incorporated in the FASTA
of the length of the primer was observed, the sequence wdsfinition line after the delimiter |. The sequences were next
trimmed at the beginning or end of the window, depending osubmitted to the standalone program RPSBlast (Altschul et
the expected position of the primer. This simple algorithmal., 1997) and searched against the Conserved Domains
avoided errors due to spurious insertions. (iv) The trimme@®atabase (CDD) (found at ftp://ftp.ncbi.nim.nih.gov/pub/
sequence was ‘polished’ by removing any trailing N residuesnmdb/cdd/), which includes all Pfam (Bateman et al., 2000)
The sequence final N content was assessed, as well as its Afd SMART (Schultz et al.,, 2000) protein domains. The
content and length. The final sequence was written to BPSBlast result file was parsed as above and the best match
FASTA-format file containing in its definition line the actions incorporated also into the FASTA definition line of the
taken by the program. sequence. When all sequences of a particular cluster were
blasted against the NR protein database (using the BlastX
Searches for known sequence similarities and known proteifprogram), the best protein match was searched for the species
domains of the cDNA sequences from which the NR database sequence originated. If the
To obtain information on the possible role of the cDNAspecies was ndh. gambiage or no matches to the NR were
sequences, the FASTA file containing all the strippedound, the cluster was marked as representing a novel
sequences was blasted against the GenBank nonredundéntgambiaesequence (indicated by Y under the column
protein database (NR) from the National Center fomarked N (novel) in Table 1). All cluster sequences that
Biotechnology Information (NCBI) using the standalonegave a match to am\. gambiaeprotein sequence were
BlastX program found in the executable package aturther individually inspected to verify whether the cDNA
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/ (Altschul et al.,sequence represented nearly the same information translated
1997). The NR database as well as the cumulative updatas the protein match or a closely related but different protein.
were regularly downloaded, uncompressed with GUNZIRnN this latter case, a Y would also be added to the results in
(found at www.gzip.org/), and formatted for Blast programTable 1 in the N (novel) column for the row of the cluster in
use with the BRMATDB program (executables also found at question.


ftp://ftp.ncbi.nlm.nih.gov/blast/executables/
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/
ftp://ftp.ncbi.nlm.nih.gov/pub/
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Sequence clustering

The FASTA file containing a
sequences was clustered by first blas
(using the BlastN program) ea
sequence against the formatted data
file using a Blast cutoff score of 195,
The resulting file was used to join ir
single cluster all sequences that shart
least one common sequence in
BlastN result. Thus, if sequence A ha
1E%0 match to B and B had a simi
match to C, the three sequences wi
be joined even if A had a le
meaningful score in relation to C. T
clustering program also made individ
FASTA-formatted files for each clust
sorted in descending order of seque
size. When these files contained twc
more sequences, they were used as
for the sequence alignment progr
CLUSTALW (Higgins et al.,, 1996
which was called automatically |
the clustering program. CLUSTA
alignment files were thus created
each cluster having two or mc
sequences. This clustering program
also written in VB. Finally, a progra
was written in VB that combines all t
results to create Table 1 of this paj
except for the Function column. T
output of this program is imported int
Microsoft Excel spreadsheet. In i
supplemental material, Table 1 inclu
hyperlinks to the best NR protein ma
in the NCBI site, all FASTA files fc
each individual cluster, CLUSTA
alignment files for each cluster, wt
available, and the FASTA file for tl
whole database. Each cluster
individually analyzed for the probat
function of its translation produ
and assigned a ‘probably secret
‘probably housekeeping’ (
‘indeterminate’ function. This decisi
was based on the best match to the
protein database and related seque
as searched online at the NCBI
(www.ncbi.nim.gov) and on tt
SMART and/or Pfam  matche

including searches of the nature of _.
domains by online searches of the respective sites.

cDNA enriched with full-coding sequences

i 5" sequencing

First round of sequencing
(randam massive sequencing

bioinformatics

i Comprehensie

analysis

SequenceBlast to non-redunaht (GerBank),
proteinmotifs (CDD and Pfam)and SignalP sewer

Genegetion of Table 1
(hous&egring cDNAS

Genegetion of Table 2
(secretoy cDNAS)

Genestion of Table 3
(unknown function cDNA$

!

Second round of sequencing for confation
of sighpeptide and dotention of full-length clone
Inclusion ofA. gambiaesequences gesited in theGenBank

Comprehensie

bioinformatics
analysis

Sequencelast to non-reduraht (GerBank),
and Signal P sewer (for sigral peptides.
Calculation of molecubr massand isoelectrigoint

Putative functionannottion

!

Genestion of Table 4

Fig. 2. Comprehensive bio-informatic analysis bEST fromA. gambiaecDNA library and

data generationA. gambiae cDNA libraries enriched for full coding clones were
constructed. '5EST sequences were systematically generated from the clones and analyzed
for hits in nonredundant databases. Signal peptides were predicted by submission of the
cluster sequences to the SignalP server, allowing the identification of putative secretory (S),
housekeeping (H) or unknown (U) cDNAs. Putative functions were annotated according to
database hits, when available.

cleaned using the multiscreen-PCR 96-well filtration system

(Millipore). Cleaned samples were sequenced first with PT2F3

Full-length sequencing of selected cDNA clones
A portion (4pl) of the lambda phage containing the cDNA for complete sequence of selected full-length cDNA was also
of interest was amplified using the PT2F1 and PT2R1 primei@ssisted by a program (written in VB) that identified unique
(conditions as described above). The PCR samples wepgimer sites within the sequences. To assemble the sequences,

primer and subsequently with custom primers. Primer selection
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Fig. 3. A. gambiae salivary /

gland EST. The 691 individual N
sequences were assigned as \\\ / / \\\\\
secretory (S), housekeeping (H) / WA \ '\"\\
or unknown (U) function / F0 10 \
cDNAs and the % representation ” , \

is shown in (A). The 251
clusters were assigned as having

no matches to the database, or
having hits to sequences

obtained fromD. melanogaster [—__1 Secretory cDNASs(S) 1 cDNAswith no hits to the databases

(or other organisms), or from Housekeeping cDNASs (H) U7 cDNAswith hitsto genes from D. melanogaster
A. gambiae, and the % Unknown function cDNAs (U) or other organisms

representation is shown in (B). cDNAswith hits to genes from A. gambiae

the previously known sequence was blasted against the némvitrogen (myosin, bovine serum albumin, glutamic
sequence using the standalone program bl2seq found with tdehydrogenase, alcohol dehydrogenase, carbonic anhydrase,
executable package provided at the NCBI ftp site mentioneahyoglobin, lysozyme, aprotinin and insulin, chain B) were
above. After identifying the regions of overlap, the twoused. Salivary gland homogenates were treated with SDS (2 %)
sequences were joined. The program attempted to locateoaNU-PAGE LDS sample buffer (Invitrogen) without reducing
poly(A) region by using a 12-bp window in which 11 A conditions. 20 pairs of homogenized salivary glands per lane
residues would constitute a poly(A) string. If no poly(A) was(approximately 2Qig protein) were applied when visualization
found, a new set of primers would be found to continuef the protein bands stained with Coomassie Blue was required.
extension of the cDNA. The program also generate§or amino-terminal sequencing of the salivary proteins, 20
CLUSTAL alignments of all sequences and produces &omogenized pairs of glands were electrophoresed and
consensus output and the three possible translations of thiansferred to polyvinylidene difluoride (PVDF) membrane
unidirectionally cloned RNA. The final alignment is adjustedusing 10mM CAPS, pH 11.0, 10% methanol as the transfer
by hand. If necessary, the original tracings of the DNAbuffer on a Blot-Module for the Xcell Il Mini-Cell (Invitrogen).
sequencer are reviewed for critical base calls. The translatddhe membrane was stained with Coomassie Blue in the absence
sequences are submitted as a FASTA file to the SIGNALBf acetic acid. Stained bands were cut from the PVDF
server (at http://www.cbs.dtu.dk/ services/SignalP/) (Nielsen enembrane and subjected to Edman degradation using a Procise
al., 1997), which responds by e-mail: indicating whether @&equencer (Perkin-Elmer Corp.). To find the cDNA sequences
signal peptide exists and its location. A program written in VBcorresponding to the amino acid sequence, obtained by Edman
interprets this SIGNALP result file and removes the signatlegradation of the proteins transferred to PVDF membranes
peptide, if it is predicted to exist, to create a mature proteifrom PAGE gels, we wrote a search program (in VB) that
sequence. Molecular masses using average molecular masshscked these amino acid sequences against the three possible
for C, H, O, N, P and S are calculated for all protein sequencesiotein translations of each cDNA sequence obtained in the
as are pl based on reduced proteins, following the pKa fanass sequencing project. This program was written using the
amino acids within proteins as indicated before (Altland, 1990same approach utilized in the BLOCKS (Henikoff and
Bjellgvist et al., 1994). This program, combined with theHenikoff, 1994) or PROSITE (Sibbald et al., 1991) databases.
program generating Table 1 of this paper, produced an outplihe program is very useful when mixed sequence information
that can be read by the spreadsheet program Excel to prodwurs, for example, amino-terminal sequences deriving from a
Table 2 in this paper. In the supplemental material, availablmix of equal peptides. In this case, two different cDNA
on request, hyperlinks are given to all proteins. sequences may be unambiguously found as matches.

SDS-PAGE Statistical tests

A precast 16 % polyacrylamide gel was used and run in Tris- Statistical tests were performed with SigmaStat version 2.0
glycine-SDS buffer. Alternatively, a NU-PAGE 12 % Bis-Tris (Jandel Software, San Rafael, CA, USA). Kruskal-Wallis
gel, 1 mm thick (Invitrogen), was used and run in MOPS buffeANOVA on ranks was performed, and multiple comparisons
according to the manufacturer’s instructions. To estimate theiere done by the Dunn method. Dual comparisons were made
molecular mass of the samples, SeeBluenarkers from  with the Mann-Whitney rank sum test.


http://www.cbs.dtu.dk/
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Table 1. Anopheles gambiaeusekeeping cDNAs

Clust R? GenBank match E-valu¢ Gi numbp PFAM matcl§ E-valud

43 2 0i|7294669| CG10361 gene product 6.00E-83 0i|7294669 pfam00222 aminotran_2 5.00E-49
164 1 gi|7299845| CG3172 gene product 3.00E-65 gi|7299845 Smart smart00102 ADF 1.00E-17
223 1 gi|7291724| tsr gene product 2.00E-46 gi|7291724 pfam00241 cofilin_ADF 7.00E-20
146 1 gi|14572580| arrestin [Anopheles gamb... 3.00E-37 gi|14572580 pfam02752 arrestin_C 3.00E-19
73 1 gi|7300478| ATPsyn-d gene product 4.00E-24 gi|7300478 No matches found

179 1 0i|7294882| ATPsyn-b gene product 5.00E-38 0i|7294882 No matches found

60 2 0i|3065729| clathrin light chain 3.00E-29 0i|3065729 pfam01086 Clathrin_Ig_ch 3.00E-26
181 1 gi|7297903| CG6766 gene product 2.00E-23 0i|7297903 pfam00668 Condensation 0.001

33 2 gi|309068| cytochrome b [Anopheles 1.00E-53 gi|309068 pfam00033 cytochrome_b_N 2.00E-43
18 6 gi|309062| cytochrome c oxidase subunit 5.00E-70 0i|309062 pfam00510 COX3 5.00E-41
24 4 0i|309058| cytochrome c oxidase subunit 2.00E-70 gi|309058 pfam00115 COX1 2.00E-83
87 1 gi|309058| cytochrome ¢ oxidase subunit 2.00E-41 0i|309058 pfam00115 COX1 1.00E-30
147 1 0i|309058| cytochrome c oxidase subunit 5.00E-11 0i|309058 No matches found

195 1 0i|1946624| cytochrome c oxidase 2.00E-84 0i|1946624 pfam00116 COX2 1.00E-45
216 1 gi|7297373| CG7870 gene product 1.00E-62 gi|7297373 pfam00535 Glycos_transf 2 4.00E-18
36 2 0i|12667408| elongation fact... 6.00E-19 0i|12667408 pfam00679 EFG_C 4.00E-12
84 1 0i|12328436| elongation factor 1 delt... 1.00E-34 0i|12328436 LOAD_EF1B EF1B 1.00E-30
226 1 0i|12667408| elongation fact... 1.00E-89 0i|12667408 pfam00679 EFG_C 2.00E-26
239 1 gi|7297950| EIf gene product 1.00E-103 gi|7297950 pfam00009 GTP_EFTU 6.00E-19
65 1 0i|7303599| BcDNA:GM12291 gene 2.00E-22 0i|7303599 No matches found

249 1 0i|7295381| CG10733 gene product 3.00E-21 Qi|7295381 pfam01105 EMP24_GP25L 7.00E-09
74 1 gi|7303508| CG8860 gene product 3.00E-20 gi|7303508 pfam00584 SecE 2.00E-14
123 1 gi|7296662| CG1213 gene product [alt 4.00E-24 gi|7296662 pfam00083 sugar_tr 5.00E-06
116 1 gi|7301644| BcDNA:GH07066 gene 2.00E-21 gi|7301644 No matches found

103 1 gi|7296006| GlyP gene product 2.00E-57 gi|7296006 pfam00343 phosphorylase 3.00E-38
70 1 gi|7293608| CG14207 gene product 2.00E-44 0i|7293608 pfam00011 HSP20 6.00E-20
235 1 gi|7291835| CG4859 gene product 2.00E-70 gi|7291835 pfam00045 hemopexin 1.00E-11
106 1 0i|7301711] CG14525 gene product 1.00E-29 gi|7301711 No matches found

112 1 0i|7293724| CG7770 gene product 1.00E-25 0i|7293724 pfam01920 KE2 4.00E-21
61 1 gi|7291246| mago gene product 2.00E-55 gi|7291246 pfam02792 Mago_nashi 2.00E-44
79 1 gi|7299378| CG4591 gene product 0.007 gi|7299378 No matches found

929 1 0i|9624383| tetraspanin E118... 1.00E-16 0i|9624383 pfam00335 transmembrane4 6.00E-39
30 3 gi|309061| adenosine triphosphatase 3.00E-62 gi|309061 pfam00119 ATP-synt_A 1.00E-28
48 2 gi|7297772| porin gene product 1.00E-67 gi|7297772 pfam01459 Euk_porin 5.00E-60
50 2 0i|1438862| ADP/ATP carrier protein 1.00E-101 0i|1438862 pfam00153 mito_carr 9.00E-25
3 38 gi|10434098| unnamed protein product... 0.002 gi|10434098 pfam02414 Borrelia_orfA 0.002
228 1 gi|7297173| Nrv2 gene product [alt 2] 5.00E-12 gi|7297173 pfam00287 Na_K-ATPase 8.00E-05
121 1 0i|3037018| NADH dehydrogenase 2.00E-05 0i|3037018 pfam01604 7tm_5 0.002

169 1 gi|309069| NADH dehydrogenase subunit 1 1.00E-83 0i|309069 pfam00146 NADHdh 2.00E-71
199 1 gi|12882| NADH dehydrogenase subunit 5 0.1 gi|12882 pfam00001 7tm_1 6.00E-04
51 2 0i|1655708] NM23/nucleoside 8.00E-48 0i|1655708 pfam00334 NDK 3.00E-31
201 1 gi|2708713| ornithine decarboxylase 4.00E-08 gi|2708713 pfam02100 ODC_AZ 8.00E-06
120 1 gi|7296285| CG5605 gene product [alt 2.00E-85 0i|7296285 pfam01605 RF1 2.00E-20
109 1 gi|7303822| CG1418 gene product 2.00E-45 gi|7303822 No matches found

182 1 gi|7299121| Prosbeta3 gene product 4.00E-96 gi|7299121 pfam00227 proteasome 3.00E-27
104 1 0i|4115422| protein disulphide isomer... 4.00E-06 0i|4115422 No matches found

42 2 gi|7302715| CG6370 gene product 2.00E-04 gi|7302715 No matches found

23 4 gi|5690416| ribosomal protei... 1.00E-32 0i|5690416 pfam00181 Ribosomal_L2 4.00E-25
28 3 gi|7298519| CG10652 gene product 3.00E-47 gi|7298519 pfam01248 Ribosomal_L7Ae 1.00E-21
38 2 0i|10242304| ribosomal protein S26 1.00E-59 gi|10242304 pfam01283 Ribosomal_S26e 4.00E-56
40 2 0i|7294664| CG7283 gene product 3.00E-69 0i|7294664 pfam00687 Ribosomal_L1 4.00E-35
45 2 gil[4239711] ribosomal protein P2 9.00E-23 gil[4239711 pfam00428 60s_ribosomal 3.00E-34
49 2 gi|7290609| CG4111 gene product 3.00E-30 gi|7290609 pfam00831 Ribosomal_L29 4.00E-13

Continued on p. 2436.
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Table 1.Continued

Orgé N° Functiord® F11  Cloné? FASTALS CLUSTAL14
Drosophila melanogaster Y  2-amino-3ketobutyrate-Coa Ligase H NOSIG AGN10E60-43clu.txt AGN10E60-43aln.txt
Drosophila melanogaster Y  Actin depolarization factor H NoORF AGN10E60-164clu.txt
Drosophila melanogaster Y  Actin depolarization factor H NoORF AGN10E60-223clu.txt
Anopheles gambiae N  Arrestin H  NoORF AGN10E60-146clu.txt
Drosophila melanogaster Y  ATP synthase H NoORF AGN10E60-73clu.txt
Drosophila melanogaster Y  ATPsynthase H ANCH AGN10E60-179clu.txt
Drosophila melanogaster Y  Clathrin chain H NoORF AGN10E60-60clu.txt AGN10E60-60aln.txt
Drosophila melanogaster Y  Condensation domain used in non- H NoORF AGN10E60-181clu.txt

ribosomal peptide synthesis
Anopheles gambiae N  Cytochrome b H ANCH AGN10E60-33clu.txt AGN10E60-33aln.txt
Anopheles gambiae N  Cytochrome oxidase H NOSIG AGN10E60-18clu.txt AGN10E60-18aln.txt
Anopheles gambiae N  Cytochrome oxidase H NoORF AGN10E60-24clu.txt AGN10E60-24aln.txt
Anopheles gambiae N  Cytochrome oxidase H NoORF AGN10E60-87clu.txt
Anopheles gambiae N  Cytochrome oxidase H NOSIG AGN10E60-147clu.txt
Anopheles gambiae Y  Cytochrome oxidase H NoORF AGN10E60-195clu.txt
Drosophila melanogaster Y  Dolichyl-phosphate beta- H NoORF AGN10E60-216clu.txt

glucosyltransferase
Anopheles gambiae Y  Elongation factor H NoORF AGN10E60-36¢lu.txt AGN10E60-36aln.txt
Bombyx mori Y  Elongation factor H NoORF AGN10E60-84clu.txt
Anopheles gambiae Y  Elongation factor H NOSIG AGN10E60-226clu.txt
Drosophila melanogaster Y  Elongation factor H NOSIG AGN10E60-239clu.txt
Drosophila melanogaster Y  ER protein H NoORF AGN10E60-65clu.txt
Drosophila melanogaster Y  ER protein H NOSIG AGN10E60-249clu.txt
Drosophila melanogaster Y  ER translocation protein H  ANCH AGN10E60-74clu.txt
Drosophila melanogaster Y  Glucose transporter H NoORF AGN10E60-123clu.txt
Drosophila melanogaster Y  Glycerol phosphate acyltransferase H NoORF AGN10E60-116clu.txt
Drosophila melanogaster Y  Glycogen phosphorylase H NOSIG AGN10E60-103clu.txt
Drosophila melanogaster Y  Heat shock protein H  NoORF AGN10E60-70clu.txt
Drosophila melanogaster Y  Hemopexin H NOSIG AGN10E60-235clu.txt
Drosophila melanogaster Y  Highly conserved among species H ANCH AGN10E60-106clu.txt
Drosophila melanogaster Y  KE2 family H NoORF AGN10E60-112clu.txt
Drosophila melanogaster Y  Mago nashi protein —salivary gland H NoORF AGN10E60-61clu.txt

differentiation?
Drosophila melanogaster Y  Membrane protein? H NoORF AGN10E60-79clu.txt
Manduca sexta Y Membrane protein? H NoORF AGN10E60-99clu.txt
Anopheles gambiae N  Mitochondrial enzyme H  NoORF AGN10E60-30clu.txt AGN10E60-30aln.txt
Drosophila melanogaster Y  Mitochondrial protein H NoORF AGN10E60-48clu.txt AGN10E60-48aln.txt
Anopheles gambiae N  Mitochondrial protein H NoORF AGN10E60-50clu.txt AGN10E60-50aln.txt
Homo sapiens Y  Mitochondrion genome @gi|5834911 H NoORF AGN10E60-3clu.txt AGN10E60-3aln.txt
Drosophila melanogaster Y  Na+/K+ ATPase subunit H NoORF AGN10E60-228clu.txt
Bodo saltans Y  NADH dehydrogenase H NoORF AGN10E60-121clu.txt
Anopheles gambiae N  NADH dehydrogenase H NoORF AGN10E60-169clu.txt
Crithidia oncopelti Y  NADH dehydrogenase H NoORF AGN10E60-199clu.txt
Xenopus laevis Y  Nucleoside diphosphate kinase H NOSIG AGN10E60-51clu.txt AGN10E60-51aln.txt
Drosophila melanogaster Y  Ornithine decarboxylase H NOSIG AGN10E60-201clu.txt
Drosophila melanogaster Y  Peptide chain relase factor H NoORF AGN10E60-120clu.txt
Drosophila melanogaster Y  Prenylated rab acceptor H NOSIG AGN10E60-109clu.txt
Drosophila melanogaster Y  Proteasome protein H NOSIG AGN10E60-182clu.txt
Antheraea pernyi Y  Protein disulphide isomerase? H NOSIG AGN10E60-104clu.txt
Drosophila melanogaster Y  Ribophorin H NoORF AGN10E60-42clu.txt AGN10E60-42aln.txt
Anopheles gambiae N  Ribosomal protein H NoORF AGN10E60-23clu.txt AGN10E60-23aln.txt
Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-28clu.txt AGN10E60-28aln.txt
Anopheles gambiae N  Ribosomal protein H NOSIG AGN10E60-38clu.txt AGN10E60-38aln.txt
Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-40clu.txt AGN10E60-40aln.txt
Ceratitis capitata Y Ribosomal protein H NO SIG AGN10E60-45clu.txt AGN10E60-45aln.txt
Drosophila melanogaster Y  Ribosomal protein H NoORF AGN10E60-49clu.txt AGN10E60-49aln.txt
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Table 1.Continued

Clust R? GenBank match E-valu¢ Gi numi® PFAM matck E-valud

52 2 gi|4585827| ribosome associated membr... 4.00E-11 gi|4585827 No matches found

53 2 0i|7301299| CG10423 gene product 3.00E-40 0i|7301299 pfam01667 Ribosomal_S27e 6.00E-21
54 2 0i|9438108| putative large s... 2.00E-45 0i|9438108 pfam01199 Ribosomal_L34e 8.00E-40
55 2 0i|7291886| RpL19 gene product 2.00E-79 0i|7291886 pfam01280 Ribosomal_L19e 7.00E-70
57 2 gi|7291730| CG3195 gene product 5.00E-68 gi|7291730 pfam00298 Ribosomal_L11 6.00E-38
92 1 gi|7293042| CG9091 gene product 1.00E-35 gi|7293042 pfam01907 Ribosomal_L37e 6.00E-22
102 1 gi|7300661| RpS20 gene product 3.00E-51 gi|7300661 pfam00338 Ribosomal_S10 4.00E-33
111 1 0i|10439989| unnamed protein product... 4.00E-23 0i|10439989 No matches found

126 1 gi|7291436| CG4046 gene product 2.00E-65 gi|7291436 pfam00380 Ribosomal_S9 1.00E-41
127 1 0i|7289746] Qm gene product [alt 1] 2.00E-72 0i|7289746 pfam00826 Ribosomal_L10e 2.00E-66
131 1 gi|7291277| RpL29 gene product 3.00E-22 gi|7291277 pfam01779 Ribosomal_L29e 5.00E-13
132 1 0i|1359478| put. S3a ribosomal protein 4.00E-76 gi|1359478 pfam01015 Ribosomal_S3Ae 9.00E-47
142 1 gi|7290749| CG3203 gene product [alt 8.00E-66 gi|7290749 pfam00237 Ribosomal_L22 4.00E-10
145 1 0i|5690418| ribosomal protei... 2.00E-44 gi|5690418 pfam00833 Ribosomal_S17e 8.00E-32
160 1 0i|7290065| RpL36 gene product 4.00E-32 0i|7290065 pfam01158 Ribosomal_L36e 7.00E-35
166 1 gi|7292864| CG2033 gene product [alt 3.00E-65 gi|7292864 pfam00410 Ribosomal_S8 6.00E-37
170 1 0i|9438110| putative large s... 1.00E-45 0i|9438110 pfam00935 Ribosomal_L44 9.00E-24
171 1 gi|7301850| CG7808 gene product 3.00E-64 gi|7301850 pfam01201 Ribosomal_S8e 9.00E-52
191 1 gi|7301368| CG4759 gene product 8.00E-37 gi|7301368 pfam01777 Ribosomal_L27e 3.00E-40
222 1 0i|14585747| ribosomal protein L39 3.00E-19 0i|14585747 pfam00832 Ribosomal_L39 2.00E-15
250 1 0i|1245447| putative ribosomal protein 1.00E-12 0i|1245447 No matches found

251 1 0i|7293850| CG6846 gene product 1.00E-46 0i|7293850 pfam00467 Ribosomal_L24 4.00E-14
207 1 gi|7291445| CG3751 gene product 4.00E-52 gi|7291445 pfam01282 Ribosomal_S24e 7.00E-29
172 1 0i|7295253| Srp19 gene product 3.00E-17 gi|7295253 pfam01922 SRP19 2.00E-12
230 1 gi|7295014| CG5651 gene product 2.00E-95 gi|7295014 pfam00005 ABC_tran 1.00E-24
217 1 0i|4389443| SPC 21-kDa-like 4.00E-63 0i|4389443 pfam00461 Peptidase_S26 2.00E-30
236 1 0i|12835580| putative [Mus musculus] 4.00E-08 0i|12835580 No matches found

243 1 0i|7290606| CG3187 gene product 8.00E-69 0i|7290606 LOAD_sir2 sir2 7.00E-32
78 1 0i|7299412| CG6666 gene product 3.00E-34 gi|7299412 pfam01127 Sdh_cyt 2.00E-33
167 1 gi|7303341| CG4670 gene product 7.00E-22 gi|7303341 pfam01500 Keratin_B2 0.002

31 3 0i|7716428| thioredoxin 1 [A... 7.00E-11 0i|7716428 pfam00085 thiored 0.002

247 1 0i|6469517| translation init... 1.00E-45 0i|6469517 pfam01287 elF-5a 2.00E-17
47 2 0i|7299413| CG4800 gene product 3.00E-57 0i|7299413 pfam00838 TCTP 4.00E-55
225 1 gi|7290103| EG:BACR7A4.5 gene product 2.00E-27 gi|7290103 pfam00033 cytochrome_b_N 0.009
165 1 0i|7300467| CG14285 gene product 6.00E-07 gi|7300467 No matches found

209 1 0i|10728827| VhaSFD gene product [alt 1.00E-61 0i|10728827 pfam01602 Adaptin_N 1.00E-05
229 1 0i|1220128| vacuolar ATPase [Anopheles 8.00E-57 0i|1220128 pfam01990 ATP-synt_F 6.00E-31
244 1 gi|10728827| VhaSFD gene product [alt 2.00E-18 gi[10728827 pfam00607 gag_p24 0.004
125 1 gi|7303921| CG8029 gene product [alt 2.00E-08 0i|7303921 No matches found

240 1 0i|9502404| Hypothetical zin... 7.00E-30 0i|9502404 pfam00096 zf-C2H2 1.00E-05

IClus, cluster number.
2R, number of sequences of a given custer (R, representation).
3GenBank match, best match to the GenBank database.
4E-value, indicates significance of match to NR sequence of previous column.
5Gi numb, GenBank accession number.

6PFAM match, best match to the PFAM database.
"E-value, indicates significance of match to CDD sequence of previous column.

the D7 family of proteins, nine so-called. gambiae

Results and Discussion

hypothetical proteins (HP), and eight so-calkedgambiae

A literature search indicates that the salivary gland osalivary gland (SG) proteins (Arca et al., 1999). Most of these
Anopheles gambiaeontains a number of putative proteins proteins are translations of expressed sequence tags (EST) or
including apyrase, '5nucleotidase, lyzozyme, members of full-length clones;

accordingly, they have not been

unambiguously characterized as salivary molecules. In an
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Table 1.Continued

Orgé N® Functiort® F11  Cloné? FASTAL3 CLUSTAL4

Rattus norvegicus Y Ribosomal protein H NoORF AGN10E60-52clu.txt AGN10E60-52aln.txt

Drosophila melanogaster Y  Ribosomal protein H NoORF AGN10E60-53clu.txt AGN10E60-53aln.txt

Aedes triseriatus Y Ribosomal protein H NoORF AGN10E60-54clu.txt AGN10E60-54aln.txt

Drosophila melanogaster Y  Ribosomal protein H NoORF AGN10E60-55clu.txt AGN10E60-55aln.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-57clu.txt AGN10E60-57aln.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-92clu.txt

Drosophila melanogaster Y  Ribosomal protein H NoORF AGN10E60-102clu.txt

Homo sapiens Y Ribosomal protein H NoORF AGN10E60-111clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-126clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-127clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-131clu.txt

Anopheles gambiae N  Ribosomal protein H NOSIG AGN10E60-132clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-142clu.txt

Anopheles gambiae N  Ribosomal protein H NOSIG AGN10E60-145clu.txt

Drosophila melanogaster Y  Ribosomal protein H NoORF AGN10E60-160clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-166clu.txt

Aedes triseriatus Y  Ribosomal protein H NOSIG AGN10E60-170clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-171clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-191clu.txt

Culex pipiens pallens Y Ribosomal protein H NoORF AGN10E60-222clu.txt

Anopheles gambiae N  Ribosomal protein H  NoORF AGN10E60-250clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-251clu.txt

Drosophila melanogaster Y  Ribosomal protein H NOSIG AGN10E60-207clu.txt

Drosophila melanogaster Y  Ribosomal signal recognition H NoORF AGN10E60-172clu.txt

Drosophila melanogaster Y = RNAse L inhibitor H NOSIG AGN10E60-230clu.txt

Drosophila melanogaster Y  Signal peptidase H ANCH AGN10E60-217clu.txt

Mus musculus Y  Similar to yeast Maflp H NOSIG AGN10E60-236clu.txt

Drosophila melanogaster Y  Sir2 family H NOSIG AGN10E60-243clu.txt

Drosophila melanogaster Y  Succinate dehydrogenase H NoORF AGN10E60-78clu.txt
cytochrome b subunit

Drosophila melanogaster Y  Sulfhydryl oxidase H NoORF AGN10E60-167clu.txt

Anopheles gambiae N  Thioredoxin H NoORF AGN10E60-31clu.txt AGN10E60-31aln.txt

Spodoptera frugiperda Y  Translation initiation factor H NOSIG AGN10E60-247clu.txt

Drosophila melanogaster Y  Translationally controlled tumour H NOSIG AGN10E60-47clu.txt AGN10E60-47aln.txt
protein

Drosophila melanogaster Y  Translocation protein H NOSIG AGN10E60-225clu.txt

Drosophila melanogaster Y  Unknown protein — conserved H NOSIG AGN10E60-165clu.txt

Drosophila melanogaster Y  V-ATPase subunit H NoORF AGN10E60-209clu.txt

Anopheles gambiae N  V-ATPase subunit H NOSIG AGN10E60-229clu.txt

Drosophila melanogaster Y  V-ATPase subunit H NOSIG AGN10E60-244clu.txt

Drosophila melanogaster Y  V-ATPase synthase H NoORF AGN10E60-125clu.txt

Homo sapiens Y  Zinc finger protein H NoORF AGN10E60-240clu.txt

80rg, organism where a match was found.

9N, Novel (Y, yes; N, no).

10Function, putative function or biological property.

11F, Function; H, housekeeping.

12Clone: NOSIG, no signal peptide detected by SignalP server; No ORF, absence of a open-reading frame; ANCH, anchor protein.
13FASTA, FASTA-formatted sequences.

14CLUSTAL, clustal alignment for two or more sequences.

attempt to improve our understanding of the complexity of SDS-PAGE oA. gambiaesalivary proteins

the proteins and transcripts expressef.igambiaesalivary Fig. 1 shows the pattern of separatioofjambiaesalivary
glands, we have performed SDS-PAGE and a cDNA librarprotein by SDS-PAGE stained by Coomassie Blue. The gel
using, respectively, the proteins and mRNA from this samehows relatively low tissue complexity, with approximately 15
tissue. clearly visible stained bands and many others lightly stained.
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Table 2. Anopheles gambiaecretory cDNAs

Clust R? GenBank match E-valu¢ Gi numi® PFAM matck E-valud

6 33 0i|2114497| 30 kDa salivary gland 7.00E-07 0i|2114497 pfam01127 Sdh_cyt 7.00E-07
58 2 0i|159550| amylase [Aedes aegypti] 1.00E-66 0i|159550 Smart smart00632 Aamy_C 1.00E-14
105 1 0i|2285788| Multiprotein bridging fac... 5.00E-51 0i|2285788 pfam01381 HTH_3 3.00E-06
17 6 gi|4127344| cE5 protein [Anopheles 7.00E-20 gi|4127344 pfam01028 Topoisomerase_| 1.00E-09
14 8 0i|8927462| antigen 5 precuir... 3.00E-36 0i|8927462 Smart smart00198 SCP 9.00E-30
69 1 0i|7292977| CG9400 gene product 1.00E-18 0i|7292977 Smart smart00198 SCP 2.00E-20
210 1 0i|4887102| antigen 5-relate... 3.00E-08 0i|4887102 Smart smart00198 SCP 9.00E-08
183 1 0i|7299219| Crc gene product 5.00E-87 0i|7299219 pfam00262 calreticulin 3.00E-70
15 7 gi|159559| D7 protein [Aedes aegypti] 4.00E-23 gi|159559 No matches found

8 23 gi|4538887| D7-related 1 protein [Ano... 9.00E-82 gi|4538887 pfam01604 7tm_5 9.00E-05
208 1 gi|4538887| D7-related 1 protein [Ano... 7.00E-07 gi|4538887 No matches found

88 1 0i|4538889| D7-related 2 protein [Ano... 4.00E-05 0i|4538889 No matches found

1 49 0i|4538889| D7-related 2 protein [Ano... 8.00E-77 0i|4538889 pfam02326 YMF19 0.001

2 47 0i|4538891| D7-related 3 protein [Ano... 4.00E-94 0i|4538891 pfam01028 Topoisomerase._| 3.00E-05
11 12 gi|13537670| D7r4 protein [Anopheles... 3.00E-94 gi|13537670 pfam01598 Sterol_desat 0.007

26 3 gi|13537670| D7r4 protein [Anopheles... 4.00E-17 gi|13537670 No matches found

56 2 gi|13537664| gSG1-like 2 protein [Ano... 1.00E-126 gi|13537664 pfam01500 Keratin_B2 5.00E-04
5 33 0i|13537660| gSG2-like protein [Anoph... 3.00E-30 0i|13537660 No matches found

13 9 0i|13537662| gSG5 protein [Anopheles... 6.00E-93 0i|13537662 Smart smart00052 DUF2 0.005

9 20 gi|13537666| gSG6 protein [Anopheles... 3.00E-55 gi|13537666 pfam01688 Herpes_gl| 0.002

12 10 gi|13537668| gSG7 protein [Anopheles... 3.00E-77 0i|13537668 No matches found

19 6 gi|13537668| gSG7 protein [Anopheles... 3.00E-09 0i|13537668 No matches found

22 5 0i|13537672| hypothetical protein [An... 2.00E-74 0i|13537672 pfam00710 Asparaginase 6.00E-04
7 31 0i|4127307| hypothetical protein 7.00E-05 0i|4127307 pfam01028 Topoisomerase_| 0.002

10 13 0i|894206| lysozyme [Anopheles gambiae] 2.00E-71 0i|894206 Smart smart00263 LYZ1 1.00E-52
34 2 No matches found pfam01456 Tryp_mucin 2.00E-07

16 6 gi|4582528| putativeé-Bucleotidase... 1.00E-129 gi|4582528 pfam02872 5_nucleotidaseC 1.00E-49
46 2 gi|4582528| putativé-Bucleotidase... 3.00E-73 gi|4582528 pfam01009 5_nucleotidase 1.00E-24
20 6 0i|4582526| putative apyrase [Anophel... 2.00E-41 0i|4582526 pfam02872 5_nucleotidaseC 2.00E-06
128 1 0i|7293955| CG7484 gene product 2.00E-31 0i|7293955 No matches found

212 1 0i|4210615| SG1 protein [Anopheles ga... 4.00E-07 0i|4210615 No matches found

37 2 0i|4210615| SG1 protein [Anopheles ga... 2.00E-10 0il4210615 pfam02122 Luteo_ORF2 3.00E-04
21 5 gi|4210617| SG2 protein [Anopheles ga... 1.00E-23 0i|4210617 pfam01028 Topoisomerase_| 2.00E-09
4 38 No matches found No matches found

27 3 No matches found No matches found

68 1 No matches found No matches found

83 1 No matches found No matches found

90 1 No matches found pfam02326 YMF19 0.005

93 1 No matches found No matches found

134 1 No matches found No matches found

139 1 No matches found pfam01604 7tm_5 0.007

157 1 No matches found No matches found

162 1 No matches found No matches found

188 1 No matches found No matches found

29 3 No matches found pfam01490 Aa_trans 0.002

1Clus, cluster number.

2R, number of sequences of a given custer (R, representation).

3GenBank match, best match to the GenBank database.

4E-value, indicates significance of match to NR sequence of previous column.
5Gi numb, GenBank accession number.

6PFAM match, best match to the PFAM database.

"E-value, indicates significance of match to CDD sequence of previous column.
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Table 2.Continued

Orgé N® Functiort® F11  Cloné? FASTAL3 CLUSTAL4
Aedes aegypti Y 30 kDa allergen family S SIG AGN10E60-6c¢lu.txt AGN10E60-6aln.txt
Aedes aegypti Y Amylase S NoORF AGN10E60-58clu.txt AGN10E60-58aln.txt
Bombyx mori Y  Angiogenesis function? —Similarto S NoORF AGN10E60-105clu.txt
human EDF-1
Anopheles gambiae N  Anticlotting S SIG AGN10E60-17clu.txt AGN10E60-17aln.txt
Glossina morsitans Y  Antigen 5 family S SIG AGN10E60-14clu.txt AGN10E60-14aln.txt
morsitans

Drosophila melanogaster Y  Antigen 5 protein S SIG AGN10E60-69clu.txt
Lutzomyia longipalpis Y  Antigen 5 protein S NOSIG AGN10E60-210clu.txt
Drosophila melanogaster Y  Calreticulin S SIG AGN10E60-183clu.txt
Aedes aegypti Y D7 protein S SIG AGN10E60-15clu.txt AGN10E60-15aln.txt
Anopheles gambiae N  D7rl protein S SIG AGN10E60-8clu.txt AGN10E60-8aln.txt
Anopheles gambiae Y  D7rl protein new member S NoORF AGN10E60-208clu.txt
Anopheles gambiae Y  D7r2 family — New member S NoORF AGN10E60-88clu.txt
Anopheles gambiae N  D7r2 protein S SIG AGN10E60-1clu.txt AGN10E60-1aln.txt
Anopheles gambiae N  D7r3 protein S SIG AGN10E60-2clu.txt AGN10E60-2aln.txt
Anopheles gambiae N  D7r4 protein S SIG AGN10E60-11clu.txt AGN10E60-11aln.txt
Anopheles gambiae Y  D7r protein new member S SIG AGN10E60-26clu.txt AGN10E60-26aln.txt
Anopheles gambiae N  gSGl-like 2 protein S NoORF AGN10E60-56clu.txt AGN10E60-56aln.txt
Anopheles gambiae N gSG2 protein S SIG AGN10E60-5clu.txt AGN10E60-5aln.txt
Anopheles gambiae N  gSG5 protein S SIG AGN10E60-13clu.txt AGN10E60-13aln.txt
Anopheles gambiae N  gSG6 protein S SIG AGN10E60-9clu.txt AGN10E60-9aln.txt
Anopheles gambiae N  gSG7 protein S SIG AGN10E60-12clu.txt AGN10E60-12aln.txt
Anopheles gambiae Y gSG7 protein — new member? S SIG AGN10E60-19clu.txt AGN10E60-19aln.txt
Anopheles gambiae N  HP gi|13537672 S ANCH AGN10E60-22clu.txt AGN10E60-22aln.txt
Anopheles gambiae N HP gi|4127307 S SIG AGN10E60-7clu.txt AGN10E60-7aln.txt
Anopheles gambiae N Lyzozyme S SIG AGN10E60-10clu.txt AGN10E60-10aln.txt

Y  Mucin S SIG AGN10E60-34clu.txt AGN10E60-34aln.txt
Anopheles gambiae N  Putative 5nuc truncated clone S NoORF AGN10E60-16clu.txt AGN10E60-16aln.txt
Anopheles gambiae N  Putative 5nucleotidase S SIG AGN10E60-46clu.txt AGN10E60-46aln.txt
Anopheles gambiae N  Putative apyrase — truncated clone S NOSIG AGN10E60-20clu.txt AGN10E60-20aln.txt
Drosophila melanogaster Y  Selenoprotein precursor S SIG AGN10E60-128clu.txt
Anopheles gambiae Y  SG1 protein — New member? S NOSIG AGN10E60-212clu.txt
Anopheles gambiae Y  SG1 protein — New member? S NOSIG AGN10E60-37clu.txt AGN10E60-37aln.txt
Anopheles gambiae N SG2 S SIG AGN10E60-21clu.txt AGN10E60-21aln.txt

Y  Unknown protein S SIG AGN10E60-4clu.txt AGN10E60-4aln.txt

Y  Unknown protein S SIG AGN10E60-27clu.txt AGN10E60-27aln.txt

Y  Unknown protein S SIG AGN10E60-68clu.txt

Y  Unknown protein S SIG AGN10E60-83clu.txt

Y  Unknown protein S SIG AGN10E60-90clu.txt

Y  Unknown protein S SIG AGN10E60-93clu.txt

Y  Unknown protein S SIG AGN10E60-134clu.txt

Y  Unknown protein S SIG AGN10E60-139clu.txt

Y  Unknown protein S SIG AGN10E60-157clu.txt

Y  Unknown protein S SIG AGN10E60-162clu.txt

Y  Unknown protein S SIG AGN10E60-188clu.txt

Y  Unknown protein S SIG AGN10E60-29clu.txt AGN10E60-29aln.txt

80rg, organism where a match was found.

9N, Novel (Y, yes; N, no).

10Function, putative function or biological property.

11IF, Function; S, secretory

12Clone: NOSIG, no signal peptide detected by SignalP server; No ORF, absence of a open-reading frame; ANCH, anchor protein.
13FASTA, FASTA-formatted sequences.

14CLUSTAL, clustal alignment for two or more sequences.
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To identify these proteins, they were transferred to PVDprobable housekeeping function found in our database. These
membranes and the bands cut from the membrane aimtlude many different ribosomal proteins, t-RNA synthases,
submitted to Edman degradation. Amino-terminal informatiorcytochrome oxidase, elongation and translation factors,
was successfully obtained for many of these bands, and thepdoplasmic reticulum proteins, NADH dehydrogenases,
were identified as SG6 (approx. 10kDa apparent moleculdreat-shock protein, actin depolarization factor, arrestin,
mass)A. gambiaeD7-related proteins 1-3 (approx. 10-14 kDa aminotransferase, clatrin and porin gene product. Many
apparent molecular mass), similar €@lossinia morsitans enzymes linked to respiratory metabolism or mitochondria
antigen 5 (approx. 30kDa), similar tAedes aegyptD7  proteins were identified, including adenosine diphosphatase,
(approx. 33kDa), similar td. aegyptB0kDa allergen (approx. ADP/ATP carrier protein, unnamed protein product,
36kDa), HP 8 (CB1, 44 kDa), similar to HP 9 (bB2, 46 kDa)V-ATPase and N&K* ATPase subunits. Other enzymes or
and herein called HP 9-like, SG1-like 2 (approx. 48kDa)proteins were nucleoside diphosphate kinase, ornithine
putative 5 nucleotidase (approx. 64kDa) and SG1 (approxdecarboxylase, peptide chain release factor, prenylated rab
105 kDa). Although the predicted translation products of somacceptor, RNAse L inhibitor proteasome protein, KE2 family,
of these proteins have been reported (Arca et al., 1999), ami@i514525, Mago Nashi protein,-glucosidase and
acid sequencing has not been performed before. Edmaondensation domain. Of interest, clusters possessing matches
degradation for other bands was attempted unsuccessfully tetraspanin, hemopexin, heat-shock protein, TRIO protein,
either because the protein’s amino terminus was blocked, anultiprotein bridging factor (MBF) and antioxidant molecules
because PTH-amino acids could not be reliably identified. have also been found; their putative function is discussed
below.
cDNA library of the salivary gland &. gambiae Tetraspanins, transmembrane proteins first discovered on

To complement the data generated by SDS-PAGE anthe surface of human leukocytes, have previously been
identify potentially novel molecules in the salivary glanddof identified in Drosophila melanogaster Caenorhabditis
gambiae a cDNA library was constructed and hundreds ofelegans Apis melliferaand Manduca sextaThis is the first
independent clones randomly $equenced. When a cluster description of tetraspanin in a mosquito. Their function is not
analysis of all 691 sequences from this library was performeprecisely known, but data from biochemical studies and
ate 0, 251 independent clusters were organized. Subsequentknockout mice suggest that they play a major role in membrane
clusters were blasted against the nonredundant (NR) and protd&imlogy, operating as molecular facilitators of diverse cellular
motifs databases. Signal peptides were predicted by submissifumctions from cell adhesion to signal transduction (Todres et
of the cluster sequences to the SignalP server, allowing tta., 2000). Of interest, the tetraspanin CD9 associates with the
identification of putative secretory (S) and housekeeping (HED36, thePlasmodium falciparunmeceptor on platelets and
cDNA. A comprehensive diagram depicting the steps used f@ndothelial cells (Miao et al., 2001). Whether salivary gland
generation of the data is shown in Fig. 2. The results aretraspanin has any role in cell-parasite interactions remains to
presented as Tables 1-4. The electronic versions of the tablég determined.
available on request, also contain: (i) columns with hyperlinks Also noteworthy is the identification of clones coding for
to the best match of the NR database, (ii) links to NR matchgwoteins with antioxidant function. This paper reports the first
found for the cluster, (iii) matches to the conserved domairdentification of hemopexin (hpx) in the salivary gland of a
database (CDD), (iv) FASTA-formatted files for each clusterblood-sucking insect. Hpx is a haem-binding plasma
and (v) CLUSTAL alignments of each cluster having two orglycoprotein that forms a line of defense against
more sequences. hemoglobin-mediated oxidative damage during hemolysis

Fig. 3A shows that of the 691 sequences are concerned, 4@3elanghe and Langlois, 2001). In fact, hpx complexes with
(58.3%) code for putative S proteins, 165 (23.8%) foheme noncovalently with high affinityKg<1 pmol 1) and
housekeeping proteins and 123 (17.8 %) for proteins that coukhows much lower peroxidase- and catalyse-like activity than
not be identified as housekeeping or secretory (unknown, Uhe nonprotein heme. In addition, hpx heme binds nitric oxide
Accordingly, cDNA for secretory proteins are highly (NO) and carbon monoxide (CO) and may protect against NO-
represented in our library, suggesting that vivo these mediated toxicity, especially in conditions of hemolysis. Hpx
molecules are preferentially expressed over H and U proteinis. thus a molecule that safely carries heme. Perhaps it is present
Fig. 3B shows that of the 251 clusters (including H, S and U)in the salivary gland due to the synthesis of relatively large
127 (40.6%) match sequences related Dwosophila amounts of salivary peroxidase, which function as a
melanogasteor other organisms; however, only 41 (16.3%)vasodilator. In addition, a clone was identified coding for
have been assigned exclusively to thegambiaesalivary  thioredoxin (Thrx), a molecule that plays a fundamental role
gland. This indicates that 120 clusters (49.4 %) lack NCBI hitsn maintaining a reducing cellular milieu together with Thrx
although it is possible that related nucleotide sequences haseductase (ThrxR) and NADPH (Holmgren and Bjornstedt,

been deposited as EST in other databases. 1995). Interestingly, ThrxR has both Thrx and protein
_ _ _ _ disulphide isomerase (PDI) as substrate (Nakamura et al.,
cDNAs coding for putative housekeeping proteins 1997), and a clone for PDI is in our library. We conclude that

Table 1 describesA. gambiae cDNA sequences with components of the Thrx system are present in the salivary



Transcripts and proteins froM. gambiaesalivary gland 2441

gland ofA. gambiaeand that they mé  an gambiae car 1 FRAPLAYNK - WBEECEKE Bl SEHK YEXGKF\BTAGKF
operate in concert with pr and ot Am america Calr 1--- Pl \YeL P H DeDe&] EKANIGKFVISAGKF

. Dr melanog Calr 1 MMWC | AIIVQ =-- [MKH - ENYE GNEEGKFVLIZQIF
molecules to prevent haem-driven {
radical attack, considering that t

. . An gambiae Calr 55 NPNZNIRIEIRORINTENT DB TLVIQFSVKHEQNIDCGGEKMFDCS
organ is actively engaged INUIETN YT S o= Y A eIl D A FREK GLQTEDARFBISSKFEPFSNEEK TLVVQIVKHEQNIDCGGGYVKLHEL
hemeprotein synthesis. Finally, = Dr melanog Carr 58  [NBAYZAVIN {eNEeIANIAASRSG - GN=m] FIRAUeIZV A el nTeleTeleN gV i)
have found clones coding 1

. i i PNICENECI O K I D (XD L HG BjP YVMF GPDICGPGTKKVHVIFSYKGKNHLINKDIRCKDDVF THRYVH
heat ,ShOCk prote!ns, a  family LD TN o WAl D (S| HGESP[JIMFEPDICGPGTKKVHVIYKGKNHLINIEIRCKDDVFTHRYTLIV [
proteins that functions as chaperol  pr melanog Car 118 [ER AERECNECNCIRANCV RN KNS SIBIRS B, L RATY:
or are involved in cell defense agai
external stressors from varic  An gambiae Calr 175 A FNNEEPNIAYES SRR PEE G FVCEENEE AP G0

NN S oo b A > DN T WY\ (3| DN ENZEERGEL EEDVEFL PPKKIKDPEAKKPEDWDD! [BDFEDKKPED
sources (Lund', 2001). In fact, T EUI RO £ Il P DN TY EV/LIDNEKVESNL EDDWDHAPKKIKDAJAJKPEDWDDRARDPDDKKPED
general function of heat-sho

prptems Is 1o prevgnt ) p“?tf An gambiae Calr 235 [GEREPENTY BNEREYREENEVPNES RSN G CIPN NEEEEN
misfolding and aggregation in higt  Amamerica car 237 [GEV[ENYNREEN VNSV S OF NS TSI PININTITNIEE=

crowded cellular environments [T Tte e ot= G- B < P E | P DP DATKPEDWDDEMDGEWEPPMEKGE@PKAIDNHYYKGAEHPEIRANH
under conditions of denaturing str o
An gambiae Calr 295 [ENEEBK REEN M AIDYWQVKSGTIFDgNIT NOEEEAKKYAASVKET QEGES
(Young et al., 2001). Am america Calr 297 [SNTAD ERGEECTIGFDLWQVKSGTIFIBLITDDEE =TWAALK=
We have also found clones w Dr melanog Calr 298 [FjVAb RYENCTEGFDLWQVKSGTIFINLITDD MENARKRNAAEVANTJAGES

sequence homology to signall

molecules. TRIO is a multidomeé  An gambiae Calr 354 [SINCEARERITAEG-EARATEALGIIEPER=F5AP) ALPG@ = BliE

prten i s e oo, 1% 7 {4 bl 0

activating receptor transmembr:

tyrosine phosphatase (PTPase) Fig. 4. CLUSTAL alignment of noveA. gambiaecalreticulin An gambiaeCalr, gi 18389888),
contains a protein kinase domain Amblyomma americanuroalreticulin Am americaCalr, gi 3924593), and. melanogaster
has been proposed that TF calreticulin Or melanogCalr, gi 7299219). Similar amino acid residues are marked with a gray

may orchestrate cell-matrix a background, identical amino acids with a black background.

cytoskeletal rearrangeme

necessary for cell migration (Lin @  an gambiae seleno 1 MRLFAITCLLFSIVTVIGAEFSAEDCRELGLIKSQL FEEARSASBIENIE IKEHSL ES
Greenberg, 2000). Although we hi Pr g1elf=mog seleno 1 M ? E%EﬁDﬂPéK%
found a signal peptide f@. gambia

TR0, ur afgnment witbrosophile 5 fiines e 6o Hacrandi SIS YR SRR PR
with no secretion sequence) make . -

uncertain whether this mosquito fo /S? ?na:eng 22!228 ﬁé Eﬁ%ﬁ& EWB :Eiigﬁtﬁ :B-C-EXC-E:IZNSYS ;I-D-;\-IZ-)GD
of TRIO is, in fact, a secreted prot
or a truncated protein with

false-positive signal peptide. Final
an open-reading frame with
complete coding region for a prot
with homology toBombyx moriMBF without signal peptide ubiquitous intracellular protein present in the sarcoplasmic

has been identified (Takemaru et al., 1997). MBF is similar teeticulum and involved in calcium homeostasis (Johnson et al.,
endothelial cell differentiation factor (Dragoni et al., 1998), ar2001). Calreticulin has also been identified extracellularly in

intracellular protein that plays a role in regulation of humarthe supernatant of Epstein-Barr virus-immortalized cells; this

endothelial cell functions including formation of blood vesselssecreted form has been shown to inhibit angiogenesis, the
The precise functions of TRIO and MBP in the salivary glandiological process by which new blood vessels are formed

Fig. 5. CLUSTAL alignment of novelA. gambiaeselenoprotein An gambiaeseleno; gi
18389880) and. melanogaste(Dr melanogseleno, gi 7293955). Similar amino acid residues
are marked with a gray background, identical amino acids with a black background.

of A. gambiagemain to be determined. (Pike et al., 1998). This suggests that the saliv& @fambiae
_ _ _ may inhibit endothelial cell proliferation, a proinflammatory
cDNAs coding for putative secretory proteins event associated with host response to injury, and other

Table 2 shows clusters probably associated with secretguoinflammatory responses (Griffioen and Molema, 2000). The
products. Some match sequences have already been repo®dJSTAL alignment of calreticulin fromA. gambiae
for the A. gambiaesalivary gland; however, several are novelAmblyomma americanurand D. melanogasteis shown in
with database hits to genes unrelated.tgambiaepr without  Fig. 4.
database hits Another full-length clone containing a typical secretion
A cDNA has been identified having an open reading framsequence and homologous to selenoproteins has been
with signal peptide and sequence homology to calreticulin, aidentified. The selenoproteins incorporate selenocysteine, a
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Table 3. Anopheles gambia@known function cDNAs

Clust R? GenBank match E-valu¢ Gi numbp PFAM matcl§ E-valud
72 1 No matches found pfam02632 BioY 0.003
130 1 No matches found No matches found

140 1 No matches found No matches found

155 1 No matches found No matches found

203 1 gi|7300136| ARP-like gene product 9.00E-52 gi|7300136 No matches found

119 1 0i|13537674| gSG8 protein [Anopheles... 7.00E-58 0i|13537674 No matches found

198 1 gi|7300660| CG17271 gene product 5.00E-07 gi|7300660 No matches found

187 1 0i|7299765| CG9796 gene product 5.00E-39 0i|7299765 No matches found

221 1 gi|12851155| putative [Mus musculus] 5.00E-25 gi|12851155 pfam00361 oxidored_q1l 8.00E-04
25 4 No matches found No matches found

32 3 No matches found pfam02326 YMF19 0.005
35 2 No matches found No matches found

41 2 No matches found No matches found

44 2 No matches found No matches found

59 2 No matches found No matches found

62 1 No matches found No matches found

63 1 No matches found No matches found

64 1 No matches found pfam02695 DUF216 1.00E-07
66 1 No matches found No matches found

67 1 No matches found No matches found

71 1 No matches found No matches found

75 1 No matches found pfam00001 7tm_1 0.006
76 1 No matches found No matches found

77 1 No matches found No matches found

80 1 No matches found No matches found

81 1 No matches found No matches found

82 1 No matches found pfam02361 ChiQ 0.009
85 1 No matches found No matches found

86 1 No matches found No matches found

89 1 No matches found No matches found

91 1 No matches found No matches found

94 1 No matches found No matches found

95 1 No matches found No matches found

96 1 No matches found No matches found

97 1 No matches found No matches found

98 1 No matches found No matches found

100 1 No matches found No matches found

101 1 No matches found No matches found

107 1 No matches found No matches found

108 1 No matches found No matches found

110 1 No matches found No matches found

113 1 No matches found No matches found

114 1 No matches found pfam00902 UPF0032 0.002
115 1 No matches found No matches found

117 1 No matches found No matches found

118 1 No matches found No matches found

122 1 No matches found pfam01306 LacY_symp 0.005
124 1 No matches found pfam01028 Topoisomerase_| 9.00E-04
129 1 No matches found No matches found

133 1 No matches found No matches found

135 1 No matches found No matches found

136 1 No matches found No matches found

137 1 No matches found pfam01604 7tm_5 0.004
138 1 gi|6467825| Spen RNP motif p... 0.004 gi|6467825 No matches found

141 1 No matches found No matches found

Continued on p. 2444,
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Table 3.Continued

Orgp

FASTAL

CLUSTALM

Drosophila melanogaster

Anopheles gambiae

Drosophila melanogaster

Drosophila melanogaster

Mus musculus

Drosophila melanogaster

N® Functiort® F!1  Clone'?
Y  Unknown protein U ANCH
Y  Unknown protein U ANCH
Y  Unknown protein U ANCH
Y  Unknown protein U ANCH
Y  Arginine rich protein U NoORF
N  gSG8 protein U NoORF
Y  Similar to adenyl-cyclase and sex U NoORF
determining protein

Y  Similar to Asn-specific plant protease U NoORF
Y  Ubiquinone complex protein U ANCH
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U ANCH
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NOSIG
Y  Unknown protein U NOSIG
Y  Unknown protein U NoORF
Y  Unknown protein U NoORF
Y  Unknown protein U NOSIG
Y  Unknown protein U NOSIG
Y  Unknown protein U NOSIG
Y  Unknown protein U NOSIG

AGN10E60-72clu.txt
AGN10E60-130clu.txt
AGN10E60-140clu.txt
AGN10E60-155clu.txt
AGN10E60-203clu.txt
AGN10E60-119clu.txt

AGN10E60-198clu.txt

AGN10E60-187clu.txt

AGN10E60-221clu.txt
AGN10E60-25clu.txt
AGN10E60-32clu.txt
AGN10E60-35clu.txt
AGN10E60-41clu.txt
AGN10E60-44clu.txt
AGN10E60-59clu.txt
AGN10E60-62clu.txt
AGN10E60-63clu.txt
AGN10E60-64clu.txt
AGN10E60-66clu.txt
AGN10E60-67clu.txt
AGN10E60-71clu.txt
AGN10E60-75clu.txt
AGN10E60-76clu.txt
AGN10E60-77clu.txt
AGN10E60-80clu.txt
AGN10E60-81clu.txt
AGN10E60-82clu.txt
AGN10E60-85clu.txt
AGN10E60-86¢lu.txt
AGN10E60-89clu.txt
AGN10E60-91clu.txt
AGN10E60-94clu.txt
AGN10E60-95clu.txt
AGN10E60-96c¢lu.txt
AGN10E60-97clu.txt
AGN10E60-98clu.txt
AGN10E60-100clu.txt
AGN10E60-101clu.txt
AGN10E60-107clu.txt
AGN10E60-108clu.txt
AGN10E60-110clu.txt
AGN10E60-113clu.txt
AGN10E60-114clu.txt
AGN10E60-115clu.txt
AGN10E60-117clu.txt
AGN10E60-118clu.txt
AGN10E60-122clu.txt
AGN10E60-124clu.txt
AGN10E60-129clu.txt
AGN10E60-133clu.txt
AGN10E60-135clu.txt
AGN10E60-136¢lu.txt
AGN10E60-137clu.txt
AGN10E60-138clu.txt
AGN10E60-141clu.txt

AGN10E60-25aln.txt
AGN10E60-32aln.txt
AGN10E60-35aln.txt
AGN10E60-41aln.txt
AGN10E60-44aln.txt
AGN10E60-59aln.txt
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Table 3.Continued

Clugt R? GenBank match E-value¢ Gi numbp PFAM matcl® E-valu€
143 1 No matches found No matches found

144 1 No matches found No matches found

148 1 0i|7290682| CG3599 gene product 0.009 0i|7290682 No matches found

149 1 0i|7303810] CG2249 gene product 8.00E-07 0i|7303810 No matches found

150 1 No matches found No matches found

151 1 No matches found No matches found

152 1 No matches found No matches found

153 1 0i|6560685| unknown [Manduca... 2.00E-13 0i|6560685 No matches found

154 1 No matches found No matches found

156 1 No matches found No matches found

158 1 No matches found No matches found

159 1 No matches found No matches found

161 1 No matches found No matches found

173 1 No matches found No matches found

174 1 0i|7303552| CG13189 gene product 9.00E-21 0i|7303552 No matches found

175 1 0i|7296046| CG17652 gene product 0.008 0i|7296046 No matches found

176 1 No matches found No matches found

177 1 No matches found No matches found

178 1 No matches found No matches found

180 1 No matches found No matches found

185 1 No matches found No matches found

186 1 gi|7303876| CG12929 gene product 8.00E-22 0i|7303876 pfam00892 DUF6 0.002
189 1 No matches found No matches found

190 1 No matches found No matches found

192 1 No matches found No matches found

193 1 No matches found No matches found

194 1 No matches found No matches found

196 1 No matches found No matches found

197 1 No matches found No matches found

200 1 No matches found No matches found

202 1 0i|309071] ribosomal protein S7 0.065 gi|309071 No matches found

204 1 No matches found No matches found

205 1 No matches found No matches found

206 1 No matches found No matches found

211 1 No matches found No matches found

213 1 No matches found pfam01813 ATP-synt_D 0.003
214 1 No matches found No matches found

215 1 No matches found pfam00001 7tm_1 7.00E-04
218 1 No matches found No matches found

219 1 No matches found pfam01604 7tm_5 0.007
220 1 No matches found No matches found

224 1 No matches found pfam01028 Topoisomerase_| 0.003
227 1 No matches found No matches found

231 1 No matches found No matches found

233 1 No matches found No matches found

234 1 No matches found No matches found

237 1 No matches found pfam00902 UPF0032 2.00E-04
238 1 No matches found No matches found

241 1 No matches found No matches found

242 1 No matches found No matches found

245 1 No matches found No matches found

246 1 No matches found No matches found

248 1 0i|13421488| 2-oxoglutarate 0.002 0i|13421488 No matches found

163 1 gi|7303010| CG8386 gene product 5.00E-56 0i|7303010 No matches found

184 1 gi|7295175| CG8209 gene product 4.00E-24 gi|7295175 pfam00627 UBA 2.00E-08

Continued on p. 2446.
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Table 3.Continued
Functiori© F1  Clone? FASTAL3 CLUSTAL4

NoORF AGN10E60-143clu.txt
NoORF AGN10E60-144clu.txt
NOSIG AGN10E60-148clu.txt
NOSIG AGN10E60-149clu.txt
NOSIG AGN10E60-150clu.txt
NoORF AGN10E60-151clu.txt
NOSIG AGN10E60-152clu.txt
NoORF AGN10E60-153clu.txt
NOSIG AGN10E60-154clu.txt
NoORF AGN10E60-156clu.txt
NoORF AGN10E60-158clu.txt
NoORF AGN10E60-159clu.txt
NoORF AGN10E60-161clu.txt
NoORF AGN10E60-173clu.txt
NoORF AGN10E60-174clu.txt
NoORF AGN10E60-175clu.txt
NoORF AGN10E60-176clu.txt
NoORF AGN10E60-177clu.txt
NoORF AGN10E60-178clu.txt
NoORF AGN10E60-180clu.txt
NoORF AGN10E60-185clu.txt
NoORF AGN10E60-186clu.txt
NoORF AGN10E60-189clu.txt
NoORF AGN10E60-190clu.txt
NoORF AGN10E60-192clu.txt
ANCH AGN10E60-193clu.txt
NoORF AGN10E60-194clu.txt
NoORF AGN10E60-196clu.txt
NoORF AGN10E60-197clu.txt
NoORF AGN10E60-200clu.txt
NoORF AGN10E60-202clu.txt
NOSIG AGN10E60-204clu.txt
ANCH AGN10E60-205clu.txt
NOSIG AGN10E60-206clu.txt
NoORF AGN10E60-211clu.txt
NoORF AGN10E60-213clu.txt
NoORF AGN10E60-214clu.txt
NOSIG AGN10E60-215clu.txt
NoORF AGN10E60-218clu.txt
NoORF AGN10E60-219clu.txt
ANCH AGN10E60-220clu.txt
NoORF AGN10E60-224clu.txt
NoORF AGN10E60-227clu.txt
NoORF AGN10E60-231clu.txt
NoORF AGN10E60-233clu.txt
NoORF AGN10E60-234clu.txt
NOSIG AGN10E60-237clu.txt
NoORF AGN10E60-238clu.txt
NoORF AGN10E60-241clu.txt
NoORF AGN10E60-242clu.txt
NoORF AGN10E60-245clu.txt
Unknown protein NoORF AGN10E60-246clu.txt
Caulobacter crescentus 'Y  Unknown protein NoORF AGN10E60-248clu.txt
Drosophila melanogaster Y  Unknown protein — conserved U NOSIG AGN10E60-163clu.txt
Drosophila melanogaster Y  Unknown protein — conserved U NoORF AGN10E60-184clu.txt
across species

2
©

Orgé

Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein
Unknown protein

Drosophila melanogaster
Drosophila melanogaster

Manduca sexta

Drosophila melanogaster

Drosophila melanogaster

Drosophila melanogaster

Anopheles gambiae

KL L L L L L L LLLLLZ L LLLLL L L L L L L L L L L L L L LKL KKK <<
CCCCCcCCcCCcCCcCCcCcCcCCcCCcCCcCCcCCcCCcCCcCCCcCCCcCcCCcCCcCCcCcCcCcCcCcccccccccccccccccccccc
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Table 3.Continued

Clust R? GenBank match E-valu¢ Gi numi® PFAM matck E-valud

39 2 No matches found pfam01028 Topoisomerase_| 2.00E-07
168 1 No matches found pfam01028 Topoisomerase_| 7.00E-08
232 1 gi|7295456| CG10624 gene product 3.00E-83 0i|7295456 pfam00654 voltage_CLC 4.00E-06

1Clus, cluster number.

2R, number of sequences of a given custer (R, representation).

3GenBank match, best match to the GenBank database.

4E-value, indicates significance of match to NR sequence of previous column.
5Gi numb, GenBank accession number.

6PFAM match, best match to the PFAM database.

“E-value, indicates significance of match to CDD sequence of previous column.

cysteine analog in which a selenium atom is found in place of A clone with a Pfam match for the mucin-like domain has
sulphur. Although this family of enzymes has been identifiedbeen encountered. This protein has 41 amino acid residues in
in Bacteria, Archae and Eukarya, being common in mammaltkbe signal peptide, which is atypical for the proteins coded by
(Behne and Kyriakopoulos, 2001), this is the first report of aur library; whether this protein is a true full-length clone or a
clone coding for selenoprotein being identified in insects. Altruncated form remains to be determined. Nevertheless, studies
the selenoproteins identified thus far are enzymes, with then host-pathogen interactions have led to the discovery of
selenocysteine residue responsible for their catalytic functiovarious cell surface-associated and secretory mucins. Mucins
Both intracellular and plasma selenoproteins have beesnd mucin-like molecules have recently been described in
identified, indicating that these enzymes are part of the cellulaeveral protozoan parasites at different life-cycle stages. It is
and plasma antioxidant defense system (Behne ambw becoming evident that mucins in parasites are involved in
Kyriakopoulos, 2001). In fact, pro-oxidants have beercell-cell interaction and cell surface protection, thus helping
involved with processes related to inflammatory reactionghe parasite to establish infection (Hicks et al., 1999). Whether
such as endothelial cell injury (Varani and Ward, 1994) and\. gambiae salivary mucin-like protein could somehow
platelet aggregation (Pignatelli et al., 1998); accordingly, wenodulate parasite infectivity or help to lubricate insect
suggest that this putative secreted form of selenoprotein maouthparts remains to be determined.
be involved in attenuation of these reactions. The CLUSTAL Several clusters abundantly expressed in the salivary gland
alignment of selenoprotein fromA. gambiae and D.  from insects other thaA. gambiaéhave been identified in our
melanogasters shown in Fig. 5. library. Among these, three cDNA clusters related to proteins
We have also found a partial-length clone with sequencef the antigen 5 family (Schreiber et al., 1997) were found.
homology to salivary apyrase and fucleotidase fromA.  These proteins have been designated here ‘antigen 5-related
gambiae(Champagne et al., 1995; Arca et al., 1999). Thesprotein 1' (A5R1) (homologous to antigen 5 fra&tossinia
enzymes play a determinant role in controlling nucleotidenorsitang (Li et al., 2001), ‘antigen 5-related protein 2’
concentrations in the blood and preventing platelet aggregatigd5R2) (homologous to antigen 5 frold. melanogastgr
by destroying ADP, a pro-aggregatory molecule necessary f¢Megraw et al., 1998) and ‘antigen 5-related protein 3’ (A5R3)
completion of platelet aggregation triggered by most{homologous to antigen 5 fronutzomyia longipalpis
physiological agonists (Francischetti et al., 2000; Gachet{Charlab et al., 1999). Antigen 5 belongs to the larger CAP
2000). We have also sequenced a clone with homology tamily of proteins that has such members as mammal
anophelin fromA. albimanus a tight-binding inhibitor of cysteine-rich secretory proteins (crisp), nematode Ag5-Ag3,
thrombin  (Francischetti et al., 1999). Calreticulin, vespid antigen5 and plant pathogenesis-related proteins. These
selenoprotein, apyrases,’” Jucleotidase, anophelin and secreted proteins share a core sequence of about 200 amino
peroxidase (Ribeiro and Valenzuela, 1999) are some of ttecids whose precise function remains largely unknown. The
candidate molecules that provide the redundant anti-hemostatit USTAL alignment of antigen 5-related protein frof
‘barrier’ to prevent host defenses triggered by blood feedinggambiage G. morsitansD. melanogasteendL. longipalpisis
Finally, we have identified for the first time in the salivaryshown in Fig. 6.
gland ofA. gambiaea clone coding for a protein similar £0 We have also found for the first time a cluster with
aegyptiamylase (sugar digestion) (Grossman and James, 1998yquence homology to 30kDa allergen frodn aegypti
and confirmed the presence of transcripts for lyzozyme in thi@rummer-Korvenkotio et al., 1996). Although the precise
same tissue (gi:894206) and most likely involved in bacterialunction of 30 kDa allergen is currently unknown, it is clear
cell-wall digestion (Rossignol and Lueders, 1986; Gao anthat allergic reactions to mosquito bite are of increasing
Fallon, 2000). clinical concern. In fact, cutaneous reactions usually
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Table 3.Continued

Org? N® Functiori? F11  Cloné? FASTAL3 CLUSTAL4
Y  Unknown protein — Topoisomerase U NoORF AGN10E60-39clu.txt AGN10E60-39aln.txt
domain
Y  Unknown protein Topoisomerase domain U NoORF AGN10E60-168clu.txt
Drosophila melanogaster Y  Voltage-gated chloride channel? U NoORF AGN10E60-232clu.txt

80rg, organism where a match was found.

9N, Novel (Y, yes; N, no).

10Function, putative function or biological property.

11F, Function; U, unknown

12Clone: NOSIG, no signal peptide detected by SignalP server; No ORF, absence of a open-reading frame; ANCH, anchor protein.
13FASTA, FASTA-formatted sequences.

14CLUSTAL, clustal alignment for two or more sequences.

involving both IgE- and lymphocyte-mediated CLUSTAL alignment of 30kDa allergen froA. gambiae
hypersensitivity are common with insect bites, and systemiandA. aegyptis shown in Fig. 7.

reactions including angioedema, generalized urticaria, We have also confirmed the presence of previously
asthma and anaphylactic shock have been reported (Almeidascribed D7-related 1-4 transcripts (Arca et al., 1999) in our
and Billingsley, 1999; Peng et al.,, 2001). Accordingly,library. In addition, a novel full-length D7-related protein
identification of these potential allergens could lead to theicontaining a typical signal peptide was found, herein
use as markers of bite exposure or, eventually, as antigedssignatedA. gambiaeD7-related 5 protein. Furthermore, a
for use in immunotherapy (Bousquet et al., 1998). Thewovel D7 sequence that codes for a translated mature protein

An gambiae A5 rel
An gambiae A5 rel
An gambiae A5 rel
Gl morsita A5
Dr melanog A5
Lu longipa A5

An gambiae A5 rel 3 1
An gambiae A5 rel 2 34 ------ G
An gambiae A5 rel 1 33------ RQN
Gl morsita A5 o 1o JE—

Dr melanog A5 61 GTHLVHV
Lu longipa A5 34 -—VER

An gambiae A5 rel 3 1
An gambiae A5 rel 2 88
An gambiae A5 rel 1 86
Gl morsita A5 77 LKR
Dr melanog A5 118
Lu longipa A5 87

An gambiae A5 rel 3 1 ------ee- IGH GRDSRMVK DPG--RHT-MIFEEAYRAARZANANEZISJIPE
An gambiae A5 rel 2 147 KD KARYS ] ESS--YS (€
An gambiae A5 rel 1 145 SQ STNHA £SS--NS [EPAIEIIFIQNAIBOTA. QNIVS
Fig. 6. CLUSTAL alignment of Gl morsita A5 137 RK EKAYD FVIN--YReP AlelzIRN VA =N SE(TK
; ; ~ Dr melanog A5 177 SRR SHYIN HPH--PQEKKIE]gI=l " F\YSB = GVEzZLE
novel A. gambiaeantigen S-related | joogipa” a5 146 NY ‘NLTREYS VGGPGKDNI[SRIRIAR ™

proteins An gambiaeA5 rell, gi

18389882;An gambiaeA5 rel 2, gi )
- - q _ D \ A —
18389884- andn gambiaeAs rel 3, A gambiae AS rel 3 47 N-GNPYLY EVERSEIEIYGLENAK- EEPECE TKEAR-SA MEARENGDERPYSVPY

An gambiae A5 rel 2
®SVIETIKPVPN-

gi 18389886) andG. morsitans  An gambiae A5 rel 1 203 G--T T'Q YF 2
; ; ; Gl morsita A5 195 SN-G @ SENEKYEVNKWI
antigen 5 Gl morsita AS’_ g Dr melanog A5 235 PKSNRFQ FN

@®DW[PANNDLDSE
8927462),D. melanogasterantigen Lu longipa A5 206 EH-N ®DESEKYDPTPDV
5 (Dr melanogAb5, gi 7292977), and
L. |0Ugipa|pisantig?n _5 K_U Ionglpa An gambiae A5 rel 3 = ----meeeeeeee
A5, gi 4887102). Similar amino acid An gambiae A5 rel 2
i i An gambiae A5 rel 1
residues are_marked W't.h a gray morsita A5 253 KNGVEYH--------
background, identical amino acids pr melanog A5 294 ESDEDGNTLDNNIPL

with a black background. Lu longipa A5 264 LKQWKHGK-------
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of approx. 33 kDa with high similarity tA. aegyptD7 protein Finally, the A. gambiaecDNA library has a number of
(James et al., 1991) has also been encountered. A report on Hypothetical proteins characterized by an open reading frame
D7 family of salivary proteins in several blood sucking dipteraand a putative signal peptide with no database hits.
has been recently published (Valenzuela et al., 2002).
Accordingly, the putative function of the D7 family is CDNAs coding for protein that could not be characterized as
unknown, but the high sequence similarity to odorant-binding housekeeping or secretory
proteins suggests that these proteins are carriers for smallTable 3 shows that for a significant number of clones, no
ligands presumably involved in vector/host interactionssignificant match to the NR database was found, nor was
(Steinbrecht, 1998). The CLUSTAL alignment for the longindication of a signal peptide obtained. Accordingly, these
form of D7 fromA. gambiaeandA. aegyptiD7 is depicted in  sequences could represent partial housekeeping or secretory
Fig. 8. cDNA or, alternatively, truncated cDNA.

A number of othelA. gambiaesequences have also been
reported and they code for the so-called salivary gland (S@) catalog for the cDNA from the salivary glandfofgambiae
proteins (SG1-8) (Arca et al., 1999); our library has clones To gather the maximum amount of information about the
identical to signal peptide-containing SG 1-like 2, SG 2, SG Jyutative secreted proteins from thegambiaesalivary gland,
SG 5, SG 6 and SG 7, in addition to SG 1-like proteins hereithe sequences presented in Table 2 that were classified as
called SG 1-like 3 and SG 1-like 4, and an SG 7-like moleculaovel’, with or without database hits, were resequenced to
herein called SG 7-like 1. We could not identify transcripts forobtain, when applicable, their full-length cDNA. The
SG 1, SG 4 and SG 8. These proteins have unknown functiorfall-coding sequences with database hits were then blasted to
Of interest, nine unique sequences coding for the so-called the NR protein database and SignalP server to, respectively,
gambiaehypothetical proteins (HP) have been reported andonfirm sequence novelty and the presence of a signal peptide
designated cE5, ¢8, c4, cl10, c6, A36B, Df2, CB1 and bB®Nielsen et al., 1997). In the event a signal peptide was
(Arca etal., 1999). In our library, we have identified sequencesredicted to exist, the molecular mass and the pl of the mature
similar or identical to ¢10, bB2 and cE5. Although cE5 hagrotein were also calculated and, when possible, the function
been designated as a hypothetical protein before, this molecidanotated. The same approach was performed for éther
has been more recently characterized as a potent inhibitor gambiaesalivary gland cDNAs whose sequences have been
thrombin (Francischetti et al., 1999). In this regard, we haveeported or deposited in GenBank. The clones without database
identified by Edman degradation the N-terminal sequenchkits with an open reading frame and a putative signal peptide
compatible with CB1; in addition, a bB2-like protein were subjected to the same bio-informatic analysis and were
containing the sequenceSDSEEA (%SDSDEA in bB2) was designated hypothetical proteins (HP), as suggested before
found (Fig. 1). (Arca et al., 1998). In an attempt to provide a uniform and

An gambiae 30 kDa 1-- GAITYI @FALHG'SEI [HFQQQKKTMKFLLLVASVLCLVLINA-RPABDTSBQES
Ae aegypti 30 kDa 1MKP VKLFLLASLY/GIV|ESRAVEEDEEPVAE--GGDEETTDDAGCE--EE [ENE(ZEHA

An gambiae 30 kDa 57 ST [SLS-- BBACASE-- €ASBINCS BY- [SABEIA S-- [HeAT- DTESTAEGBIISEMBEA
Ae aegypti 30 kDa 57 GD [SDAG(=pT{eKISEN T€HSBJAE EBJAG=ERLE EKEHSEEKEHBAGDIAG IBJIGSERT
Fig. 7. CLUSTAL alignment of

f ; An gambiae 30 kDa 108 MK- IECA---- G--- [p-- P----A NSGA» E----E REBK------- BDAHSD---
novelA. gambiae80kDa proteinfn o 200 30 kpa 117 GGD EA%EDS}EEKI\EPAETYRQ LI:EEKVDHI(EEYLRSALNELQ EYRVH
gambiae30kDa; gi 18389878) and
A. aegypti (Ae aegypti30kDa, gi )

. . . An gambiae 30 kDa 139-S [SEGEEHe------ eDS/ASCEE-----GG  [EK[&------- SP=NIJ- MR----------- Q
2114497).  Similar amino acid  ae aegypti 30 kDa 177 WV EAI(ERFEDYSKIéCF@%KDVKKVIEE&KKFKSCEQEEEQCSEDSFAAAKSK
residues are marked with a gray
background, identical amino acids

’ An gambiae 30 kDa 168 [JHKELKEIMK XD-
with a black background. Ae aegypti 30 kDa 237 !s KS SGR

Fig. 8. CLUSTAL alignment of

novel A. gambiaelong D7 protein

(An gambiaeD7 relal; gi 18389890)

andA. aegyptilong D7 (Ae aegypti  An_gambiae_D7relal_ 1 ES€SIQRSNYLTANDAYETHEGV Y TDNEVEESKAKKIEGIERSG

D7 rela2, gi159559). Similar amino Ae_aegypti _D7rela2_ 1 E@%@éRGDYH YDﬁNfELEKRHDV GECVEE“E@
acid residues are marked with a gray

background, identical amino acids An_gambiae_D7relal_ 61 "LNEZDA SMAVEEGHREDRSKVEVEELNSAR-

with g black background. Ae_aegypti _D7rela2_ 60 E%REKV&E@%@QHET—AEFVYDKﬂNC
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comprehensive classification of these hypothetical proteins, weeginning with 1. The nine previously described HP have been
suggest designating each such HP by a given numbedesignated herein HP1-HP9 and the eight novel proteins

Table 4.A catalog ofAnopheles gambiasecretory cDNAs*

Sequence name Clis Clone& GenBanR N4  Mol. Wt5  SP6  Mol. Wt7 pl8 Functior?
30-kDa salivary gland 6 Full-length gi 18389878 Y 18845.01 45 13957.91 3.59  Antigenic
Amylase 58  Partial gi 18378722 Y NA NA NA NA  Digestion
Antigen 5 related 1 14 Full-length gi 18389882 Y 19682.59 22 17484.81 9.17  Antigenic
Antigen 5 related 2 69 Full-length gi 18389884 Y 28179.24 19 26187.78 8.74  Antigenic
Antigen 5 related 3 210 Partial gi 18389886 Y NA NA NA NA Antigenic
Apyrase 20 Full-length gi 4582526 N 61713.67 22 59368.73 8.53  Anti-pl¥delet
Calreticulin 183 Full-length gi 18389888 Y 46284.78 16 44594.69 4.22  Anti-angiogenic
D7 related, long form 15 Full-length gi 18389890 Y 35765.59 21 33368.57 6.18  Unknown
D7 related 1, short form 8 Full-length gi 4538887 N 18665.03 21 16394.2 9.1 Unknown
D7 related 2, short form 1 Full-length gi 4538889 N 18468.21 21 16166.28 4.75  Unknown
D7 related 3, short form 2 Full-length gi 4538891 N 18691.51 21 16384.57 4.5 Unknown
D7 related 4, short form 11 Full-length gi 13537670 N 19330.62 21 16937.61 7.28  Unknown
D7 related 5, short form 26 Full-length gi 18378062 Y 18872.68 22 18872.68 6.37  Unknown
Hypot. protein 1 (cE3} 17 Full-length gi 4127344 N 10915.72 21 8681.7 3.75 Anti-coagulant
Hypot. protein 2 (c8) NA Full-length gi 17026156 N 2393.98 16 719.85 3.75 Unknown
Hypot. protein 3 (c4) NA Full-length gi 17026154 N 3745.51 22 1405.6 10.33  Unknown
Hypot. protein 4 (c10) 22 Full-length gi 13537672 N 20949.88 22 16029.82 8.53  Unknown
Hypot. protein 5 (c6) NA Full-length gi 13509403 N 18859.65 17 17109.4 3.87  Unknown
Hypot. protein 6 (A36B)  NA Full-length gi 13509401 N 11171.85 22 8929.13 5.57  Unknown
Hypot. protein 7 (Df2) NA Full-length gi 4127334 N 14068.21 21 11912.57 6.43  Unknown
Hypot. protein 8 (CB1) NA Full-length gi 4127308 N 13490.3 20 11481.82 5.92  Unknown
Hypot. protein 9 (dB2) 7 Full-length gi 4127306 N 8788.89 18 6837.29 3.97  Unknown
Hypot. protein 10 68 Full-length gi 18389900 Y 9992.52 23 7517.48 5.5 Unknown
Hypot. protein 11 90 Full-length gi 18389902 Y 6293.53 25 3336.78 10.48 Unknown
Hypot. protein 12 188 Full-length gi 18389904 Y 10184.69 21 7974.89 452  Unknown
Hypot. protein 13 93 Full-length gi 18389906 Y 6180.25 22 3802.19 5.49  Unknown
Hypot. protein 14 162 Full-length gi 18389908 Y 5265.23 17 3308.86 9.78  Unknown
Hypot. protein 15 139 Full-length gi 18389910 Y 8014.64 30 4859.57 10.56  Unknown
Hypot. protein 16 134 Full-length gi 18389921 Y 5029.18 27 2210.63 12.1 Unknown
Hypot. protein 17 4 Full-length gi 18389914 Y 9649.46 43 4912.64 1091 Unknown
Lysozyme 10 Full-length gi 894206 N 15396.69 20 13315.05 8.61  Anti-microbial
Mucin-like protein 34 Partial gi 18389892 Y NA NA NA NA Unknown
5'-Nucleotidase 46 Full-length gi 4582528 N 63458.42 22 61119.55 6.66  Anti-platelet
Salivary gland 1 NA Full-length 0i 4210615 N 46277.03 16 44229.46 8.04  Unknown
Salivary gland 1-like 2 56 Full-length gi 13537664 N 43624.38 20 41380.53 7.2 Unknown
Salivary gland 1-like 3 37 Full-length gi 18389894 Y 30970.37 48 25525.03 5.98  Unknown
Salivary gland 1-like 4 212 Partial gi 18389896 Y NA NA NA NA Unknown
Salivary gland 2 NA Full-length gi 4210616 N 11740.16 20 9708.56 3.19  Unknown
Salivary gland 2-like 1 5 Full-length gi 13537660 N 17137.42 18 15169.9 6.01  Unknown
Salivary gland 3 NA Full-length gi 4210618 N 20037.83 18 18248.55 4.62  Unknown
Salivary gland 5 13 Full-length gi 13537662 N 38201.55 24 35802.65 6.27  Unknown
Salivary gland 6 9 Full-length gi 13537666 N 13094.35 28 10089.52 5.61 Unknown
Salivary gland 7 12 Full-length gi 13537668 N 16327.77 25 13749.58 8.15  Unknown
Salivary gland 7-like 1 19 Full-length gi 18389898 Y 10208.16 25 7419.68 10.26  Unknown
Salivary gland 8 NA Full-length gi 13537673 N 14297.76 24 11684.5 10.16 Unknown
Selenoprotein 128 Full-length gi 18389880 Y 18424.37 19 16373.76 4.89  Anti-oxidant

*Including putative secretory proteins.

1Clus, cluster number.

2Clone, clone type (partial or full-length).

3GenBank, NR database accession number.
4N, novel (Y=yes; N=No).
5Mol. Wt., molecular mass before signal peptide removal.

6SP, signal peptide.

“Mol. Wt., molecular mass after signal peptide removal.

8pl, Isoelectric point.

9Function, putative function or biological properties.

10NA, not available.

11Hypot. protein, Hypothetical protein.
12For function annotation, references are given in the text.
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described in this paper have been named HP10-HP17 (seeroteins from the salivary glands of the malaria vestmwpheles gambiae

Table 4). Formal characterization of such proteins and theijr Proc. Natl. Acad. Sci. US86, 1516-1521. .
biological f ti ins to be det ined Balter, M. (2001). Sequencing set for dreaded mosq@tience291, 1873.
Iological Tunction remains to be determined. Bateman, A., Birney, E., Durbin, R., Eddy, S. R., Howe, K. L. and

Taking into account the 21 novél. gambiaesequences Sonnhammer, E. L.(2000). The PFAM protein families datababeicl.

described herein in addition to 25 previously described, thereAcids Res28, 263-266. . . -
iff t i land cDNA di f tati Behne, D. and Kyriakopoulos, A.(2001). Mammalian selenium-containing
are 46 different sal Iivary glana c S coding Tor putatve proteins.Ann. Rev. Nutr21, 453-473.

secreted proteins, most of them (42 sequences) beimgliqvist, B., Basse, B., Olsen, E. and Celis, J. FL994). Reference points

full-length clones with a clear signal peptide. The four for comparison of two-dimensional maps of proteins from different human

L . e cell types defined in a pH scale where isoelectric points correlate with
remaining partial clones have been classified as secretoryoypentide composition&lectrophoresisls, 529-539.

based on their high sequence similarity to other unambiguousBpusquet, J., Lockey, R., Malling, H. J., Alvarez-Cuesta, E., Canonica, G.

characterized extracellular proteins. Accordingly, SG 4 was W- Chapman, M. D., Creticos, P. J., Dayer, J. M., Durham, S. R.,
Demoly, P. et al. {998). Allergen immunotherapy: therapeutic vaccines for

not included in Table 4 since no signal peptide could be gjergic diseasesinn. Allergy Asthma Immund@1, 401-405.
detected for this protein. Interestingly, we have found in ouBowman, S., Lawson, D., Basham, D., Brown, D., Chillingworth, T.,

library the cDNAs corresponding to most proteins whose Churcher, C. M., Craig, A., Davies, R. M., Devlin, K., Feltwell, T. et al.
. y . p g . p (1999). The complete nucleotide sequence of chromosomelasvhodium
amino terminus had previously been identified by Edman faciparum Nature400, 532-538.

degradation (Fig. 1, Table 4). In contrast, and as expected, tBeimmer-Korvenkotio, H., Palosuo, T., Frangois, G. and Reunala, T.

amino terminus of many putative proteins coded by secretory (1996). Characterization éfedes communis, Aedes aeggpiil Anopheles
stephensmosquito saliva antigens by immunoblottingt. Arch. Allergy

cDNA shown in Table 4 could not be identified, either because |mmunol.112 169-174.
the protein is expressed in low-copy number or because 6hrlton, J. M., Muller, R., Yowell, C. A., Fluegge, M. R., Sturrock, K. A,

: S mibat : H Pritt, J. R., Vargas-Serrato, E., Galinski, M. R., Barnwell, J. W.,
technical limitations inherent to Edman degradatlon. In some ulder, N.. Kanapin, A.. Cawley, S. E.. Hide, W. A. and Dame, J. B.
cases, the apparent molecular mass of some proteins detectegoo1). profiling the malaria genome: a gene survey of three species of

by SDS-PAGE (Fig. 1) is different from that predicted by the malaria parasite with comparison to other apicomplexan speldiek.

e i ; ; Biochem. Parasitol118 201-210.
CDNA (Table 4)' This is most “kely due to protein Cerami, C., Frevert, U., Sinnis, P., Takacs, B., Clavijo, P., Santos, M. J.

glycosylation or formation of dimers that have not been ang Nussenzweig, V(1992). The basolateral domain of the hepatocyte
appropriately separated by SDS. plasma membrane bears receptors for the circumsporozoite protein of

; : Plasmodium falciparunsporozoitesCell 70, 1021-1033.
To our knowledge, Table 4 is the first attempt to create ghampagne D.E pSmart? C. T.. Ribeiro, J. M. and James, A. A1995).

comprehensive catalog of the cDNAs from the gambiae The salivary gland-specific apyrase of the mosqaienles aegyptis a
salivary gland coding for putative secretory proteins. It is clear member of the ‘Snucleotide family.Proc. Natl. Acad. Sci. USA2,

from this set of cDNAs that many proteins could not have thei&hﬁagrg)ﬁgg Valenzuela, . G., Rowton, E. D. and Ribeiro, J. M. G199)

putative function annotated. Eventually, however, such a toward an understanding of the biochemical and pharmacological
catalog will contain a nonredundant set of full-coding cDNA complexity of the saliva of a hematophagous sanidfigomyia longipalpis

; ; ; Proc. Natl. Acad. Sci. US96, 15155-15160.
sequences covering every gamblaesallvary gland CDNA Collins, F. H. and Paskewitz, S. M.(1995). Malaria: current and future

and possibly each salivary protein function. Thus, this prospects for controAnnu. Rev. Entomot0, 195-219.
transcript and protein catalog could form part of a large-scaleelanghe, J. R. and Langlois, M. R(2001). Hemopexin: a review of

and comprehensive functional analysis of mosquito genes andg',o?_'g%'ca' aspects and the role in laboratory medidiiie. Chim. Actz812,

together with information derived fronPlasmodiumspp.  pragoni, I., Mariotti, M., Consalez, G. G., Soria, M. R. and Maier, J. A.
genome, could be an essential tool for understanding the(1998). EDF-1, a novel gene product down-regulated in human endothelial
; ; cell differentiation.J. Biol. Chem273 31119-31124.
molecular basis of malaria. Fauci, A. S.(2001). Infectious diseases: considerations for the 21st century.
Clin. Infect. Dis.32, 675-685.
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