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and tissues
- mosquitoes because prior to transmissio
‘pathogens must reside for some period
in these organs. In addition, adult fem

- brates, and as such, their salivary gland

-and secrete proteins that enable them to blood feed
“efficiently [1]. aloncieed

ectrophoresis;
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ophagous insects in orde

genomiic and cDNA
0 Aedes acgypti, have beén isol ed and ¢
dization to tisse Sections to be specifically
differentiated in females. The deduced gene
odies, made to a recombinant D7 product recognize a

These studies indicate‘that the D7 gene probably
e stage- and sex-limited expression of the D7 gene,

,'p‘yla,ce.‘ One objective is to use promoters of genes

active in those specific tissues to control the ex-
pression of exogenous gene products selected to
interfere with pathogen development. Our efforts

are focused on the salivary glands o

quitoes are highly adapted ectoparasit

oduce

~ We began our analysis by isolating and charac-

- terizing the major genes expressed specifically in

the salivary glands. These genes are principally
those that encade the secreted salivary proteins.
Our characterization of each gene-includes the de-
termination of the primary structure, and its ex-

- pression pattern, and where possible, the function

of the gene product. Here we report the molec=

“ular and developmental propertics of the major
salivary gland-specific gene expressed abundantly

and preferentially in Aedes aegypti females. The
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| 'b‘abundance of t’he D7 ‘ne productvanj
S and stage- specmcﬁy suggest a role in blo

: %ur’ex of Noﬂhen
‘ma Iy nvermght. ‘

- Sequence determination and-analysis. Subcloned
: genomic and ¢DN.

in both directions (P:g 1) by the method “of

‘Sdngcr et al, {11] using a kit supphcd by

‘USBiochemicals.. Ohg,onucleoude primers were
either obtained commercially or synthesized with
a Biosearch DN
‘experiments were

\sgin,tlas,lly identical to,t}jxe DNA

 quence (Fxc 45 S‘/

fragments were sequenced

synthesizer. RNA sequencing.
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sequencing experiments, except lhat 3. 25 pg to
tal salivary gland RNA was used as the tem-
plate and 5 units of AMV" reveree transcnpta)
as the polymerase. The: primer extenswn proto:
cols are described in James et al. [10) and 0.9
ug total salivary giand RNA was used per reac-
tion. Two 40-mer primers were ’use:d D7R12, S’
GGTTCGTTAA TIT

acrylamide sequencing gels e
Computer analysis of qequence mfonnanon was

‘performed using the Amersham Staden software .

package. An analysis of similarity was performed” ‘

using the Lipman-Pearson rapid search alg,onthms, e
and RDF analysis [ 12], resident in the Georgetown Vi
University PIR database programs : S




protocols, . DNA.
cloned into the pT7 expression p 13} gen-
erating pT7-D7 - Recombinant D j

a rabbit.
after the :
days later. '
until used fo

Material -for

The resulting filter was blocked
BSA in TBS: The membrane W
overnight in a 1/500 dilution of rabbit polyclonal
anti-D7 serum in 3% BSA/TBS. After washing in
0.05% Triton X-100/TBS, the filter wa. incubated
in the presence of '*I-labeled protein G (10° cpm:
ml™Y) for 1 h. The filter was washed as before,
air-dried, and exposed to Kodak AR film with a
Dupont Cronex intensifying screen at —70°C.

Results i

Isolation of ¢lo,
differential
library with end-
‘sulted in the isol omologou:

RNAs expressed specifically in the adult salivary

2-0f an adult female DY
abeled salivz .RNA re-

ation of clones. homologous to

gland [10]. Six of these clones were apparently

identical and wete designated D7 after ‘a repre-
sentative clone, ASGD7-1. Approximately 150 bp
were sequenced  at both ends of ASGD7-1 us-
ing universal primers (New. England Biolabs) and

double-stranded template Sequencing techniques. -

Using the information from these sequences, we.
synthesized two oligonucleotides andused them to
select other clones from a salivary gland cDNA

~and total RNA from differen
 stages and isolated tissu

bryos, laryae, rfpl
- -adult male g

‘then incubated

h ﬁd{é)’ébus 1o the D7 gene. A
DNA  Fig 2 Deve
. prepared. from
" adulttissues, re

- D7, (B) same as (A). but. probe
tfema

gene.

Temporal and spatial expres on
Northern analysis using 32P-

vary glands (Fig 0 Xp

ern blot- was probed with 2p-.
After exposure, the probe was boiled. off
reprobed with 1 P-labeled clone AAEg! [10] it
homologous to the RNA(B). (A) 5 jig cach. of embiyonic
(B, early larval (EL), third ijn'sla'r\lur\(al‘(Lﬁ);affo,(l'rt‘h inste

val (L4), early pupal (EP), late pupal (LP) total RN

g of adult-female sélivaf)’r gland (8)

(©) 2 pug each of adulrfe
(whole body with s

and I' pg cach of m




‘region. The Junctionsf e
and donor

sed below
Itlple al]e» ,

»kb Ec¢ f)RI frdgmem containing

4 anary nucleoudc sq,quen(:e ofa genomlc DNA fragment contammg the D7.gene. A 3. 8
as subcloned from AAFGD? and sequemed as dmcnbad in’ Materials- and Mexhads i

- uu complete coding region of the D7 gene‘w
and Fig. sequence:

xon mmauon me
¢ uenc:e lntmm I-I



gaaacazztgtgtgtatqdacatat%aattgcttcagﬁGAAAAGACA!TCGCCA”QAG&AGCAA19

;tGCAACYTTG!CAGhIAﬂGGCAﬁTACACTGTCTTAGATGATGCGCTGTTGAAGGAGCACACTGATTGCGTG
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7 kfGGGTATTCGGTACGTTRCG&AGGATAATCQACTGGQTQtagg a3

ataataaatatcalgcaaacatc atagta atcgacatttcctttcaQGTGGAAGAGGTGﬁAGGGGG
Iy

- Hol

;GTAAGTCTAAGGAQCCAAGCAACGCAQARGAGAAQTBATGGCACTACTACAAATGTTWGGTGGAATCTTC‘ TTRAGGﬂTGAT?ICAAAGAGGCTTTTSACYATCGIGQGGTACGGTCAC

#1131

: AGﬂI?PﬂTGCCTTCﬁATTTGCCCAﬁGAAACﬂGGCTYACQGCAAACCAGCQGTGCAAICYCAAGTGATGGQAATCGACGGTﬁ#QCﬁGTGfCCACﬁATAGARTAGTGCAT1GAAAATGYCIT
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H137
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1470, -
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1630
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T " TSTE
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nsion and dldCOX

rs DR12 or RDTGED
‘reactions (lanes. T, 1
lanes R and-. D), as:.d

. 26 and 27 nucledtides
TG using the D7RI:
aps the putative transcription i
duces no extension product. L

ntary, sense strand, .so that it may

'genem{ed by primers RDTGEN12 and p7R12
k o respectively.

of“AS{BD?

mg only 21 n’ucleoudes from the ‘5’ cnd HQW«

rer;, this CDNA contains a deletion in the 3%

region may have created a small intron that was
- excised ‘before this particular cDNA was synthe—
sized.

We have generated a putative protein sequence

‘based on the major open reading frame present in_
the sequenced cDNAs (Fig. 6). The putative open- -

| ‘readmg frame of ASGD7-12 was cloned and ex-
pressed in the phage T7 system [13], gencratmg a

 firming the

ods. Both methods. produce -

. and’ A, sequencing reactions, e’
A sequence in the figure has been

e s “~«Blscussmn o
the 3’ ends Ot the 31 bases differing between ‘

! and ,\SGD7.12 i

- niques with. labe}led
- The D7 gene encodes dn mRNA that is prefer-

 entially expressed in the distal-lateral and medial
lobes of the adult
on-translated region proximal to the conserisus
: Eypolyadt«:nyiatnon signal sequence that is not ob-'
served in ASGD7-11. Nucleotide variation in that -

,f‘;}giand 11brary, the short txmé of exposures of the
~“in situ hybridizations, and the strong C;Jgnal on the
Northern blots indicate that the D7 g g,ene is abun--

salivary gland product, confirmed by the antibod
- detection of the D7 protein in saliva. The ab
~ dance and molecular weight of the D7 deducec

protein with the predicted molecular weight, con- gene product indicate that it is most hkclv the

of the D7 mRNA (O;

‘Marinotti.
~duced proteit
predicted mil

0-acid I‘CS]dU&%) has 10
drophobic amino termi-
“a secretory signal pep-
e salivary gland secre-
ated {10_,;1_5]«“h0Wever i
cks consensus
osylation. A searchvof the
ies of the D7 deduced”

rx:ed protems ylelded o de-

ot in males. Additionally,
recombmdm and native
th native and denaturing
on and transfer protocols .
,and A. A. James, unpub-

lished). T he ‘data indicate that we have been able
" to generate ‘antibodies to the D7 protein, that the
protein is- expresscd only in females, and that the

lafigs R 4nd. D are the pritmer exien: D7 protein is a secreted protein as predicted homk/

the si gnal pepnde

The D7 CDNA"T' 1d h ‘;ﬁlologous gene -were iso-
ential screentiig techs

, ry}‘giand specmc. RNA:

1ale salivary glands, The high
tative clones in the salivary -

number of D7 repres

dantly expressed. :
The D7 gene encodes a major secreted salivary,

gJand protein of 37 kDa. The putanve signal pep- .

tide in the D7 protein indicatés that it is a secreted




‘CTC(”LQMQGTTACA&Q i GTTCQCCTTTACG’TE@ GE

QABAAGCAATCCTQCTTCGAG
‘4510 520

CTATCGTGMGTACGGTCAMGATTTATGCCTTDAA?TT
| YREVR S D YA F N Lo
o h GAGGCTWTGACMTCGJGRGGTACGGTCACAGMTMTGCCTTCAATTTGCC?

‘ : 'z’I b) ﬁ k- Q
MGTTTACAGCAAACCSGCCGMCAGTCC(,AQGTTATGG AICGATGGMAGCAG
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: ¥: CCACMTAGAATAGTGCATTGAAAATGICTTCCMTTCAATGG---#-ﬁ ‘TTMMAAAGAAATAMGATCATCACGGAAAAAAAAAAA"/
Lol pg -
_~CCAOMTAG%TA&IGTMTGAAAATGTCTICCAATTTAATGGTCTCMGGMET AAAATTAAATAAAGAAATAATGMAATIATGCAAAAAAAAAAAAMAA
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"Frg 6. ana: y nucleotide: cequence of the D7 ¢cDNAs and thenr deduced amino acid scqueme Tha cDNA Llonea ASG? 12 (top) and

ASGD7-11 (bottom) were sequenced as described in- Mdtermls and‘lMethods and'in Fig. 1, and aligned to show g uence homatogy.
- The k:dcduced“am‘ino acid sequence is listed in the middle - it

: € e, putatmve secmtory snsmal peptide underlmed Nunmiberirig
refers to the nucleotide sequences and dashed regions Tepresent sequences not’ “found in the respective clones. Nucleotide sequence

re-highlighted in bold in ASGD7-11. Amino. acids lifferences resuhmg from sequénce. polymorphisims are indicated
e first amino acid derived from ASG7-12 and the second. amino acid from ASGD7-11. A tianslation initiation
awdon (ATG) and consensus. -polyadenylation signal sequence, and the restriction enddnuclease Hincll site (GT’I‘GAC) are: hmd
in:bold in the ASG7-12 sequence. The pomt:ons of mtream I—-IV are mdnc,ated by the vertical ATOWS.




] sm' the D7 RNA If D7 expres:
ned to the salivary glands, then s
tion of the D7 gene product ap
both transcri'pti’onai‘ly and transla

, scquence dxffcrences betwccn thc

cDNA clones have been so far uns

do not yet know if these differences result from
allelxc variation of a single locus’ or from mul-
nple ‘genes. Southern analyses have revealed the
presence of a copy of a dispersed, hxghly repeti-
tive DNA sequence in a region adjacent to the D7
gene (C. Ghosn and A.A. James, unpubhshed)
and variation in this region may account for the
multlple ba.nds often seen in these' analyses and

e

es are hol ometabblous having distinct

val, and adult stages. Larvae feed on‘
other particulate organic matter

us envaronment adult males feed

, d helps the
fi 'rn e mgest blood [1] The apyrase ac:tlwty has ‘

an i a lysozyme like actmty [22] are resmcted
1o the proxxmal lateral lobes of the female sali-

een initiated and there is a potentxal that -

1y new families of proteins will be discovered.
‘In addmon to the characterization of novel

pharmacologically active products, the “analysis of

genes encoding the salivary gland proteins pro-

vides information about the DNA sequences that

are good candidates for genetic transformation of

vectors. The promoters of these abundantly ex-

“pressed genes could be used to direct the expres-

sion of exogen()us DNA sequences, which - en-
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