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,n fJ';;:1f'l:X-||ì1,n|##lllfJ:?,i,j:::ll-,Xyg_ario; or. nemarophagous inse*s inr ord"r ro,b'ètter uncrerstand their.Àrbing and i

s / :q , ,q rJùrs  u  u rc  sa l tvary  g lands  o f  he t ì la topha_gous i

i:: :5 ]r,1yT.iìriîn of in{'ecri.,us o'iseases, To rhar *no,'g"n-onli.and cDNA clolerof a gene aesignated [1,,1,expresied abund:rnr,-v i,,_17:ll1:ryf*:::l:i 
**::IlìFilúiliffill,Ti,:ffiiXJi?li',ff,i,_T::rt:illlli|lThis gene encoclesrhis gene encocres ,í*RNl-;,;;ili#;# il:i;il';:I":il,il,i:,:',:,ffí",;í.1ÌíJ,;::;:lJil;:$::;:ÍiJiff::?

;.#"t:*::t::i:i:'l,l'l'j1t*,*. 
órìrtg sranar.;.'gì;;;';;* are rrighry dirrerentiarecr in remares rhe decruced.sene nrorrrr,

nscribed

î,:l-:l:llryoxi,narery :z r,ò. àpp;, ; i; ;"""i. iiìri,lj#,
with r l ierrn lne proper nrolecular weight in fem

ifferentiared in females. The decluceO'gene pioduct, a
aqtibodies rnad

1 
maclq ro a rec.onrbinant D7 proclucr recognize a protein, ' - . . - " ' . - , , J -v rv "s r  

q rLrLr l ru rs5  i l l a roc  t ( )  a  l -econ lD lnant  rJ l  p roduc l  recogn i

:11? il3"_ot "?9 
tlli:1' Thesc studies inclicate thar the b7 g*n. ptÀ.

'  : ' r t r r  l "e F/ruPrr  r r i ( ) rcct l lar  wetght . tn 
fe.ma]e 

sal ivary g lands and sai iva.  Thesc studies incl i

. 
,:::,.Ilj?,t^_:1,i.:.-"1fl:j.i: j,InlÉ.:i:.q in the,femai"'rrriuu.y granos, rìie r,og._ 'nd sex_lí,

bly encocles
sex-línri ted expres.sion of rhe D7 gene, and rhe'-pleretioil or its producr' inaiéàte-rliàr rhe producr ;s nx,si rirly i"""r"il;;f;.'ilil"1*i;i:"..',,fìiiXl llii':;lÍ,"jij,i1,t:
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, j '{ntroduction

The pos.sibiriry of Lrsing geneticaily engineer.ecr
vector rnsects.. in discase control progràm, has

t::ll]ffl 
.*urlics. ot insem o,guni uia rissues :

wnere srgnrfrc,nt intcractions with pathogens take

corrc-spontrertt'e uadras.r. A.A. Jarnes, Dcpartmenr of Molecu-
t| 

nlg]Oqv a'd Bioc,renrisrry,'ni'erriiy or:*!iforrì;,,ìru,".,
cA 92?l?,  u.s.A.

Y: ::.^ ::!,,:T:î.:.., 
I fu fr s Mect icar School, rufts Lr n ivcrs i ry,

ijj,?11.y*,911 | B: y:s.t, rDeparramenro dà na,asit,rrogia.
rub-unrversidade' trc .srìo pauro c.p. 4365, 05sg0, sro pairo,
s'l ' '  Brazir: 3r)ivisirn*of .scicnce, coilege of Basic srurries,' Bosron' uiriversiry, ri7 | c.mnronwe;ilh"l;;,,*[ì,i,r,, r"ra0 2 : t 5 ,  u . s  A .

Atrle' Nuclcr.t i<re sc(rrrcrìcr crara reporred in trris palrcr havcbee' subrn iltld ro trre. c]ey B 1'k'.M dltaba*. 
"i1 

rr,in! ì.".=**io,qunrbers Ml3lSó and M33i57, ) , ' ::: '1, '.,

Ahhreviut.i.orrs,. AMV, avian rnyeloblastosis vir.us; BSA, bovine
::l;::1,^:lî:llli',,.îll^t\tt: comprenrcnrnry DNA; pory(z\)n.
potyildenytated; rllN.r\, rib.somal RNA: SDS, socliunì aocìecyt

. sulfatei,s:DS-pACh,, SD.9-potvarryiu;rìil ;iAr;u,,;*,r,
ssc, salirre .socriurn cirrarc; rgsi' ir i '*"uuffered sarine.

,0 1 66-685r{/9 l l$0j,50 61 l gq l .Hlsevier: $iienis,,11a,hl ishr,rs Il.V, il:

place. One objectivc is to use promoters of genes
active in those specif ic t issues fo contror th"e ex"
pression of exogenous gene products selected to
interfere rvith patrrogerì creveropment. our efforts
are focused on trre sarivary gra'ds of adurt femare
mo.squitoes because prior to r.ransmission most
p*thogens must resicle f'r sonre period of tinre
in 

. these organs. In adcl ir ion, acjuit  female ,;nr_
qurtoes are lr ighly aclapted ectOparasites of ver.te-
trrates, and as such, their sal ivary glands produce
and secrete proteins that enable them to bloocl feed
ef f ìc icnt ly  I t ] .

We began our arralysis by isolat irrg and charac_
ter 'rzlng the major..  geles cxprcssecl specif ìcal ly in
the sal ivary glancls. Thcsc gciìcs are principatty
those t lrat cncede the secretecr sal ivàry proteins.
Our characrerizatio'  ol l  each gcne inct,cte! ,h; l ;"
termination of the primary ,struetur€, Ílnd i[s,],ex_
pression patte'n, ancl whcre p<lssitrle, thc frr'cti.rr
of the. gene procluct. Here we reporl rfre moiec_
tular and clevclopnrental propert ics of the nrajor
saliva'y gland-specific gene **pr***0",,;;;i l ' i i,
irnd p'eferentially in Aecrcs ctcgvltti femares. Trrc
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and stagc-specifrcity suggest a role in blood fee{-
ing and/or diges!,rcn. .r'" -
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Mosrluito straitts. The rnosquitoes used in this
stucly írrc the Rockefeller strain of A. aegypti.
Mosquitoes were reared using standard protocols
[2] and the insects used in the following proce-
dures wcre usually 3-5 days old after adult emer-
gencc.

Ntu'leit' acitl isolattion and labeling protocols.
RNA was prepared from rvhole adults and ,iso-
lated tissues using a protocol from Chirgwin et al.
[3]. Polyadenylated (poly(A).) RNA was prepared
following the protoiol of Maniatis et al. t4l.

DNA *ur pr'èpur"O 1ro6 4dult mosquitoàs using
the protocol of Bender et al. [5]. Filter hybridiza-
tion analyses of genornic and cloneO DNAs were
done according tò Southern [6] using the high-
stringenc;, buffer, from Maniatis et al. t4l. DNA
was labeled using a random primer kit ,supplied
by Boehringer-Mannheim, or by a standaid nick
translation reaction l7). RNA was end-làbèled
u,íth [t]PJ gafnma-labeled ATP t8l Rib:oprobes
wcre synthesized from coding sequerlces cloned
into the p lasmid,  pGEMl,  us ing rg-  and 3sS-

substituted ribonucleotides in reaction conditions
suppliecl by the manufacturer (Promega Biotec).

:
Det'elopntcntal and spatial analyses of rtNd er-
pre.;.sion. Stage-, tissue- and sex-specific RNAs
were exarrrined by Northern analysis [9]. Expo-
sures of ,Northem blots to X-ray film were typ-
ical ly overnight. Hybricl izat ions in situ to t issue

. sectionsi wt: re performed as describccl fl 01. Expo-
sures of scctions Òf female glands were from 1*3
days, while male glands **ré exposed for 45 days.

.  i j , : . , .  . :  .  
t . t  '

' 
Ssau e nce clelerntittmioi ctnd:anal;:s'is. Subclonecl
gertornic anci cDNA f'ragments were sequencecl
in both elirectiein$ (Fig. 1) try the methorJ' ,of
Sangcr  et  a l .  t l  l l  us ing a k i t  suppl ied by
tlsBiochemicals. Otigonulleotide primèrs were
eithcr otrtainecl cornmerciat ly or synthesized with
a Bioscarch DNA synthesizer. RNA sequencing
experimertt$ wexe'es.sentially identical to the DNA

: l  t ' :  
I  :

Fig. l. Ìr'lolecular maps of, two cDNAs ancl a genomic clone
homolo.eous to the D7 gene. The thin horizontal 

' l ines 
in

(A), (Bj and (C) ,.pr.r*i,, the sequencecl DNA. ine tfrictr
tro.ironot line in C'represents the cociing region of the Di
gerrc. Int lon locations arc mitrked by the Roman numerals I- lV
iri (A) and (B)r and bryl:the spiìccs in rhe tlrick horizonlal line, , r '
il l_jC). Tne arroyl,indicàte th* l*,lg,l^lnd direction o.f; 

fhe,,,,,,.,
differeht sequencir-tg giel readings. In {C), various restriction- :..;
endcrnuclease sites are indicated 8, Bamtl l ;  E, EroRI; S, Srrr l ,-  '  - '

:  ,  : r  .  
t - .  . , , , '  . , : , , .  . . , , ,

sequencing e-xperiments, except that 3.25 p,g to.: -'1
tal sal ivary gland RNA was used as the tem-
plate and 5 unitr ol},fvfV reversg 'trlnscriptape

as the poll'mercse, The pdmer exte-nsion proto' ,
cols are described'in: Jàmes et al. [10] and,,0',9, ',.

//g total salivary: gland RNA was usecl per reac-
tion. Trvcl 40-nrer primers were used: D7R l), 5'-
GGTTCGTTAATCCATTCTTTCCATT"|CCCTA,
ACA|TGGAA-3';  and RDTGENI 2'5'-CGGGAT-
GA ATC TTAGACAGCCCTA ATGCC TTTTATAT.
GCA-3'.  D7R l2 is complernentary to nucleotides
+223 rhrough +262, and RDTGEN 12 to nu-
clcoticles -33 through +7 of the genomic se-
quence (Fig. 4). Samples were rulì on 6% poly-
acrylamide'sQ{luencing gels for visualieat{on. ,,., ,,, :

Comprutef'analysis of sequence infor,rnafion was : ,
perfonned rrsing the Arrlersharrr Staden ,softwa{c
package. An analysis of sinlilarity was pqr{onned' ''
using thc Lipm4n-fearson,rapid search algo-r:ithm$ :

and RDF analysis Ii2], resiclent in theG0orgetown
tiniversity PIR dntabase programs



P rcpuration af atttihocrie.s arur imrrwnocrerec{iort
pt.oroc.ols. Th_e full length ,\SCD7_tZ Cpna *;;
cloned ilo rhe pT7 expression plasmid i i:ì-_."_
eraring pT7-D7. Reconrbinunr D7 p.ur"in _;"i;;
sis was inctuced by heat shock or riu"rro Éi;,
cherit' lt ia coli conlaining borh pT7_ó7,;;;à;;

' .  
l  

.  
: : l

The recomU;1ant, 
fl protein *u, prrified bysDS-PAGE tr4l and injeited subcuranlousrv-into

:,1:t:]:;$, 
bgoster injection was given 40 da1,sarier'te hrst immunization, and the rabbit bled-7

day.s later. The serum obtained was kept at _ZAo
irntr l  used for immunoblott ing pro.édui"*.,

Ir{arerial for irnmynoblottiÀg' *u, coile*ed byctissecting sarivary grands àr i-s-i.ioú"'"i.,-,
:..9. 

iTlles, or by collecring saliv4 as,.describect
Hi. Sa_liva and glands u,ere stored at _20" in

T.:, (.19, *oo Tii, yH 7.5/rs0 *rvr ircii a,
"q1ul 

volume of toadiqg buffer conqainins SDS
and l-nìercaproelhanol was added to eacÈ sam_ple and the sampies resolved by SDS_PAGE on al07o gel. Proteins were electrophoreticallv trans_
|,ned to nitrocellulose using a custom upporotur.
T1.. 

r:rtrlr1S fitter was blJcked for 3 tt in 3,Va
BSA in. TBS. The mernbrane was then in.;;o;.;
ovenright in a l /500 cl i lur ion of rabbit pofu. io,*r
anti-D7 serum in 3vo BSA/TBS. Aftei; ; ; í ,*g *
9 01'/'Triton x-r00rfBS, rhe fìrter was irrcubiiecr
in the presence of r2sl-labeled protein G if Or-.r"l
nr l*r) for I  l r .  The f i l ter *ur '*rrfr .O-* ; .r ; ; :
air-rlriccl, and exposecl ro Koctak A[;;; ;i l;
Dupont Cronex inrensifyi , ,g , .r .*n ; ì ;b.;ó." 

"
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Rcsults

ls.okttiott.ol't:lones homològctits to ttrc DT getle. Aorrrerentrar screening of an acrurt fenrare"cDNA
lrt)rary.with end_labelecl sal ivary gland RNA re_
:1,:îo rn rhe .isolarion of clones homologous toK:l \As expressed speci l ìcal ly in the adult Jal ivarv
gland f l0l .  5;^ of thesc clones were apparentl í
idcntic.l arrtJ rverc clesignafed D7 -liJ;';;;;;1
scntat ive clonc,,\SCD7-'I  .  Approxi,r-ì . fu l i l ' ; ,
wc'e scquenced at both encls of , \SGD7_ I , ,r_
ing r'iversal primers (New Engranct niolauri ano
doutr le-strandecl remplare sequéncins,r.hrìír_1.
Using rhe information from th.r. ;;q;;;;;;:;;
synthesized two oligonucleotides ancl used tn*n.t tnselccr nrher cr.nes-'franr a sariv;rt giil-;l;ù;

Fig, 2. Dcvclopmental expression of the D7 gene, RNA was
. preparc(r rronr various srages of dcveroplrent ancr dif ferenr

a0ulr rrssucs- resorved on 0.gvc agarose-fbrmardehyàe dctìar,r._
ilìg Ércrs, ilnt'l flalrsferred ro nìtrocellulose. ,l-he 

rcstiltinu North_

:i ]  1],",  
rvirs prohcd rvirh 3ip_labelecl D7 cDNA inì, ,J O.Aller. cx.posrrrc, th' probc ,,vas Lloilecl ofl. ancl thc fìltcr rvas

reproDcd rvirh * n'p-rabered cronc .ÀAlrgr I  r0J wirh sc(ruences
Itonologous ro thc IRNA (B). (A) 5 1,g-cac:tì  nf *,nùrr,,ni.( l:), earl y r. rvar ( rir. ). r h ird insr ar r arvar' ti: i ì",,rir.,"ir.o,ir' r,,, "val  (1, .1) .  c;rr ly prrPal  (Ep).  Iare pupl l  ( f ,p)  n, tof  HfVn, * j " ,
fq 

,i, l :: l  
lcmatl 

s*l ivary gtarrct,(S) tot't RNA. probett u,irtr
y,:. (D) sarnc a1 (A), hut probctl with rhc ribosonral c.l<lne.(r-) .J , ig eirch .f, ucrulr fcmare sarivary grand (s) and cu.cass(u,hole hotly rvirh stl ivary glancls rcnrtiecl) rci ,oof-ìiNnl
and I  7rg c lch of '  l t , l l . (Mj potyrn)* RNA iú l i l_; ;  i r ; jpolylA)- RNA prol.rcd u,irtr .SCìD7-1.

,- .:.
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Charac'tet;ízation of the D7 cDNAs and prltutive
translation produ(ts. EIeven clifferent cDNAs
with homology to the ,original clgne, , \SCD7-l
were isolaled from a salivary gland cDNA library
and the largest were .selccted for further character-
izat ion. As mentioned previously, thc sequenced
cDNAs, ,\SGD7- l I , ,\SGD7- I 2, displayecl nu-
cleotide sequence polynrorphisnrs (Fig. 6). The
sequence sf an adclitional cDNA clone, .\SGD7-
8, was identical to that of '  , \SCD7-l2.In general,
the 5' ends of ' the cDNAs are nlore conserve(l than

l :  ^1: l l ' " fr try 
nucleotidc scquenc.e*of a senomic DNA fragnrcnt containing the D7 gcnc. A 3.tJ"hb [r,oRI fragmcnt conrairr ing

tnc,campletc.coding-rcgion tt f  the D7 genc wtts lubclonerl l ' rrrnr ,ÀAECD7 arrcl sequencerl ns cJcscribecl in Marcrials ancl Mcrhocj i

lLY., i l {^ l '^u^*,^ult^f31tures 
of i  t l rctequence,ale. l isted irr bold, A conscnsus-eukaryoric ' IATAAA 

anct polyarlenylat ion consensus
s.Yque.ncc,( lryAAA) are prcsenr. The mo.sr l ikely rranslarion inir iar ion (Al 'G) anrt termi'at ion (TAc) coclons ur*. indicor.d. Thc
dlnuclcotide CA wct'c idcnti f ìed as the trunscript icln init iat iorr si tes_by prirncr extension analysis aneJ t l i rect di.4eoxy sequcncing

:l l f t_' :1 
, ! :  C has bcen ctcnotcd +l in thc *equ*n*, Introns t*tú are in towsr'-case anrt úncfcrt incct. In addi i ion, rhc putat ive

lr l l ron ln lhe 3'enql t tott-trattslated region is underlíned, I 'hc restr icr ion enclorruclcase clcavagc sites for Stal ant1 fJ,,arr i l l  usecl
for subclorr ing port ions of t l rc putat ive promotcr are indicate(!.
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GAAI'ICAAGGAAC0TIIAAAIGAAICÎo',fTGAAATAICCCTGGAAACATTACTCGIGAAGICCicGI6AATTTICA6îtAIAAAICT66GAA6Af,tC{It6C016AAtCCCIG6cGtAAî

,îilioorooo,rclttcncetnttittccAAGsAtcltttGAcGir GAArccNTTiqgr1'rfiTisfif,TnrTrTAAGGîTricc*aAnilnenRlncfteqRnooorr,r,riîil

iAt I I TGAAtAtAt fct TGAAAIAAI T TTAGAAAGAGT TAccccAT rAA r r GrooruioÀir,rierrr*^r,,,, GTGAAAATc{ rcAnegniil i,ign*norrrr,rrroooo*ilf

CTGAAG6AAAI IACIAAAGGAiAAT I IGACAGAI I'f I T I I TAT I A I T GAC TCT'I TAI IAIGGAGAARI ICAGCCCI TAGCTAGITCAICTCC f IGACAGAATTO,,'OOOOO"O' iIII

ITIIÎTGTAATCIACIf,ATTCAGAGICC{ACGCIC6GGTITIGAATTTCCCATATTTCCTACACAAATCOATGAAA'OO'OO'0,,"0'0A".,*OOOO';'*"OoO'A";ìI;I

AoAC$GAATC0AGACTAGeACIGIAAAAGAGICAICIAIIGICATI TCACTIAC,,AGGGCCAAIC#ITCACACAAACACAAGCI ICACCAACTCIICCAGOOOTTTTOOOTTOtTiiiI

GATATIGGCIIAGAIAATIIATACGIAIICCTCCIAGAITIGGCCCA6IIGTTAGITACAI6AAA6GCCAAATGIIAAAGGTIAAAIAICCGCA6AGTCCA''N"OO"O,,NOiIIiI

IIIAAGCCAGCATGAAAG6GToITAICAACAITI ] I ICCAAAACCCTCCGGGTTCAITIATGCIGAGAACIGAAAAACCGAAGTGATI IT"""",,',,"""P'O'OO'OiIIiI

sec0icc,i.l0Anuo{o,i"i,ol0AA|GTcIIcArAGIccAAGcAAtnRnnn**nneA]rnio*,r,*,i,uo,oo.,,o,,n,iiao,*,^,nio0cAJA0cGA0GGA,,ooiil

GIAcIAcAAGIGGiAccnnntcncnccccGAGIGGGAccGAcclGGIAIcAc tcGAcAIAITcActeti tncten tG r cGfAcAAecAGcTAITc0IccTAAT IcI iArTC0rccTRAT ICI iCG TCTGCCACT rC

AAAtcAAAAcc IG,IAcGIcAA{cGcAcGAAcAAIccAAAc I r i ccT TcAccAAArc r rGrccrAcccArcAGAAA0T6T r0 r î rArcA6GA0TccrGA6cGGif,cTGcoot* ttiiiì
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sIGAGcGcTGGAcGGcAcIGAcGt IgAccT IccGGArcctcc TGGAcIécltccleltrec*cctcnTcr tcG$r6AAcrclcAGIrAIrAcT,cTcAAcA6AAgcAGIAAGrt ttoJii
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IIIAcATGcAIAAAGIAIGctGAiAct Iil tcAGcIctGTcAGIGcAAAAGcnnmenttittntmltcGAAAIcATGAGAT6AAîIAGcAAcAAccfitcAoreornrmoroooiii
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'.: ÌAAtcAc.GccTAcltcccctTAAcncccttetccteATGAccArccTIGcA6TrGcGA'AGGAArAîrccAcAAA'rccÌAccrAGAttrcccentcîenA.cAGITIGrrA^^^;iii

AIAI I I fcAG I I.A'AAA IGAI I I IccicAccTcAcAGAGT I Acc6GATcrAAccGr Ar IAAAGGT r6TcAATcAGGAIAI6c-cATccAGTAcccArtccî IGeArRAcGrIrrriiil

. ccAlIAAAA'I'rGTGcclAcGcAATIIAAÌAcIIcIAGIIGTcIcTAAGcAATcIArcAGGIcrIIrGGItciceccnnnrclonlIAA'tcArcGAcArIAcccTcGA6Ar*tr:iii

I TGAT T IGCGACAAACAIAI TGAICGATI CC I IGAAIACAT AAGCT i T I GC IAAGCCTAÌ IAAICCAATAAI AGAICTCI ICAG'AGACGAAIGGAAGCACACCATACIACTT IA IAAIAÎ

IGAAcAT ItctTAGlActGtGcAcGTGtGcAcAcAT tcAtG IAcAiA TGGATGAT r rGATcAGcr rrAcIcAArIcr r rcr rcAcAcr crGercGTTcT I r,RrATTT6ccrAAnr crni i
. . . .AlcT$lIA.ttAGc'Icoc,colnnntincntlc*ncttncAlATAAlAcGcATlAsGccÎ.G{cIAAcrIf0fIcct6A

AITII IACAACCIT ITCCCfGqJa4qa tq tLcg_t !g! !g i lgÈ!c tc t  rca t  I  tc  t  raacaaa rac [ccacct t  t taaqGI TCCCTCf,Atc6cACCAi lTGAICCGGAcGAG0IGCt6t
i

IcArcr I tAcccGctccATeGAAGAcAA I T IcGAAGAiGGAGcGAAIcGAcT lccAAr0 r IA0cGnAATG6AAAGAAIGGAI rA{cGAAcc66IA6AcAcccccecnnctcne rctiiii

CennnrCCstCCtGGtAAGAAcAccxe 16,lA0GAt0cfc"IAccccAAAA6l r0GArsf *eej$t!qlt t.9.a talcgtqg tlslqr r*gitla t r loi tcqS t"t,gla rtg t tgragl;.iì

c G G T c A I c c A G G A G c A A l i T A A G G c l l A T c c 0 I c c I l G G 6 G G A A A A G A c c A o o o , ' * i l i l l j l

A$t!6m0GAIcere llcntÀnee.c0cAlAA$6Ae*r.sa60AÉ6AttcIIGÌrsc*I,c0AAn{RnceseiiqnrcÀedcrc0lnArcAcÈAorieqtil [1i***Offi
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-Fig. 5. Comparison of primer exrension and clicleoxy ,*qu.n.-
ing products of female salivarying products of femalé sai iuory glanct RNA RNA *asjan. '
nealed to ol igonuclèotide pî irners D7Rl2 or RD7CENl2, and( v  v r  rSv r r s ! ruv r . t uv .  p r  l t  t t g l  ò  u  /  t \  t  é  \ r t  I \ t _ /  /  \ J I - : l r t  t  l , !  i l f j : l

subjeCted to dideoiy'sequencing rcacrions ( lanes T, C, q,

firming the reading frame of the D7 mRNA (O.
Marinotri and A.A. Jsmes, unpublished). ttre dc,
duced protein iS 321 ,alnino acids in length with a
predicted minirnum size of 36920 Da. The protein
is lysine-rich ( l 79o of amino acid rcsidues), has l0
cysteine residues, and a hydrophobic amino termi-
nal region characteristic of a secretory signal pep-
tide [16,17J. Several of the salivary gland secre-
tory proteins are glycosylated [0,151, however,
the deduceO D7 protein lacks consensus sites for
asparagine-linked glycosylafion. A search of the
PIR database for similarities of the D7 deduced
protein with otÉer reported proteins yieldecl no de-

' finitive functional similarity with otheS proteins.
SDS-PAGE-isolqted recombinant t'rotein was

injected, into a rabbit to produce antibodies to the
D7 product. Fig. i shows that the serurn recog-
nizes a 37-kDa proféin present in female salivary
glands and sal iva bqt not in males. Addit ional ly,
the antibodies reco$nize recourbinant and native
D7 protein following both native and denaturing
electrophoietic separation and transf'er protocols
(C. Ghosn, O. Marinott i ,  and A.A. Jarnes, unpub-
lished). These d4ta indicate that we haVe been able
to generate'antibodies to thc D7 protein, that the

, protein is expressed,only in females, and that the
D7 protein is a secreted protein as predictecl f'rom
the signal peptide.

Discussion

The D7 cDNAs and honrologous gene were iso-
latecl using standard cJifferential screening tech-
niques with label led sal ivary gland-specifìc I{NA.
The D7 gene encorles an mRNA that is prcf'er-
ential lyexpressed.inthecl istal- later 'n|a1rclnedial

,,lobes of thb adulirfenrale salivary glands. 1"he high ,'
nurnber of D7 represqùtative cloner 1r1 1lq,sàliya5y,,,:

.,gland library, {he,shofi',,time of exposrtres of the: ,
in situ hybridizations; afd,the strong signal on the :
Northern' blots inclicafe that the l)7,gene is atrun-
dantly expressed.

The D7 gene encodes a nrajor sccrctecl salivary
gland protein of 37 kDa. 'fhe putative signal pep- , ,
ticle in the D7 prstpin indicates that it is a seereteq , 

'
'sulivary gland pfoducd corrfìrnred.by the anribocfli ,,
detection óf the D7 protein in saliva, The et.p-un';l ,,",'
dance and rnoleculai weight af rhe D7 dccluccd
gene product indieate that it is rnost likel.y ths .

A) or primcr extension analysis ( lanes R lurd D), as de-
scribed in Materiàls and Methocls. Both mcthods produce
strong stops at identical locations. 26 and l7 nucleotides up-
snearn from the init iat iòn coclon ATC using the D7Rl2 primer.
The RDTCENI2 primer overlaps the ptrrarir ,e rranscript iorr ini-
tiation site and th_erefore pro<luces no r-xlerrsion product. Lanes
T, C, G, A are the T],C.G, and A, sequcncing reacrions, re-

. speqtìvety. (noie"thar rhc RNA scquence in rhe fìgure ha$,been
prcsented a.s the complenrcntary, scnse strancl.  so that i t  may
be read direct ly), and lanes R and I) arc the primer exrcn-
s ion products  generated by pr inrcrs  RDTGENI2 and D7Rl2,

. respectivcly.

the 3 '  ends.  Ol '  the 3  |  base s  c l i f  fe  r i r rg  be tween
the coding region of , \SCD7-l l  ancl , \SCD7-!2,
only 5 cause changes in arnino acicls. , \SGD7- l2
was the longest cDNA recovered, ancl by com-
parison with the genomic sequence *ui miss-
ing only 2l nucleotides fì 'oln t lrc 5'  cnd. How-
ever, this cDNA contains a delet ion in the 3/-encl

:lnéù-ranslaied region proxim4l ,to the eonserlsus ,
polyadenylat ion signal sequence rhiì t  is not ob-
gervecf in ,\SGD7-1.1: Nucleoticle variarion in that ,
region may have create(l  a slrral l  intron that was

. excised'betore this partie ular cDNA was synthe-
sized,

We have generated a putat ivc protcin sequerìce
based on the major op€n reading lrame prerient in
the sequencccl cDNAs (Fig. 6). The putat ive open-
reading {rame of,.ÀSCD7-12 was clelned and eK=
pressed in thc phage T7 systern [13J. generaring a
protein with the. predicted:nrslecular. weight, con-

, è  , .
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complicate the standard approaches to evalLrat_
ilg 

+-:: copy nurnber. We have.isolared adcti-
tionaJDT genornic clones and rhe Ss.ydrs of these
should' provide Íln answer.

Mosquitoes arc holometabolous, having distinct
larval, pupal, and adult stages. Larvae feed on
bacteria and other pafticulate organic matter in
their aqueous environment, adult males feed on
nectar fl81, and adult females feed on nectar and
blood. The resrricted expression of D7 in adult fe-
male slliv-ary,glands indicates th.u it is invólve,4.:
in one of.the two adult fqeding modes..The,tèrnaièr,
safivary glands arq nro{phologicallil distincr ffom,
the male salivary glands, possessing large clistal.
Ialeral and medial lobes not found in males. The
tact'that only females feed on blood is coinciclent
wifh,this strucrural dimorphism and it has been
proposed' that the female-specific lobqs synthe_
size and secrete the salivary components involved

rin blood feeding [191. For example, an apyrase
(ATP-diphosphohydrolase) has been described in
the female salivary glands. The apyrase acts as

1n anti-platelel aggregaring factor aqd helps the

female ingesr blood llJ. 1'he apyrase acriviry has
been localized ro the medial lobe and distal-lateral
l,o'b .of ,tlrq female salivary gland ,.[20]. Con-

.vQrselV, two salivary gl4nd activities fóund in: ,,
both males and fenrales, an a-glucosidase LZII
and a lyqo.zyme-like activiry I;,ZZ),, tar'e restrictedr
to the proximal.lateral krbes of the, female,sali-
v.ary ,gland.. These. observations cornbineel with:{he

Ilg*, 
sex, and 

:.pî.*lrl rc.srrictcd cxpression of the
D7 gene make it l ikely thar the D7 gene producr
is involved in bloocl f'eeding

The .lack of reportecl proteins with sequctìce
similarities to the D7 gcne product is not surpris-
ing. Efforts to investigare the biochemistry and
nrolecular biology of rhe secr.ctccl salivary glancl
protbins 

.of hell:lophagous arrhropods' have only
recently been iniriated ancl there is a potential that
maly flew, families of proreins will be discovered.

In addition to the cliaract,erir,a,tion 'of 
novel

pltarmacologieally acfive proclucts, th* *nuly*i* of
genes 

.encoding thc sal ivar.y 61land protcins pro-
vides information abou{ the DNA sequetlce.$ thar
are good candidates for genetic traniifonnation of
vectors. The pro,moters of these abundantly ex. 

'

pressed genes could be userJ to clirect the eipres-
sion of exogenous DNA scqucnces, which cn-

Fis ?. Anribody derection of D7 prorein in femare sarivary
glands and sal iva. c, coomassie BIue-stained:proteins from
! 

p:T of whole female sal ivary glands ,spurutiO by SDS_,
PAGE F, antibocry detecti.n of D7 from 6 pairs of femare
salivary -elands. M, aniibocry cretcction of D7 from 20 nairs
of male sal ivary glands. S l ,  55, antibody detec.t ion oi nZ
in saliva 

1ol!1ed 
from 26 fcmalcs, l; a1d 5_day exposures,

r1srycrly1lV. j1o^telns-from saliva and sativary glanàs were
re$olved by sDS-pAcE, rransfcrred to nhroceilurose fìrrers,
and specifìc recognit ion <ìetennined as ctescribed in Materials
and Methods. Numbers rcfcr to rrolecular weight 'markers in

I major secreted .sal ivary gland protein, designatecl
po]l',p*l,jd" 

7, 
by Racioppi and Spielman tf St.

We take the signal evident in Northern anal_
ysis of male poly(A)* RNA anct the lack 

'of 
a

discemible pattern of expression the in situ hy_' bridization to t issue scctio's of male th'rax ur àn
indication that alr of rhe ccl ls in the mare glands

fJnthesiz:, r]r. D7 RNA ar a low tevel. Hoieuer,
i t  is possiblc that sonìe orher t issue in mares is
expressing rhe D7 RNA .If  D7 expression is coh-
fined to the salivary glancls, thcn sex-specific reg_
ulation of the D? gene proclucl.a,ppeàis,'to,,6xs;,
both transcript ional ' ly antl  rranslal ional ly. The low
level of RNA expressecr i ' 'rares does not yield a
piotein derectabtl by potyct;;uì ;iù.,tt;r:. 

"

Efforts to resolve the origin of the nucleotidc
qgqqence differences betwein the genomrc anct
c,DNA clones have been so far u,.,sùcersful. We
do not yet know if trrese ciifferences result fronr
allelie variatio' ':f a sirrgle rocus or from mul-
tiplc genes. Southern *noìy*cs have revealed the
presence of a copy of a clispersed, highly repeti-
tive DNA sequence i' a regio'ad.iaceit tó tne nz
gene (C. Ohosn and A.A. Jamei, unpublishecl),
and variafion in thi"s region may account fbr the
multiple bands ofien scen in th*** anaryscs ancr
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