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ABSTRACT

The GATA motif is a well known positive  cis-regulatory
element in vertebrates. In this work we report
experimental evidence for the direct participation of a
GATA motif in the expression of the Drosophila
antibacterial peptide gene  Cecropin A1 . Previously we
have shown that a «kB-like site is necessary for
Cecropin A1 gene expression. Here we present
evidence thatthe Drosophila Relprotein which binds to
the kB-like site requires an intact GATA site for maximal
Dif-mediated transactivation of the ~ Cecropin Al gene.
We show that a Drosophila blood cell line contains
factors binding specifically to the GATA motif of the
Cecropin A1 gene. The GATA binding activity is likely
to include member(s) of the GATA family of transcrip-
tional regulators. We show that the promoters of
several inducible insect immune genes possess GATA
sites 0-12 base pairs away from kB-like sites in
functionally important promoter regions. Clusters of
GATA and kB sites are also observed in the promoters
of two important mammalian immune genes, namely
IL6 and IL3. The consistent proximity of GATA and kB
sites appears to be a common theme in the immune
gene expression of insects and mammals.

INTRODUCTION

necessary for activation GecAlexpression by thBrosophila

Rel protein Dif Dorsatrelated immunity factor)l(l,12). Similar
kB-like motifs were shown to be necessary for the inducible
expression of th®rosophila diptericingene {3). Furthermore,
KB-like motifs are present in the promoters of inducible antibacterial
factors oHyalophora cecropiél4), Sarcophaga peregrin@d.5),
Bombyx mor{16) andDrosophila virilis (17). The R1 sequence
element is present in several inducible genes from in§g¢ist(

its functional relevance has not yet been investigated.

The vertebrate GATA motif, WGATAR, is a DNA sequence
element initially defined in the promoters of erythroid cell globin
genes 18,19). Analysis of erythroid-expressed genes consistently
revealed GATA motifs in functionally important promoter regions
(20). The GATA motif is now recognized as a positive
cisregulatory element in diverse vertebrate and invertebrate genes.
Interestingly, similar GATA motifs are present in the promoters
of theDrosophila CecropilgenegFig. 1B). Here we demonstrate
for the first time the participation of a GATA site in the expression
of an insect immune geri@tosophilaCecAl We also show that
thekB-specific Dif, which mediateSecAlexpression, requires
not only thekB-like site but also an intact GATA site for full
trans-activation.

Proteins which interact with the GATA site constitute the GATA
family of transcriptional regulators. GATA proteins have been
identified from a number of organisms includiBgosophila
(21-30). We demonstrate the presence of a GATA-specific factor(s)
in aDrosophilablood cell line, mbn-2. This cell lin&X), shows
several hemocyte-like characteristics including the capacity to

An important component of the insect immune response is tippagocytose other cells and constitutes a useful system to study
rapid secretion of antibacterial peptides such as cecropins into théuction of theDrosophilaimmune system4j. Furthermore,
hemolymph {=3). Cecropins, which have been isolated from anbn-2 cells express tlizrosophila Ceqgenes upon stimulation
number of different insect species, constitute perhaps the masth lipopolysaccharides (LPS3}Z).

potent family of inducible antibacterial peptides4). The
Drosophila CecropinCeq genes CecAl, A2, BandC) have

There are striking parallels between insect immunity and innate
immunity in mammals, especially in the common utilization of

been cloned and the main sites of expression are fat body drathscription factors of the Rel family (reviewed in 2fg). It
hemocytesF-7). Synthesis of these peptides is regulated at theas proposed that mammalian and insect immunity share a common
transcriptional level, possibly via a common regulatory mechanisavolutionary origin. The thrd@rosophilaRel factors Dif, Dorsal
(reviewed in ref8,9). It has been shown that a 760 base pair (b@nd Relish translocate from the cytoplasm to the nucleus upon
upstream region dfecAlgene contains elements necessary fobacterial infection 11,33,34). In transfection experiments all

its inducible and fat body-specific expressidf) (A stretch of

three factors activated the expression of antibacterial genes

40 nucleotides within this 760 bp upstream region, conservéii2,33,34).

among all fouCecgenes, contains the well-knowB motif and

We find that the GATA angB motifs are located close to each

two other DNA sequence elements referred to here as Regiowther in the promoters of several inducible insect immune genes

(R1) and GATA (Fig1B). ThekB-like site of theCecAlpromoter

and in two immune-related mammalian genes, IL3 and IL6. This

functions as an immunorespongisacting element for expression indicates a possible role for GATA motifs and GATA proteins in the
in aDrosophilahemocyte cell linel(0). ThiskB-like site is also  evolutionary connection between insect and mammalian immunity.
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Figure 1. The GATA motif is necessary but not sufficient@@cAlactivation. § Schematic representation of tbecAl-lacZusion genes. The constructs contain
upstream regions of tli@ecAlgene and the transcriptional start site (arrow) fused to a SV 40 leader (filled box), providing a translational start site in frame with tf
E.coli lac Zcoding sequence (hatched box). Numbers refer to positions relative to the CAP site. Plasmid pA16 carries mutations in the GATA core sequence (G
to CGAG, see also Materials and Methods). The RkBrlike sites are deleted in pA15 and pAl17. In addition, pA17 carries base substitutions in the GATA core
sequence identical to those in pAT.Upstream sequence of the proximal promoter oEdwA lgene. Numbers indicate the distances from the transcriptional start
site and capital letters refer to sequences conserved in at least thre@eafdpingenes (7).d) Relative-gal activity in mbn-2 cell extracts from untreated (open

bars) and LPS-treated (shaded bars) cells after transfectipig of theCec—lacZreporter plasmids. The results shown are the average of at least three independent
experiments with standard deviation indicated by T-bars.

MATERIALS AND METHODS Recombinant DNA
The construction of thelasmids pA10, pA15 and pABif was
Electrophoretic mobility shift assay (EMSA) described previously1(,12). Plasmid pAl6 was constructed

using site-directed mutagenesis by PGB).(This introduced
. . . four base substitutions in the GATA core sequence (GATA
Deoxyoligonucleotides were labelled with-{2PJATP and the CGAG). These substitutions were the same ?:IS in mL(Jtl shown
Klenow DNA polymerase. The oligonucleotides used Werg§pjerjined. The R1 andB sites were intact in pAL6. The construct

5-d(tcgagacBATAA GGCatge) GATASS, - pA17 was made by (i) removal of a small fragment containing R1
5'-d(gacaaaalgatATAA GGCatge) GATA, andkB-like sites from pA16, by cleaving it wiBsEll andSpH;
5'-d(aacaaaalga@GAGAGGCatge) mutl, and (ii) religation after filling in the ends with Klenow DNA
5-d(aacaaaatga@@ATAA GTGatgc) mut2. polymerase. Both pA16 and pA17 were sequenced to verify the

Capital letters refer to th®rosophila CecA1GATA site. ; : : o ;
Underlined bases in mutl and mut2 indicate the altered nuclerE)]EJ tations and the integrity of the remaining upstream region.
tides of the GATA site. We refer to the sequence GATAACell cultures and transfection experiments

indicated in bold as the GATA core sequence. . . _—
Nuclear and cytoplasmic extracts were prepared frofn 1@rosophilambn-2 cells §1) were grown at 25C in Schneider’s
mbn-2 cells according to Graet al. (35). The DNA binding medium as described). Transfection by calcium phosphate
reactions and subsequent EMSA on a 5% native polyacrylami cm;;tatlon and fmeas(ljjremen;[j_of rtetlglt&/galacto?dashe actmt;;
Cao o ; : -gal) were performed according th0f, except for the use o
gel were performed usinP-containing deoxyoligonucleotide he CATELISA kit (Boehringer Mannheim). An immune response

robes as described ihj. The dried gels were scanned usin . . o
ghosphorlmager (Moﬂigcular Dynar%ics). Unlabelled oligogr;’m\—'vaS activated by the addition of purified LPS{gfmi) from the

cleotides were added to the binding reaction mixture as compé‘?i'—coII strain 055:B5 4 h prior to harvesting.
tors before the addition of extracts.
One microgram of Dif expression plasmid was translated RESULTS
vitro using wheat germ extracts for coupled transcription a“ghe GATA site is necessary but not sufficient foEecAl
translation (Promega). The reaction was carried out ipl50 expression in aDrosophilablood cell line
according to the manufacturer’s specifications. Two microlitres
of the translated Dif protein was used for the EMSA experimefransfection and transient expression of reporter gene constructs
without further purification. in mbn-2 cells were used previously to identifiyBalike motif
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Figure 3. mbn-2 cells contain GATA-binding activity (GBA). EMSA using
32p_labelled GATA-S probe with untreated (Control) or LPS-treated (LPS)

0.1 nuclear (N) and cytoplasmic (C) extracts from mbn-2 cells. The DNA sequences

for the probes are given in Materials and Methods.

our previous results that transfection itself stimulates endogenous
CecAlgene expressiori(). Such an effect was not observed
Figure 2.Dif requires both intact GATA and sites for proper transactivation when th.e PALS, _pA16 and pAl7 ConStr.u Ct.s were used for
of the CecAlgene. §) Relative-gal activity in mbn-2 cell extracts from  transfection experiments. The present data indicate that the GATA

untreated (open bars) and LPS-treated (shaded bars) cells after co-transfecti@RdkB-like sites are both necessary for transfection-inddeeé\ 1
of 1 ug of theCec—lacZreporter plasmids and |ig of the Dif expression expression.
plasmid pActbif. The results shown are the average of at least four independent

experiments with standard deviation indicated by T-bhy<Electrophoretic i ; i ; ;
mobility shift assay using2P-labelled GATA probe (see Materials and Dif requ[res_an intact GATA site for maximal

Methods for sequence) andiPof Dif translatedn vitro, or nuclear extracts transactivation of the CecAlgene

prepared from LPS-treated mbn-2 cells. Control lane jiasf 2 mock-translated . .
reaction mixture in the absence of any expression plasmid. The band€tersert al.(12) have shown that tHerosophilaRel protein

immediately below GBA is due to degradation of the DNA binding activity Dif mediates transcriptional activation of tfzcAlgene in
_(compare this with the subsequent figures). The band with the highest mobilityso_transfection assays. Furthermore, Dif-mediated transcriptional
is unrelated to GBA. activation requires theB-like site of theCecAlpromoter. In
view of the proximity of a functionally important GATA site to the
kB-like site, we asked whether the GATA site is important for Dif

as a necessagys-regulatory element fa€ecAlexpressionl(0).  transactivation. If so, does Dif bind directly to the GATA site?
Here we employed this approach to directly test the role of REirstly, we carried out co-transfection assays with the constructs
GATA site inCecAlgene expression. Figuté illustrates the shown in FigurelA and the Dif expression plasmid pABRif.
constructs used in transfections. Tex-lacZreporter plasmid Overexpression of Dif resulted in much higher level§-gal
pA10 contains the necessaig-acting elements for expression activity from the pA10 construct than in the absence of
of theCecAlgene, including the three conserved DNA sequenam-transfected Dif [as shown in Fi§A and as reported by
motifs R1, GATA and th&B-like element. pA10 confers high Peterseret al (12)]. The induction of3-gal expression in pA15,
levels of reporter gene expression upon stimulation with LP8hich has n&B-like site, was only 5% of that in pA10 (FRA).
(Fig. 1C; ref.10). In contrast, transfection of the pA16 constructnterestingly, the reporter construct pA16, in which the core
(which is identical to pA10 except for four base substitutions isequence of the GATA site is mutated, gave considerably lower
the GATA core sequence) reduced Bhgal activity to 15-20% levels of3-gal expression (30%) than pA10. This suggests that
of the original LPS-induced activity (FitC). The level ofi-gal  Dif requires not only theB-like site but also the GATA site for
expression from pA16 was the same in untreated cells (open bats)maximal function irCecAlexpression.
and LPS-treated cells (shaded bars). Thus, the GATA site isNext we tested whether Dif binds directly to the GATA site
necessary for high levels of LPS-induciBlecAlexpression in  when activating th€ecAlgene. Dif protein was expresseditro
mbn-2 cells. The residuftgal activity from pA16 is not due to using a coupled transcription—translation system. The correct
the R1 oB-like sites since similar values were obtained frontranslation of Dif was confirmed by both SDS-PAGE of
pA17 which lack all three elements (Fig\ and C). There may 14C-labelled Dif and by western blotting using an antibody raised
be contributions from the remaining upstream sequence or fraagainst a peptide within the Rel domain of Dif (data not shown).
the TATA element itself. The empty expression vector, on th€hein vitro translated Dif was used for DNA binding experiments
other hand, does not carry either of these. with a32P-labelled oligonucleotide probe containing@inesophila

In contrast to pA16, pAl5 possesses the intact GATA site b®ATA site of CecAl promoter (GATA-S, Materials and
lacks the R1 andéB-like sites (Fig.1A). The B-gal expression Methods). The results showed that Dif does not bind to the GATA
from pA15 is also reduced to near background level (pAlSite directly (Fig.2B). However, nuclear extracts from mbn-2
Fig. 1C). This indicates that the GATA site is not sufficient forcells gave rise to a DNA—protein complex with the GATA-S
CecAlexpression in mbn-2 cells. probe (mbn-2 lane of Figg8B and3). We conclude that Dif’s

Cells transfected with the pA10 construct Iffagal activity  dependence on the GATA site f6ecAlexpression is indirect,
even in the absence of LPS. This observation is consistent wjifobably through GATA-specific factors.

L L TR
pA10 pA15 pA16 pA17 pUCiacz
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Competitors we propose that all or some components of the GATA-binding
GATA I muti mut2 ‘ activity are members of the GATA family.
= 20 2, 220 20020 b it EDTA inhibits the formation of the GATA-binding activity
GBA'_ m - All the known members of the GATA family of transcription
factors are Zn finger proteins which require Zn ions in order to
Unrelated bind to DNA @0). To test whether Zn is required for GBA

complex formation, the GATA binding experiment was carried
out in the presence of excess amounts of EDTA, which competes
for bound Z8* (37). Incubation of the GATA probe with mbn-2
nuclear extracts in the presence of 10 mM EDTA suppressed
Figure 4. The GATA binding activity is specific for the GATA motif. EMSA DNA-protein complex formation to 27% of its former value
using nuclear extracts from LPS-treated mbn-2 cells in the absence or presenge;
of competing oligonucleotides. The sequences féPBabelled GATA probe ﬂglg. SB)' On the. other hand, 120 mM NaCl had no eff_ect_o_n the
and the competing oligonucleotides (GATA, mutl and mut2) are given incompIex formation. We ConCIUd_e that I_ED_TA has an inhibitory
Materials and Methods. effect on GBA complex formation. This is probably because
GBA is a Zn finger protein(s) and requireg Zfor the formation
of stable complexes with DNA.

The mbn-2 cells contain a nuclear GATA-binding activity The GATA motif is present in many insect and two
mammalian immune genes

Nuclear factors interacting with the GATA site were identified byr,q strong conservation of the GATA motif in the proximal

electrophoretic mobility shift assays (EMSA) of extracts fronbromoters oDrosophila Cegenes prompted us to examine its
mbn-2 cells before (control) and after exposure to LPS. Fijurenccyrrence in the upstream region of other immune genes1Table
shows the presence ofaGATA—blndmg activity (GBA) in nucleagisis inducible insect immune genes which have the GATAA
extracts from both control and LPS-stimulated cells (lanes 2 adgy ence (the core sequence) in their upstream region. Comparisor
4). Cytoplasmic extracts did not reveal any substantial GBAyt this sequence and its flanking bases within each species led to
neither before nor after LPS-stimulation (lanes 3 and 5). Thegpecies-specific consensus for the GATA site. The T/AGATAA
fastest migrating complex on the gel (unrelated, 3jigs due o sequence is well conserved between different insect splecies.
single-stranded DNA-binding proteins in mbn-2 extracts (daigygsophilaandSarcophagahe consensus sequence extends by
not shown). The GATA-binding activity (GBA) is distinct from yree nucleotides at thé @&1d. Many of the inducible immune

the previously identifiedB-binding activity KBA, also referred genes shown in Tablehave a GATA site between positions —35

to as DIF in ref10). Competition experiments confirmed that the;q _g5. They also contaiB-like motifs in their promoter
KBA did not bind to the GATA site directly (data not shown). regions 6,7,17,38-42).

Non-specific binding of nuclear proteins to #@-labelled
GATA probe was ruled out by competition experiments. Th%ISCUSSION
binding experiments were conducted in the presence of excess
unlabelled oligonucleotides containing the GATA, RkB®iike  The present study addresses the functional relevance of a putative
sites. The extracts were added to a solution containing the labeltistacting element, namely the GATA site, in insectimmune gene
probe and the unlabelled competitors. The unlabelled GATA&xpression. This site is present in the upstream region of many
oligonucleotide competed efficiently with the labelled probe 4fFig. inducible insect immune genes (TableWe provide experimental
and only 10-20% of the binding activity resided at a 50-folévidence for the participation of the GATA siteDimosophila
excess of the unlabelled probe. On the other hand, even a 500-10kLAlgene expression. Four base substitutions in the GATA core
excess of the R1 amdB motif-containing oligonucleotides were sequence significantly reduced the function of an otherwise
unable to displace th2P-GATA probe from its complex (data normal CecAl promoter (Fig.1). We also show that the
not shown). Drosophilahemocyte cell line mbn-2 contains a DNA-binding

We used EMSA to assess the relative importance of the caetivity (GBA), specific for the GATA site (Figsand4). Future
sequence (GATAA) and the additional conserved bases for GB¥periments should address the importance of the GATA site for
complex formation. The two competitors used were mutl an@ecgene expression in different tissues like fat body and hemocytes.
mut2. In mutl, the first four nucleotides of the core sequence werd_PS induces nucleaB-binding activity kBA) in Drosophila
substituted (GATA to CGAG). In mut2, on the other hand, twanbn-2 cells {0). This is consistent with the fact that Rel proteins
bases 3to the core sequence were substituted (GC to TGyre translocated to the nucleus in response to an external signal,
keeping the core sequence intact. While mutl was unable gaoch as LPS, prior to their bindingk8 sites. In contrast, the
compete with32P-GATA probe for GBA formation even at a nuclear GBA is constitutive and is not dependent on LPS3)Fig.
500-fold excess, mut2 competed as efficiently as the wild typgdowever, mutations in the GATA core sequence interfered with
sequence (Figd). This demonstrates that the four bases in ththe LPS-inducibility ofCecAlgene expression (pAl6, Fif).
core sequence are important for its interactions with th€hus, the GATA site is necessary for high levels of LPS-induced
GATA-binding factor(s). The consensus nucleotides outside ttigecAlexpression in transfection experiments. Our observations
core sequence are dispensable. In contrast to the case of Gt towards a plausible cross-talk between Rel and GATA
formation, the unrelated complex was competed by all thrgeoteins. Albeit Dif did not bind to the GATA sequence (ER),
oligonucleotides in a non-specific manner (Bigand data not Dif transactivation was not efficient when analysed @eaAl
shown). By virtue of its specific interaction with the GATA site,promoter construct mutated in the GATA site (24). This
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Table 1. GATA sites in the 5 upstream region of inducible immune relajedes in insects

Immune genes Position* Sequence Immune genes Position* Sequence
Drosophila melanogaster Hyalophora cecropia
CecAl -62 CAGATAAGGC attacin A -62 tTGATAAtaa
CecA2 -58 CTGATAAGGC -122 cTGATAAAAL
-268 gCGATAAGCC -163 CTGATAAtgC
-322 CTGATAATGT -239 tTGATAAtga
Cec¥l -55 CAGATAAGaC -462 CACATAAtgC
Cec¥2 -55 gAGATAACGC -642 aTGATAAtgt
CecB -685 tgGATAATGC attacin ¥ -15 gAGATAAGLL
-708 ggGATAATGa -38 aTGATAAGaa
=717 tgGATAAatg -69 tAGATAAGag
CecC -48 CCGATAAGGC attacin B -38 aAGATAAGta
diptericin -69 tAGATAAGGT -135 gCGATAAALL
-492 gTGATAATtY cecropin A -8 gTGATAAAtA
-925 gTGATAAGAC cecropin B -111 cTGATAACCY
-162 tAGATAAAtY
Consensus TGATAATGC cecropin D -54 cTGATAAACa
A GT =212 tTGATAAAGL
lysozyme -45 agGATAAAtL
Drosophila virilis -105 gCGATAAGga
Cecl -55 CTGATAAGCC =222 CAGATARACA
Cec2A -55 CcTGATAAGCC -350 aTGATAACLL
Cec2B -55 CTGATAAGCC
Cec3 -54 gTGATAAGCC Consensus TGATAAA
A G
Consensus TGATAA
Sarcophaga peregrina
lectin -120 aTGATAAGCA Bombyx mori
-229 aTGATAAtgg CecBI -102 aAGATAACUY
-389 CTGATAACGL -162 cTGATAAaag
sarcotoxin 1b -179 gTGATAAGAA -275 tAGATAACCA
-323 aTGATAAAtA CecB2 -102 aAGATAACY
-336 agGATAAL tA -158 CTGATARRRY
sarcotoxin II =270 tAGATAACCa
unit 1 -55 CTGATAACAA attacin 94 aTGATAAgaa
-85 CTGATAAttL -230 tTGATAAact
-119 aTGATAALAA
-192 CTGATAAaAA Consensus TGATAA
unit 2 -10 QAGATAALCA A
-55 CTCATAACAA
unit 3 -10 QAGATAALCA
-55 CTGATAACAA Mammalian Consensus¥ TGATAA
-93 aTGATAAtAA A G
Consensus TGATAANAA

A

The sequence for the genes listed in this table are taken from the EMBL data bank (EMBL/DDJB/
GenBank) database.

Capital letters in the sequences below indicate conserved nucleotides.

*Position from the transcriptional start site to the G in the GATA core sequence.

#Taken from ref. 18.

suggests that Dif needs the cooperation of the GBA for fulixpression pattern gfpandCecgenes makes dGATAb protein
trans-activation and LPS response. an interesting candidate for the GATA-binding activity (GBA).
What is the nature of the GBA? The binding to the GATA core Computer-assisted analysis revealed that at least one GATA
sequence and the sensitivity to Zn ions suggest that the GBAelement is located very close takB-like site in many insect
a member of the Zn-finger containing GATA family of transcriptionmmune genes. For example, the GATA site is located 8 bp from
factors. There are three known GATA protein®iosophila  the functionally importankB-like site in theCecropin and
dGATAa (28,29), dGATAb (previously known as ABF2{) and  diptericin genes dbrosophila melanogast€Fig. 6). An exception
dGATACc (30). The proteins dGATAa and dGATAc are proposeds the proximakB-like site of theCecBpromoter which has no
to be involved in determining dorsal cell fa@8,29 and in  neighbouring GATA site. ThEecBgene promoter does, however,
embryonic developmenB() respectively. The protein dGATAb have neighbouring GATA andB-like sites 656 nucleotides
is involved in the development of the fat body)(Rehorretal.  upstream from the CAP site. A deletion construcCetB gene
showed recently that dGATAD is encoded by gbament (srp)  which lacks these distal elements, but carries the proximal conserved
locus @3). The srp gene is expressed both in fat body andequences including thé-like site, did not confer any reporter
hemocytes, and embryos mutantsigrlack mature fat body and gene activity in mbn-2 cells (Roos, E., Bjérklund, G. and Engstrém,
hemocytes 43). Like the srp gene, theCec genes are also Y., submitted). This is in agreement with the hypothesis that the
expressed in the fat body and hemocytes. The overlappir® site needs a neighbouring GATA site to ind@me gene
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Figure 5.Effect of EDTA on GBA complex formatiom( EMSA was carried lysozyme —4
out using a32P-labelled GATA probe and LPS-treated mbn-2 cell nuclear
extracts in the presence of varying concentrations gEN®A as indicated. Bomb . CecB1 IO:/1 2/33 4
The DNA binding reaction was carried out in a reaction buffer containing 100 mm 20moyX mori ec
NaCl. EDTA was added prior to the addition of the nuclear extract. The lane 7[{32
labelled 120 mM Nahad no EDTA in the DNA binding reaction mixture. It CecB2
serves as a control where NaCl was used to obtain the same concentrations of R 0 d
Na* as in the sample with the highest concentration gEIRTA (10 mM). attacin
(b) Phosphorimager scannings of the gel in (a) was used to calculate the
percentage of GBA complex formation with increasing concentrations of Homo sapiens  IL3 ﬁsrii P
EDTA. The intensity of the band with no EDTA (100 mM NaCl in the reaction 5
buffer) was taken as 100% in order to estimate the DNA—protein complex IL6 r \/L_,.‘ d

formation in the other lanes.

L to infecti A dinalv. th for t Figure 6. GATA and kB-like motifs in the upstream regions of inducible
expression In response 1o Iniection. Accordingly, the gene for mune genes in insects and mammals. The analysis was carried out using the

antibacterial protein andropin, which is upstream fronC#®AL  Find Pattern’ and other relevant programs of the GCG package to ideBhtify
gene in th&€ecropinlocus ¢4), does not respond to infection and and GATA motifs in the upstream sequences of the genes available in the EMBL
has neither a GATA norieB-like site in its upstream region. &2 Bt e o o CGGRAYYYY for msects (4 viere

We also_foun(_j GATA aneiB-like sites separated by _0_6 bp in used to identify thekB sites. For identifying GATA sites the sequence
the inducible immune genes dfyalophora cecropia and T/IAGATAA/G was used for both mammalian and insect genes. In the case of
Sarcophaggeregrina(Fig. 6). Two CecropingenesCecBland  the IL3 gene one mismatch was allowed indBaite. ThexB site of IL3 here,
CecB2 and anAttacin gene of Bombyx moricontain two TGGAGGTTCC, is not the same as, but includes part of, the CK1 site of ref.
LPS-responsive elements in their upstream promatérssj. (48). The shortest dlstancge (|n' nucleotides) separatlng&haqtlfs _(open '
These elements resemblettBelike motif and are close to GATA _arrgws) and the GATA motifs (f|||ed_arrovs_/s) regardless of their orientation is

. . - . = indicated above the arrows. The orientation of the arrows refer totth& 5
sites (1-12 bp)The Cecropinlocus inDrosophila virilis was direction of the site as defined by the consensus sequence. The upstream regions
recently cloned and the folr.virilis Cecropingenes were also are drawn to scale and the transcriptional start site is indicated by a thin arrow.
found to contairB-like and GATA sites in their proximal promoter
region (L7). Interestingly, the proximity of GATA and sites is
not limited to insectimmune genes. We observed GATA elements
located 5 nucleotides away frokB motifs in two important  ary relationship between mammalian and insect immune reactions
immune-related human genes, Hr&l1 IL6. The spacing between may include GATA sites and GATA proteins, in addition to the
KB and GATA sites in the upstream region of mouse, rat, cattjgeviously proposed<B-Rel connections 3(10,11,3346). A
and sheep IL3 and IL6 genes is identical to that in human gen@seper understanding of the role of GATA-specific factors in the
(Fig. 6). In Drosophila,the relative orientation of the two motifs immune response of insects may add to the knowledge of immune
is conserved between the immune genes analysed so far. Howeyehe induction in general.
other species listed in Figusdave their GATA andB-like sites
in a different relative orientation. It appears therefore, that thekCKNOWLEDGEMENTS

proximity is more important than their relative orientation. , »
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