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ABSTRACT. Multiple GATA factors, zinc finger DNA binding proteins that recognize consensus GATA
elements, exist ilNeurospora crassaOne of them, SRE, is involved in controlling the iron metabolic
pathway ofN. crassa In N. crassairon transport is mediated by a number of small cyclic peptides,
known as siderophores. The siderophore synthesis pathway is negatively regulated by SRE; a loss-of-
function sre mutant strain showed partial constitutive synthesis of siderophore. In the research presented
here, the negative function of SRE was further confirmed by a heterokaryon test and by gene
complementation. SRE was expressed as a GST fusion prbteiiiro EMSA revealed that SRE binds
specifically to DNA molecules containing GATA sequence elements. Autoregulat&ne géne expression
appears possible because shegene promoter itself contains GATA sequences. Mutations were introduced
into sre that lead to amino acid substitutions in each of the zinc fingers that will disrupt their function.
In vitro EMSA revealed that both N-terminal and C-terminal zinc fingers of SRE are involved in DNA
binding. This feature is different from that found with the vertebrate two zinc finger GATA fadiors.

vivo tests, accomplished by transforming the mutetgenes intasre rip mutant, showed that SRE with
mutations in either or both zinc fingers still maintained its function under low-iron conditions. In contrast,
these mutant SRE proteins fail to function under high-iron conditions. Our results predict the presence of
other positive or negative regulators of the siderophore synthetic pathway.

Iron, an essential element, is an important component of (11), plants (2), Drosophila(13), C. elegang14), and fungi
many enzymes in all cells. However, iron is not readily (15, 16). These GATA factors all have either one or two
available in aquatic or terrestrial environments or in animal consensus CyiCys-type zinc fingers which determine their
hosts. Microbes have developed various strategies for acquir-DNA binding ability.
ing iron while at the same time protecting themselves from  The GATA factors found in fungi have only one zinc
potential iron toxic effects. The major strategy used by finger, which is similar to the vertebrate C-terminal zinc
bacteria and fungi to acquire iron involves production of finger. This zinc finger determines the DNA binding ability
siderophores during conditions of iron limitation. Sidero- of these GATA factorsi7—21). The zinc finger of NIT2, a
phores, cyclic hexapeptides, can solubilize ferric hydroxides GATA-type positive regulator of nitrogen metabolism of
and extract iron from the environment and even from other Neurospora crassais also involved in a protetaprotein
organisms. Most microorganisms synthesize several kindsinteraction of NIT2 with NIT4, a pathway-specific regulator
of siderophores](, 2). Neurosporeelaborates four different  (22), and of NIT2 with NMR, a global repression protein
siderophores: coprogen, coprogen-B, ferrichrome, and fer-(23, 24).
ricrocin. Their synthesis is highly regulated by iron avail- sid1, the gene which encodesornithineN®-oxygenase,
ability within the environment3). Through controlling the  the first enzyme for siderophore synthesis, amtisl a
synthesis of siderophores, microbes regulate the uptake ofnhegative regulator of the siderophore synthesis pathway, have
iron into the cells. been isolated and characterized frafstilago maydis(16,

Members of the GATA factor (GATA element binding 25). URBSI, a GATA factor, negatively controls the sidero-
proteins) family, transcription factors that recognize a phore synthesis pathway stilaga URBSI binds at GATA
consensus GATA DNA element, share high identity within elements in the promoter region of sidl, and regulates its
their DNA binding motif, a CygCys-type zinc finger with expressionZ6). Only the C-terminal zinc finger of URBS1
a central loop of 17 or 18 amino acid4 6). DNA binding is involved in the DNA binding-mediated regulatioR7j.
proteins of the GATA family occur in widely different We previously reported the isolation of a new GATA
organisms including mammalé-9), birds (L0), Xenopus factor genesre from Neurospora crass428). SRE is a
negative regulator of the iron metabolic pathwayN=furo-
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show that both zinc fingers of SRE are involved in DNA
bindingin vitro and in controlling siderophore synthegis
vivo.

MATERIALS AND METHODS

Bacterial and Fungal StrainsThe Neurospora crassa
wild-type strain 740R23, his-3mutant strain (Y234M723),
and anarg-12 mutant strain (CD3) were obtained from the
Fungal Genetics Stock Center (University of Kansas Medical
Center). Thesre rip mutant was created during this study.
These strains were grown on Vogel's minimal medium
supplemented as required with histidine (hisr arginine
(arg’). Escherichia coliXL1Blue (supE44 hsdR17 recAl
endAl gyrA46 thi relAl lac F [proAB™ laclg lacZ M15
Tn10(tet)]) was used as the host strain for DNA manipula-
tion.

Media and Reagenttow-iron (LI) medium was Vogel's
minimal medium with iron omitted. High-iron (HI) medium
was supplemented with 1 mM Fe%€r solid cultures and
10 uM FeSQ for liquid cultures. Crossing medium was 1
Westergaard’s plus 0.1% sucrose and 4% agar n@de (
30). Restriction enzymes, T4 DNA polymerase, Klenow, and
a random primer labeling kit were from BRL (Bethesda
Research Laboratories). Amitro mutagenesis kit was from
Bio-Rad, and the Thermo sequencing kit was from Amer-
sham.

Heterokaryon FormationA heterokaryon was formed by
mixing mycelia of two different mutant strains of the same
mating type on Vogel's minimum medium, on which neither
strain alone could grow3Q). The sre mutant strain was
crossed with dis3mutant to get théis-3 sredouble mutant,
which required histidine and also showed tre mutant
phenotype. Mycelia of thhis-3 sremutant plus mycelia of
an arg-12 mutant were inoculated together into minimum
medium, and after several days incubation at °8) a
heterokaryon which grew vigorously on minimal medium
was obtained.

Neurospora Transformation. Neurospora crasgdero-

plast preparation and transformation were done as describe

by Akins and Lambowitz31) with the following modifica-
tions. Following Novozyme digestion, spheroplasts were
washed extensively with STC (1 M sorbitol, 50 mM Tris,
pH 8.0, 50 mM CaG)). Then 5ulL of heparin (5 mg/mL in
STC, made freshly) was mixed with 4g of DNA and
incubated on ice for 5 min, before addition of 100 of
spheroplasts. After incubation on ice for 30 min, 1 mL of
PTC (40% PEG 4000, 50 mM Tris, pH 8.0, 50 mM CgCl
was added, followed by incubation at room temperature for
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(33). The probe for Southern blots was labeled with a random
primer labeling kit (from Bethesda Research Laboratories).
DNA fragments used for gel mobility shift assays were
radioactively labeled by filling in using DNA polymerase |
Klenow fragment or using T4 DNA polymerase if the termini
of DNA had a 5 overhang. Site-directed mutagenesis and
E. coli transformations were done by following the instruc-
tion manual from the Bio-Rad Muta-Gene Phagiimiditro
mutagenesis Kit.

Ferric Perchlorate Assay. Neurospoveas grown for 48
h in liquid media (low-iron or high-iron). The culture was
centrifuged, the supernatant was collected, and an equal
volume of perchlorate assay solution [5 mM Fe(QKD0.1
M HCIO4] was added. The absorbance was determined at
495 nm using fresh medium as the contrd)(

Protein Expression and Purificatiomhe pGEX-2T vector
was used to express the full-length SRE protein and different
mutant forms of the SRE protein. Appropriate restriction sites
were created in the coding region of thre gene to facilitate
in-frame cloning of the correspondirage gene fragment.
Then the DNA sequence to be expressed was subcloned into
pPGEX-2T so that it encoded a chimeric protein with a GST
tag at the N-terminus of the fusion protein.

The constructed plasmid was transformed Bt@1(DE3)-
pLysS A single colony was picked and inoculated into 5
mL of LB medium containing ampicillin. After growth
overnight 500 mL of fresh medium was inoculated with the
overnight culture. The culture was grown at 37 until the
Asoonm reached 0.6, when IPTG was added to a final
concentration of 0.1 mM. The culture was further grown for
3—7 h; then the cells were pelleted and suspended in 1/50
to 1/100 culture volume of MTPBS (150 mM NacCl, 16 mM
NaHPQO,, 4 mM NaHPO,, pH 7.3). Sonication was used
to disrupt the cells. The whole cell lysate was centrifuged at
15 000 rpm for 20 min at 4C. To the supernatant was added
800 uL of glutathione-agarose beads. The fusion protein
was allowed to bind to the beads for 30 min at room
temperature with gentle shaking. Then the glutathione

garose beads were washed 5 times with 10 mL of MTPBS.

inally, 200uL of freshly prepared 50 mM Tris-HCI (pH
7.5) containing 5 mM reduced glutathione was added to the
bead-protein mixture to elute the fusion protein. The purified
protein was examined by gel eletrophoresis, and its concen-
tration was determined with the Bio-Rad protein assay
solution.

Gel Electrophoresis Mobility Shift Assay (EMSARa-

diolabeled DNA probes and purified GSBRE fusion
proteins were prepared as described above. *fReadio-

another 20 min. The spheroplasts were added to 10 mL oflabeled DNA probes were incubated with various amounts

top agar (k Vogel's, 2.8% agar noble, 18.2% sorbitol, 2%

of GST—SRE fusion proteins for 30 min at 2& in a buffer

sorbose, 0.05% fructose, 0.05% glucose), and immediatelycontaining 12 mM Hepes, 4 mM Tris-HCI, pH 7.9, 110 mM

poured onto 25 mL of bottom agar x1Vogel, 1.5% agar,

KCI, 1 mM EDTA, 3 mM MgCh, 1 mM DTT, 10% glycerol,

2% sorbose, 0.05% fructose, 0.05% glucose). Transformantsand 0.3 mg/mL BSA. The reaction mixture was loaded onto

were picked after 2 days incubation at 30D.

DNA Procedures. Neurospogenomic DNA was isolated
as described3?) and used for Southern blot analysis. pBlue
Script KS@) (from Stratagene) was used as the vector for
DNA manipulations, and the pGEX-2T vector was used to
express proteins. DNA fragments for subcloning were
purified with gene clean (Bio101, Inc., La Jolla, CA). DNA

cloning and Southern blots followed standard procedures

4% native polyacrylamide gels and electrophoresed in 0.5
x TBE (0.0445 M Tris-borate, pH 8.2, 0.001 M EDTA)
for abou 2 h at 200 Vuntil the bromophenol blue reached
the bottom of the gel. The gel was dried and exposed to
X-ray film, which was scanned by a densitometer to
determine the ratio of free and shifted DNA probes.

1 Abbreviation: EMSA, electrophoretic mobility shift analysis.
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Ficure 1: Ferric perchlorate assay for siderophore production by
a [sre"his~+sre~arg~] heterokaryon andre™ completedsre rip
mutant strain under different growth conditions. The wild-type
strain, thesre rip mutant, thesret/sre= heterokaryon, and the
completedsre rip mutant were grown either in the high iron or in
the low iron condition. After treatment with ferric perchlorate, the
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a plasmid along with the benomyl-resistant B-tubulin gene.
This plasmid was transformed into teBee rip mutant strain
with selection for benomyl resistance. Benomyl-resistant
clones were isolated and genomic DNA was prepared from
these transformants for Southern analysis (data not shown).
A transformant which had a full-leng8re” gene was chosen
for the ferric perchlorate assay (Figure 1). The results showed
that the phenotype of this transformant is wild type. This
demonstrated that the transformed wt copy ofdte® gene
fully complemented there null mutant. This result further
confirmed that the new GATA factor gergg, is a negative
regulatory gene of the siderophore synthetic pathway in
Neurospora crassa

In Vitro EMSA Study of SRE ProteirSite-directed
mutagenesis was applied to remove two small introns from
the genomic copy of there gene. ABanHI restriction site
was also introduced at the start and at the end ofstiee
coding region. DNA sequencing was used to ensure that the
correct construct was obtained. This DNA fragment, which
contains the full-lengtlsregene coding region, was inserted
into the pGEX-2T expression vector in-frame. The recom-
binant pGEX-2T-SRE, which has the entsee gene, was
introduced intoE. coli BL21(DE3)pLysSand expressed to
obtain a SREGST function protein. The full length SRE
GST fusion protein was purified as described under Materials
and Methods. GST was also expressed and purified by the
same method.

The purified GSTSRE fusion protein was analyzed by
a gel mobility shift assay for binding to a DNA region from
the sre gene promoter, nucleotides-#00, which has three
GATA sequences. Another DNA fragment from tisee
promoter region, which lacks any GATA sequences, was

absorbance of each sample at 495 nm was taken and standardizeflsed as a negative control. The results are shown in Figure

by the amount of mycellia used. The error bars were derived by
averaging the deviation of five parallel experiments for each assay.

RESULTS

Heterokaryon Test and Gene Complementation. Neuro-

sporanormally grows as a multinucleated syncytium. This
make it possible to put a wild-type gene and its mutant form

together in one cell to determine the phenotype of the

heterokaryon. If the wild-type gene is dominant, the heter-
okaryon will show the wild-type phenotype; otherwise, the
heterokaryon will display the mutant phenotype. A heter-

2A.

Mobility shift experiments were also done with the GST
SRE fusion protein and with GST alone, using a double-
stranded oligonucleotide with the sequentaafctatggtacg-
taGATAagtaccacccgtgand a second oligo with the identical
DNA sequence except with GATA changed to GAAT. The
results are shown in Figure 2B.

The results of these gel mobility shift assays demonstrated
that the full-length SRE protein binds specifically only to
DNA fragments which have GATA sequences. GST itself
did not show any binding to DNA fragments with or without

okaryon was formed as described under Materials and GATA sequences. These experiments show that SRE acts
Methods and examined for control of sidrophore synthesis as a sequence-specific DNA binding protein, specifically

with the ferric perchlorate assay, together with the wt and
the sre mutant as controls (Figure 1). The results showed
that the phenotype of the heterokaryon is wild type,
demonstrating that there rip mutant is recessive to the wt

sret gene. Because rip leads to many G/C to A/T transition

recognizing DNA molecules containing GATA elements.

In Vitro EMSA of Truncated wt and Mutant SRE Proteins.
In order to study the functional significance of the two zinc
fingers of the SRE protein, amino acid substitutions were
introduced into the fingers by site-directed mutagenesis to

mutations, it is virtually certain that the mutated gene created change at least one of the four critical cysteines and one or

by this method lacks all function; i.e., it will be a null mutant
(28). It should be noted that there mutant differs from wild
type in two ways: under high iron conditions, thiee mutant
displays partial constitutive expression, i.e., is not fully
repressed. In addition, under low iron conditions, #ne

more adjacent amino acids in each zinc finger. In some cases
amino acid codons were changed to create a unique restric-
tion site to simplify the identification of mutants (Figure 3).

The constructs, encoding truncated forms consisting of 267
aa of both the wt and mutant SRE proteins, were subcloned

mutant strain overexpresses siderophores at least 2-fold ininto the pGEX-2T expression vector. These truncated forms

comparison with wild type (Figure 1).
In order to further test the function of ttsee gene, a 6.5
kb Hindlll —Sacl DNA fragment, which covers the entire

of the SRE protein were each expressed as GST fusion
proteins and purified by affinity chromatography.
The truncated SRE fusion proteins were used in gel

coding and promoter regions of the gene, was inserted intomobility shift assays using the same DNA probes as used in
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Ficure 2: Electrophoretic mobility shift analysis (EMSA). SRE

was expressed as a full-length GST fusion protein. GST was used
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Ficure 3: Diagram of the truncated SRE proteins which were
expressed and different mutations created that altered one or both
of the two zinc fingers of the SRE protein.
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as a negative control in the assay. GST protein used in the assayFIGURE 4: Electrophoretic mobility shift analysis (EMSA) of

was about lug, while GST-SRE fusion proteins were about 1.4

expressed truncated wt and mutant forms of the SRE protein using

ng. Lanes 1 and 3, DNA fragment lacking GATA sequences. Lanes sre gene promoter as probe. WT, wild-type SRE proteins. F, S,
2 and 4, DNA fragment containing GATA sequences. The extent and FS indicate SRE proteins with mutation in the first, second, or
of the mobility shift was estimated by comparing the amount of both first and second zinc fingers of SRE, DNA probe with

free DNA probe in lanes 2 and 4. (A) The DNA probes used were GATA sequences—, DNA lacking GATA sequences. 1 ng of WT
taken fromsre gene promoter; the multiple shifted bands may be SRE was used in EMSA. 3 ng of the F, S, FS mutant proteins was
due to the presence of three GATA sequences. (B) The DNA probesused in EMSA. The extent of the mobility shifts (shown at bottom)
used were aattctatggtacgtaGATAagtaccacccgtg (lanes 2 and 4) andvas estimated by comparing the amount of free DNA probe in each
aattctatggtacgtaGAATagtaccacccgtg as a negative control (lanes llane.

and 3).

the full-length SRE EMSA. The results revealed that the
wild-type truncated SRE protein binds specifically to GATA-
containing DNA fragments as well as did the full-length SRE
protein. Mutation in either of thhe two zinc fingers signifi-
cantly weakened the DNA binding. When both of the zinc
fingers of SRE were mutated, DNA binding was completely
eliminated (Figures 4 and 5).

Different amounts of each protein were also applied to
EMSA, and the fraction of each DNA probe which was

plays a more important role in the binding. These results
appear to be somewhat different than found with other two
zinc finger GATA factors, in which the C-terminal finger
alone is sufficient for DNA binding.

In Vivo Study of sre Mutantdn order to compare the
function of mutant SRE proteins with the wt SRE protiin
vivo, the same mutations altering the finger regions were
also introduced into the full-lengtére gene. The benomyl-
resistant B-tubulin gene was also engineered into the same
plasmids. These plasmids with the B-tubulin gene and the

shifted was determined (data not shown). The wild-type SRE wild-type and different mutargre genes were transformed

protein binds to GATA-containing DNA fragments 5 times

into the sre rip mutant strain. Benomyl-resistant transfor-

stronger than the mutant SRE protein altered in its first zinc mants were obtained, and genomic DNA was isolated from

finger. The DNA binding ability of the SRE protein with a

them. Southern blots were employed to detect the presence

mutation in its second finger was even lower than the one of the introducedsre gene using a distal region of trsze

which had its first finger disrupted. These results suggestedgene and the B-tubulin gene as DNA probes (data not
that both the N-terminal and C-terminal zinc fingers of SRE shown). Transformants which received a single intact copy
are involved in DNA binding, although the C-terminal finger of the sre gene were selected for analysis.
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Protein wT F s FS second finger, or both zinc fingers appears to be only partially

oligos(GATA) -~ -+ - & -+ - 4 functional. In particular, the level of siderophores of all the
transformants is similar to that of wild type and distinct from
that in thesremutant when they were grown under low iron

DNA-protein conditions. The wild type has only trace amounts of

complexes - . siderophores when growing on high iron medium. In contrast,
the transformants with mutations affecting either or both SRE
zinc fingers produced substantial amounts of siderophores
under high iron, as found with there mutant. These results,
which reveal that each of the mutants behaves as the wild
type when on low iron, but display treee mutant phenotype
when on high iron, will be discussed below.

Free DNA probe

DISCUSSION

Ficure 5: Electrophoretic mobility shift analysis (EMSA) of
expressed truncated wt and mutant forms of the SRE protein using In this study, the proposed negative regulatory function

33mer oligo nucleotide as probes. WT, wild-type SRE protein. F, of SRE controlling the iron metabolic pathwayNeurospora
S, and FS indicate SRE proteins with mutation in the first, second, was further investigated and confirmed. The s gene

or both first and second zinc fingers of SRE. DNA probe with L .
GATA sequences-, DNA lacking GATA sequences. 1 ngof wT ~ complemented @re mutant strain yielding the wild-type

SRE and 3 ng of the F, S, FS mutant proteins were used in EMSA. phenotype. SRE was expressed as a GST fusion protein, and
in vitro gel mobility shift assays revealed that SRE binds

4 Auos specifically to DNA molecules containing GATA sequence
elements. One of the DNA probes used in the gel mobility
o6 ; assays was derived from teee gene promoter itself, which
6

suggests a possible autoregulation. However, this must be
considered with caution, and further research is needed to
address the possibility of autoregulationsoé gene expres-
sion.

Thein vitro mobility shift results demonstrated that SRE
0.40, is a sequence-specific DNA binding protein whose binding
activity depends upon the presence of GATA sequences. The
- I presence of the multiple shifted bands may reflect the fact
0.30p 7 7 that the DNA fragment used has three GATA elements and
7 I thus might bind different numbers of SRE molecules, and
may also be due to SRESRE dimer formation as found in
GATA-1 homotypic interactions3). It should also be noted
that one of the DNA fragments used in these studies was
derived from thesre gene promoter itself. However, we do

0.201

0.10]
not know whethersre is autoregulated, and do not have
available any genes that are subject to SRE control. SRE
= > may bind with even greater affinity to promoters which it
HFeLFe HFeLFe HFeLFe HFelLFe HFelLFe HFel Fe regulates.
WT sre mutant wi-comp  F-comp  S-comp  FS-comp Since SRE is the only GATA factor isolated from

FIGURe 6: Ferric perchlorate assay for siderophore production by Neyrosporathat has two zinc fingers, it was of interest to
ki type, ester an, an e mtan s vansoned o s, Maionswere oduced
wild-type, srerip mutant, and transformed strains were grown either INto srethat lead to amino acid substitutions in each of the
in the high iron or in the low iron condition. WT, wild typeye fingers that will disrupt their function. Gel mobility shift

rip host transformed with wild type and mutatete genes are as  assays revealed that both the N-terminal and C-terminal zinc
follows: ‘wt-comp, wild-typesre gene; F-compsre gene with — fingers of the SRE protein are involved in DNA binding.

mutation in the first zinc finger; S-comgre gene with mutation . -
in the second zinc finger; FS-comgre gene with mutation in both Although the wild-type protein showed the strongest DNA

the first and second zinc fingers. The absorbance of each sampledinding, SRE proteins in which only the C-terminal finger
at 495 nm was taken and standardized by the amount of myceliaor the N-terminal finger were functional were capable of

used. The error bars are derived by averaging the deviation of five significant DNA binding. It is important to note that the wild-
parallel experiments for each assay. type SRE protein not only retards a greater amount of the
The ferric perchlorate assay was used to test the phenotypeDNA probes than do the mutant proteins, but also results in
of these transformants. If the inserted copysoé gene is DNA—protein complexes of significantly high mass in the
functional, the phenotype of the transformants will be wild binding withsre gene promoter as DNA probes (see Figure
type. On the other hand, if the inserted copy of $hegene 4). We interpret this feature to indicate that in the case of
lacks function, the transformant will still have thee mutant the wild-type protein, with its strong binding affinity, multiple
phenotype. The results (Figure 6) demonstrate that the SRE proteins have bound the DNA molecule, which contains
transformed wisre is fully functional. In contrast, there three GATA elements. With the single GATA site DNA
gene with mutations that alter either the first finger, the probe, only one mobility shift band was formed for the
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mutant SRE proteins but two bands appear with the wild- mutant protein with mutations in both zinc fingers, which
type SRE protein (Figure 5). We interpret this to result from completely lacks detectable DNA binding, maintains sidero-
dimer formation by the wild-type protein. It appears that only phore synthesis at the normal level under the low iron
a single protein molecule has bound to the majority of the condition. A reasonable speculation is that a protgirotein
DNA molecules in the case of the mutant SRE proteins in interaction, which does not require SRE’s DNA binding
which one of the two fingers is nonfunctional. These activity, between SRE and a positive factor is required to
observations reinforce the concept that both zinc fingers of maintain siderophore synthesis at an optimal level. Jitee
SRE are involved in DNA binding and both are required to rip mutant, which completely lacks aisye mMRNA or protein,
achieve high-affinity binding. This feature is different than presumably lacks this feature and shows unrestrained sidero-
found with the vertebrate two zinc finger GATA factoB6( phore synthesis.

37) and URBS1 fromUstilago (27). In all of these other It is important to emphasize that the striking regulation
GATA factors, the N-terminal zinc finger is primarily  of siderophore synthesis is dependent upon the iron concen-
involved with DNA binding specificity and interactions with  tration within the growth medium. It is unknown whether
other regulatory proteins, while the C-terminal finger alone the cells sense intracellular or extracellular iron, and it will

is essential for DNA binding. _ be very informative to identify the factor or signal pathway
In vivo tests were also conducted by transforming the that is sensitive to iron. Under conditions of low iron, SRE
above-mentioned differeisre mutant genes into thererip appears to help maintain siderophore synthesis at an optimal

mutant. These experiments revealed that, unlike transfor-|evel. Thesre gene is expressed constitutivel®g]. If, as
mants that received ste” gene yielding the wild-type SRE  expected, the SRE protein is present in cells whether growing
protein, each of the mutant SRE proteins failed to represson high or low iron, it will be very informative to identify
siderophore synthesis during high iron growth conditions, the mechanism that modulates the functional activity of SRE,
but instead showed the same level of constitutive expressionwhich almost certainly reflects the concentration of iron
as found with the complete loss of functisrerip mutant.  available to the cells. A highly conserved cysteine-rich amino
Thesein wivo results differ somewhat from thia witro acid sequence is located between the two zinc fingers or SRE
results, in which SRE mutant proteins with alterations in and URBS1 {6). It would not be surprising if this conserved
either of the zinc fingers retained considerable DNA binding motif is involved in the cellular reponse to iron; e.g., it might

affinity, although significantly reduced in comparison with even constitute an iron binding domain. Mutagenesis of this

that of wild type. S _ region and bothin vitro andin vivo tests may be helpful in
One particularly intriguing finding is that siderophore determining the functional role, if any, of this conserved
synthesis is only partially constitutive in tisee rip mutant; region. These considerations suggest that SRE may sense

i.e., control of siderophore synthesis was not totally lost even or at least respond to the cellular iron concentration and to
in the complte absence of the SRE protein. This finding function in at least two different ways, that involve interac-

suggests the existence of other positive or negative regulatorgions with other regulatory factors, to control siderophore
in the same metabolic pathway.Ustilago, URBS1 interacts synthesis.

with GATA sequences in thesidl gene promoter to

negatively regulatsid1gene expressior26). Based on this ~ ACKNOWLEDGMENT
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