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Abstract which binds as a dimer to an asymmetrical, non-repeated
consensus sequence defined by'«€CBCCGHGG-3 motif
(9,10). Additional control over transcription of the cluster is exerted
by areA It encodes a wide domain activatbt,(L2) which belongs
to the so called GATA factor family recognizing a consensus
5'-HGATAR-3' sequenceld). The positions of NirA and AreA
binding sites in theA.nidulans, A.nigerand P.chrysogenum
intergenic regions (IGR) are shown in Figdre

In a preliminary experiment we tested for the response of
Filamentous fungi are efficient producers of enzymes, second rmlings to induction by nitrate and fo_und no dlfferen_ce

tween these cultures and cultures containing mature mycelium,

metabolites and organic acids. As such they are importa frespecttothetime and level of induction of the nitrate reductase

biotechnological organisms. Throughout the last decade, many'g'aD ene (data not showmsperaillusnidulanswas prearown
the structural and regulatory genes involved in the synthesis §taP)9ene ( wispergillusnidular pregrow
IN appropriately supplemented liquid minimal mediufr) (

th roducts have been clo d their upstream regulat g ) .
ese prod raid their up glrarory containing 5 mM urea as the sole nitrogen soukspergillus

sequences characterized ibyvitro gel-shift and footprinting ™. IMI_ 60286 i liauid lot di

techniquesZ). However, these methods give no insight as to th?'cger 1 and was pregroyv.r;l.ln |(?1U| compiete g1e ium
occupancy of functionally important sites under different physio MA,) ( )an > mM urea?t?mm iumc rysogenur@l_? _Waso
logical conditions. pregrown in modified Vogel's medium (MVM) containing 2%

For filamentous fungi, an important technical addition would@!ucose and 5 mM urea as the sole nitrogen source. Control DNA
be the footprinting of the relevant promoter aisasvo. Even if ~ 10F In vitro methylation was obtained from germlings harvested
ligation-mediated PCR (LMPCRIn vivo footprinting @) is Immediately after pregrowth (12 h). For vivo methylation,
routinely applied now foin vivo studies of cell lines and yeast, 9ermlings were collected by filtration and resuspended in fresh
major modifications are expected to be necessary to use tﬁ;lbe(_jlum containing 10 mM (fmal_concentratlon)_ sodium nitrate
technique in filamentous fungi. Fungal mycelium grows apicallS inducer. Aliquots (18 ml) of induced mycelial suspensions
and therefore contains cells of different ages. As a consequen€reé shaken for 30 min at 3Z and finally used fom vivo
the physiology of the culture changes and, in fact, it has bedpethylation as follows: 2 ml of methylation buffer (300 mM
shown that protein secretion is limited to young, apical céjls ( MES, pH 6.2) containing 4@ DMS was added to 18 mI mycelial
whereas penicillin production, for example, requires cultures thgtispension and the incubation was continued for 2 min"&x. 37
have entered the stationary phaSg Footprint results may be The methylation was stopped by adding 50 ml of ice cold STOP
obscured by nuclei being in different transcriptional states in sectiohgffer [10 mM Tris pH 8, 1 mM EDTA, 300 mM LiCl, 2% (v/v)
of mycelia at different stages of development. To circumvent thig-mercaptoethanol]. Mycelia were then harvested and ground
problem we used germinating spores (‘germlings’) with germ tuba#der liquid nitrogen to a fine powder, resuspended in 0.8 ml 0.1 M
containing <10 nuclei. We assumed that if these young hypha#&is—HCI, pH 8.0, containing 1.2 M NaCl, 5 mM EDTA and 2%
contain equally active nuclei, a clear footprint would be visibleB-mercaptoethanol and incubated for 20 min afG5The

To establish the method we chose a well documented metabdiigspensions were extracted once with 1 vol phenol—chloroform—
system with sufficient molecular genetic background informatiorisoamyl alcohol 25:24:1 (by volume) and once with 1 vol
i.e. the nitrate ultilization cluster. Structural and regulatory geneghloroform—isoamyl alcohol 24:1 (by volume). Nucleic acids
have been cloned and characterized fAspergillus nidulans were precipitated and subsequently dissolved inu2T& (10 mM
(6), Aspergillus niger(7) andPenicillium chrysogenun(8). In  Tris—HCI, pH 8.0, 1 mM EDTA) and 10Qg/ml RNAse.
A.nidulans nitrate and nitrite induction is mediated by NirA, Following the addition of 2Qul piperidine the samples were

The method described here allows the detection of
protein—DNA interactions in vivo in filamentous fungi.
We outline culture conditions and conditions of in vivo
methylation that permit uniform modification of all
cells in an apically growing, non-uniform organism,
and subsequent visualization of protected areas by
ligation-mediated PCR.
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Figure 1. Schematic representation of the bidirectional promoter regions (IGRnmfulans A.niger and P.chrysogenunare shown on the left side of each
autoradiograph. In (C) the position of the genes is inverted because primers were set in the opposite direction as ¢a)raale@)oTriangles indicate proven

(for A.nidulans 1-4) (9,10) or putative (fok.niger,1-3 andP.chrysogenum—2) (7,8) NirA binding sites. Asterisks indicate GATA sites. These are proven AreA
binding sites foA.nidulans(1-10) (12,13) and putative AreA and NRE binding site#foiger(1-8) andP.chrysogenun(il-7) (7,8), respectively. Arrows indicate

the positions of the specific primers used in the LMPCR reaction. Brackets indicate, for each IGR, the sequenceistudietbotprinting. The start codon for
niaAis indicated by +1, the number at the opposite side of the IGR indicates the number of base pairgiidmsttrecodon to the start codonnidiD, and this

is the length of each IGR. Autoradiographs shown are derived from LMPCR prodAatédafansNirA site 2 (A),A.nigerNirA binding site 2 and AreA binding
sites 5 and 6 (B) arfélchrysogenurilirA binding site 1 and NRE binding sites 2 and 3 (C). Protected guanines are indicated by arrodheRRCR products

from induced cultures &.nidulansstrains carrying either an intaitA gene (lan@irA*) or a mutatedirA gene (lan@irA 637) The relevant NirA binding sequence
(5'-CTCCGCGG-3 is shown in bold as the complementary sequence presentrealheoding strand.B) LMPCR products from cultures #fnigerafter 10 min

(lane 10) and 30 min (lane 3Pof induction by nitrate. Lane V: LMPCR products fromvitro methylated, naked DNA isolated from germinating spores in the absence
of inducer. The relevant NirA binding sequence present oniéifecoding strand is shown in bold on the right side of the figure and relevant AreA binding sites
(5'-CGATAA-3') present on theiaA-coding strand are shown on the left sid®.(MPCR products from cultures Bfchrysogenurtreated as described in (B). The
putative binding site 1 of tHechrysogenurilirA homologue present on timaD-coding strand is shown in bold letters on the right side of the figure and relevant
NRE binding sites (BAGATAA-3') present on theiaD-coding strand on the left side. LaneiiVvitro methylated DNA of.chrysogenum

incubated for 30 min at 9C. After three sequential ethanol samples of thenirA637 control strain carrying an in-frame
precipitations the DNA was resuspended in TE to give a finaleletion of the DNA-binding domain (M.Muro, J.Strauss,
concentration of 0.4 mg/min vitro methylation of genomic R.Gonzalez, F.Narendja and C.Scazzocchio, submitted) and the
DNA was performed as described).(Methylated and piperidine nirA* strain under induced conditions. The mutant strain was
treated DNA samples were analyzed by LMPGR(sing Vent used as an internal control to check the specificity oifthé/o
polymerase (NEB).\f32P]ATP-labelled amplification products protected DNA sequence. A specific protection is observed only
were separated on a sequencing gel which was dried aimdthenirA* strain and the protected sequence matches well with
autoradiographed. The following oligonucleotides were used thein vitro determined 5SCTCCGCGG-3binding sequence of
investigate thé.nidulansiaA-niaDIGR: NIR2/1: 3-TGGCT-  site 2 (L0).
AGAGCCGCTTGACGATAATG-3, NIR2/2: 3-GAGCCGGCG- Figure1B and C shows protection of guanines in the IGR of
ATAAGCATGATGTTGGC-3 and NIR2/3: 5CCGGCGATAA-  A.niger and P.chrysogenumrespectively. This protection is
GCATGATGTTGGCGCTGTC-3 For investigation of thA.niger  visible within sequences matching the putative NirA target in
niaA-niaDIGR, the following oligonucleotides were used: ANIT1: A.niger (Fig. 1B) and P.chrysogenungFig. 1C). Furthermore,
5-GGGAAAGACGGATAAGAACTG-3, ANIT2: 5-GACGG- eithertwo A.nige) or three P.chrysogenuijradditional guanines
ATAAGAACTGGGAATGCGATG-3 and ANIT3: 3CGGAT-  are protected within a'#HGATAR-3 sequence motif. This
AAGAACTGGGAATGCGATGGGTTC-3. Oligonucleotides protection is therefore most likely due to the binding of AreA/NRE
used for thé>.chrysogenumiaA—niaDIGR were the following: (NRE=areAhomologue irP.chrysogenuirelements.
PNIT1: 53-GACCCATGGATGTACCCAAGTATC-3, PNIT2: The aim of this study was to set up an experimental system for
5'-CCTAACCCAACCCAATCGGACCAATC-3 and PNIT3: filamentous fungi that allows the identification of sequence
5'-CCCAACCCAATCGGACCAATCACAGCC-3 specific interaction of DNA binding proteinis vivo. We have
Using the LMPCR method for genomic footprinting, weshown that dimethylsulfate is a suitable footprinting agent which
investigated the protection pattern in the IGR of the nitrate geregjually penetrates young hyphal cells in submerged cultures.
clusters ofA.nidulans, A.nigerand P.chrysogenumFor the Positive results (i.e. protection) were validated by the use of a
A.nidulansniaA-niaDIGR, FigurelA showsin vivomethylated  loss-of-function mutation in the relevant transcription factor gene.
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