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Abstract The expression of inulinolytic genes in Asper-
gillus niger is co-regulated and induced by inulin and
sucrose. We have identiWed a positive acting transcription
factor InuR, which is required for the induced expression of
inulinolytic genes. InuR is a member of the fungal speciWc
class of transcription factors of the Zn(II)2Cys6 type.
Involvement of InuR in inulin and sucrose metabolism was
suspected because of the clustering of inuR gene with sucB,
which encodes an intracellular invertase with transfructosy-
lation activity and a putative sugar transporter encoding
gene (An15g00310). Deletion of the inuR gene resulted in a
strain displaying a severe reduction in growth on inulin and
sucrose medium. Northern analysis revealed that expres-
sion of inulinolytic and sucrolytic genes, e.g., inuE, inuA,
sucA, as well as the putative sugar transporter gene
(An15g00310) is dependent on InuR. Genome-wide
expression analysis revealed, three additional putative
sugar transporters encoding genes (An15g04060,
An15g03940 and An17g01710), which were strongly

induced by sucrose in an InuR dependent way. In silico
analysis of the promoter sequences of strongly InuR regu-
lated genes suggests that InuR might bind as dimer to two
CGG triplets, which are separated by eight nucleotides.
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Introduction

Some plants store part of their carbon as sucrose and as
polymers of fructose (fructans). Plant fructans, often
referred to as inulins, have predominantly �-2,1 linkages
between the fructose moieties and terminate with a sucrosyl
residue. Inulin is present in a range of plant species. In
some species such as chicory, garlic, Jerusalem artichoke
and Dahlia tubers about 15–20% of the plant fresh weight
consists of inulin (Gupta and Kaur 1997; Kaur and Gupta
2002). Apart from the use of inulin for the production of
fructose rich syrups, inulin and fructo-oligosaccharides
(FOS) have attracted considerable research attention
because of the large number of health beneWts obtained
from inulin and FOS in the diet of humans (see for a review
Kaur and Gupta 2002).

Aspergillus niger is a saprophytic fungus, mainly present
in the soil, feeding preferably on organic matter such as
plant cell wall polysaccharides (cellulose, hemi-cellulose
and pectin), and on plant storage polysaccharides (starch
and inulin). A. niger is able to produce various inulin
degrading enzymes including an exo-inulinase, an endo-
inulinase and an invertase (Moriyama et al. 2003; Ohta
et al. 1998; Akimoto et al. 1999; Berges et al. 1993; Boddy
et al. 1993; L’Hocine et al. 2000). The inulinolytic enzymes
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are simultaneously induced in the presence of inulin or
sucrose, indicating that the expression of the genes encod-
ing these enzymes is co-regulated and controlled by a com-
mon transcription factor (Yuan et al. 2006).

Transcriptional activation of catabolic enzyme networks
is often accomplished through transcription factors of the
Zn(II)2Cys6 type. This type of transcription factor is
unique to fungi. Gal4 is the transcriptional activator for the
expression of genes involved in galactose utilization, and is
the best characterized Zn(II)2Cys6 transcription factor. In
general, Zn(II)2Cys6 transcription factors possess a well
conserved N-terminal localized DNA binding motif
(CX2CX6CX5–16CX2CX6–8), followed by a less well deW-
ned conserved domain known as a fungal speciWc transcrip-
tion factor domain (Pfam04082). The C-terminal part of the
Zn(II)2Cys6 transcription factor normally contains the acti-
vation domain. In the genome sequence of Saccharomyces
cerevisiae, 54 putative Zn(II)2Cys6 transcription factors
have been identiWed (Akache et al. 2001). They are
involved in the transcriptional control of a wide variety of
cellular processes (Todd and Andrianopoulos 1997;
Akache et al. 2001) including genes involved in amino acid
metabolism (ArgRp, Crabeel et al. 1995; Leu3p, Kohlhaw
2003; Lys14p, El Alami et al. 2000), sugar metabolism
(Mal63p, Ni and Needleman 1990), pyrimidine biosynthe-
sis (Ppr1p, Flynn and Reece 1999). In the genome of Wla-
mentous fungi even more Zn(II)2Cys6 transcription factors
are present. In the recently released genome sequence of
A. niger CBS 513.88, 296 ORFs were identiWed that
contain the Zn(II)2Cys6 motif and similar numbers are pre-
dicted from the genomes of A. fumigatus and A. nidulans
(see for comparison Pel et al. 2007). The role of only a few
of the Zn(II)2Cys6 transcription factors in Wlamentous
fungi have been studied in detail. Filamentous fungal
Zn(II)2Cys6 proteins are involved in the regulation of vari-
ous processes which include secondary metabolite produc-
tion (e.g. AXR, Woloshuk et al. 1994), pigmentation (e.g.
Cmr1, Tsuji et al. 2000), nitrogen metabolism (NirA,
Burger et al. 1991), proline utilization (PrnA, Cazelle et al.
1998; Leucine biosynthesis (Leu3p, Kirkpatrick and
Schimmel 1995), alcohol utilization (AlcR, Kulmburg et al.
1992) and sexual development (RosA, Vienken et al.
2005). Well studied examples of fungal Zn(II)2Cys6
transcription factors required for polysaccharide catabolism
include AmyR, a transcriptional activator of starch degrad-
ing enzymes (Petersen et al. 1999; Gomi et al. 2000; Tani
et al. 2001a), and XlnR, a transcriptional activator for
xylanolytic enzymes (van Peij et al. 1998a, 1998b;
Gielkens et al. 1999; Hasper et al 2004).

It is well established that the genes encoding many pro-
teins required for secondary metabolite production are clus-
tered in the genome (Woloshuk et al. 1994; Walton 2000).
In addition to several biosynthetic enzymes that synthesize

the secondary metabolites, such clusters also contain a
Zn(II)2Cys6 transcription factor which is required for the
transcriptional activation of the genes within the cluster.
Gene clustering is not limited to secondary metabolite path-
ways, but also found for the proline utilization genes (PrnA,
Gomez et al. 2002) and for some of the amylolytic genes
under the control of the regulator AmyR. Adjacent to the
gene for the AmyR transcription factor are genes encoding
alpha-glucosidase (AgdA) and an alpha-amylase (AmyA)
(Gomi et al. 2000). Also in A. parasiticus, a sugar utiliza-
tion gene cluster has been identiWed (Yu et al. 2000). How-
ever, it is clear that clustering of genes with related
functions is not a general rule, since the genes adjacent to
the XlnR transcription factor do not seem to be involved in
xylan degradation.

In a previous study, we showed that the expression of the
genes encoding inulin degrading enzymes is co-regulated
and speciWcally induced in the presence of inulin and
sucrose (Yuan et al. 2006). The availability of the genome
sequence of A. niger allowed the rapid identiWcation of
Zn(II)2Cys6 transcription factors adjacent to or in close
proximity to the genes encoding (putative) enzymes
involved in inulin catabolism. We have identiWed a Zn(II)-
cluster transcription factor (InuR) which is adjacent to a
gene encoding a sugar transporter and a recently identiWed
intracellular invertase (SucB) with transfructosylation
activity (Goosen et al. 2007).

In this paper, we show that deletion of the inuR gene
results in strongly impaired growth on inulin and sucrose,
and also abolishes the induction of the genes encoding the
extracellular enzymes involved in inulin and sucrose degra-
dation. The gene encoding the putative sugar transporter
located next to inuR is co-regulated with the genes encod-
ing the inulinolytic enzymes. These results show that InuR
acts as a positive acting transcriptional activator for the
induced expression of genes involved in the breakdown of
inulin and sucrose and the uptake of inulin breakdown
products.

Materials and methods

Strains, culture conditions and transformation

Aspergillus niger strain N402 used in this study was
derived from the wild-type strain A. niger van Tieghem
(CBS 120.49, ATCC 9029) (Bos et al. 1988). The A. niger
strain used by DSM to sequence the genome is NRRL
3122. Strain AB4.1 is a pyrG negative derivative of N402
(van Hartingsveldt et al. 1987) and was used to construct
disruption strains. A. niger strains were grown in Aspergil-
lus minimal medium (MM) (Bennet and Lasure 1991), or
Aspergillus complete medium (CM) consisting of MM
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medium with the addition of 0.5% (w/v) yeast extract and
0.1% (w/v) casamino acids. Growth medium was supple-
mented with 10 mM uridine (Serva) when required. For
shake Xask cultures, A. niger strains were grown in MM
supplemented with 1% (w/v) carbon source and 0.1% (w/v)
casamino acids. The conidiospores were inoculated at a
concentration of 2 £ 106 spores per ml. Glucose and
sucrose (BDH chemicals), maltodextrin (Avebe), starch
(Windmill Starch, Avebe), xylose, fructose and maltose
(Sigma-Aldrich), raYnose (Sigma chemicals) and inulin
(Sensus FrutaWt, Cosun) were used as carbon sources.

For transfer experiments, A. niger strains were pre-
grown in MM supplemented with 2% (w/v) xylose and
0.1% (w/v) casamino acids for 18 h at 30°C on a rotary
shaker at 300 rpm. Then mycelium was harvested by
suction over a nylon membrane and washed with MM with-
out carbon source. Aliquots of 1.6 g wet weight of myce-
lium were transferred to 300-ml Erlenmeyer Xasks
containing MM supplemented with 1% (w/v) carbon source
and incubated at 30°C for the time indicated in the text. The
mycelium was harvested over Myracloth (Calbiochem)
and frozen in liquid nitrogen, followed by storage at ¡80°C
prior to the isolation of total RNA. Conidiospores were
obtained by harvesting spores from CM plates after 4–6 days
of growth at 30°C, using a 0.9% NaCl solution. Transfor-
mation of A. niger AB4.1 was done as described by Punt
and van den Hondel (1992) using lysing enzymes (L1412,
Sigma) for protoplastion. The bacterial strain used for
transformation and ampliWcation of recombinant DNA was
Escherichia coli XL1-Blue (Stratagene). Transformation of
XL1-Blue was performed according to the heat shock
protocol as described by Inoue et al. (1990).

Construction of the inuR::pyrG deletion strain

The A. niger inuR gene was deleted by the replacement of
the complete open reading frame of the inuR gene with the
Aspergillus oryzae pyrG gene. The plasmid used to disrupt
inuR was constructed as follows. The DNA fragments
Xanking the inuR ORF were ampliWed by PCR using N402
genomic DNA as template. Fragments with a length of
0.8 kb of 5� Xanking DNA and 1.0 kb of 3� Xanking DNA
were ampliWed using primers inuRP1 and inuRP2, inuRP3
and inuRP4 (Supplementary Table 1), respectively. Each
primer was adapted with restriction sites as indicated for
further cloning. The ampliWed PCR fragments were
digested with NotI and XhoI or XhoI and KpnI, respec-
tively, and cloned into pBlue-Script II to obtain plasmid
pInuRF5 and pInuRF3. Subsequently, the 0.8 kb NotI-XhoI
fragment containing 5� Xanking of inuR from pInuRF5,
was ligated into NotI/XhoI digested pInuRF3 to give
pInuRF53. The A. oryzae pyrG gene was isolated as a 2.8 kb
SalI–BamHI fragment, obtained from plasmid pAO4-13

(de Ruiter-Jacobs et al. 1989) and ligated into XhoI/BamHI
digested pInuRF53 to obtain p�inuR (pXY3.1). Before
transformation, the plasmid p�inuR was linearized with
NotI and transformed into A. niger pyrG- strain AB4.1.
Uridine prototrophic transformants were selected by incu-
bating protoplasts on agar plates containing MM without
uridine. Transformants were screened by PCR using
primers PAO9 and inuRP5 or PAO10 and inuRP6 (Supple-
mentary Table 1). Only transformants with a targeted
deletion of the inuR gene should result in the ampliWcation
of a 1.2 or 1.4 kb PCR fragment, respectively. PCR positive
transformants were veriWed by Southern blot analysis as
described by Sambrook et al. (1989).

Chromosomal DNA from positive PCR transformants
was isolated as described by Kolar et al. (1988). Ten �l of
genomic DNA was digested for 3 h with 10 U of XhoI or
EcoRI, respectively. The 1.0 kb of the 3�-Xanking DNA
fragment of inuR was used as probe for the detection of
inuR disruptants. A probe was generated by digestion of the
pInuRF3 plasmid containing the inuR 3�-Xanking fragment
with XhoI and BamHI. Fragments were puriWed from gel
and [�-32P]dCTP labeled probes were synthesized using
Rediprime II DNA labeling System (Amersham Pharmacia
Biotech) according to the instructions of the manufacturer.

Complementation of inuR mutant

The A. niger inuR gene was ampliWed by PCR using prim-
ers inuRP7 and inuRP8 (Supplementary Table 1) and N402
genomic DNA as a template. The primers corresponded to
1 kb upstream and 0.5 kb downstream of the A. niger inuR
gene, respectively. PCR was performed using Phusion™
High-Fidelity DNA Polymerase (Finnzymes) according to
the manufacturer’s instruction. The ampliWed 4.1 kb PCR
fragment was cloned into pGEMT-easy vector (Promega)
to obtain the inuR complementation plasmid pXY5.1.
pXY5.1 was then co-transformed with pAN7.1 harboring
hygromycin gene as selection marker (Punt et al. 1987) into
A. niger �inuR strain XY3.1 (see in the text). Hygromycin
resistant transformants were selected by incubating protop-
lasts on agar plates containing MM with 200 mg/ml of
hygromycin. Southern blot analysis was performed on
selected transformants as described by Sambrook et al.
(1989).

Construction of the �inuR �amyR double deletion strain

To make a pyrG-strain of the �inuR strain (XY3.1) this
strain was incubated on MM plates containing 1 mg/ml of
5�FOA and 10 mM uracil. 5�FOA resistant, uracil requiring
mutants were transformed with pAB4.1 harboring the
A. niger pyrG or with pPyrE harboring the A. niger pyrE
gene on a 4.3 kb SstII subclone, respectively. One of the
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selected 5�FOA resistant mutants, XY4.1, was comple-
mented with the pyrG gene, indicating that the uracil auxot-
rophy was caused by a mutation in the pyrG gene. The
strain XY4.1 was then used to construct a �inuR �amyR
double disruption strain by transforming plasmid p�amyR
which also contains the pyrG selection marker (Yuan et al.,
submitted). Uridine prototrophic transformants were
selected by incubating protoplasts on agar plates containing
MM without uridine. Transformants that showed normal
growth on glucose but not on starch were selected. One
possible �inuR�amyR double mutant (XY5.1) was veriWed
by Southern analysis and used for further analysis.

Northern blot analysis

Total RNA isolation, Northern analysis and synthesis of
DNA probes was performed as described in Yuan et al.
(2006). The primers used to generate probe An15g00310
are shown in Supplementary Table 1.

Microtiter plate growth assay

Growth of A. niger strains were determined using a
HTS7000 BioAssay Reader (Perkin Elmer Life Sciences).
Spores (1 £ 104) were inoculated in each well of a 96-well
microtiter plate (Nalge Nunc International, USA) and incu-
bated at 32°C for 56 h. Each well contained 200 �l of MM
containing 1% (w/v) of one of the various carbon sources
each supplemented with 0.01% (w/v) casamino acids to
stimulate spore germination. Six replicates of each condi-
tion were made. Growth was monitored by measuring tur-
bidity (OD595) at 2-h intervals.

Microarray experiments and data analysis

RNA extracted from the A. niger �inuR strain and wild-
type strain (N402) grown on diVerent carbon sources were
used for microarray experiments using custom made
“dsmM_ANIGERa_coll” AVymetrix GeneChip® micro-
arrays kindly provided by DSM Food Specialties (Delft,
The Netherlands). For microarray experiments, mycelia
were isolated from grown cultures by transfer experiment
(see above) and each growth condition was performed in
duplicate as independent biological experiments.

Total RNA was isolated from mycelia using TRIzol
reagent (Invitrogen) and RNA quality was veriWed by ana-
lyzing aliquots with glyoxal/DMSO gel electrophoresis and
Agilent Bioanalyzer “Lab-on-chip” system (Agilent Tech-
nologies, USA). Processing, labeling and hybridization of
cRNA to A. niger AVymetrix GeneChips were performed
according to the corresponding AVymetrix protocols for
“Eukaryotic Target Preparation” and “Eukaryotic Target
Hybridization”. For probe array washing and staining, the

protocol “Antibody AmpliWcation for Eukaryotic Targets”
was followed. Hybridized probe array slides were scanned
with Agilent technologies G2500A Gene Array Scanner at
3 �m resolution and a wavelength of 570 nm. AVymetrix
Microarray Suite software MAS5.0 was used to calculate
the signal and P values and to set the algorithm’s absolute
call Xag, which indicates the reliability of the data points
according to P (present), M (marginal) and A (absent). The
data on each chip were globally scaled to an arbitrary target
gene intensity of 500.

The pre-scaled chip data from each hybridization experi-
ment were normalized using Genespring 7.0 software (Sili-
con Genetics). Normalization with default parameters in
Genespring software (Per Chip: Normalize to 50th percen-
tile, Per Gene: Normalize to median) was used. For this
study, we focused on sucrose induced genes. Therefore,
pre-Wltering of data was performed to select for genes
whose detection calls are present in both sucrose duplicate
samples of wild-type strain N402. The selected data set was
further performed for one-way ANOVA analysis. Fold
changes in expression levels between two diVerent condi-
tions were then computed for genes with P < 0.05 based on
One-way ANOVA analysis and changes by more than
twofold were considered signiWcant and are reported here.
Microarray data were deposited into ArrayExpress with an
accession number 19095 at http://www.ebi.ac.uk/at-miam-
express.

In silico analysis of regulatory elements of co-regulated 
genes

The 1.0 kb promoter sequences of the seven sucrose
induced InuR dependant genes: An12g08280 (InuE),
An11g03200 (InuA), An08g11070 (SucA), An15g04060,
An15g00310, An15g03940, and An17g01710 were
obtained from the CBS513.88 strain. The 1.0 kb promoter
regions were analyzed on both strands using DNA
Analyzer module of Phylosopher 6.5.1 (Genedata A.G.,
Basel, Switzerland) using the Gibbs Sampling Strategy for
Multiple Alignment (Lawrence et al. 1993).

Results

IdentiWcation of potential transcriptional regulators 
involved in inulin catabolism

A. niger is able to produce various inulinolytic enzymes
involved in the modiWcation or degradation of inulin and
sucrose. The transcriptional regulation of the genes encod-
ing the inulinolytic enzymes of A. niger, including an exo-
inulinase (InuE; An12g08280), an endo-inulinase (InuA;
An11g03200), and an invertase (SucA; An08g11070), has
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been studied previously (Moriyama et al. 2003; Yuan et al.
2006). In addition to the extracellur enzymes, two addi-
tional potential intracellular inulinolytic enzymes (SucB;
An15g00320 and SucC; An06g02420) were predicted from
the A. niger genome sequence (Yuan et al. 2006). These
proteins contain all the conserved domains of the GH32
family to which inulinolytic enzymes belong. Finally, a
potential ORF was found in the genome which showed
homology to the group of exo-inulinases. Because the pre-
dicted ORF lacked several of the conserved domains and
contained several frame shift mutations, this gene (inuQ,
An11g03210) was considered to be a pseudogene (Yuan
et al. 2006).

The expression of the genes encoding the extracellular
inulinolytic enzymes is co-regulated and induced on inulin
and sucrose, suggesting that these genes are under control
of a single transcription factor (Yuan et al. 2006). Some
transcriptional activators involved in sugar catabolism are
clustered in the genome with their target genes (Gomi et al.
2000; Yu et al. 2000). To identify possible candidate tran-
scription factors involved in the regulation of inulinolytic
genes, we searched the A. niger genome sequence for
transcription factors located close to the genes encoding the
inulinolytic enzymes. We found that inuA (An11g03200)
and inuQ (An11g03210) are located next to each other and
that also a Zn(II)2Cys6 transcription factor encoding gene
(An11g03220) was located adjacent to inuQ. The
orientation of the three ORFs is in the same direction indi-
cating that they do not share a common promoter region
(Fig. 1).

In the proximity of sucA (An08g11070), a second
transcription factor encoding gene was found. This
transcription factor contains a Cys2His2 zinc Wnger DNA
binding motif. Between this gene, An08g11040 and sucA
an additional ORF (An08g11060) is present. This 273
amino-acid protein encodes a hypothetical protein without
any conserved motifs. A BlastP search revealed that this
protein has no close orthologs in other fungal genomes. The
transcription factor, encoded by An08g11040, shows strong

sequence similarity to the S. cerevisiae Zpr1p (e-value 1e-100),
an essential transcription factor that contributes to normal
cell proliferation (Gangwani et al. 1998).

Clustered with sucB (An15g00320) a third putative tran-
scription factor encoding gene (An15g00300) was found
which also belonged to the Zn(II)2Cys6 transcription factor
family. Between sucB and An15g00300, an additional ORF
(An15g00310) is located (Fig. 1). The protein encoded by
this gene has all the characteristics of a sugar transporter
protein. In the direct proximity of the two remaining genes
encoding inulinolytic enzymes (InuE and SucC) no poten-
tial transcription factors were found. The three transcription
factors identiWed via clustering were considered to be good
candidates to be involved in the transcriptional regulation
of the inulinolytic system of A. niger. In order to study their
possible role in inulin utilization, deletion strains of these
transcription factors were constructed. Deletion of
An11g03220 did not have any measurable eVect on growth
on inulin or sucrose in comparison with the wild-type
strain, which indicates that this gene is not required for inu-
lin utilization. Growth of the deletion strain on xylose, glu-
cose, fructose, starch and maltose was also identical to the
growth of the wild-type strain (data not shown). A deletion
strain of An08g11040 was never obtained although over
500 transformants were screened. A possible explanation
might be that An08g11040 is an essential gene. As indi-
cated above, An08g11040 is most homologous to the
essential Zpr1p transcription factor of S. cerevisiae. Since
the homology with Zpr1p does not indicate involvement of
this transcription factor in inulin utilization, no further
attempts were made to obtain the deletion strain. As shown
in detail below, deletion of An15g00300 resulted in a strain
which showed a severe growth defect on inulin and on
sucrose. For the remainder of the paper, we will refer to
An15g00300 as inuR.

InuR homologs were also identiWed in the genomes of
other Aspergilli. The alignment of the InuR proteins is
given in Fig. 2. The strong conservation of the transcription
factor among Aspergilli, suggest that the regulation of

Fig. 1 Schematic representation of the clustering of putative
transcription factors with inulinolytic genes in the genome of A. niger.
An11g03220 and An08g11040 and inuR encode putative transcription
factors. The genes related to inulin degradation include: inuA (endo-

inulinase), inuQ (pseudogene), sucA (invertase), sucB (homologous to
sucA) and An15g00310 (putative sugar transporter). An08g00160
encodes a hypothetical protein without known function. The arrows
indicate the transcriptional orientations of the genes
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inulinolytic gene expression is mediated in the various
Aspergilli by the InuR proteins present in the diVerent
fungi.

InuR encodes a Zn(II)2Cys6 transcription factor 
that is required for growth on inulin

Based on the analysis of the CBS513.88 genomic sequence,
the predicted open reading frame of the inuR encoding gene
is 2,466 bp long and interrupted by 4 introns with sizes of
153, 80, 58 and 48 bp, respectively. The predicted InuR pro-
tein sequence is comprised of 709 amino acid residues
which would result in a protein with a calculated molecular
mass of 78.3 kDa. Analysis of the predicted InuR protein
indicated that InuR contains two conserved domains. One is
the Zn(II)2Cys6 (CX2CX6CX5CX2CX6C) binuclear cluster
which represents the DNA-binding domain at the NH2-
terminal end (residues 35–61). The domain is very well con-
served (Pfam00172) and binds two Zn atoms which coordi-
nate folding of the domain. A BlastP search revealed
orthologous transcription factors in the genome of A. nidu-
lans, A. oryzae and A. fumigatus (see above, Fig. 2). The
most similar transcription factors to InuR which have been
functionally characterized, apart from the proposed ortho-
logs in A. oryzae, A. fumigatus and A. nidulans, are the
AmyR transcription factors from the diVerent Aspergillus

species. Subsequent phylogenetic analysis indicated that the
subgroup of InuR transcription factors is most closely
related to the group of AmyR transcription factors (data not
shown). Besides the Zn(II)2Cys6 motif, a second conserved
domain, known as the middle homology region (MHR) or
Pfam04082 domain, is present in Zn(II)2Cys6 transcription
factors. The region is thought to assist the Zn(II)2Cys6 clus-
ter in DNA target discrimination (Schjerling and Holmberg
1996). In the A. niger InuR protein, the MHR/Pfam04082
domain compromises aa 353–425, and the domain is also
present in the InuR proteins of the other Aspergilli.

Construction and growth properties of the inuR disruptant 
in A. niger N402

An inuR disruptant mutant was constructed as described in
the “Materials and methods”. Putative disruption strains
were identiWed by PCR screening, and further veriWed by
Southern blot analysis. Strain XY3.1 was selected to further
characterize the InuR function and we will refer to this
strain as the �inuR strain.

The eVect of the disruption of the inuR gene on the utili-
zation of various carbon sources was analyzed on agar
plates. Growth and conidiation of the �inuR strain was
strongly reduced on plates containing inulin in comparison
to the wild-type strain (Fig. 3). As shown, growth of the

Fig. 2 Alignment of InuRp and 
its orthologs in Aspergilli. The 
amino acid sequences of the 
Zn2Cys6 binuclear DNA-
binding motif (Pfam00172) and 
the Fungal speciWc transcription 
factor domain (Pfam04082) are 
underlined. The conserved six 
cystein residues are indicated by 
stars. AoInuRp, AgInuRp, 
AfInuRp and AdInuRp are InuR 
protein orthologs from 
A. oryzae, A. niger, A. fumigatus 
and A. nidulans, respectively
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�inuR strain on inulin was not completely abolished. After
7 days of growth, a thin colony with a reduced degree of
conidiation was formed. Some eVect on growth and conidi-
ation was also observed for the �inuR strain growing on
plates containing sucrose and to a lesser extent on raYnose.
The diVerences in growth on sucrose and raYnose were
most clear after 3 days of growth (Fig. 3). Both the colony
size and the degree of conidiation of the �inuR strain and
the wild-type strain after 7 days of growth were very simi-
lar (data not shown). The �inuR strain showed a similar
growth phenotype to the wild-type on MM plates contain-
ing fructose, glucose, maltose, starch, xylose, sorbitol or
glycerol as sole carbon source (Fig. 3 and data not shown).

Growth of the �inuR strain on diVerent carbon sources
was also determined by analyzing growth in a microtiter
plate well containing MM with various carbon sources.
Equal numbers of spores of the wild-type strain (N402) and
�inuR strain were inoculated and plates were incubated at
32°C. For each condition at least four replicates were made
and the average value of the replicates and its standard

deviation value were determined as shown in Fig. 4. The
�inuR showed a clear growth defect on inulin and sucrose.
A small, but reproducible growth diVerence in growth on
raYnose on agar plates was also observed in the microtiter
plate analysis. Initially, the growth curves of the wild-type
and the �inuR strain on raYnose were identical, but after
24–32 h growth of the �inuR strain seem to be retarded
(Fig. 4). The �inuR strain grew equally well as the wild-
type strain on MM with maltodextrin, maltose, glucose,
xylose or fructose as sole carbon source (Fig. 4 and data not
shown). In conclusion, the growth analysis of the �inuR
strain indicates that the Zn(II)2Cys6 transcription factor is
required for the eYcient utilization of inulin and and to a
lesser extent raYnose, and it may therefore act as a positive
transcriptional activator of the genes encoding the inulino-
lytic enzymes. To further substantiate that the defective
growth of the �inuR strain on inulin was caused by the dis-
ruption of the inuR gene, a plasmid containing the inuR
gene with 1 kb upstream and 0.5 kb downstream region was
constructed and co-transformed into the �inuR strain with

Fig. 3 EVects of A. niger strains 
on the utilization of diVerent 
carbon sources. The wild-type 
(N402) and inuR disruptant 
(�inuR), amyR disruptant 
(�amyR) and double mutant 
(�amyR�inuR) strains were 
grown on MM plates containing 
1% diVerent carbon sources at 
30°C for 3 days

fructose

glucose

inulin

raffinose

sucrose

amyR inuRamyRN402 inuR
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pAN7.1 (Punt et al. 1987). Hygromycin resistant transfor-
mants were analyzed for growth on inulin and subjected to
Southern blot analysis. Transformants that showed restored
growth on inulin all harbor the inuR gene, while transfor-
mants showing defective growth on inulin did not contain
the inuR gene (data not shown). The restoration of the wild-
type growth on inulin upon retransformation of the �inuR
strain with a functional copy of the inuR gene indicated that
the inability to grow on inulin was indeed a consequence of
inuR disruption.

InuR is required for the induction of inulinolytic genes

To further establish the role of InuR as a positive acting tran-
scriptional regulator for inulinolytic gene expression, North-
ern blot analysis was performed to determine the mRNA
level of the various inulinolytic enzyme encoding genes both

in the �inuR strain and the WT strain. We previously
showed that the expression of the genes encoding the exo-
inulinase (inuE), endo-inulinase (inuA), invertase (sucA),
was detected only in the presence of inulin and sucrose and
not on other carbon sources tested such as xylose, glucose,
maltose or starch. Expression of the sucB gene was low on
all the carbon sources tested and slightly induced in the pres-
ence of inulin and sucrose (Yuan et al. 2006).

In order to clarify whether the expression of these inulin-
olytic genes was controlled by InuR, both the wild-type
strain and the �inuR strain were pre-grown for 18 h in MM
containing xylose as a carbon source. After the pre-growth,
equal amounts of mycelium was transferred to fresh MM
containing 1% (w/v) inulin or 1% (w/v) sucrose as a carbon
source. At diVerent time points after the transfer RNA was
extracted from mycelia and subjected to Northern blot anal-
ysis (Fig. 5). The transfer to inulin and sucrose resulted in

Fig. 4 Microtiter plate assay of 
growth of inuR disruptant on 
diVerent carbon sources. 
A. niger wild-type (N402; open 
circles) strain and inuR 
disruptant (�inuR; solid circles) 
were inoculated in microtiter 
plate wells and each well was 
inoculated with 1 £ 104 spores 
in 200 �l of MM containing 1% 
carbon source and 0.1% 
casamino acids. The growth was 
monitored by measuring culture 
turbidity (OD595) and read every 
2 h. Each condition was 
performed in six replicates. The 
standard deviation value is 
indicated
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an induction of the inulinolytic enzymes in the wild-type
strain. The induction of genes is much faster on sucrose
than on inulin and is explained by a much more rapid deg-
radation and uptake of the carbon source as observed previ-
ously (Yuan et al. 2006). In the �inuR strain, no induction
of expression was found for the inuE and inuA genes after
transfer to inulin and a very low level of sucA mRNA was
detected after the transfer to inulin. The transfer to sucrose
did not result in a detectable induction of any of the three
inulinolytic genes in the �inuR strain. A slight induction of
expression of sucB in the presence of inulin and sucrose
seems also dependent on InuR (Fig. 5). The expression of
the gene encoding a putative sugar transporter,
An15g00310 in relation to inulin and sucrose was also
examined. As discussed above, An15g00310 is clustered
and located between the inuR and the sucB genes (Fig. 1).
Expression of An15g00310 is strongly induced in response
to the presence of inulin and sucrose and dependant on the
InuR transcription factor (Fig. 5). No or very low expres-
sion levels of An15g00310 were detected when grown on
maltose, glucose, fructose or xylose or after a transfer to
maltose indicating that An15g00310 expression is speciWc
for growth on inulin and sucrose (data not shown). The
inuR gene was constantly expressed at a relatively low level
on the various carbon sources tested (inulin, sucrose, malt-
ose, fructose or glucose, data not shown), suggesting that
the activation of the InuR transcription factor is regulated
post-transcriptionally.

Genome wide transcriptional proWling of the InuR regulon 
in A. niger

The experiments described above suggest that InuR is a
transcriptional activator of inulinolytic genes and required
for the eYcient utilization of inulin and sucrose. In addition
to regulating the inulinolytic genes, it is possible that InuR
also regulates other genes in the genome, through direct or
indirect processes in the pathway of inulin or sucrose utili-
zation. To identify additional genes with a possible role in
inulin or sucrose metabolism, we performed genome wide
expression analysis using A. niger AVymetrix GeneChip
arrays. The A. niger wild-type strain N402 and the �inuR
strain were pre-grown for 18 h in 2% (w/v) xylose and
transferred to fresh medium containing 1% (w/v) sucrose as
carbon source and grown for 2 h on sucrose. As a control,
the mycelium from the N402 strain was also transferred to
fresh 1% (w/v) xylose medium. For each culture condition
a duplicate experiment was carried out. RNA was isolated
from each of the samples and subjected to microarray anal-
ysis (see “Materials and methods”).

To identify genes that were induced by sucrose, we Wrst
compared the expression proWle of A. niger wild-type strain
N402 grown in sucrose to that of A. niger wild-type strain

N402 grown in xylose 2 h after transfer. The expression of
97 genes was more than twofold increased by sucrose
(One-way ANOVA analysis P < 0.05) (Supplementary
Table 2). To identify genes that were induced on sucrose in
an InuR dependant way, the expression proWle of the
A. niger wild-type strain N402 grown in sucrose was com-
pared to that of the �inuR strain after the 2 h transfer to
sucrose. A total of 40 genes were identiWed where expres-
sion was signiWcantly increased on sucrose in the N402
strain, but not in the �inuR strain (One-way ANOVA anal-
ysis P < 0.05 and >2-fold change) (Supplementary
Table 3.) Finally, by combining these 2 data sets, 26 genes
were identiWed for which expression was induced by
sucrose in an InuR dependent manner (Table 1).

The predicted protein sequences of these 26 genes were
assigned to various functional categories (Ruepp et al.
2004; Mewes et al. 1997) and shown in Table 1. Interest-
ingly, genes with the highest fold changes (>10-fold
change) almost all fall into the category of carbohydrate
transport and metabolism. Among them are the genes
encoding the extracellular inulinolytic enzymes, sucA,
inuE and inuA, as well as the above mentioned putative
sugar transporter gene (An15g00310), supporting the pre-
vious Northern analysis. An additional gene that showed a
very high fold-change and belongs to the category of car-
bohydrate transport and metabolism is An15g04060.
An15g04060 encodes a putative sugar transporter which is
over 200-fold induced by sucrose in a wild-type strain
N402 when compared to xylose and the induction was
greatly reduced by 127-fold when inuR gene was deleted.
BlastP search revealed that the transporter displayed the
highest identity to a fructose transporter protein (Frz1)
from Zygosaccharomyces bailii (Pina et al. 2004). An
additional putative sugar transporter gene (An15g03940)
was induced on sucrose in an InuR dependant way. In
contrast to the other two transporters (An15g00310 and
An15g04060) this transporter is relatively highly
expressed on both xylose and in the �inuR mutant, result-
ing in relative small fold-changes. An additional gene
(An17g01710) was strongly induced on sucrose (about 19-
fold), in an InuR dependant way. The protein encoded by
An17g01710 is annotated as a multidrug resistance (MDR)
protein because of its highest identity to other MDR
proteins of the Major Facilitator Superfamily of transport-
ers. Since the substrates of MDR proteins are hard to pre-
dict on the basis of the amino acid sequence, the
annotation should be interpreted with care and does not
exclude the possibility that this protein has a role in sugar
transport. Apart from the An15g04060 transporter which
might function as a fructose transporter based on the
strong homology towards Frz1p (Pina et al. 2004), a useful
prediction of substrates of the other putative transporters
can not be made.
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In the list of induced genes (Table 1), a considerable
number are related to transcription, translation and amino
acid metabolism. The increase in expression of those genes
might indicate an overall increase of metabolic activity on
sucrose compared to xylose and a subsequent higher
expression of the protein transcription/translation machin-
ery.

The genome wide analysis indicated that three extracel-
lular inulinolytic genes and four putative sugar transporter
genes were strongly induced on sucrose in an InuR depen-
dant way. To identify possible elements in the promoter
regions of these genes that could mediate InuR binding an
in silico analysis of 1-kb upstream promoter sequences of
these seven genes was performed. As shown in Fig. 6, opti-
mal alignment of the promoter sequences revealed a con-
sensus sequence (CGGN8CGG) which is present at least
once in the promoter region of all genes. At least one of the
triplets consistently is preceded by a T, resulting in a con-
served TCGG motif in every proposed element. Within the
second triplet, the conservation of the GG is consistent, but
conservation of the C is not. This putative binding site of
the InuR protein (CGGN8CGG) is identical to the binding
site of the AmyR transcription factor which binds and
induces the expression of amylolytic genes (Petersen et al.
1999). To examine whether AmyR is also involved in the
regulation of inulinolytic genes, the �amyR mutant was
constructed and analysed for growth on various carbon
sources. As shown in Fig. 3, deletion of the amyR transcrip-
tion factor did not result in a growth defect on inulin,
sucrose or other carbon sources. The �amyR strain did
show a strong growth reduction on maltose (data not
shown). To examine a possible overlapping role of the
InuR and AmyR transcription factors for inulin and/or
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Fig. 6 In silico prediction of putative InuR binding sites in the
promoter of sucrose induced genes. Conserved nucleotides are
coloured in gray. Numbers beside the sequences indicate the position
relative to the ATG of the downstream located gene
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atsnoitatneiroeneg ’3 ecneuqes’5tr

Acus  C583-- G G C  T GTTTGGA G G C 004-T

 A736--06040g51nA G G G  T CCTAGTA G G C 256- A

 C006-+01300g51nA  G G C  T TCTAGGA G G C  585-C

 Euni  G426-- G G C  T ACAAAGA G G C 936-G

 G5--01710g71nA  G G T  T CAGTATA G G C  02-G

 T508--06040g51nA G G C  T CCAGTTG G G C 028-G

 T693-+04930g51nA  G G C  G AGTCACG G G T 114-T

Acus  T161--  G G C  G TTAAAGG G G A 671-A

 Euni  T965-- G G C  C CCCATAT G G T 455-T
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sucrose utilization, the �amyR/�inuR double mutant was
constructed. Growth analysis of the double mutant on inu-
lin showed a minor further reduction in growth and sporula-
tion on inulin and sucrose (Fig. 3) indicating AmyR and
InuR have independent functions.

Discussion

We previously showed that the genes encoding extracellu-
lar inulinolytic enzymes in A. niger are co-regulated at the
transcription level and identiWed sucrose, but not fructose
or glucose as an eYcient inducer of inulinolytic genes. It
was proposed that there might be a common transcription
factor to activate the expression of inulinolytic genes in
response to the presence of inducing carbon sources (Yuan
et al. 2006), similar to that which has been found in other
carbohydrate degrading enzymes networks such as the
amylolytic genes (AmyR) or the xylanolytic genes (XlnR).
In this study we reported the successful identiWcation of an
inulinolytic transcriptional activator, InuR. Previous studies
to isolate the AmyR and XlnR transcription factors were
based on genetic screens to identify mutants with impaired
expression of amylolytic and xylanolytic enzymes (Peter-
sen et al. 1999; Gomi et al. 2000; van Peij et al. 1998a).
Here, we used a diVerent approach which made use of the
full genome sequence of A. niger. The approach is based on
the observation that in some cases, e.g., in the case of the
AmyR transcription factor, the target genes of the transcrip-
tion factor are adjacent to the transcription factor itself. In
the case of the inulinolytic genes, three possible inulino-
lytic gene clusters were identiWed, each of which contains a
gene encoding a putative transcription factor (Fig. 1). Dis-
ruption mutants were successfully obtained for two of the
three transcription factors and subsequent phenotypic anal-
ysis indicated that only InuR (An15g00300) was involved
in the inulin utilization pathway. The �inuR mutant showed
severe reduced growth on agar plates and in submerged cul-
tures containing sucrose or inulin as sole carbon source.
Furthermore, we showed that the induction of the inulino-
lytic genes by inulin and sucrose is dependant on the pres-
ence of InuR. In addition to the transcription factor itself
the inulinolytic gene cluster identiWed in A. niger consists
of a sugar transporter and sucB which encodes an intracel-
lular invertase with transfructosylating activity (Goosen
et al. 2007).

To examine whether the position and clustering of the
InuR orthologs was conserved among aspergilli, we
compared the genes adjacent to the InuR homologous tran-
scription factors in A. nidulans, A. oryzae and A. fumigatus.
The clustering of the three genes, inuR (An15g00300),
An15g00310 (putative sugar transporter) and sucB
(An15g00320) in A. niger was conserved in A. nidulans

(AN3835; e-value 5e-144, AN3836; e-value 7e-158 and
AN3837; e-value 5e-142), and A. oryzae (AO090701000036;
e-value 0.0, AO090701000037; e-value 0.0 and AO09070
1000038; e-value 0.0, respectively). In A. fumigatus, the
InuR orthologue (Afu6g05010; e-value 0.0) is located next
to the SucB orthologue (Afu6g05000; e-value 0.0), but no
homolog to the putative sugar transporter (An15g00310)
was present in the gene cluster in A. fumigatus. The initial
gene model of the inuR gene in the A. niger annotation was
lacking the ZnII(2)Cys6 binuclear cluster domain. Reposi-
tioning the intron/exon positions in N-terminal region
resulted in the prediction of a 709 amino acid long protein
containing a complete Zn(2)Cys6 binuclear cluster domain.
BlastP searches with the A. niger InuR protein revealed
orthologous genes in the three Aspergillus species exam-
ined (A. nidulans, A. oryzae and A. fumigatus). The closest
homologs in A. oryzae and A. nidulans did not contain a
Zn(II)2Cys6 domain and the A. fumigatus homolog only a
partial Zn(II)2Cys6 cluster. The gene models of the other
Aspergilli were manually inspected and by improving the
gene model a Zn(II)2Cys6 domain was found to be present
in the proteins. Interestingly, it turned out that the gene
model of A. niger was completely conserved in the other
Aspergili. Thus, the gene model of the A. niger inuR gene
could be used as a template for the prediction of the inuR
gene models in the other Aspergilli. Both the numbers of
introns as well as the intron/exon positions were conserved
among the four Aspergilli. This result implies that gene
model prediction in Aspergilli can be improved by compar-
ison of the gene models of orthologous genes.

The inuR gene is situated in the genome next to a puta-
tive sugar transporter gene (An15g00310) and sucB. We
recently showed that the sucB gene encodes an intracellular
invertase with transglycosylating activity (Goosen et al.
2007). As depicted in Fig. 1, the putative sugar transporter
(An15g00310) in the cluster shares the same promoter
region with the sucB gene. The Northern analysis and
microarray analysis showed that the two genes are not
coregulated indicating that the common promoter region
does not act bidirectionally as has been observed, e.g., in
the case of the niiA and niaD genes (Punt et al. 1995).
Expression of the gene An15g00310 was highly induced by
sucrose or inulin and the induction was dependent on InuR
(Fig. 5), while the sucB gene was lowly expressed on vari-
ous carbon sources and hardly induced on sucrose and inu-
lin. The function of An15g00310 remains to be elucidated
but it is tempting to suggest that it involved in the transport
of sucrose, or its hydrolysis products fructose or glucose.

The function of SucB in relation to inulin or sucrose
metabolism is also currently unknown. We showed that
deletion of the sucB did not result in a phenotype related to
growth on inulin or sucrose (Goosen et al. 2007). The con-
stitutive low level of expression of the sucB gene might
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suggest that SucB acts as a scouting enzyme to “sense” the
presence of a useful carbon source by generating an inducer
molecule which can further activate transcription of addi-
tional inulinolytic genes. A possible explanation for the
lack of phenotype of the sucB deletion mutant is the pres-
ence of an addition intracellular invertase, encoded by the
sucC gene. Both the enzymatic activity of the SucC protein
as well as the eVect of deletion of sucC and simultaneously
deletion of sucB and sucC will be the subject of future
research.

The genome wide transcription analysis using AVymetrix
microarrays identiWed a limited number of genes that were
strongly induced by sucrose in an InuR dependent way.
These genes encode the extracellular inulinolytic enzymes
and four genes encoding putative transporters. The speciWc-
ity of the sugar transporters should be determined biochemi-
cally as has been done previously for A. niger sugar
transporters (vanKuyk et al. 2004) since phylogenetic com-
parison to suggest possible substrates is not reliable (Patricia
vanKuyk, personal communication). The limited number of
genes that are induced by sucrose in an InuR dependant way
suggests a relatively simple regulatory mechanism regarding
sucrose catabolism in A. niger. Unpublished additional
microarray data showed that the same three extracellular
enzymes were induced on inulin in an inuR dependant way.
The expression of the putative sugar transporters on inulin
diVered from the pattern observed on sucrose. Two of the
four transporters (An17g01710 and An15g04060) were not
induced on inulin after 2 and 8 h of growth on inulin. The
transporter encoded by the An15g03940 gene was four to
Wvefold induced on inulin compared to xylose after 8 h of
the transfer. Expression of this sugar transporter is also high
on xylose (Table 1) and maltose, Yuan et al., unpublished
results), indicating that the expression of this sugar trans-
porter is not very tightly regulated and suggest a broad spec-
iWcity of the sugar transporter. The fourth transporter
(An15g00310) was more highly expressed on inulin 8 h
after the transfer than on maltose and xylose (four to Wvefold
induction), and the induction was InuR dependant. The
diVerence between the observed expression patterns of the
extracellular enzymes and the putative sugar transporters
suggest that under the diVerent growth conditions the fungus
expresses the same set of extracellular enzymes, but that the
fungus Wne-tunes the expression of the sugar transporters in
order to allow eYcient uptake. Such a Wne-tuning mecha-
nism could explain why such a large number of sugar trans-
porters is present in the genome of A. niger as 461 proteins
have been identiWed that belong to the Major Facilititator
Superfamily of transporters (Pel et al. 2007). Such a mecha-
nism allows the fungus to express the sugar transporters
with the optimal properties in relation to substrate diversity,
substrate concentration, environmental pH, and other envi-
ronmental factors and nutrient conditions.

The InuR transcription factor is a member of the Zn(II)2-
Cys6 DNA transcription factor family which is a fungal
speciWc type of transcription factor. In Aspergilli, this fam-
ily of transcription factors has expanded signiWcantly when
genome data is compared to that of the yeast S. cerevisiae
or Neuropora crassa. In S. cerevisiae and N. crassa 54 and
89 genes, respectively (Akache et al. 2001; Borkovich et al.
2004), have been identiWed that contain the Zn(II)2-Cys6
DNA binding domain, the genomes of Aspergilli contain
216 (A. nidulans), 188 (A. fumigatus) or 296 (A. niger)
Zn(II)2-Cys6 DNA transcription factors. The actual num-
ber of proteins containing a Zn(II)2-Cys6 DNA binding
domain might still increase in Aspergilli and other fungi.
We showed that the predicted gene model for the inuR gene
in several Aspergilli was incorrect, resulting in a protein
lacking the Zn(II)2-Cys6 DNA binding domain. Closer
examination of the A. nidulans and A. niger genome anno-
tations revealed that the diYculty of the automatic annota-
tion in predicting the correct gene model for this class of
transcription factors is not limited to inuR gene, but is a
more general problem. Manual improvement of the gene
models identiWed 326 Zn(II)2-Cys6 DNA binding domain
containing proteins in A. nidulans and 480 Zn(II)2-Cys6
DNA binding domain containing proteins in A. niger (Ram
and Punt, unpublished data). Thus, it is likely that other
fungal genomes contain more as yet unidentiWed Zn(II)2-
Cys6 DNA binding domain containing proteins, which
could be revealed with improved gene models or manual
annotation.

Transcription factors containing the Zn(II)2-Cys6 DNA
binding domain usually bind the promoter region of their
target genes via a conserved DNA binding site. Often, but
not always, the binding site consists of conserved terminal
trinucleotides, usually in symmetrical conWguration (direct
repeat, everted repeat or an inverted repeat) and spaced by
an internal variable sequence of a deWned length. Examples
are the Gal4p and Lac9p transcription factors that bind to
CGGN11CCG, Ppr1p and UaY that bind to CGGN6CGG,
and Put3 that binds to CGGN10CCG (Todd and Andria-
nopoulos 1997). The binding sites for the AmyR transcrip-
tion factor have been studied in detail. Several promoter
regions of amylolytic genes contain a CGGN8(A/C)GG site
in their promoter region to which AmyR can bind and acti-
vate transcription (Tani et al. 2001b; Ito et al. 2004).

Comparison of the 1-kb upstream promoters of the
strongly InuR dependent sucrose induced genes revealed
that a common consensus sequence (CGGN8CGG) is pres-
ent in the promoters of all genes. Strikingly, in every puta-
tive element at least one repeat consists of a TCGG
sequence (Fig. 6). This observation might be explained by a
speculative, but testable, model of InuR binding and activa-
tion. We propose that InuR will bind as a dimer to the
CGGN8CGG motif, and that the Wrst InuR molecule will
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bind with high aYnity to the TCGG DNA sequence. This
binding may recruit a second InuR molecule to the site that
will bind to the second motif, possibly with a weaker aYn-
ity for the DNA because of the sequence variation. Such a
model for cooperative binding of a dimeric transcription
factor has been experimentally substantiated for the AmyR
transcription factor (Ito et al. 2004). The proposed InuR
binding site (CGGN8CGG) might be conserved among Wla-
mentous fungi, as the shared promoter of the inuC and inuD
genes in Penicillium sp. strain TN-88 contains a similar site
(Moriyama et al. 2006).

The proposed InuR binding site is very similar to the
AmyR binding site which is present in the promoter of
many amylolytic genes in A. niger (Yuan et al., unpub-
lished results) and raises immediately the question of how
the speciWcity of the InuR and AmyR transcription factors
is accomplished. Comparison of the Zn(II)2Cys6 domain of
several Zn(II)2Cys6 transcription factors revealed that the
Zn(II)2Cys6 domain of InuR and AmyR is not more related
to each other than they are related to unrelated Zn(II)2Cys6
transcription factors (XlnR and FacB). Interestingly, the
MHD of InuR and AmyR showed a high degree of identity
and suggest that the MHD domain may assist in binding to
the DNA target sequence. After establishing that the con-
served CGGN8CGG motif in the promoter of inulinolytic
genes is involved in the binding and activation of expres-
sion of the target genes, the AmyR and the InuR transcrip-
tion factors are interesting subjects for further research
aimed to understand how Zn(II)2-Cys6 transcription factors
recognize their target genes and what determines the speci-
Wcity of the binding. Analysis of the �amyR�inuR double
mutant indicated that both transcription factors have inde-
pendent functions. The slightly decreased growth and spor-
ulation of the �amyR�inuR double mutant on sucrose
compared to growth of the �inuR mutant on sucrose might
be explained by the activity of �-glucosidases that are under
control of the AmyR transcription factor. It is well
established that sucrose can be hydrolyzed either by
�-fructosidase, that splits sucrose by attacking the terminal,
non-reducing �1, �2 linked fructose moiety, but also by an
�-glucosidase catalyzing the hydrolysis of sucrose at the
terminal non-reducing �1–4 linked glucose residue (Geber
et al. 1992; Kelly and Kwon-Chung 1992; Alberto et al.
2004). A. niger contains several �-glucosidase encoding
gene of which two of them are under control of the AmyR
transcription factor. Disruption of the amyR transcription
factor further decreases the level of agdA and agdB
transcripts (Yuan et al., unpublished results), which might
result in lower �-glucosidase activity and a subsequent
decrease in the eYciency by which sucrose can be hydro-
lyzed.

In conclusion, we have identiWed InuR as the transcrip-
tional activator required for utilization of inulin and

sucrose. The results in this paper suggest that A. niger
metabolizes inulin and sucrose by inducing the expression
of a limited number of extracellular enzymes and sugar
transporters that are under transcriptional control of a single
transcription factor, InuR. The mechanism by which the
InuR transcription factor is activated in response to the
presence of inulin and sucrose and the mechanism that
determines the speciWcity of the binding to the InuR target
genes are the subjects of future research.
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