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Abstract

Fungi employ different carbohydrate uptake systems to adapt to certain environmental conditions and to different carbon source

concentrations. The hydrolysis of polymeric carbohydrates and the subsequent uptake of monomeric forms may also play a role in

development. Aspergillus nidulans accumulates cell wall components during vegetative growth and degrades them during sexual

development. We have identified the hxtA (high affinity hexose transporter) gene in a differential library, which was enriched for

sexual-specific genes. The hxtA gene is disrupted by 6 introns and predicted to encode a 531 amino acid protein with high similarity

to major facilitator superfamily members including the high affinity hexose transporter Gtt1 from Trichoderma harzianum. A.

nidulans HxtA contains the 12 predicted transmembrane domains characteristic for this family. Deletion of hxtA did not impair

growth of A. nidulans on a variety of carbon sources nor did it inhibit sexual development suggesting redundant sugar uptake

systems. We found at least 17 putative hexose transporters in the genome of A. nidulans. Despite the high similarity of HxtA to

fungal high affinity glucose transporters, the hxtA gene did not restore growth on glucose of a Saccharomyces cerevisiae mutant, in

which all hexose transporters were deleted. Northern blot analysis revealed that the A. nidulans hxtA gene was repressed under high

glucose conditions and expressed in vegetative hyphae upon carbon starvation and during sexual development. We found

hxtA(p)::sgfp expression in developing cleistothecia specifically in ascogenous hyphae and propose that HxtA is a high affinity

glucose transporter involved in sugar metabolism during sexual development.

� 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The first step of carbohydratemetabolism is the uptake
of the molecules into the cell. To achieve this, microor-

ganisms employ a variety of different membrane-bound

transport proteins of the major facilitator superfamily.

The unicellular yeastSaccharomyces cerevisiaehas a set of

20 different hexose transporters, which are characterized
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by their substrate specificities as well as their kinetic pa-

rameters (Boles and Hollenberg, 1997; Ozcan and John-

ston, 1999). The expression of several of these genes is
under transcriptional control depending on the source

and the amount of carbon available. In contrast to the

situation inS. cerevisiae and other yeasts (Kluyveromyces,

Candida, and Pichia), very little is known about sugar

transporters in filamentous fungi. Several hexose trans-

porter homologues aswell as sugar sensorswere identified

as a result of fungal sequencing projects, differential

screenings or in targeted approaches. However, there are
very few studies regarding their functions in the corre-

sponding organisms. In two biotrophic plant-interacting

fungi two monosaccharide transporters involved in the
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uptake of sugars from the host plant were characterized.
In the basidiomycete rust fungus Uromyces fabae a glu-

cose transporter is specifically expressed in haustoria, the

structure where nutrient exchange between the plant and

the fungus occurs. Complementation in yeast and deter-

mination of glucose transport rates revealed aKM value of

360 lM for DD-glucose and 1mM for DD-fructose (Voegele

et al., 2001). In the basidiomycete ectomycorrhizal fungus

Amanita muscaria a monosaccharide transporter was
isolated using a targeted approach (Nehls et al., 1998).

The protein could restore growth of a corresponding

monosaccharide transport mutant of Schizosaccharomy-

ces pombe. Although the expression of the mycorrhizal

transporter was constitutive, it appeared to be upregu-

lated in the presence of high glucose concentrations. In

both fungi, Uromyces and Amanita, a functional analysis

has yet to be done, since deletion experiments are difficult
to achieve in these species. In the saprophytic fungus

Neurospora crassa several putative hexose transporters

were discovered in the genome (Galagan, 2003). Func-

tional analysis was done before for rco-3 (Madi et al.,

1997). This gene was discovered in a mutant screening.

The corresponding strain sporulated in liquid culture

without carbon limitation.Glucose transport activity was

altered and it appeared that Rco3 acts as a glucose sensor.
Recently, a high affinity glucose transporter was charac-

terized in Trichoderma harzianum (Delgado-Jarana et al.,

2003). The gene, gtt1, was identified in a differential dis-

play experiment. It was repressed in the presence of high

glucose concentrations and fully induced under low car-

bon conditions. gtt1 could not complement a hexose

transporter deficient S. cerevisiae strain and deletion of

the gene in T. harzianum has yet to be done. However,
overexpression ofGtt1 inT. harzianum caused a threefold

increase of glucose transport velocity and theKM value for

the transport was determined to 12 lM.

In the life cycle of A. nidulans the availability of nu-

trients and their metabolism is linked to the differenti-

ation of the fungus (Zonneveld, 1977). A. nidulans is able

to reproduce with mitotically derived conidiospores and

by meiotic ascospores (Adams et al., 1998; Fischer and
K€uues, 2003). Both spore forms are generated at or in

morphologically differentiated structures called conid-

iophores and cleistothecia, respectively (Fischer, 2002).

Cleistothecia are embedded into a layer of thick walled

H€uulle cells, which may play a role in nutrient supply for

development. Whereas the developmental program for

conidiophore formation is well studied, cleistothecium

differentiation is only poorly understood. Conidiophore
production occurs after 20 h of vegetative growth at a

water–air interphase (on agar plates). However, when

the mycelium is starved for carbon or nitrogen the in-

duction of the developmental program is possible in li-

quid culture and hence some conidiophores are

generated under these conditions (Skromne et al., 1995).

A link between the nutritional status of the mycelium
and development is more evident in the case of sexual
reproduction. This process is initiated after several days

of vegetative growth on agar plates, when external glu-

cose is depleted (Zonneveld, 1972a,b, 1973). Since sexual

development requires massive cell proliferation, energy

and carbon for these processes has to be provided from

sources other than glucose. It was suggested that a-1,3
glucan serves as the main reserve material and is accu-

mulated during vegetative growth in the cell wall. Thus,
after glucose exhaustion, a-1,3 glucanase is secreted to

release monosaccharides. These are then taken up by the

mycelium and metabolized (Zonneveld, 1972a,b, 1973,

1974). Surprisingly, we showed that deletion of the mutA

gene encoding an a-1,3 glucanase (mutanase), did not

impair sexual development although its expression was

specific in H€uulle cells (Wei et al., 2001). This suggested

that other structural polymers (e.g., a-1,6 glucan) as well
as other hydrolases were supplying the required carbon

at that developmental stage. In any case, after successive

degradation of the cell wall polymers the developing

mycelium requires an efficient uptake system to acquire

the released monosaccharides.

In this paper we identified a putative hexose trans-

porter, HxtA, in a differential screening for sexual de-

velopment-specific genes, and 16 other putative hexose
transporter encoding genes in the A. nidulans genome

sequence. The functional analysis of hxtA revealed that

it is specifically expressed in ascogenous hyphae and in

vegetative hyphae after starvation. However, it is dis-

pensable for vegetative growth and sexual development.
2. Materials and methods

2.1. Strains, culture conditions, and plasmids

Supplemented minimal and complete media for A.

nidulans were prepared as described, and standard strain

construction procedures were used (K€aafer, 1977). We

used the following A. nidulans strains: FGSC4 veAþ

(Fungal Genetics Stock Centre, Kansas, USA; SRF200
(pyrG89; DargB::trpCDB; pyroA4; veA1) (Karos and Fi-

scher, 1999); RMS011 (pabaA1, yA2; DargB::trpCDB;
trpC801; veA1) (Stringer et al., 1991); SHWH11 (SRF200

transformed with pHHarg11); SWHH7 (cross between

SHWH11 and RMS011; pabaA1, yA2; hxtA::argB).

SWHHgfp (SRF200 transformed with pHHgfp4). Stan-

dard laboratoryE. coli strains (XL-1 blue, Top10F0)were
used. Standard DNA transformation procedures were
used for A. nidulans (Yelton et al., 1984) and E. coli

(Sambrook and Russel, 1999). For PCR experiments

standard protocols were applied using a capillary Rapid

Cycler (Idaho Technology, Idaho Falls, USA) for the

reaction cycles. DNA sequencing was done commercially

(MWG Biotech, Ebersberg). Genomic DNA was ex-

tracted from the fungus with the DNeasy Plant Mini Kit
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(Qiagen, Hilden, Germany). RNA was isolated with
TRIzol from Invitrogen according to the manufacturer

protocol (Karlsruhe, Germany). DNA and RNA analy-

ses (Southern and northern hybridizations) were per-

formed as described (Sambrook and Russel, 1999).

2.2. Plasmids

2.2.1. Cloning of the hxtA gene, a corresponding cDNA

and sequencing

The partial sequence obtained from the SSH (sup-

pressive subtractive hybridization) library was used to

design primers for amplification of a specific hxtA frag-

ment (HexA5: 50-GTTTCGACATCTCGTCGATG-30;
HexA3: 50-CCAGCGGTCCTTGCTCG-30). With this

fragment we isolated a cosmid (pH38E7) carrying the

entire gene. We subcloned two overlapping restriction
fragments, a 4.0 kb HindIII (pHHH1) and a 3.0 kb SalI–

PstI into pBluescript KS- (Invitrogen) (pHHPS4). The

restriction fragments were sequenced on both strands and

the sequence information assembled with the genome

data from Cereon Genomics LLC (Cambridge, USA).

hxtA cDNA was obtained by RT-PCR using RNA iso-

lated from the sexual developmental stage and the fol-

lowing primer combinations: (HexR4: 50-ATGCTTTT
CTTCATTGATTAGTG-30; Hex-ex2: 50-AATGGA

CTCGAGATTACACCGCCTTCTCCGGT-30). cDNA

was cloned into pBluescript KS- into EcoRV–XhoI (XhoI

site included in the primer, underlined) and subsequently

sequenced.

2.2.2. Cloning of the hxtA disruption construct (pHH-

Rarg11)

We substituted a 0.6 kb PstI–EcoRI fragment (see

Fig. 2) in pHHH1 by argB. pHHRarg11 was linearized

by XbaI and transformed into A. nidulans SRF200.

2.2.3. Expression of hxtA in S. cerevisiae

The cDNA of the hxtA open reading frame was

amplified with HexR2 (50-TGAAGATGGCTTTCAAG

AAGTCCT-30) and Hex-ex2 using Pfu DNA polymer-
ase with proofreading function (Promega, Madison,

USA). The cDNA clone was introduced into the yeast

expression vector pDR196 under the control of the

constitutive promoter PMA1 (Hþ-ATPase). The vector

was kindly provided by D. Rentsch (Neuchatel, Swit-

zerland). The plasmid was transformed into the yeast

strain EWY.4000 lacking all 20 hexose transporters

(Wieczorke et al., 1999). As a positive control we used
the high affinity yeast hexose transporter gene HXT2.

2.2.4. Construction of the hxtA::sgfp transcriptional

fusion (pHHgfp4)

The putative hxtA promoter region (2.5 kb) was am-

plified by PCRwith KS-Rev1 (50-GCCAAGCGCGCAA

TTAACCCTCACT-30) andHex–NotI (50-CGCGGCCGC
CATCTTCAAAGGCGGTGCT-30) using Pfu polymer-
ase and pHHPS4 as template. The PCR fragment was

cloned blunt end into pBluescript EcoRV. The Hex-NotI

primer introduced a NotI restriction site (underlined) at

the start codon of hxtA. This NotI site and the one in the

pBluescript polylinker were used to insert sGFP as aNotI

fragment obtained from pRF917 (Requena et al., 2001).

Translation of the construct will be terminated by a stop

codon within the polylinker after the sGFP.

2.3. Fluorescence microscopy

sGFP-expressing strains were observed with a Zeiss

Axiophot microscope and appropriate filter combina-

tions. For the documentation we used a OrcaII ER

camera (Hamamatsu, Munich).
3. Results and discussion

3.1. hxtA encodes a putative high affinity hexose trans-

porter

In order to isolate sexual development-specific genes,

we constructed a SSH library (Wei et al., 2001). One
partial sequence obtained in the library encoded a pep-

tide with high homology to high affinity hexose trans-

porters. The partial cDNA sequence was used to isolate a

cosmid (pH38E7) from the pUI library (kindly provided

by B. Miller, Idaho, USA). Sequences from subclones of

the cosmid (pHHH1 and pHHPS4) were assembled to-

gether with partial sequences obtained from the genomic

DNA database at Cereon LLC (Cambridge, USA). Ac-
cording to the genomic DNA sequence meanwhile

available at the Whitehead Institute (http://www-ge-

nome.wi.mit.edu/annotation/fungi/aspergillus/) the hxtA

gene is located on chromosome I. In order to deduce a

putative hexose transporter protein sequence, we ana-

lyzed a corresponding cDNA generated by RT-PCR (see

Section 2). Comparison of genomic DNA with the

cDNA sequences revealed the presence of 6 short in-
trons, between 44 and 67 bp in length. Four are located

at the 50-end of the gene, one in the middle and one close

to the end of the coding region (Fig. 1). A putative

promoter was identified using a promoter prediction

program (http://genes.mit.edu/McPromoter.html) which

determined the start of transcription 68 bp upstream of

the start of translation. After removal of the intron se-

quences, an open reading frame of 531 amino acids could
be deduced, which encodes a protein with a calculated

molecular mass of 59 kDa and an isoelectric point of

8.44. Sequence analysis (http://www.cbs.dtu.dk/services/

TMHMM) revealed the presence of 12 transmembrane

domains and a larger cytoplasmic loop between the sixth

and seventh transmembrane helix. These features are

characteristic for members of the major facilitator

http://www-genome.wi.mit.edu/annotation/fungi/aspergillus/
http://www-genome.wi.mit.edu/annotation/fungi/aspergillus/
http://genes.mit.edu/McPromoter.html
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TMHMM


Fig. 1. (A) Scheme of the hxtA locus. (B) Phylogram of 51 hexose transporter-related proteins from A. nidulans and other fungi. Besides A. nidulans

HxtA (arrow) and MstA, the other putative A. nidulans proteins are predicted primary structures. The sequence of A. nidulans hxtA is available under

the Accession No. AJ535663. The other A. nidulans protein sequences were obtained from: http://www.genome.wi.mit.edu/ftp/pub/annotation/as-

pergillus/assembly1/aspergillus_nidulans_1_proteins.fasta.gz. The phylogram was constructed with the neighbor-joining algorithm implemented on

the program ClustalW. A tree was derived from the primary data using the program TreeView. Abbreviations: Sc, S. cerevisiae; An, A. nidulans; Th,

T. harzianum; Nc, N. crassa; Kl, Kluyveromyces lactis; Ca, Candida albicans; Ang, A. niger; Sp, Schizosaccharomyces pombe; Ps, Pichia stipitis; Am,

Amanita muscaria; Uf, Uromyces fabae.
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superfamily (Marger and Saier, 1993). The putative

HxtA protein shared similarities between 30 and 43% to

a predicted protein of N. crassa (NCU08152.1), to the

high affinity glucose transporter Gtt1 from T. harzianum
(Delgado-Jarana et al., 2003) and several other fungal

high affinity hexose transporters (Fig. 1). The sequence

of A. nidulans hxtA is available at the EMBL database

under the Accession No. AJ535663.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AJ535663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AJ535663
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To address the question how many hexose trans-
porters might exist in A. nidulans besides HxtA, we an-

alyzed the A. nidulans genomic DNA sequence at the

Whitehead Institute (http://www-genome.wi.mit.edu/

annotation/fungi/aspergillus) for putative candidates.

The genome of S. cerevisiae contains 20 hexose trans-

porter-related proteins, Hxt1-17, Gal2, and two glucose

sensors Snf3 and Rgt2 (Wieczorke et al., 1999). How-

ever, Hxt12 appears to be a pseudogene and the role in
hexose uptake is rather questionable (Boles, Frankfurt,

personal communication). Therefore, we used the 19

yeast transporters to search in the A. nidulans database

and analyzed the first 10 hits of the blast search, the first

10 hits from a blast search with A. nidulans HxtA as well

as several other fungal hexose transporters obtained in a

blast search of the NCBI database for the construction

of an unrooted phylogram (Fig. 1). The analysis showed
that A. nidulans contains at least 17 putative hexose

transporters with amino acid numbers between 477 and

584. Candidate genes encoding homologues to the glu-

cose sensors Rgt2 and Snf3 in S. cerevisiae, which are

about 200 and 300 amino acids longer than the other

transporters, are not obvious in A. nidulans (Fig. 2).

However, the sensor of N. crassa Rco-3 consists of 594

amino acids and the C-terminal extension has no simi-
larity to the extensions of Snf3 or Rgt2. The identities

between the 17 proteins of A. nidulans range from 20 to

62% (Fig. 2). Two proteins MstA and MstB are even

84% identical. MstA was deposited in the NCBI data-

base but two sequences in the Whitehead database were

annotated with MstA. To distinguish the two, we named

the second Whitehead Sequence MstB. The contig cov-

ering mstA was annotated on linkage group III whereas
mstB derived from linkage group I. Several important

amino acids are conserved in all 17 A. nidulans se-

quences. Since the sequence of most of the genes has not

been confirmed yet and especially the exon–intron bor-

ders were not determined experimentally, some se-

quences still might contain some sequence mistakes.

Therefore, we also highlighted amino acid residues in

Fig. 2 when only more than 8 were identical. Since the
genome of A. nidulans contains more than 100 candi-

dates with similarity to major facilitator proteins it is

likely that the total number of hexose transporters is

even higher. In Candida albicans 20 putative hexose

transporters were identified (Fan et al., 2002).

3.2. hxtA is dispensable for vegetative growth, asexual

and sexual development

In order to ascribe a biochemical and physiological

function to HxtA, we deleted the corresponding gene. A

hxtAwild type strain (SRF200) was transformed with the

knock-out construct pHHRarg11 and arginine proto-

trophic strains were selected. From 20 transformants only

one presented a homologous integration event, which
deleted a 0.6 kbPstI–EcoRI fragment from the hxtA gene
and disrupted the coding region with the argB gene as

shown by Southern blot analysis (Fig. 3). Genomic DNA

was digested with BamHI and hybridized to the probe

indicated in the figure. In the wild type a ca. 17.5 kb band

appeared while the deletion strain (SHWH11) showed

two bands of 14.5 and 4 kb. Additional restriction digests

with HindIII and XhoI confirmed the deletion (not

shown). To exclude the possibility that the deletion strain
still contained somewild type nuclei in a heterokaryon,we

crossed the strain SHWH11 to the hxtA wild type strain

RMS011 and selected a DhxtA strain (SWHH7), which

only required p-aminobenzoic acid as supplement. This

strainwas used for phenotypic analysis (Fig. 3). The strain

grew on minimal media supplemented with p-aminoben-

zoic acid and different glucose amounts (0.02–100mM)

like wild type. No abnormality with regards to hyphal
extension, asexual development or fruiting body forma-

tion was obvious (data not shown). Since the expression

pattern suggested a role in sexual development (see be-

low), we studied this process in more detail but could not

find any indication for a delay in fruiting body or asco-

spore development or the viability of ascospores. There

was also no difference in vegetative growth with respect to

a wild type on other carbon sources such as fructose,
sorbose, mannose, galactose, galacturonic acid, xylose,

ribose, arabinose, saccharose, lactose, maltose, cellobi-

ose, melibiose, and raffinose. These results suggest that

either we have not found the carbonmolecule transported

by HxtA or that the substrate spectrum of HxtA overlaps

with that from otherA. nidulans hexose transporters. This

is also the case in S. cerevisiae, in which the GAL2 gene

(encoding the galactose permease) had to be deleted in
addition to other 17 transporters (HEX1-17) in order to

obtain a strain unable to use glucose (Wieczorke et al.,

1999). However, evidence against an overlapping func-

tion ofHxtAwith other hexose transporters was provided

by a complementation experiment in a yeast strain

(EWY.4000) in which the 18 hexose transporter genes

(HEX1-17, GAL2) were deleted (Wieczorke et al., 1999).

There, hxtA cDNA was cloned into an expression vector
under the control of the constitutive Hþ–ATPase pro-

moter. As a positive control we used the high affinity

glucose transporter,Hxt2, fromS. cerevisiae.Whereas the

transfection of the S. cerevisiae gene restored growth of

EWY.4000 on 2% glucose, introduction of A. nidulans

hxtA did not. The transformed strain was also unable to

growonother sugars such as fructose, galactose,mannose

and xylose. This result indicates that either HxtA is
transporting a different carbon source or that the lack of

complementation is due to, e.g., protein misfolding or

improper insertion into the membrane. Another possi-

bility is that the A. nidulans gene is not expressed in

S. cerevisiae despite the fact that the expression system

worked well with HXT2. A similar lack of heterologous

complementation was recently described for the high

http://www-genome.wi.mit.edu/annotation/fungi/aspergillus
http://www-genome.wi.mit.edu/annotation/fungi/aspergillus


Fig. 2.Alignment of 17putative hexose transporters fromA. nidulans.The sequenceswere alignedwithClustalW from the software packageDNAStar. If

more than 8 amino acids were identical they were shaded in gray and if more than 15 amino acids were identical they were highlighted in black.
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affinity glucose transporter Gtt1 from T. harzianum

(Delgado-Jarana et al., 2003), which clustered very closely

to HxtA in our phylogenetic analysis (Fig. 1).

3.3. hxtA is transcriptionally induced upon starvation and

during sexual development

To study the expression of the putative hexose

transporter, we analyzed the transcript levels at different
physiological and developmental stages. A. nidulans

(FGSCA4) was grown in liquid culture for 20 h, then the

mycelium washed and incubated either in minimal me-

dium with 100mM glucose or in the absence of glucose.
Mycelium was harvested and processed for northern

blot analysis. The hxtA transcript was not detectable in

the presence of glucose but was induced in the cultures

without glucose indicating that starvation induces hxtA

expression (data not shown). In addition to the northern



Fig. 3. Deletion of the hxtA gene. (A) Scheme of the hxtA locus after integration of the deletion construct. (B) Southern blot analysis of a hxtA

deletion (SHWH11) and a wild type strain. Genomic DNA was restricted with BamHI and after separation and blotting hybridized to the probe

indicated in (A). (C) Colonies of the hxtA deletion (SWHH7) and a wild type strain after 3 days of growth at 37 �C.

Fig. 5. Expression of hxtA during sexual development. (A) RNA of

FGSCA4 was isolated from mycelia grown on an agar surface for the

times indicated above the lanes and hybridized to a hxtA-specific probe

in a Northern blot. (B) Strain SWHHgfp was induced for sexual de-

velopment and cleistothecia were inspected for GFP fluorescence.

Upper panels, phase contrast; middle, GFP channel; lower panels,

overlay. Pictures a–c show hyphae from inside the cleistothecium. The

arrow points to a H€uulle cell which is not fluorescent, the open arrow

head to a fluorescent H€uulle cell. d–f ascogenous hypha. g–i ascogenous

hyphae and ascospores (arrow). The scale bar represents 50lm in (a–c

and g–i) and 20 lm in (d–f).

Fig. 4. Expression of hxtA in hyphae. The hxtA promoter was fused to

sgfp and transformed into SRF200. Strain SWHHgfp was grown in

minimal medium with 2% glucose for 12 h and then transferred to

minimal medium without glucose (pictures A and B) or to minimal

medium with 2% glucose (pictures C and D). Pictures were taken after

2 h of incubation. Left, phase contrast; right, gfp. The scale bar rep-

resents 50lm (A and B) and 20 lm (C and D).
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blot analysis, we studied the expression using GFP as a
reporter. The 2.5 kb of the putative hxtA promoter re-

gion were fused to the gfp gene. This transcriptional

reporter construct was transformed into RMS011 and

20 strains were isolated. Growth of these strains in

medium with glucose concentrations above 0.5% did not



H. Wei et al. / Fungal Genetics and Biology 41 (2004) 148–156 155
induce any fluorescence. However, when these strains
were grown on concentrations below 0.5% glucose or

when glucose was omitted from the medium a strong

GFP signal was observed in the cytoplasm (Fig. 4).

Weak signals appeared already after 20min of starva-

tion. These results support again the hypothesis that

HxtA, similarly to Gtt1 from T. harzianum, is likely to

be a high affinity glucose transporter.

To study the expression during development, we grew
A. nidulans FGSC4 on filters on agar plates. Time-course

mRNA analysis showed that after about 40 h of growth,

when H€uulle cells appeared in the mycelial mat, no hxtA

transcript was detectable yet. However, after 48 h, when

cleistothecia started to develop, the hxtA transcript ap-

peared and its level increased steadily up to 120 h when

large amounts of cleistothecia were present (Fig. 5).

Since sexual development is induced when the external
glucose supply decreases, the appearance of the hxtA

transcript in developing cultures could be simply due to

carbon starvation (Zonneveld, 1972a, 1974). To address

this question we studied the spatial expression of the hxtA

gfp fusion. Two strains were induced for sexual develop-

ment and GFP fluorescence was analyzed in the aging

mycelium and developing cleistothecia. Whereas in the

mycelium only weak fluorescence was detected, we found
strong signals within the hyphae inside young cleistothe-

cia (Fig. 5). In particular, ascogenous hyphae showed

strong fluorescence. Similarly, in S. pombe a putative

hexose transporter was identified in a screening for mei-

osis-specific genes and was shown to be dependent on the

transcription factor Mei4, which is required for the pro-

gression of meiosis (Watanabe et al., 2001). In contrast to

the expression pattern of hxtA, low inH€uulle cells and high
in ascogenous hyphae, we found that the mutanase en-

coding gene mutA was highly expressed in H€uulle cells, in
which the young cleistothecia are embedded, and not in

cleistothecia (Wei et al., 2001). Interestingly, a similar

localization pattern to HxtA in A. nidulans was found for

the product of the asd1 gene in N. crassa. It encodes a

putative rhamnogalacturonase and was detected in cro-

ziers and young asci, but only very weak in mature asci
and developing ascospores (Nelson et al., 1997). Those

and our results suggest a complex regulation of cell wall

turnover and carbon supply of developing tissues in fungi.

Our hypothesis is that in A. nidulans, H€uulle cell secretion
of cell wall lytic enzymes releases monosaccharides from

the reserve material (cell walls) and that turns on the ex-

pression of high affinity glucose transporters to nurse the

developing cleistothecia, indicating a task distribution
between different cell types during sexual development.
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