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In contrast to many other cases in microbial development, Aspergillus nidulans conidiophore production
initiates primarily as a programmed part of the life cycle rather than as a response to nutrient deprivation.
Mutations in the acoD locus result in "fluffy" colonies that appear to grow faster than the wild type and
proliferate as undifferentiated masses of vegetative cells. We show that unlike wild-type strains, acoD deletion
mutants are unable to make conidiophores under optimal growth conditions but can be induced to conidiate
when growth is nutritionally limited. The requirement for acoD in conidiophore development occurs prior to
activation of brL4, a primary regulator of development. The acoD transcript is present both in vegetative
hyphae prior to developmental induction and in developing cultures. However, the effects of acoD mutations
are detectable only after developmental induction. We propose that acoD activity is primarily controlled at the
posttranscriptional level and that it is required to direct developmentally specific changes that bring about
growth inhibition and activation of brUA expression to result in conidiophore development.

The asexual life cycle of the filamentous fungus Aspergil-
lus nidulans can be divided into two distinct phases, growth
and reproduction. Following germination of an asexually
derived spore, termed a conidium, hyphae grow and branch
outwards to form an undifferentiated network of intercon-
nected cells, termed the mycelium. At a fixed time after
germination, some of the hyphal cells making up the
mycelium become capable of differentiating conidiophores
and are described as developmentally competent (5, 11).
These cells initiate development when exposed to an air-
water interface and give rise to conidiophores that then
produce thousands of mitotically derived spores. The mech-
anisms controlling the acquisition of developmental compe-
tence followed by a switch from undifferentiated growth to
conidiophore development are largely unknown but appar-
ently are genetically determined (5, 11), with competence
arising as a programmed event in the life cycle rather than as
a response to unfavorable environmental conditions (21).

Several mutant strains that exhibit morphological defects
suggesting that they may be altered in their ability to undergo
programmed switching from undifferentiated growth to
conidiophore development have been described (10, 23, 26).
In fact, when mutant strains of A. nidulans defective in
asexual reproduction but having normal vegetative growth
were classified by Martinelli and Clutterbuck (16) according
to the stage of development affected, 83% of the mutants
were altered in their ability to initiate development. Thus, if
mutation frequency accurately reflects the number of genes
directly and indirectly involved in a process, then initiation
is the most genetically complex step in development.
The most commonly described phenotype for such puta-

tive switching mutants is "fluffy."A. nidulans fluffy mutants
characteristically proliferate as undifferentiated masses of
vegetative cells to form large cottonlike colonies (13, 16, 23).
One typical fluffy mutant results from mutation of the acoD
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gene and is defined by a temperature-sensitive mutation,
acoD684 (26). Using temperature shift analysis, Yager et al.
(26) showed that acoD mutations block development shortly
after cells become competent to differentiate conidiophores.
We have begun a molecular analysis of acoD and of other
genes defined by mutations that result in fluffy A. nidulans
colonies in an effort to understand the cellular mechanisms
controlling the switch from proliferative growth to develop-
ment. In this paper, we describe the isolation and initial
characterization of the wild-type acoD gene. We show that
under normal circumstances acoD is required for expression
of the primary regulator of the pathway underlying conidio-
phore development, brL4 (1, 18). This requirement for acoD
can be partially overcome by limiting growth conditions.
acoD is the first gene characterized at the molecular level
that has been shown to play a role in the complex events
leading up to brUA expression.

MATERIALS AND METHODS

Fungal strains and growth conditions. A. nidulans strains
used in this study are shown in Table 1. For the acoD684 and
acoD102 temperature-sensitive mutants, 42°C was used as
the restrictive temperature and 32°C was used as the permis-
sive temperature. Minimal medium was prepared as de-
scribed by Kafer (15). Complete medium is standard minimal
medium containing 5 g of yeast extract per liter. Develop-
mental cultures were induced as described elsewhere (3, 24).
Growth rates of acoD mutant and wild-type colonies were

determined by inoculating single spores in the center of a
piece of cellulose membrane placed on the surface of an agar
plate containing either complete or minimal medium. Plates
were incubated at 37°C, and after appropriate times, the
diameter of each colony was determined, fungal material
was scraped and removed from the membrane, and the wet
weight was determined. This material was dried under a
vacuum for 24 h before the dry weight was determined. Four
separate samples were used for each time point, and less
than 10% variation in weight was observed. Statistical values
for comparing data sets were obtained with the general linear
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TABLE 1. A. nidulans strains used in this study

Strain Genotype Source

TU33 yA2pabaA1 pyrG89 acoD1O2pyroA4 This study
veAl

TU35 yA2pabaA1 pyrG89 acoD684pyroA4 This study
veAl

TU43 yA2pabaA1 pyroA4 veA1 This studya
PW1 biA41 argB2 methGl veAl P. Weglenski
FGSC237 pabaAl trpC801 veAl FGSCb
1TA125.1 biAl acoD::argB+ methGl veAl This studyc
TTA127.2 pabaAl AacoD::trpC' veAl This studyd
FGSC26 biAl veAl FGSCa

a Transformant of TU35 with pAD4.
b FGSC, Fungal Genetics Stock Center.
c Transformant of PW1 with pTA125.
d Transformant of FGSC237 with pTA127.

model and analysis-of-variance procedure of SAS (SAS
Institute, Carey, N.C.). Samples of cultures grown on com-

plete medium were taken 48, 60, 72, 84, and 96 h after
inoculation. Samples of cultures grown on minimal medium
were taken 72, 84, 96, 108, and 120 h after inoculation.
To measure conidial production during the temperature

shift experiment with the wild-type and acoD mutant strains,
confluent lawns were produced by plating 3 ml of 1.0% top
agar containing 105 conidia per ml onto complete-medium
plates. Sets of plates were incubated at 32°C (permissive
temperature) and were then upshifted to 42°C (restrictive
temperature) at various times. Plates were incubated for a

total of 60 h, and then five punches were taken randomly
from a plate with an 11-mm-diameter steel test tube cap and
the fungal material was placed into 5 ml of 0.2% Tween 80.
This material was homogenized for 1 min in a Wheaton
ground-glass homogenizer. The homogenate was diluted
1:10 in 0.1% Tween 80, and conidial counts were determined
with a hemacytometer.

Genetic techniques. Standard A. nidulans genetic (12, 22)
and transformation (17, 27) procedures were used.

Microscopy. All light microscopy was done with an Olym-
pus SZ-11 stereomicroscope and transmitted light.

Nucleic acid isolation and manipulation. Total RNA was

isolated as described previously (1). Total RNA (10 ,ug
per lane) was separated by electrophoresis on formalde-
hyde-agarose gels and transferred without pretreatment to
nylon membrane (Hybond-N; Amersham Corp., Arlington
Heights, Ill.). Hybridization to 32P-labeled random primed
probes was done according to procedures recommended by
the membrane manufacturer. Plasmid pBS2.5 containing the
2.5-kbp BamHI-SalI fragment from the briA gene region was
used as a brLA-specific probe (8). A 2.5-kb XhoI fragment
from within the 7-kb BamHI-HindIII acoD gene region
cloned in Bluescript KS- (pFM1; Stratagene, La Jolla,
Calif.) was used as an acoD-specific probe (see Fig. 2).
The acoD disruption vectors pTA125 and pTA127 were

generated from pFM1 by standard techniques. pTA125 was

constructed by inserting a 2-kb EcoRI fragment carrying the
A. nidulans argB+ (7) gene from pSalargB into a unique
EcoRI site in the center of the predicted acoD coding region
in pFM1 (see Fig. 2). pTA127 was constructed by first
deleting the 2.5-kb XhoI fragment from pFM1 and then
inserting a 4-kbXhoI fragment that contains the A. nidulans
trpC' (27) gene in its place.

RESULTS

acoD is required at the time conidiophore development
initiates. Figure 1 shows conidiophores formed by a wild-
type A. nidulans strain and the mycelial mass formed by an
acoD684ts mutant grown at the restrictive temperature. We
have shown that the fluffy colony morphology exhibited by
the acoD684ts mutant strain is the same phenotype that
results from complete loss of acoD function (see Results
below). To determine the time during which the acoD gene
product is required for conidiation, confluent lawns of the
acoD684's mutant were grown for various times at the
permissive temperature and then shifted to the restrictive
temperature. Figure 1C shows that beginning about 24 h
after germination, acoD was no longer needed for develop-
ment to proceed. The requirement for acoD occurred only
after the strain had become competent to develop and was
exposed to an air interface (data not shown). Under the
conditions used, cells became competent to develop approx-
imately 18 h after germination, indicating that the acoD gene
product was required during a critical period of about 6 h.
After this critical time had passed, conidiation proceeded as
with the wild type.

Isolation and physical mapping of the acoD gene. Standard
procedures were used to transform A. nidulans TU35
(acoD684cs) (Table 1) with purified DNA from anA. nidulans
genomic DNA library constructed in the plasmid vector
pGM3 (25). This library contains 6- to 9-kbp inserts in a
vector (pGM3) that carries the Neurospora crassa pyr4 gene
as a selectable marker. pyr4 can complement mutations in
the A. nidulans pyrG gene which result in pyrimidine aux-
otrophy (6). Approximately 500 pyrimidine prototrophs were
screened visually for the ability to conidiate at the restrictive
temperature, and one strain that displayed normal develop-
ment, TU43, was isolated for further characterization.
Genomic DNA was isolated from TU43, subjected to

Southern blot analysis, and shown to contain a single copy of
integrated vector sequences (data not shown). The inte-
grated sequences were recovered from TU43 by restriction
of genomic DNA with an enzyme (BglII) that does not cut in
pGM3, followed by ligation and transformation of Esche-
richia coli and selection for ampicillin-resistant transfor-
mants. Restriction enzyme analysis of plasmid DNA isolated
from several independent ampicillin-resistant E. coli trans-
formants showed that all the plasmids were identical. One of
these plasmids, pAD4, was isolated for further study. Forty-
three of fifty transformants of TU35 with pAD4 produced
wild-type conidiophores at the restrictive temperature.
pAD4 was then used to screen an ordered cosmid library

of A. nidulans genomic DNA constructed in the vector
pLorist2 (3a, 14), and four cosmids, pL12F7, pL12H9,
pL25H12, and pL28H7, were identified. Each of these
cosmids was previously shown to contain DNA from A.
nidulans chromosome III (9), which corresponds to the
chromosome shown by mitotic mapping to carry the acoD
gene (25a). Cotransformation of TU35 with pL12F7 and a
plasmid containing the N. crassa pyr4 gene (pRG3) (20)
demonstrated that pL12F7 contains all the sequences neces-
sary to complement the acoD684's mutation at high fre-
quency. A 12-kbp region of pL12F7 corresponding to se-
quences in pAD4 was mapped and used for further
experiments aimed at localizing the acoD gene (Fig. 2A).

Several fragments from the 12-kbp acoD genomic region
were subcloned into either pBluescript KS- or the pyr4
transformation vector pRG3 and tested for their ability to
complement the acoD684's mutation. A high level of acoD
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FIG. 1. acoD is required for normal conidiophore development. (A and B) Micrographs of aerial hyphae produced by an acoD684fs mutant
(A) and conidiophores produced by a wild-type strain (B) were prepared as described in Materials and Methods. Arrows indicate
conidiophores produced by the wild-type strain. (C) A. nidulans FGSC26 (wild type) and TU35 (acoD684fs) were grown as described in
Materials and Methods at 32°C and upshifted to 42°C at the times indicated. After 60 h, samples were taken and the numbers of conidia were
determined with a hemacytometer. Arrows indicate times when major developmental events take place in the wild-type strain.

complementation was observed by using a 7-kbp BamHI-
HindIII fragment cloned into pBluescript in cotransforma-
tion experiments with pRG3 to transform TU35 to uridine
prototrophy and by observing the developmental phenotype
(Fig. 2A). By probing Southern blots of genomic DNA from
transformants having wild-type conidiophore morphology
with the putative acoD gene region, we have shown that
both homologous and heterologous integration of the 7-kbp
BamHI-HindIII fragment resulted in complementation of the
acoD684ts mutation (data not shown). When this fragment
was divided by the central EcoRI site, fragments to the left
failed to rescue the acoD684ts fluffy phenotype, whereas
fragments to the right did rescue but at a reduced frequency
(Fig. 2A). By contrast, only fragments to the left of the
central EcoRI site complemented the fluffy phenotype result-
ing from a second acoD mutant allele, acoD102's. This
indicates that the gene extends to both sides of the EcoRI
site. Southern blot analysis of wild-type transformants in
both cases showed that integration must take place at the
acoD locus to repair the mutation. From these results, we
infer that the acoD684's mutation maps within the 800-bp
EcoRI-XhoI fragment but that the gene extends to the left of
the EcoRI site where the acoD102's mutation maps.

Disruption of the acoD gene results in a fluffy mutant
phenotype. To demonstrate that sequences contained in
pAD4 corresponded to the wild-type acoD gene and to
exclude the possibility that pAD4 contains a suppressor,
strain TTA125.1 was generated by disruption of putative

acoD coding sequences (see results below). This strain,
which is fluffy, was crossed with strain TU35 (acoD684's)
and with strain TU33 (acoDO02/s). Several hundred meiotic
progeny were analyzed from each cross and found either to
be temperature-sensitive fluffy mutants or to have the same
fluffy phenotype as the disruption strain TTA125.1. No
developmentally wild-type progeny were observed in either
cross, indicating that sequences in pAD4 are tightly linked to
the original acoD mutations. Diploid strains were also gen-
erated with TTA125.1 or TTA127.2 (a putative acoD dele-
tion strain) (Fig. 2B) and TU35. In both cases, the diploid
phenotype was temperature-sensitive fluffy, as with TU35
and TU33. Taken together, these results support the notion
that sequences contained within pAD4 correspond to the
acoD gene.
The region corresponding to the acoD gene was further

localized by probing RNA blots with DNA fragments from
the complementing region. Both the 800-bp EcoRI-XhoI
fragment containing the minimal acoD684 complementing
sequences and the adjacent 1.8-kbp EcoRI-XhoI fragment
identified a single transcript of about 3.0 kilonucleotides (see
Results below). Disruption of the acoD gene by insertion of
a fragment containing the argB gene into the EcoRI site (Fig.
2B) resulted in a loss of this RNA and the appearance of an
RNA species with decreased mobility that hybridized to the
1.8-kbp EcoRI-XhoI fragment but not to the 800-bp fragment
(data not shown). This indicates that this 3-kilonucleotide
message corresponds to acoD mRNA and that the gene is
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FIG. 2. Localization and mapping of the acoD gene. (A) Diagram of the acoD gene region. Top, restriction map of the DNA region that

is able to complement an acoD mutation; bottom, DNA fragments used in transformation experiments to localize the acoD complementing
region. Restriction sites: X, XhoI; E, EcoRI; B, BamHI; H, HindIll. The direction of acoD transcription was determined with single-stranded
specific DNA probes. (B) acoD disruption vectors. pTA125 and pTA127 were constructed as described in Materials and Methods and were
used in transformation experiments to replace the wild-type acoD gene.

likely to be transcribed in the direction shown in Fig. 2. We
have confirmed the direction of transcription by using single-
stranded DNA probes (data not shown).
acoD mRNA is present throughout the life cycle. The acoD

gene product is apparently required after cultures have
obtained developmental competence but prior to the elabo-
ration of conidiophore structures (Fig. 1) (26). We investi-
gated the possibility that, as with several other A. nidulans
genes having developmentally specific functions, acoD tran-
scription is regulated during development. Total RNA was

isolated from submerged cultures both before and after the
acquisition of developmental competence and from various
times after development was induced. Figure 3 shows that
acoD message was present within 12 h of inoculation and
that transcript levels remained relatively unchanged after
induction of development. However, no acoD mRNA was

detected in mature spores.
Abnormal growth and development of acoD mutants. Both

of the original acoD mutant strains were isolated as temper-
ature-sensitive strains that conidiate like the wild type at the
permissive temperature and are fluffy at the restrictive
temperature (26). The construction of a strain containing a

deletion of the acoD genomic region allowed us to investi-

1 2 3 ;5 6

4.4 kb-

2.4 kb-

FIG. 3. acoD encodes a 3-kb message that is present in vegeta-
tive cells. Total RNA was isolated from a wild-type A. nidulans
strain (FGSC26) at various times during development and fraction-
ated on a formaldehyde-agarose gel. The resultant gel blot was

probed with the 2.5-kbp XhoI fragment from the acoD gene region
(Fig. 2). Lane 1, RNA isolated from an uninduced liquid culture 12
h after inoculation with spores and before developmental compe-
tence was reached; lane 2, RNA isolated from an uninduced liquid
culture 22 h after inoculation and after acquisition of developmental
competence; lanes 3 to 6, RNA isolated 3, 6, 12, and 24 h after
induction of development; lane 7, RNA isolated from conidia. Equal
loading of the RNA samples was determined by comparing intensi-
ties of ethidium bromide-stained rRNA bands.
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FIG. 4. acoD mutations result in altered growth. A. nidulans
FGSC26 (wild type) and TTA127.2 (AacoD) were grown as colonies
from single spores on cellulose membranes supported by solid
complete (A) or minimal (B) medium as described in Materials and
Methods. At the times indicated, the colonies were scraped off the
filter and wet (W) and dry (D) weights were determined. Colony
mass at each time relative to the colony mass at the first time point
is reported and is the average for four samples from each time point.
Less than 10% variation was seen within each data set (see Materials
and Methods).

gate the effects of an acoD null mutation on growth and
development. On complete medium, the acoD deletion mu-
tant grew as a large mass of aerial mycelia while the
wild-type strain produced mainly substrate mycelia that gave
rise to conidiophores (Fig. 1). To determine whether the loss
of development in acoD mutants corresponded to an in-
creased growth rate, wild-type and acoD mutant strains
were point inoculated as single spores onto cellulose mem-
branes supported by solid complete medium and incubated
for various times. Growth was determined by measuring
colony diameter and by determining both the wet weight and
the dry weight of the fungal material on the membrane at
various times after inoculation (see Materials and Methods).
The diameters of acoD mutant colonies increased at a

slightly higher rate than did those of wild-type colonies,
resulting in a 15% larger colony size by 6 days after germi-
nation (data not shown). As shown in Fig. 4A, the wet
weight also increased at a significantly faster rate in the acoD
deletion mutant than in the wild-type strain (P > 0.001) (see
Materials and Methods). However, dry weight increased at
the same rate in both strains, indicating that although the
apparent growth of acoD mutant strains was increased
above that of the wild type, there was no increase in
accumulation of dry mass.

1*.."r:f I5 p
.$

FIG. 5. Nutritional limitation results in conidiation by acoD
mutant strains. 1TA127.2 was grown for 3 days at 37°C on minimal
medium and photographed as described in Materials and Methods.
Arrows, conidiophores.

The growth rate of A. nidulans can be affected by a

number of parameters including temperature and nutrient
supply. Growth rates of wild-type and acoD deletion strains
were reduced at least twofold on minimal medium compared
with rates on complete medium (Fig. 4B). For wild-type
strains, this change in growth rate had no demonstrable
effect on the timing or extent of conidiophore development.
By contrast, we found that the developmental deficiency of
the acoD deletion strain was partially rescued by growing
the strain on minimal medium to limit the nutrient supply
(Fig. 5). The development observed in acoD mutants grown
under these conditions was delayed at least 24 h compared
with that of the wild type, and the numbet of conidiophores
produced was greatly reduced.
acoD mutations affect accumulation of brU message. Dif-

ferentiation of the multiple cell types that make up the A.
nidulans conidiophore involves the sequential activation of
several hundred genes. One of these genes, brUA, has been
shown to be the primary activator of a linear dependent
regulatory pathway that controls its own temporal and
spatial expression and that of many other developmentally
regulated genes (1, 18). In order to determine whether acoD
was required for brUA expression, we isolated total RNA
from wild-type and acoD deletion mutantA. nidulans strains
grown in submerged culture or allowed to develop for
various times and examined briA expression patterns. Figure
6A shows that, when grown on complete medium, brUA
mRNA first became detectable between 2 and 4 h after
induction of development in wild-type strains. This corre-
sponds to the time when conidiophore vesicles, the first cell
type that can be distinguished during conidiophore develop-
ment, were observed. By contrast, no brUA mRNA and no

conidiophore vesicles were ever detected in the acoD dele-
tion strain grown under these conditions.
As described above, acoD deletion mutants can be in-

duced to form conidiophores when grown on minimal me-

dium. Figure 6B shows that brU mRNA was first detected in
the acoD deletion strain between 6 and 9 h after induction of

O. TrA127.2W

9g TTA127.2 D

-A- FGSC26 W

A FGSC26 D
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FIG. 6. acoD mutations result in altered control of brU. Total
RNA was isolated from FGSC26 (wild type) and TTA127.2 (AacoD)
grown on complete medium (A) or supplemented minimal medium
(B) at various times after induction of development and fractionated
on a formaldehyde-agarose gel. The resultant gel blot was probed
with a brU-specific DNA fragment. Lane designations represent
times (in hours) after developmental induction. Equal loading of the
RNA samples was determined by comparing intensities of ethidium
bromide-stained rRNA bands.

development on minimal medium. brUA mRNA was first
detected in wild-type strains grown under the same condi-
tions between 3 and 6 h after developmental induction. The
absolute levels of brA mRNA are significantly higher in the
wild type than in the acoD mutant. Under these conditions,
conidiophore vesicles were first observed in the wild-type
strain at about 4 h after induction of development but were
not detected in the acoD deletion strain until 24 h postinduc-
tion.

DISCUSSION

The molecular genetic mechanisms controlling the initia-
tion of A. nidulans conidiophore development are largely
unknown but have been shown to involve at least two
separate events. First, vegetative cells must become compe-
tent to undergo differentiation (5, 11). Developmental com-

petence arises after cells have grown for a fixed time that, as
with development, is apparently genetically determined
rather than environmentally dependent. Second, conidio-
phore development does not occur when cells are grown in
liquid medium but takes place only when hyphae are ex-

posed to an air interface (4, 19, 24). Induction of develop-
ment ultimately leads to activation of transcription of the
brUA gene, which in turn results in the sequential activation
of numerous genes controlling various aspects of develop-

ment (1, 8, 18). Adams et al. (1) showed that forced expres-
sion of brUA at any time during the life cycle overrides the
need for prior conidiation-specific events and directs devel-
opment of vegetative cells into reduced conidiophores even
in a liquid medium. These data demonstrate that activation
of brU expression is a major control point in initiation of the
conidiation pathway.
We have described the isolation of the A. nidulans acoD

gene and have demonstrated that acoD is required for
normal control of development. In contrast to many other
cases of microbial development, A. nidulans conidiophore
development initiates primarily as a programmed part of the
life cycle rather than as a response to an unfavorable
environment (21). Strains lacking the acoD gene no longer
make conidiophores as a normal part of their life cycle but
now respond to growth-limiting conditions by initiating
development.
Our results show that under optimal growth conditions on

supplemented medium, acoD is required for activation of
brUA expression but that this requirement is partially over-
come when growth is limited nutritionally. We were unable
to detect any briA mRNA in cultures even 48 h after
development was induced in an acoD deletion mutant grown
on complete medium (Fig. 6). When the same strain was
induced to develop on minimal medium, we observed de-
tectable levels of briA transcript within 9 h and conidio-
phores appeared several hours later. Although acoD mutant
strains are able to accumulate brUA mRNA and produce
conidiophores under these conditions, the time of appear-
ance of brUA transcript is delayed and the final level of
accumulation is reduced. From these results, we suggest that
brUA can be activated by more than one mechanism. In
wild-type A. nidulans, the major developmental pathway
requires acoD and results in a programmed induction of brUA
expression that occurs independently of growth conditions.
In the absence of acoD, development is controlled by a
mechanism that senses growth rate or nutritional status
directly.
There is no measurable effect of acoD mutations on

vegetative growth in liquid medium, indicating that the acoD
gene product is apparently required only after cells have
reached developmental competence. However, acoD tran-
script accumulation is not developmentally regulated. acoD
mRNA is present beginning shortly after germination and
persists throughout the life cycle, although it is absent in
mature spores (Fig. 3). Developmental induction results in a
slight increase in acoD transcript levels, but the results
presented here suggest that a major mechanism controlling
acoD activity is likely to be posttranscriptional. This makes
acoD the first example of a gene required for A. nidulans
conidiation that is not controlled primarily at the level of
transcription. The disappearance of acoD mRNA in spores
argues that some level of transcriptional control ofacoD also
takes place.
acoD mutant strains appear to grow faster than wild-type

Aspergillus strains, resulting in colonies made up of large
masses of vegetative aerial hyphae, which give the colony a
cottonlike or fluffy appearance (Fig. 1 and 4). Despite the
increased size and total wet weight of acoD mutant colonies
as compared with those of the wild type, the total dry mass
of acoD mutants increases at the same rate as in wild-type
colonies. Thus, the increased size of acoD mutant colonies
likely reflects a difference in mode of growth rather than an
increased ability to utilize nutritional substrates. acoD mu-
tant strains primarily produce vegetative mycelia, while
wild-type strains produce large numbers of spores. The
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differences observed in colony size and wet weight likely
reflect differences in the properties of these cell types.

It was previously shown that artificial induction of devel-
opment by forcing briA expression leads to a complete
cessation of vegetative growth and induction of the conidi-
ation pathway (1, 2). Thus, it is possible that the increased
vegetative growth observed in acoD mutant strains resulted
from the loss of brL4-induced growth inhibition. In fact,
acoD mutant strains respond to forced expression of brUA
just as the wild type does, by stopping growth and forming
functional conidiophores (data not shown). An alternative
explanation for the increased colony growth rate observed in
acoD mutant strains is that the acoD product itself is directly
involved in the switch from vegetative growth to develop-
ment. Developmentally programmed changes in growth in-
duced by acoD may result in activation of brUA expression,
thus causing initiation of the central conidiation pathway. If
this is the case, acoD-controlled brU activation may repre-
sent a refinement of the more primitive control observed
when growth is limited by environmental conditions.
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