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The Aspergillus nidulans brlA regulatory locus consists
of overlapping transcription units that are individually
required for conidiophore development
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The Aspergillus nidulans briA locus controls conidiophore
development in conjunction with the products of several
other regulatory loci. In this paper, we show that the briA
locus consists of overlapping transcription units,
designated « and (3, with « transcription initiating within
G intronic sequences. The predicted BrlA polypeptides
differ by 23 amino acid residues at their N-termini.
Targeted mutations specifically eliminating either the «
or (3 transcript led to developmental abnormalities similar
to those produced by previously identified hypomorphic
mutants, showing that both transcripts have essential
functions for normal development. However, provision
of additional doses of o in a 3~ strain or of 8 in an a~
strain remediated the developmental defects, indicating
that the polypeptides have redundant functions. It is likely
that differential regulation of o and 3 expression in the
wild type is important for the initiation and temporal
regulation of development.
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Introduction

Asexual reproduction or conidiation in the filamentous
ascomycete Aspergillus nidulans entails development of a
complex, multicellular reproductive apparatus called the
conidiophore (Oliver, 1972; Mims et al., 1988). Numerous
developmentally relevant genes have been identified by
mutation. Many of these direct the synthesis of enzymes or
structural proteins needed for the specialized activities of
differentiated conidiophore cells (Clutterbuck, 1977; Law
and Timberlake, 1980; O’Hara and Timberlake, 1989;
Aramayo and Timberlake, 1990; Birse and Clutterbuck,
1990; Clutterbuck, 1990; Mayorga and Timberlake, 1990,
Tilburn et al., 1990; Stringer et al., 1991). Others appear
to be responsible for spatiotemporal coordination of the
expression of the hundreds of genes that are selectively
activated or inactivated during conidiation (Clutterbuck,
1977; Timberlake, 1980, 1990, 1991b; Zimmermann et al.,
1980; Miller et al., 1991, 1993). The latter group of genes
includes stud, medA, briA, abad and wetA. Mutations in
these genes are pleiotropic at the morphological and
molecular levels, leading either to an arrest of development
at a specific stage or gross alterations in conidiophore
morphology and to major changes in the patterns of
expression of numerous other developmentally regulated
genes (Clutterbuck, 1969; Martinelli, 1979; Boylan et al.,

1987; Timberlake, 1990; Miller et al., 1991, 1993). Many
of the potential regulatory genes have been cloned and
subjected to varying degrees of analysis (Johnstone et al.,
1985; Boylan et al., 1987; Adams et al., 1988, 1990;
Mirabito et al., 1989; Adams and Timberlake, 1990a,b;
Marshall and Timberlake, 1991; Miller er al., 1991, 1993).

Bristle (brlA) is the most extensively characterized
regulatory gene. Several types of evidence indicate that brid
is of central importance in controlling the steps of
conidiophore formation. First, even though bri4 null mutants
initiate development, they produce only rudimentary
conidiophores consisting of stalks that elongate
indeterminately and fail to form any other differentiated cell
types (Clutterbuck, 1969). These mutants do not activate
most developmentally regulated genes, including putative
downstream regulatory genes (Boylan et al., 1987).
Hypomorphic briA alleles permit more extensive, although
abnormal, development and modify the expression patterns
of genes encoding development-specific enzymes (Birse and
Clutterbuck, 1991). Secondly, briA activity is continuously
required for the completion of all developmental steps from
vesicle formation to spore differentiation (Mirabito et al.,
1989). Thirdly, briA encodes a zinc finger protein,
suggesting that BrlA is involved directly in regulating the
transcription of other developmentally important genes
(Adams et al., 1988, 1990). The ability of brid to
transactivate transcription in yeast of a reporter gene fused
to a minimal yeast promoter and putative brid response
elements supports such a role (Chang and Timberlake, 1993).
Finally, induced transcription of brlA in A. nidulans hyphae
under non-sporulating conditions leads to activation of
numerous other sporulation-specific genes, including
proposed downstream regulatory genes, induction of
sporulation, growth arrest and major metabolic alterations
(Adams et al., 1988; Mirabito et al., 1989; Adams and
Timberlake, 1990b). Thus, brld expression is sufficient to
drive the core developmental program leading to spore
formation. It is therefore apparent that elucidation of the
mechanisms regulating brl4 expression is essential for
understanding how this locus controls the steps of
conidiophore development.

In initial characterizations of the cloned brlA gene, results
from S1 nuclease protection studies suggested that the gene
was transcribed in alternate patterns (Boylan et al., 1987).
However, subsequent primer extension studies failed to
confirm the existence of multiple transcription initiation or
polyadenylation sites or to identify alternative introns (Adams
et al., 1988). In selecting brlA cDNA clones we obtained
a class of plasmids that could not be explained by the
proposed simple transcriptional structure of bri4. In this
paper we show that bri4 is a compound gene, consisting of
overlapping transcription units, designated o and 3, with «
transcription initiation sites residing in a 8 intron. Mutations
that specifically interfere with either o or 8 transcription
cause formation of abnormal conidiophores, reminiscent of
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those produced by previously identified hypomorphic
mutants, showing that both transcript classes are required
for normal development. However, additional copies of o
are able to restore 8 mutants to wild type and additional
copies of (3 are able to restore @ mutants to wild type. Thus,
although each transcription unit is essential for normal
development, their products have redundant functions.
Results described in Han et al. (1993) indicate that
expression of brlAa and briAf3 is controlled by different
mechanisms. The data suggest that bri4( is instrumental in
initiation of development, whereas brid« is more important
for continued development once it is initiated.

Results

brlA consists of two overlapping transcription units

The molecular structure of the brid locus was initially
determined by Boylan et al. (1987) and Adams et al. (1988).
Their results indicated that brlA consists of a single intronless
transcription unit. Subsequently, three lines of evidence
suggested that the locus might have a more complex
organization: (i) 3.5 kb of DNA 5’ of the assigned mRNA
cap site were required to complement bri4 null alleles in
trans (Johnstone etal., 1985; T.H.Adams, personal
communication), even though <1 kb of upstream DNA is
usually required for trans-complementation with A. nidulans
genes; (ii) two brid transcripts (2.1 and 2.5 kb) were
occasionally detected in RNA blots (unpublished results);
and (iii) brlA cDNA clones were obtained with 5’ ends
corresponding to sequences upstream of the proposed brid
mRNA cap site (see below). To re-evaluate transcription of
briAd, blots of gels with RNA from hyphae and from
developing cultures containing immature conidiophores were
hybridized with DNA fragments from the brlA chromosomal
region (Figure 1). A 0.7 kb BamHI—HindIIl fragment
(—404 to +247) that contains the assigned brlA mRNA cap
site (+ 1) and 5’'-untranslated sequences, and a HindIII— Sall
fragment (+247 to +2085) that contains the bri4 coding
region, hybridized to a 2.1 kb transcript (designated «) and

+

to a less abundant 2.5 kb transcript (designated 3). An
Apal—BamHI fragment (—1290 to —404) hybridized only
to the 2.5 kb transcript. Other fragments from the region
either showed no hybridization or hybridized to transcripts
appearing to be unrelated to brid. These results supported
the existence of an overlapping transcription unit with
initiation sites in the —1290 to —404 region (see Figure 1).

To confirm the existence of the upstream transcription unit,
poly(A)* RNA from hyphae and developing cultures was
subjected to primer extension analysis with an
oligonucleotide from —737 to —717. Figure 2 shows a
strong primer extension product ending at —851 and weaker
products ending at —857 and —848. The —851 product was
detected with 1 or 10 ug of either hyphal or developmental
RNA, whereas the weaker products were reliably detected
only with 10 ug of RNA. The generation of primer extension
products with hyphal RNA was unexpected, because
transcript was not observed in RNA blots of hyphal RNA
hybridized with a —1290 to —404 probe (see Figure 1). Low
levels of brlAa transcript were also detected by primer
extension of hyphal poly(A)* RNA, even though no
transcript was detected by RNA blot analysis (data not
shown). Further confirmation of the existence of two
transcription units was provided by cDNA clones.
Comparison of genomic sequence with the sequences of 3
c¢DNA clones showed that the 3 transcription unit contained
an intron from —99 to +292. Both a and 8 cDNAs
possessed similar 3’ ends. These results showed that the bri4
locus consists of two overlapping transcription units
(Figure 3A).

The sequence of the brid chromosomal region from
—1289 to +460 is presented in Figure 3B. The 2.1 kb brida
transcript initiates at + 1 and +8 with the first ATG at +349
initiating a 432 codon open reading frame (ORF) (Adams
et al., 1988). The 2.5 kb briA( transcript initiates at —857,
—851 and —848 and contains an intron from —99 to +292.
The first ATG occurs at —790 and initiates a 41 codon
reading frame, designated pORF, with a second ATG at
—112 followed by an ORF of 22 codons fused to the brida
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Fig. 1. Identification of transcripts encoded at the bri4 chromosomal region. RNA was isolated from hyphae (H) or cells that had been induced to
develop for 10 h (D) and gel blots were hybridized with radiolabeled DNA fragments from the bri4 chromosomal region as indicated. The brid
transcript (o) and a second developmentally regulated transcript (3) mapping to the same region are indicated. Restriction sites are: Ss, SsA; B,
BamHI; A, Apal; H, HindIll; S, Sall. All sites are not shown for B, A, H and S.
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OREF at the o ATG. Thus, brlAf is predicted to encode a
polypeptide that differs from BrlA« only by the addition of
23 N-terminal amino acids.

Construction of brlAa~ and 5~ mutants

To assess the roles of brlAa: and brlAB in regulation of
development, we produced mutants that were blocked in
either o or f transcription (Figure 4 and Materials and
methods). Briefly, mutants shown in Figure 4A were
constructed by gene replacement at the brlA locus. Mutants
shown in Figure 4B were made by co-transformation of a
strain (TRPA31N) completely deleted for brid. Multiple,
independent transformants were examined and exhibited
identical phenotypes. Mutants shown in Figure 4C were
constructed by targeted integration at brl4 and #rpC. In strain
TRP44L (briAa*3~; Figure 4A) the Apal —BamHI —1290
to —404 fragment was replaced with a fragment containing
the A.nidulans argB gene, thereby eliminating the 3 initiation
sites and ~450 bp of 5’ and 3’ flanking sequence, but
leaving 404 bp of normal sequence 5’ of the « initiation sites.
In strain TRP62N (briAac=37) the B intron was further
deleted to eliminate the « transcription initiation sites. In
strain TRPA31IN (Abri4) a further deletion of a Smal
fragment from —299 to + 1569 eliminated the entire brida,3
coding region.

1.0 ug SEQUENC#’_W.O ug

— — ——— —— — i 7 e S—

-857 P

N 7

-851 P

-848 P

WEA>OPP>P=E-EA>O0>EA>>>P>2000>2000>>0-9

Fig. 2. Detection of an mRNA cap site upstream of bri4. Poly(A)*
RNA was isolated from hyphae (H) or cells that had been induced to
develop for 10 h (D). 1 or 10 pug of RNA were used as a template for
extension with reverse transcriptase of a 32P-labeled primer
complementary to brld sequences at —737 to —717 (see Figure 3C).
A dideoxynucleotide chain termination sequence reaction generated
with the same primer and an appropriate template is displayed such
that the sequence of the mRNA-like strand is read 5'—3’ from top to
bottom of the gel.

Redundant functions of brlAc and

TRPA31N was used to construct the strains described in
Figure 4B by transformation with either wild type
(TRPA3125; brida*3*) or mutant SstI (—3400 to +6500)
fragments (see Materials and methods). In strain TRPA31342
(brlA2a*37) the 8 ORF ATG was converted to TAG so
that « and @ transcription should be unaffected, but
translation should initiate at the o AUG with both mRNAs.
Thus, some BrlA« polypeptide will be produced under bri43
control. In strain TRPA31396 (briAc.—3%) the 8 ORF ATG
was left intact but the 3 intron was deleted to eliminate o
transcription. To determine whether the intronless version
of B was functional, strain TRP2L14 was constructed
containing a briAa* 3~ fragment at the brlA locus and the
intronless brlAa~(3* fragment inserted in trans at the trpC
locus (Figure 4C).

The effects of the introduced mutations on brld« and briAB
transcription were assessed by RNA gel blot analysis
(Figure 5). RNA was isolated from the parental strain
(RMS011) and mutants at times after inducing conidiation,
and duplicate gel blots were hybridized with - and -
specific probes (Figure 3A). The « transcript accumulated
in parallel and to similar levels in strains RMSO011 (a*8%)
and TRP44L (a*f~), whereas the 3 transcript was not
detected in TRP44L. Neither the « nor 3 transcripts were
detected in strains TRP62N or TRPA31N (ax—3~), whereas
both were detected in strains TRPA3125 (a*B*) and
TRPA31342 2a*37). Only the 8 transcript was detected
in strain TRPA31396 (a~f3*). Both transcripts were
detected in strain TRP2L14 (a*f3~ at brid; a=f* at trpC).
Thus, the transcription patterns exhibited by these strains
were consistent with predictions based on the nature of the
introduced mutations.

Both brlAx and ( are required for normal conidiophore
development

The effects of briAa and brlA3 mutations on conidiophore
development were investigated by scanning electron
microscopy of conidiophores (Figure 6). In all cases, several
independent transformants were examined and found to
produce consistent phenotypes. Strain RMS011 produced
wild type conidiophores possessing normal vesicles, metulae,
and phialides that produced chains of spores by successive
budding (Figure 6A). Strain TRP44L (a*(3~), in contrast,
produced conidiophores with abnormal sterigmata that failed
to produce conidia (Figure 6B and C). A fraction of the
sterigmata of nearly all primary conidiophores re-
differentiated to form abnormal, secondary conidiophores.
The two «~8~ strains (TRP62N, TRPA31N) produced
only conidiophore stalks that grew indeterminately and never
produced sterigmata or conidia (Figure 6D and E). Strain
TRPA31396 (a~8%) formed nearly normal stalks and
vesicles but abnormal sterigmata (Figure 6F and G). Some
of the terminal cells produced single conidia, but conidial
chains were never observed. Strains TRPA31342 2a*f~;
Figure 6H and I) and TRP2L14 (a*B~ at brid, a~B* at
trpC; Figure 6J) produced essentially wild type
conidiophores. In addition, several transformants related to
TRPA31396, but containing multiple integrated copies of
an a~ B+ mutant construct (n >3), also produced
essentially wild type conidiophores (data not shown).

Discussion

The data presented in this paper permit three conclusions
to be drawn concerning the A.nidulans brlA developmental
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-1289 gggccctgcaggttaacaatcgtggagcagggtcecggtcaatcetggtgac

-1239 gatccatctctatggggcggcaataatgattgtgattcagattagttcte
-1189 caggatcgtcatggaagcctaaatgatacagtactatctactggacctag
-1139 ttccaggcgagtcttctgataccgagcaagcactctcttacgtcgaagca
-1089 ttttttgctgagtttcgetttctgtegggetctggatggatggetcggaa
-1039 gtgttccaggtcgtgcattcctcagggcgataaaaataaagegtagtggt
- 989 cgggagatgaagaaatgcaggtccggtatcagecattgtggecgtetgtt
- 939 ggagcatqqaqgcccaccgcagaaaggcaggaaaaagqaatatiggcgat

- 889 aaattaaccaggagaattaaaatcaaggcaacGCAAAATAGATTAAGATT
wORF
- 839 CGAAATAATAATCGCACCCTCTCGCCCTCCAGGTTGGCAGACGTGAGGGA
- 789 TGCCACTTTCTCTCTGCTCTGCTCTCCATACAGTGACTCCCTTTTACCAC
- 739 TTTGGGCTTCAGTCGCAGTCTCTTGACCACCCAAGCCATCGATCTGCCTC
- 689 AAGTGCCAGGGTATATTATCTTTGACCTCCCAACATCTCCATTAACATCA
- 639 TCATCATCATCATCATCATCGTCATCCTCACACCTAAACCACAACCTGCA
- 589 TCATCATCCAGATCCGCCTGAGACATCGGTCCATCCCCGTTGATTCACTT
- 539 CCATCCCCTTGCTGGCCCTCATCTGATCATCTAGAACGACGTCCCTCTGC
- 489 AACTGAGACACGAATTACTTTGCTGTCCAGTCAGCCCACTGCATCCTCCT
BanHI
- 439 CCAACGCCTCCGATCTACGTGCGGGTTGAGACCCAGGATCCGGACATCGC
- 389 GTTTAAGGGCGGGTCTATTGAACCCCTCGACCTCGTTCTTCCCTTCTGCG
Smal
- 339 CAACCCTTCAACGCCTTTTATCCAGAGACACAGGCCTCTCCCGGGAAACA
- 289 GCTAGTCCAGCCCTCTGTTCACAGTTGTCCAGACCAGGGCAGCTCTGGCG
- 239 GTTACTCTAGGAACTCGATAGCCTACATTCCTGGCCTTGCTCGGGACCTG
- 189 GACAGGAACGCGAACGCGCCCCTCCTTCAGCCTTTGCTCTTAGACTCTGG

B
- 139 CTGGCACTTCTCCTTTGGGGAAAAGTAATGACTGCCCTCAgtgagtacga
M T A L
- 89 cgatcttcgagttcctgtttctaccecgectecatttattccctgegeatt
e =
- 39 tgtttatttcatccgccgectectectccattcecggetccCCAACCTTCAT
* 11 TCTCTCTCTTCACCAACTCGCTCATTCACTCACTCAATCGTTTCCCTTAC
+ 61 ACCCACTCTGGTCTTCATTCTTTTGCTTTGCTCTTCTTCTGCACAGTCTT
#1211 TTACTGCTGTCGAGATTAGCCCTCTTTCATTCCTTCACTGGCCTCCACTG
+ 161 GCCTCCACCCCACCGGCCTTAGAAGCCATCCCGCTCATTGCTATCCCACA

HindIII
+ 211 TCTTCTGTCTCTCTATCTCATTCAATCATCGCAGCAGATTCTGCAAAGCT

+ 261 TAGGGAACGTAAACTGAACGGTGCTCTGGCAGGTGAACAAGTCACAGCAC
S E Q V T A
o=
+ 311 CCCTCCAAGAGCGTCGCAGCGCCCCGTCGCTCGAAGACATGCGAAATCAG
P L @ E R R S A PSS L E b M RN Q
+ 361 TCCAGCCTGTCCGATCGTCTGACCGTTGAAGTTGATTGTTCGTCCCTGGG

S s L s D R L% Xhol Xhol
+ 411 CTCCAACGAGTGCCCGTCTATGACCTCGAGCTTCTCGCCGCTCGAGTCTC

Fig. 3. Transcriptional organization of the brid locus. (A) Summary of briAc and briAB transcription units. The map was deduced from primer
extension analysis (Figure 2) and sequence analysis of a genomic clone and 13 and four independent o and 8 cDNA clones, respectively (see
Materials and methods). Splicing of the brl4f primary transcript removes the brlda 5'-untranslated sequences and adds 23 amino acids (H) to the
common reading frame ([J). The C,H, zinc finger region (Adams et al., 1988) is indicated (#). A short ORF initiated by AUG (ORF) present
near the 5’ end of brlAB is shown. Positions of a- and B-specific hybridization probes are indicated. Restriction sites are: A, Apal; B, BamHI; H,
Hind 10; Sm, Smal; X, Xhol; S, Sall. (B) Sequence of the bri4 5' region. Lowercase, uppercase and bold uppercase sequences represent non-
transcribed, transcribed and translated sequences, respectively. Transcription initiation sites (&£#), putative translation initiation sites (={>), amino
acid sequence (one letter code), and splice sites (V) are indicated. Restriction sites shown in panel B are indicated.

regulatory locus. First, the locus consists of two overlapping and C). The brlAB transcript contains two open reading
transcription units, which we designate o and 8, with o frames beginning with AUG, an upstream pORF and a
transcription initiating in §8 intronic sequences (Figure 3B downstream reading frame identical to brida except for the
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Fig. 4. Construction of bri4 mutants. The following symbols are used: argB box, functional argB gene; closed boxes, 5'-untranslated region; open
and dashed boxes, ORFs; arrows, major transcription start sites; ATG, translation initiation sites; TAG-mutated translation initiation site: A, Apal; B,
BamHI; H, HindIll; S, Sall; Sm, Smal; and Ss, SsfI. (A) Inactivation of brlA transcription units. The structure of the wild type (WT) locus is shown
for strain RMSO11, which contains a deletion of argB on chromosome III. Strain TRP44L, lacking the brlA@ transcription initiation sites, was made
by replacing the Apal—BamHI fragment with argB. Strains TRP62N and TRPA31IN are TRP44L derivatives lacking the brida and briAB

transcription initiation sites (constructed with a briA3 cDNA fragment) or the entire brlA locus (by deleting the Smal

fragment). (B) Reconstruction

of the briA locus. The constructs shown were made by transformation of strain TRPA31N (see panel A and Materials and methods). Strain
TRPA3125 contains brlda and f transcription and translation initiation sites. Strain TRPA31342 contains both transcription initiation sites, but the 8
ATG was converted to TAG by in vitro mutagenesis. Strain TRPA31396 contains « and 3 translation initiation sites but lacks the 3 intron and thus
« transcription initiation sites. (C) Trans-complementation of a briAda* (3~ allele with a brlda—(+ allele. A derivative of TRP44L (A) was

transformed to introduce a processed version of brlAB at the trpC locus (see Materials and methods).
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Fig. 5. Accumulation of brlda and brilA3 mRNAs in mutants. RNA was isolated from hyphae (0 h) and at times following developmental induction.
Radiolabeled a- and B-specific DNA fragments (see Figure 3A) were hybridized to gel blots. Blots were stripped and rehybridized with an

A.nidulans creA internal EcoRV fragment as a loading control.

addition of 23 N-terminal amino acids. Searches of the
GenBank and EMBL data bases failed to reveal significant
similarities between the appended 23 amino acids and other
polypeptides. We obtained no evidence for the existence of
additional brlA transcript variants. The data presented by
Han et al. (1993) indicate that the o, 8 and uORF reading
frames are translated. The patterns of brlA«x and 3 mRNA
accumulation during development, as determined by RNA
blot analysis, are similar and neither « nor 3 transcript was
detected in RNA from hyphae. However, primer extension
analysis permitted detection of brid 5' ends (Figure 2) in
hyphal RNA, showing that the locus is transcribed during
vegetative growth. The inability to detect brl4 mRNAs by
blot analysis was probably due to the low transcript levels
and the relative insensitivity of the assay. Translation of the
wORF fused to lacZ was detected in hyphae (Han et al.,
1993), confirming that 3 mRNA accumulates to some extent
prior to developmental induction. It is likely that translation
of the uORF prevents translation of the 3 ORF and is
essential in preventing premature initiation of development
(see Han et al., 1993).

The existence of overlapping transcription units raised the
question of whether the o and 3 gene products are
individually required for conidiophore development. We
therefore constructed mutant strains that were defective in
transcription of « or 3 or both. As expected, elimination
of both o and B expression resulted in the null brid
phenotype, production of conidiophore stalks that grow
indeterminately. Elimination of 8 expression alone, however,
led to formation of conidiophores that develop more
extensively, but show distinct abnormalities. The brida* 3~

2444

strain produced conidiophores that vesiculate and produce
metulae that elongate but fail to bud and form phialides.
Frequently the sterigmata develop into secondary, abnormal
conidiophores, reminiscent of the phenotype of medA
mutants (Clutterbuck, 1969). This result is of interest because
medA appears to augment the activity of brid; the asexual
defects of med4 mutants can be suppressed by supplying one
or more extra copies of brlA (T.Toennis, K.Miller and
B.Miller, in preparation). Thus, the phenotypes of both
briAa*3~ and medA mutants may be explained by a
reduction in brlA activity. The re-initiation of conidiophore
development by some conidiophore sterigmata in these
mutants suggests that full level expression of brlA is required
both to terminate early developmental events and to initiate
later developmental events.

A potential problem of interpretation of these experiments
is that the deletion/insertion mutation introduced into strain
TRP44L could have influenced expression of brlAa. This
appears not to be the case because brldo transcript
accumulation was apparently unaffected (Figure 5) and an
intronless version of brlAB (o«=3*) fully complemented the
mutation in trans (Figures 4C and 6]).

Elimination of briA« expression resulted in developmental
abnormalities that were distinct from those exhibited in the
brlAa* (™ strain. The briAa~f* strain produced multiple
layers of branched metulae and occasional phialide-like cells
that formed single conidia, but not conidial chains.
Conversions of sterigmata to conidiophores did not occur
in this mutant. Thus, the second conclusion of this study is
that brlAc and brlAQ are individually essential for formation
of morphologically normal conidiophores, but expression of



Redundant functions of briAx and 3

Fig. 6. Phenotypes of wild type and briA mutant conidiophores. Samples were prepared for SEM as described by Mims er al. (1988). Representative
conidiophores are shown. Abbreviations are: S, stalk; V, vesicle; M, metula; P, phialide; C, conidium; SS, secondary stalk; SV, secondary vesicle;
SST, secondary sterigma; AS, abnormal sterigma. (A) strain RMSO011 (brlda*3+); (B and C) strain TRP44L (brida*(3~); (D) strain TRP62N
(briAa=7); (E) strain TRPA3IN (AbrlA); (F) and (G) TRPA31396 (brlAc—3+); (H and I) strain TRPA31342 (briA2c*3~); (J) strain TRP2L14
(brlAa* B~ at briA, briAa—(~ at trpC).
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Table 1. A.nidulans strains used in this study

Strain Genotype Source

RMS011 pabadl, yAl, AargB:: trpC,
trpC801, veAl
pabaAdl, yAl; trpC801, veAl
biAl; veAl
pabaAl, yAl; AargB:: trpC;
briA44L(at ,37):: argB,
trpC801, veAl
pabaAl, yAl; AargB:: trpC;
brlA62N(a.=37) :: argB,
trpC801, veAl
pabaAl, yAl; AargB:: trpC;
brlAA3] :: argB, rpC801, veAl
pabaAl/pabaA™?, yAl;
AargB:: trpC; brlAA31, brlA25
(@*,B8), trpC801, veAl
TRPA31342  pabadl/pabaA™, yAl;
AargB:: trpC; brlAA3l,
brlA342(20* ,BY), 1pC80I,
veAl
TRPA31396  pabadl/pabaA™, yAl;
AargB:: trpC; brliAA3l,
brlA396(a~,B7), trpC801,
veAdl
pabaAl, yAl; AargB:: trpC;
brlA44L :: argB, trpC:: brlA396,
veAl

Stringer et al. (1991)

FGSCP
FGSCP
This study®

FGSC237
FGSC26
TRP44L

TRP62N This study®

TRPA3IN This study®

TRPA3125 This study9

This study?

This study?

TRP2L14 This study®

3pabaA™* integration pattern not known.

YFungal Genetic Stock Center.

¢Obtained by transformation of RMSO11.

dObtained by co-transformation of TRPA31IN.

¢Obtained by transformation of strain TRP44L, pabaAl,trpC801.

either permits much more extensive development than in bri4
null strains. The phenotypes of the individual mutants are
similar to those of medA mutants and previously identified
hypomorphic brlA mutants (Clutterbuck, 1977). Fine
structure mapping of the hypomorphic briA alleles indicates
that the mutations occurred within or near the regions of
the gene encoding the zinc fingers (Adams ez al., 1988;
Clutterbuck et al., 1992) and are thus expected to affect both
briAa and 8. These mutations differentially affect expression
patterns of genes encoding development-specific enzymes
(Birse and Clutterbuck, 1991) and anonymous
developmentally regulated genes (unpublished results),
consistent with changes in target site binding affinities. Thus,
one possibility is that increasing levels of brld products are
responsible for sequentially filling target sites and activating
gene expression according to a hierarchy established by
differing target site binding affinities. In this model,
alterations either in the absolute concentrations of wild type
BrlA protein or in the affinity of BrlA for its target sites
would be expected to produce similar effects.

If the developmental defects of briAa*B~ and brida—3+
mutants are due to reduced levels of functionally similar
proteins, then it might be possible to remediate the defects
by providing multiple copies of either brida*B~ or
brlAa—(3* allele, and this expectation was met. A strain
(TRPA31342; Figure 4B) containing a copy of the brlA locus
in which the briAB ATG was converted to TAG produces
both o and 8 mRNAs (Figure 3) and essentially wild type
conidiophores (Figure 6H and I). Presumably translation of
B mRNA begins at the « AUG and the increased level of
a product compensates for the absence of the 8 product.
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Similarly, integration of multiple (=3) copies of an
intronless version of brlAB (brlAoc=3%)in a brlA~ strain is
sufficient for normal development, implying that the «
product is dispensable. Thus, the third conclusion of this
study is that although brlA« and § are individually essential
for normal development, one can substitute for the other;
the products appear to be functionally redundant. In the case
of TRPA31342 (Figure 4B), alteration of the brid8 ATG
to TAG did not affect patterns of mRNA accumulation so
that brlida product was expected to be produced under
direction of the briAB regulatory system. Thus, the
requirement for transcription of brlAa and 8 may relate to
the developmental timing of gene expression. On the other
hand, strains containing multiple copies of a brlda~(*
construct also formed wild type conidiophores, even though
no brlAa mRNA was produced. This result indicates that
generalized over-expression of bri4 can compensate for loss
of one transcript class. Nevertheless, the « and 3 genes are
not equivalent, because a*3~ and o~3* mutants have
clearly distinguishable phenotypes. These phenotypic
differences could be due to subtle differences in the activities
of the o and 3 polypeptides or differences in the regulatory
properties of the genes, or both. In an accompanying paper,
Han et al. (1993) present evidence indicating that brid« and
(8 expression is differentially regulated, with initial regulation
of B occurring at the translational level.

Materials and methods

A.nidulans procedures

Standard A.nidulans genetic techniques (Pontecorvo et al., 1953;
Clutterbuck, 1974; Kifer, 1977) and transformation procedures and
approaches (Yelton et al., 1984; Timberlake, 1991a) were employed.
Genotypes of strains used in this study are given in Table I. Synchronous
sporulating cultures were prepared according to Law and Timberlake (1980).
DNA was isolated from frozen or lyophilized cells as described by Yelton
et al. (1984). RNA was isolated according to Timberlake (1986).

Molecular techniques

Primer extension reactions utilized poly(A)* RNA from vegetative cultures
and cultures that had been induced to sporulate for 10 h, after which time
conidiophore vesicles had formed. A molar excess of 5' end-labeled primer
(5'-GAGACTGCGACTGAAGCCCA) was added to reaction mixtures
containing 1 or 10 ug of RNA and extended with AMYV reverse transcriptase.
Alkaline-treated extension products were analyzed on 6% acrylamide
sequencing gels.

Total RNA was fractionated by electrophoresis in formaldehyde —agarose
gels, transferred to Hybond-N (Amersham) and hybridized with 32P-labeled
briAa- or briAB-specific DNA probes. The probes were synthesized by PCR
utilizing pRPOS5 (see below) as template and primer pairs 5'-GGGATAG-
CAATGAGCGGGATG/5'-AATCGTTTCCCTTACACCA (brlAa-specific)
and 5'-GAGCAAGGCCAGGAAT/5'-GGATCCGACATCGCGTTTAA-
GGC (brlAB-specific) and labeled by primer extension with random
hexamers.

Construction of brlA mutant strains

A 10.5 kb Sacl fragment containing a wild type copy of brid flanked by
3.5kbof 5’ and 4.5 kb of 3’ sequence was subcloned from cosmid W6E8
(Brody et al., 1991) into Bluescript KS(—) to produce pRP0S. An upstream,
2.5 kb BamHI fragment (Figure 1) was subcloned to produce pRP0O7. An
upstream 0.86 kb BamHI—Apal fragment (Figure 1) was subcloned to
produce pRP11. pRP07 was digested with Apal, an Apal — EcoRI adaptor
(5'-GAATTCGGCC) was added and an EcoRI fragment from pDCl
(Aramayo et al., 1989) containing the argB* gene was cloned into the
EcoRl site to produce pRP15. A BamHI fragment containing brl4 sequences
ligated to argB was isolated from pRP15 and inserted into the BamHI site
of pBS25 containing a briA BamHI—Sall fragment (Adams et al., 1988;
see Figure 1) to produce pRP17 (brida*+f~). pRP16 is a derivative of
pBS2S5 in which a genomic Smal fragment encompassing the brlA( intron
was replaced by the equivalent Smal fragment from a cDNA clone (see
below). pRP16 was used to construct pRP18 (brlda*(3~; A intron)



(analogous to pRP17) by adding the pRP15 BamHI fragment. pRP19 (AbriA)
was created by deleting the Smal fragment from pRP17. pRP17, 18 and
19 were used to transform A. nidulans RMS011 (Table I) and transformants
were selected by Southern blot analysis. Selected strains were crossed with
FGSC237 (brlA*) and progeny were checked for appropriate segregation
of mutant versus wild type conidiophore morphologies.

The 10.5 kb briA Sacl fragment was cloned into a Bluescript KS(—)
derivative in which sequences between the Smal and EcoRV sites were
deleted to produce pRP25. Mutations were introduced into the brid Smal
fragment (Figure 3B) cloned in Bluescript and the modified fragments were
exchanged into pRP25. In pRP34, the putative brlAS initiation codon was
converted to TAG by in vitro mutagenesis (Kunkel, 1985). In pRP39, the
brlA( intron was removed by exchange with the Smal fragment from a cDNA
clone.

A.nidulans strain TRPA31N was derived by transformation with pRP19
and used as recipient for co-transformation with pRP25, 34 and 39 and a
pabaA+ cosmid. Transformants with altered developmental phenotypes
were checked by Southern blot analysis for integration of single plasmid
copies. Three transformants were selected [TRPA3125 (pRP25), TRPA31342
(pRP34) and TRPA31396 (pRP39)] and characterized further by blot and
segregation analysis. Each was determined to contain a single plasmid copy
integrated at a heterologous chromosomal site. Additional, independent
transformants containing single copies of pRP25 (bri4+) all produced wild
type conidiophores, indicating that the bri4 Sacl fragment was sufficient
to complement the bri4 deletion in TRPA3IN in rrans from many
chromosomal sites.

A.nidulans strain TRP2L14 (brlde:* 3~ at briA, brlAa—f* at trpC) was
constructed as follows. The 4.5 kb Sall fragment from pRP39 was ligated
into an internal Sall site of trpC in pTA113 (from T.H.Adams) to produce
PRP27. A.nidulans strain TRP44L (erpC801, bridat3~; see Figure 4A)
was transformed with circular pRP27 with selection for tryptophan
independence. This requires homologous integration of the plasmid at the
trpC locus to generate a rrpC+ allele. Transformants were characterized
by Southern blot analysis to confirm that the expected integration event had
occurred and a representative strain (TRP2L14) was chosen for further
characterization. Complementation was further confirmed in progeny from
a cross between TRP44L and TRPA31396 (results not shown).

Isolation of cDNA clones

briA ¢cDNA clones were isolated from a A\-ZAP library made from
poly(A)* RNA from cultures that had been induced to sporulate for 24
h (R.Aramayo and W.E.Timberlake, unpublished results). Seventeen clones
were characterized by restriction mapping and sequencing of the 5’ and
3’ ends of the inserts. Two independent brlA3 cDNAs were sequenced in
their entirety for comparison with genomic sequence. The genomic sequence
upstream of the —404 BamHI site (Figure 3C) was determined from both
strands. All DNA sequencing was done by the dideoxynucleotide chain
termination procedure (Sanger ez al., 1977).

Electron microscopy
Cultures were prepared for SEM according to Sewall ez al. (1990) and
examined in a Phillips 505 SEM at 15 keV.
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