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Abstract
The BRCA2 tumor suppressor functions in repair of DNA by homologous recombination through
regulating the action of Rad51. In turn, BRCA2 appears to be regulated by other interacting proteins.
Dss1, a small interacting protein that binds to the C-terminal domain, has a profound effect on activity
as deduced from studies on the BRCA2-related protein Brh2 in Ustilago maydis. Evidence
accumulating in mammalian systems suggests that BCCIP, another small interacting protein that
binds to the C-terminal domain of BRCA2, also serves to regulate homologous recombination
activity. Here we were interested in testing the role of the putative U. maydis BCCIP ortholog Bcp1
in DNA repair and recombination. In keeping with the mammalian paradigm, Bcp1 bound to the C-
terminal region of Brh2. Mutants deleted of the gene were extremely slow growing, showed a delay
passing through S phase and exhibited sensitivity to hydroxyurea, but were otherwise normal in DNA
repair and homologous recombination. In the absence of Bcp1 cells were unable to maintain the wild
type morphology when challenged by a DNA replication stress. These results suggest that Bcp1 could
be involved in coordinating morphogenetic events with DNA processing during replication.
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1. Introduction
BRCA2 is a 3418 residue protein that functions in maintenance of genome integrity and in cell
proliferation. Individuals with mutation in the structural gene are predisposed to breast,
ovarian, and other cancers [1]. Cells with compromised BRCA2 activity exhibit
hypersensitivity to genotoxins, impaired cytokinesis, frequent chromosome aberrations,
breakdown of replication forks, and deficiency in DNA repair directed by homologous
recombination [1–5]. In the course of discovery an important clue to BRCA2’s function was
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the finding that it associated with Rad51, a central component directing the cellular
recombinational repair system required for proficiency in homologous pairing and DNA strand
exchange [6,7]. BRCA2 exerts its role in repair by governing the action of Rad51 through
interactions with the BRC-repeat domain located medially plus a second unrelated domain at
the extreme C-terminus [8]. BRCA2 enables Rad51 to gain access to DNA by mediating
loading through a DNA binding domain comprised of a helix-rich region and tandem OB folds
(oligonucleotide/oligosaccharide-binding) closely related to those present in RPA for
association with DNA [9].

Much of the molecular intricacies of BRCA2’s function that have been illuminated concern its
interaction with Rad51. But given BRCA2’s large size and apparent involvement in numerous
genetic processes, it might be expected that BRCA2 would have additional interacting partners.
Indeed, evidence has accumulated tying BCCIP [10], BRCA1 [11], BRAF35 [12], CDKs [8],
DSS1 [13], EMSY [14], FANCD2 [15], FANCG [16], PALB2 [17], P/CAF [18], Plk1 [19],
and USP11 [20] among others to BRCA2. These interacting proteins were discovered by and
large through pulldown procedures, yeast two-hybrid methodology, or in some instances on
the basis of identifying a modifying enzyme function. The occurrence of germline mutations
in breast cancer patients has providing compelling evidence linking certain of these proteins
with BRCA2 function, but with respect to the majority, the details of the underlying molecular
mechanisms and the significance of their interaction with BRCA2 are not well delineated.

As the BRCA2/Rad51 system is conserved in the genetically amenable fungus Ustilago
maydis, there is opportunity to probe for mechanistic information by means not always so
expeditious in mammalian systems [21]. The BRCA2 related protein Brh2 is a streamlined
version of the mammalian protein. It is composed of 1075 amino acid residues and contains a
single N-terminal BRC element and a C-terminal region with extended similarity to the BRCA2
DBD (DNA/DSS1-binding domain), the latter corresponding to part of the helical domain (HD)
and extending through the OB1 and OB2 folds. In previous work we showed that an ortholog
of DSS1 is present in U. maydis and that it plays a role as an essential activator of Brh2 function
[22]. Mutants deleted of the structural gene have a phenotype virtually identical to brh2
mutants, i.e., they are extremely sensitive to DNA damage, defective in recombination,
disturbed in meiosis, and exhibit extreme genomic instability.

Here, we have focused on BCCIP, which was identified in a two hybrid screen using a region
from the very conserved C-terminal domain of BRCA2 as bait [10]. Independently, BCCIP
was also found by two hybrid screening as a p21Cip1 binding protein [23]. BLAST analysis
revealed that the protein is highly conserved in eukaryotes and bears similarity to the calcium
binding domains of calmodulin and M-calpain, suggesting it plays a role in calcium binding
[10]. BCCIP was found to colocalize with BRCA2 in the nucleus and to associate with Rad51
complexes during co-immunopreciptation. RNAi silencing inhibited formation of BRCA2 and
Rad51 nuclear foci formation after DNA damage and markedly reduced recombinational repair
of DNA double-strand breaks [24]. In Saccharomyces cerevisiae, the putative BCCIP ortholog
Bcp1, is essential for growth, but does not appear to play a direct role in recombinational repair.
It was identified as a dosage suppressor of a mutant defective in MSS4, a gene required for
synthesis of phosphoinositide PI4, 5P2, which is important for organization of the actin
cytoskeleton and for normal endocytosis [25]. With the use of a conditional allele it was shown
that Bcp1 serves as a nuclear export factor for Mss4, ensuring transport to its site of activity
at the plasma membrane.

S. cerevisiae does not appear to have a protein homologous to BRCA2. Therefore it might be
imagined that Bcp1 could be dedicated to a functional system other than recombinational repar.
But if BCCIP and Bcp1 function similarly, then appropriate nuclear exit of BRCA2 might be
an important means of regulating its activity. We were interested in exploring the notion that
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a BCCIP ortholog in U. maydis, if indeed present, could serve as an important auxiliary factor
to Brh2. Here we report identifying a BCCIP ortholog in U. maydis. We studied its interaction
with Brh2, generated mutants deleted of the structural gene, and characterized them for DNA
repair, recombination, and morphology phenotypes.

2. Methods and Materials
2.1. U. maydis strains and methods

Manipulations with U. maydis, culture methods, diploid construction, gene transfer procedures,
survival after irradiation, and recombination assays have been described previously (see [26]
and references therein). The gene encoding Bcp1 was identified as um03018 in the annotated
Ustilago maydis genome database (http://mips.gsf.de/genre/proj/ustilago/) (GenBank
accession number EF382649). Gene disruption was performed as described by standard
methodology [27,28] using the hygromycin resistance cassette on plasmid pBS-hhn obtained
from Dr. Jörg Kämper, Marburg University as a source for selectable marker. Primers for
constructing the knockout vector and for confirming the knockout as shown in Fig. 3A are
listed as follows. A arm forward--CGTCTCGCATTGCATCGTCTTGTG; A arm reverse--
GAAGGCCTGAGTGGCCGTCTGTATTGTGCGACTTGGACC; B arm forward--
GAAGGCCATCTAGGCCGCACCTCAGTAGCAACATTGC; B arm reverse--
CGTGATCGCTGATGGAGTAGCAC; p-wt--GCTTCGAGGCTCCCCTCTTTG; p-rev--
CGTCACGAACGGAACTCTCGG; p-mut--TCAGGCTCTCGCTGAATTCCC. U. maydis
strains included haploids UCM350 (pan1-1 nar1-6 a1b1), UCM565 (Δbrh2 pan1-1 nar1-6
a1b1), UCM567 (ino1-3 nar1-1 a2b2), UCM639 (Δbcp1 pan1-1 nar1-6 a1b1), UCM640
(Δbcp1 ino1-3 nar1-1 a2b2), UCM642 (Δbcp1 Δbrh2 pan1-1 nar1-6 a1b1) and diploids
UCM556 (nar1-1/nar1-6 pan1-1/+ met1-2/+), UCM577 (Δbrh2/Δbrh2 nar1-1/nar1-6 pan1-1/
+ met1-2/+), UCM641 (Δbcp1/Δbcp1 nar1-1/nar1-6 pan1-1/+ ino1-3/+). pan, ino, met, nar,
and ab indicate requirements for pantothenate, inositol, methionine, inability to reduce nitrate,
and mating loci, respectively.

FACS analysis was performed as described previously [29]. To analyze cultures carrying a
mixture of aberrant cell clusters and individual cells, we initially centrifuged the culture at low
speed (2000 rpm) and for a short time (5 min) in a high viscosity medium (i. e., containing 1M
sorbitol). Under these conditions single cells sedimented rapidly to the bottom of the tube,
while cell aggregates remained in suspension. Microscopy was carried out using a Nikon
CF600 microscope. Standard FITC and DAPI filter sets were used for epifluorescence analysis
of nuclear staining with DAPI, and calcofluor staining was performed as described [30].
Photomicrographs were obtained with a ORCA G digital camera (Hamamatsu) and the images
were processed with Metamorph software.

2.2. Co-precipitation methodology
Expression of MBP-Brh2 and His-Bcp1 fusion proteins in E. coli strain BL21(DE3), and co-
precipitation or pull-down analyses have been described previously [26,31]. As deletions
removing up to 213 amino acid residues from the N-terminus of Brh2 make no difference in
ability to complement the radiation sensitivity of the brh2 null mutant [32], we cut into the
coding sequence for this nonessential region to expedite cloning of Brh2 truncation alleles and
to enhance solubility of their protein products. For expression in E. coli, the allele representing
completely functional Brh2 started at residue 106 (see Figure 2). Western blotting was
performed using anti-MBP antiserum (New England BioLabs), or His-Tag monoclonal
antibody (Novagen).
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2.3. U. maydis plasmids
The plasmid for protein expression in U. maydis is a pUC19 derivative [33] containing an U.
maydis ARS, a fragment of the glyceraldehyde-3-phosphate dehydrogenase promoter (gap) for
driving expression of the Bcp1 coding sequence, and a gene expressing resistance to carboxin
(CbxR) for use as a selectable marker. Gap repair was performed using ARS plasmid pCM1057
containing the CbxR resistance gene deleted of a 0.25 kbp BglII fragment to score as a marker.
The plasmid was cut with BglII prior to transformation to reveal the gap. Transformation
control was performed using pCM1052 containing the intact CbxR resistance gene.

3. Results
3.1. Bcp1 interacts with Brh2

Using human BCCIP sequence as a search query we identified a convincing ortholog (hereafter,
Bcp1) in the U. maydis genome database. Bcp1 is 335 amino acids residues in length compared
with 322 residues for BCCIP and features an acidic N-terminal region and a highly conserved
internal region similar to the other BCCIP orthologs (Fig. 1). The residues corresponding to
BCCIP 61-173, which were mapped to contain the minimum BRCA2 interacting region, are
conserved in Bcp1. To confirm that the BCCIP/BRCA2 interaction is recapitulated, Bcp1 was
tested directly for interaction by coprecipitating MBP-tagged Brh2 with hexahistidine-tagged
Bcp1 after expression in E. coli (Fig. 2) Bcp1 was pulled down by a fusion representing the
fully functional Brh2 (Brh2106–1075), by the C-terminal DBD Brh2551–1075and by a smaller
region of the C-terminal-DBD (Brh2551–853), but not the N-terminal region (Brh2106–551). This
localizes the interacting domain in Brh2 to a region that roughly corresponds to the homologous
region in BRCA2 that was mapped to interact with BCCIP.

3.2. Bcp1 is important for growth
The entire coding sequence for Bcp1 was deleted in haploid tester strains by a standard
disruption method [27,28]. The mutants obtained were confirmed to be deleted of the gene and
replaced with a drug resistance marker by a PCR-based procedure (Fig. 3A). The bcp1
knockouts were viable but slow growing (Fig. 3B). This finding contrasts with the phenotype
of the corresponding bcp1 mutant in Saccharomyces cerevisiae
(http://www.yeastgenome.org/), which was determined to be inviable [25]. To confirm that the
mutants were indeed deleted of the structural gene, the cloned BCP1 gene expressed under
control of a heterologous promoter was reintroduced into the bcp1 mutant on a self-replicating
plasmid. The growth defect was fully complemented by ectopic expression of the cloned gene.
Introduction of the cloned gene into the wild type strain had no adverse effect on growth.

3.3. Bcp1 has no direct role in DNA repair or recombination
Loss of Rad51, Brh2, or the Brh2-interacting protein Dss1 was shown previously to have
profound effects on the DNA repair system [21,22]. Mutants were found to exhibit extreme
sensitivity to ultraviolet light (UV), ionizing radiation and DNA genotoxins such as chemical
alkylating agents. To determine if bcp1 exhibited a similar sensitivity, we tested whether it was
sensitive to UV or methylmethanesulfonate (MMS). At doses that promoted extensive killing
of brh2, the bcp1 mutant was unaffected (Fig. 3C & D). On the other hand it was interesting
to note that bcp1 was moderately sensitive to hydroxyurea, while brh2 was not sensitive (Fig.
3D). As hydroxyurea blocks DNA synthesis by inhibiting ribonucleotide reductase, bcp1’s
hydroxyurea sensitivity suggests there could be some connection between the growth defect
and replication, although the effect could be secondary, or simply an additive effect of further
reduction in growth rate. Following the findings in S. cerevisiae that the yeast BCP1 gene might
ultimately have an impact on cytoskeleton organization and maintenance [25], we also tested
the effect of thiabendazole (TBZ), a microtubule poison, and found the bcp1 mutant to be
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mildly sensitive. In all of the untreated controls above, the slow growth phenotype of bcp1 was
obvious by the small colony size. The wildtype gene complemented both the slow growth
phenotype and the TBZ when reintroduced into the mutant.

Recombination proficiency was measured by two different methods (Table 1). In the first, we
investigated DNA double-strand-break repair using a plasmid-based transformation system
that relies on homologous recombination between an ectopic marker on the plasmid and an
endogenous chromosomal allele. The assay measures carboxin resistance (CbxR) after
introduction of a self-replicating plasmid containing the cloned variant of the succinic
dehydrogenase iron-sulfur gene subunit conferring resistance to carboxin, which has been
inactivated by deleting a 0.25 kbp fragment from the coding sequence. Repair of the deleted
sequence and concomitant transformation to CbxR requires recombination with the endogenous
chromosomal allele to utilize it as a template to direct repair. As previously established gap
repair is highly dependent upon Rad51, Brh2, and Dss1[21,22]. However, in the case of the
bcp1mutant there is no loss in gap repair proficiency.

By the second procedure, we used the more traditional method of investigating heteroallelic
recombination in diploids. Here a homozygous diploid bcp1/bcp1 strain heteroallelic at the
nitrate reductase locus (nar1) was assayed for the spontaneous levels and in response to DNA
damage. In mutants lacking Rad51, Brh2, or Dss1, the spontaneous levels and the damage-
induced levels of recombination are greatly reduced [21,22]. In contrast, loss of Bcp1 function
had little to no effect on allelic recombination. Thus, by two different methodologies, it appears
that Bcp1 function is not required for recombinational repair.

3.4. Genetic interaction between bcp1 and brh2
To define relationships between bcp1 and brh2, we constructed a bcp1 brh2 double mutant
and characterized it with respect to growth. We found that growth was slightly improved by
comparison with the bcp1 single mutant (Fig. 4A). However, neither the UV sensitivity nor
MMS sensitivity was suppressed by comparison with the brh2 single mutant (not shown).

We analyzed the appearance of the cells in liquid culture (Fig. 4B) and found that bcp1 cells
showed a low frequency of budding cells in comparison to wild type cells (9% of cell population
in mutant cells versus 42% in wild type cells). In contrast, brh2 cells showed a higher frequency
of budding cells (64%) and frequently showed elongated buds. Interestingly, bcp1 brh2 double
mutant cells are commonly misshapen, have somewhat elongated buds, and fail to complete
cytokinesis, resulting in highly branched cell clusters (Fig. 4B, Table 2). In the population of
bcp1 brh2 cells that did not show aberrant morphology, the frequency of budding cells appears
more similar to that showed by wild-type cells (around 36% of the cells showed buds).

Studies correlating nuclear density and cell morphology in U. maydis showed that cells
complete DNA synthesis before beginning to form buds. That is, bud formation takes place at
the onset of G2 phase [34]. The accumulation of unbudded cells in bcp1 mutants therefore
suggests either a delay in G1 or S phase. To add further support to this idea, we analyzed the
DNA content of the different strains by fluorescence-activated cell sorter (FACS) analysis
(Figure 4C). We found that bcp1 cells showed a substantial accumulation of cells with a DNA
content between 1C and 2C (i. e., cells traversing S-phase). In contrast brh2 cells were
accumulated in 2C content, which together with the presence of cells with elongated buds
suggests a delay in exiting G2 phase, as would be expected for cells deficient in repair of DNA
double-strand breaks but proficient in activation of the DNA damage checkpoint. The presence
of cell aggregates formed in bcp1 brh2 mutants made analysis of the DNA content of difficult.
Therefore, we enriched the population in non-aberrant forms by differential centrifugation (see
Material and Methods) and found that bcp1 brh2 single cells did not show the apparent delay
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in S-phase (Fig. 4C). Together these results suggest that Bcp1 and Brh2 act somehow in
opposing directions, with respect to their effects in cell cycle and morphology.

3.5. Requirement of bcp1 for proper morphology after DNA replication stress
In addition to the low frequency of bud formation in bcp1 mutant cells, we observed that they
exhibited a slightly blunt-ended appearance that was distinguishable from wild type cells (Fig.
5A). This observation together with the strong morphological defect of the bcp1 brh2 mutant
implies that Bcp1 may have some connection with proper morphogenesis. Two observations
support this idea. First, bcp1 cells show an abnormal distribution of cell wall components. In
wild type cells, the fluorochrome calcofluor stains chitin at the tip of the cell where the bud
will be produced. In contrast, in bcp1 cells calcofluor staining disappears from the tip, but is
abundantly associated with the lateral cell wall (Fig. 5A). This latter observation suggests
bcp1 is defective in cytoskeleton organization and/or maintenance. In support of this notion,
we found bcp1 to be mildly sensitive to thiabendazole (TBZ), a microtubule poison (Fig. 5B).

Recently, connections between morphogenetic events and the response to DNA damage and
DNA replication stress have been uncovered in S. cerevisiae [35]. Accordingly, we wondered
whether Bcp1 might be dedicated to a role in maintaining proper morphogenesis in response
to conditions of DNA replication stress. Therefore, we investigated the morphological response
of the bcp1 mutant to hydroxyurea. After treatment with hydroxyurea wild type cells become
arrested in an unbudded form with a single nucleus (Fig. 5C). As bud formation in U.
maydis does not start until DNA replication is complete [29], this hydroxyurea-induced arrest
is consistent with the notion that proper morphogenesis and cell cycle progression are
coordinated. However, in bcp1 cells this coordination seems to be disturbed as cells treated
with hydroxyurea formed aberrant structures, many with more than one nucleus (Fig. 5C).
These results support a role for Bcp1 in the cellular pathways connecting the DNA replication
checkpoint with morphogenesis.

4. Discussion
BCCIP, like DSS1, was originally identified as a BRCA2-interacting protein in a two-hybrid
screen. Both are small proteins containing acidic regions, but they appear to bind to different
sites on BRCA2. Mapping studies have placed the BCCIP binding site somewhat distal to that
of DSS1[10]. Because BRCA2 plays a major role governing homologous recombination
through its interaction with Rad51, it can easily be imagined that other proteins could exert
some additional means of control on the process through interaction with BRCA2. Indeed
evidence has accumulated supporting a role for both BCCIP and DSS1 in recombinational
repair [2,24], although in neither case has a hypomorphic mutant been identified nor has a gene
knockout been reported to provide direct proof for a role. Both proteins are highly conserved
and their orthologs are present throughout the eukaryotic kingdom including genetically
amenable yeasts such as Sacchaomyces cerevisiae and Schizosaccharomyces pombe. But since
the homologous recombination systems of these latter organisms are not mediated through a
BRCA2-related protein, it was of interest to evaluate the contribution of DSS1 and BCCIP in
a microbial system that does function in a BRCA2-dependent manner.

Previously we established that the DSS1 ortholog Dss1 plays a pivotal role in DNA repair,
recombination, and genome stability in U. maydis and that the dss1 null mutant appears as a
brh2 phenocopy [22]. The BCCIP-related protein Bcp1 appears to have a different role.
Deletion of the gene causes a profound effect on growth rate and disturbs cellular morphology,
but does not diminish the resistance to radiation nor reduce the capacity for recombination.
Thus, physical association with Brh2 per se is not necessarily a hallmark of recombinational
repair function. However, dss1 and bcp1 mutants are both defective in cell growth ability,
although dss1 is not as strongly disturbed as bcp1 (compare this work with [22]). Similar to
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the previously reported observation that the dss1 brh2 double mutant grows better than the
dss1 single mutant [31], here we also noted that the bcp1 brh2 double mutant grew more
robustly than the bcp1 single mutant. In the case of dss1 we interpreted the observations to
mean that Brh2 confers toxicity in the absence of Dss1, perhaps by interfering with the normal
DNA processing systems [31]. Since Dss1 has been reported to play a role as a nuclear
transporter [36], the notion occurred that one means of regulating Brh2 and mitigating this
toxicity might be for Dss1 to shuttle Brh2 out of the nucleus. As it has been established in S.
cerevisiae that Bcp1 functions in nuclear export of a protein dedicated to phosphoinositide
synthesis [25], it could well be that Bcp1 serves in an export capacity in U. maydis promoting
nuclear-cytoplasm trafficking of certain proteins including Brh2 as a possible means of
regulation.

Alternatively, Bcp1 might well serve in conjunction with Brh2 in some process other than
DNA repair and recombination. For instance BRCA2 has been reported to localize to the
chromosome passenger complex in the late stages of cytokinesis to regulate nuclear division
[37]. Perhaps Bcp1 links Brh2 in some way that is not yet clear with dynamic processes
involving cytoskeleton. In light of Bcp1’s role in cell proliferation and homeostasis, its
association with Brh2 might represent a nexus for communication or signaling between
pathways for maintaining genome integrity and cell growth. Recently, a connection between
morphogenesis and DNA replication stress has been uncovered in S. cerevisiae [35]. Transient
relocalization of the replication-checkpoint protein Rad53 from the nucleus to the bud neck
seems to be a determinant for proper morphogenetic response to DNA stress. By analogy Bcp1
could be envisioned as mediating communication between genome maintenance and
morphogenic programs by regulating the subcellular localization of such proteins as Brh2.
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Fig. 1.
Identification of a BCCIP ortholog in U. maydis. Human and yeast sequences were used as
queries to search the U. maydis genome
(http://www.broad.mit.edu/annotation/genome/ustilago_maydis/Home.html). Multiple
alignment shows sequences from U. maydis Bcp1 (GenBank accession number EF382649),
human BCCIP (CAI12093), Drosophila melanogaster (AAL39431), and S. cerevisiae
(Q06338). Residues identical in two of four sequences have black backgrounds, while those
conserved are in gray.
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Fig. 2.
Bcp1 interaction with Brh2. A. Brh2 regions are illustrated showing the Rad51-interacting
regions BRC and CRE [31}, the nuclear localization signal NLS, the helix rich domain and
two OB folds in the DNA binding domain, and the amino acid residue at the fusion or truncation
sites. The pluses and minus on the right summarize the Bcp1/Brh2 interactions. B. E. coli
strains co-expressing the indicated affinity-tagged proteins shown schematically were
processed as described in Methods. MBP-tagged Brh2 derivatives were pulled down from
extracts using amylose beads. After washing, beads were eluted with maltose-containing buffer
and samples were electrophoresed in 10% polyacrylamide gels containing sodium dodecyl

Mao et al. Page 11

DNA Repair (Amst). Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



sulfate. Gels were analyzed by western blotting using anti-MBP or anti-His antibodies to
identify MBP-Brh2 or His-Bcp1 tagged derivatives.
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Fig. 3.
Phenotype analysis of bcp1 mutant. A. BCP1 gene disruption. PCR fragments of approximately
1 kbp each representing the BCP1 flanking sequences (A arm and B arm, respectively) were
amplified and linked to the hygromycin resistance cassette HPH to generate a knockout vector.
HygR transformants were screened for precise deletion by a PCR method that used primers
arranged in the configuration shown to confirm the loss of the wild type gene (in gray) and the
replacement by the HPH cassette (in black). The control band was an unrelated fragment
flanking the BRH2 gene. B. Growth rates were determined in cultures seeded at a starting
density of about 2 × 106 cells per ml. Samples were removed at 2 hr intervals and cell densities
determined by counting under a microscope using a hemocytometer. Values shown are
averages of 2–4 independent cultures. C. Survival of cells after irradiation with the indicated
doses of UV. D. Spot tests showing survival on medium containing the indicated concentrations
of methylmethane sulfonate (MMS) or hydroyxurea (HU). From left to right are serial 10-fold
dilutions from a starting cell density of about 2 × 107 per ml.
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Fig. 4.
Genetic interactions between bcp1 and brh2. A. Spot tests showing growth ability of strains
indicated on the left. From left to right are serial 10-fold dilutions from a starting cell density
of about 2 × 107 per ml. B. Morphology of U. maydis strains. Cell suspensions were removed
during log phase growth of cell cultures, applied to glass slides and examined microscopically
under a 60X objective lens. The bar indicates approximately 10 microns. C. DNA content of
the different mutant cells. Histograms indicate DNA content (x-axis) as 1C or 2C corresponding
to G1 or G2 content, and cell number (y-axis). Asynchronous cultures were removed during
log phase growth for FACS analysis. In the case of bcp1 brh2 double mutant strain, to enrich
for the population of single cells, cultures were centrifuged at low speed in 1M sorbitol-
containing medium and cells at the bottom of the tube were used for FACS analysis. DNA
content higher than 2C in this strain corresponds to complex cell aggregates.
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Fig. 5.
Bcp1 is required for proper morphogenesis. A. Chitin distribution in wild-type and bcp1 mutant
cells (two different examples are shown). Cells were stained with calcofluor and observed with
epifluorescence microscopy. The bar indicates approximately 3 microns. B. Spot tests showing
survival on medium containing the microtubule poison thiabendazole (TBZ). From left to right
are serial 10-fold dilutions from a starting cell density of about 2 × 107 per ml. C. Morphology
of the cells after 12 h of incubation in the presence of HU. Wild-type cells arrest mainly as
unbudded cells while bcp1 mutants display aberrant morphologies.
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Table 1
Recombination phenotype comparison of bcp1

Gap repaira Allelic recombinationb (× 10−5)

CbxR (× 10−4) Spontaneous UV induced

Wild type 1.4 0.4 ± 0.05 21 ± 4

bcp1 1.8 0.2 ± 0.04 18 ± 10

brh2 <0.02 <0.01 <0.01
a
Gap repair frequency is the ratio of the CbxR transformants arising per microgram DNA using the gapped plasmid substrate pCM1057 compared to

CbxR transformants per microgram of intact pCM1052 DNA, a self-replicating plasmid expressing CbxR. Strains employed were UCM359 (wildtype).
UCM565 (brh2), and UCM639 (bcp1).

b
Nar+ allelic recombination frequency per viable cell. The spontaneous level was determined with UCM556 (wild type), UCM577(brh2), and UCM641

(bcp1) by fluctuation analysis performed in triplicate with 9 independent cultures. The UV dose was 120 J/m2. Values were determined from triplicate
cultures.
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Table 2
Aberrant cell separation

genotype Wild type brh2 bcp1 bcp1 brh2

complex cells (%)a <2 <2 <2 33

a
Cell suspensions were applied to a hemocytometer and viewed under a microscope. Cells were counted as complex if there were more than 4–5 branch

structures evident. Approximately 100 cells from each strain were scored.
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