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Mutants of Aspergillus nidulans affected in asexual development

JOSY FRACCARO MARINS and MARIALBA AVEZUM ALVES CASTRO-PRAD*

State University of Maringa, Department of Cell Biologyda®Benetics, Av. Colombo 5790,
Bloco H67, Maringa-PR, Brazil 87020-900

Introduction vigorous growth sectors. The process, named parameio-

. . . . sis, is a variation of the parasexual cycle and has been
The asexual cycle ofAspergillus nidulands characterized . : -
described in several deuteromycetes, suciMatarhizium

by conidiophore formation, a multicell structure formed by~ " : . :
four cell types: foot-cell, stalk, vesicle and sterigmatade anisopliag(Bergeron and Messing-Al-Aidroos 198Beau-
up of metullae and phyalides. Conidia, or asexual spores,
formed m|t0t|cally.by_repfaated subd|V|S|_ons of the phyadid cently inA. nidulans(Baptistaet al. 2003).
(Timberlake 1990; Mirabito and Osmani 1994). - : . .
- : , 5-Azacytidine (5AC) is an analogue of cytosine with
Conidiophore morphogenesis depends on a strict control

o S : . . _a nitrogen atom at position 5 of the pyrimidic ring. The
of specific conidiation genes. Control is mainly establdshedru is phosphorylated in mammalian cells (5-azacytidine 5
by the activity and interactivity of gendslA (bristle),abaA g 1S phosphory Y

(abacus) anavetA (wet-white conidia). WhereasrlA ex- phosphate) and incorporated inffdrent RNA species and

. . n DNA. 5AC incorporation into DNA may allow formation
pression occurs at the beginning of development, closeeto t . o
. X : ; of a covalent complex between the cytosine-specific methyl-
period of vesicle formatiorabaAis expressed almost at the

end, approximately close to the period of phyalides forme{_ransferase enzyme and the modified DNA, this inhibits DNA

. . . replication and methylation processes (Fergusdah 1997;
tion. Expression ofvetoccurs after that odba and is seen Benderet al 1998: Femandegt al. 1998)

as specific accumulation of its mMRNA in the conidia (Boylan 5AC has been developed as a chemotherapy helper in the

et al. 1987; Mirabito and Osmani 1994). )
Expression ofbrlA is preceded by) expression 866G contr_ol of certa|_n types of cancer (G'.OYE‘“?"- 1986)' SAC
(flugy), flbA (flufy low bristle) floB, floC, floD andfibE. Mu- and its alternative 5-azd-Plesoxycytidine,in vivo andin
’ ' ' ) vitro, revert epigenetic silencing of tumour suppressor genes

tation in these genes gives rise to colonies that are una%ecancer cells (Bendat al. 1998; Bovenzét al. 1999).

to convert vegetative growth into conidiogenesis or askexua :
. In the present study, 5AC was employed to obtain
cycle. Consequently, fity mutants form colonies character- . . . -
ized by a large mass of urftirentiated, cottonized hyphaeA' mdulaps mutants by inducing base transitions and
' transversions (Spencet al. 1996; Jackson-Grusbgt al

(Wieseret al 1994; Wieser and Adams 1995). 1997). The treated strain produced two mitotic clones which

The parasexual cycle ofA. nidulans constitutes a ) o
. : S .bore alterations typified by smaller and greateets on
powerful system of genetic analysis and is widely used in

. . . conidiogenesis.

mapping new alleles or genes in théfdient chromosomes.
The process produces diploid nuclei with possible recombi-
nant haploid segregants through haploidization processks ]
mitotic exchanges (Azevedo 1989). Materials and methods

If diploid nuclei undergo mitotic exchange and hap-4insand culture media
loidization within the heterokaryotic hyphae, haploid mi-
totic recombinants may be obtained directly from hetTable 1 shows the strains used. Minimal medium (MM)
erokaryons, without recovery of the diploid phase. In factgonsisted of Czapek-Dox with 1% (W glucose. Complete
the recombinants will be identified as homogeneous andedium (CM) was made by adding (if)gglucose 10, pep-
tone 2, yeast extract 2, hydrolysed casein 1, angdib) in-
* For correspondence. E-mail: maacprado@uem.br. ositol 4000, choline chloride 2000, pantothenic acid 2000,

a/eria bassiangBello and Pacolla-Meirelles 1998Jricho-
éerma pseudokoning({Bagagliet al. 1995), and more re-
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nicotinic acid 1000, riboflavin 1000, 4-aminobenzoic acidPhenotypic analysis of parameiotic segregants
100, folic acid 500, pyridoxine 500, thiamine 200 and bi- . s
otin 2 to MM. Selective medium (SM) consisted of MM Sup_ParasexuaI segregants were isolated from/BFE3 het

. " ; . erokaryons in MM. Segregants were purified in CM and
plemented with nutritional requirements for each strawmr- S : . . -
: : ; . .~ transferred to appropriate selective media to determiee th
bitol medium was Czapek-Dox with 1% (w sorbitol. Acri- o . .
) . L : - . phenotypes. Mitotic stability of segregants was tested in
flavine medium, cycloheximide medium and sulphanilamid oo .
: L R M + benomyl (05ug/ml). Mitotically stable recombinants
medium were made by adding (igy/ml) acriflavine 25.0, or underwent sexual cvcle
(in mg/ml) cycloheximide 1.0 or sulphanilamide 1.0. Solid ycie.
medium contained 1.5% agar. Incubation temperature Wa§tological analyses

37°C.
Conidia of BF6 strain were inoculated over dialysis mem-

5-Azacytidine treatment branes supported by solidified CM. Plates were incubated
at 37C and samples, stained with lacto-phenol cotton blue,

Petri dishes containing MM pyridoxine + methionine+ X i X
were examined under light microscope after 24—36 h.

100uM 5AC were inoculated with conidia of master strain
A757 and incubated for 5 days at°®Z. Treated colonies
yielded visible mitotic sectors with morphologiedtdrent
from that of the original strain. Two stable developmental mutants é6f nidulans were
isolated after treatment of master strain A757 with 5AC
(100uM). Mutants, named BW1 and BF6, had phenotypic
General methodology has been described by Ponteagrvocharacteristics distinct from the original strain: whitmaia

al. (1953). Heterokaryons were obtained in liqguid MM (BW1) and flify morphology (BF6). To determine whether
2.0% liguid CM and were inoculated in Petri dishes containboth mutations behave as single Mendelian alleles, mutant
ing MM. Cleistothecia were obtained from heterokaryons, istrains BW1 and BF6 were meiotically crossed to A610 and
sealed plates, after 21 days of incubation. Diploid strain&783 master strains, respectively. Mutant alleles, piowvis
were prepared according to Roper (1952). ally calledwA5 andflu6, in both crosses, segregated them-
selves from their respective wild-type alleles in a 1:1aati
This fact showed that a single Mendelian gene was involved
BF6/A783 and BW}/A783 diploid strains were obtained in in the determination of each mutant phenotype (table 2).

MM and haploidized in CM+ benomyl (05ug/ml). Mi- The assignment of a mutant allele to a particular link-
totic segregants isolated from each diploid strain wenestra age group is made by the parasexual cycle (Azevedo 1989)
ferred to distinct selective media to determine their phen@nd by mitotic haploidization (McCully and Forbes 1965;
types (Hastie 1970). Hastie 1970). Mitotic analysis may be simplified by the

Results and discussion

Genetic techniques

Mapping of mutant alleles by parasexual cycle

Table 1. Genotypes oAspergillus nidulanstrains used.

Strain Genotype Origin
A783  SulAl (I); AcrAl (II); ActA (Ill); pabaB22 (IV); nicA2 (V); FGSC
sbA3(VI); choAL(VIl); riboB2, chaA1(VIII)
A757  yA2(l), methA17ll); pyroA4(1V) FGSC
UT448 riboAl, pabaA124, biAll); AcrAl, wA2(Il) Utrecht Stock
B520 pabaAl24, biAXl); methA17(1l) LGM
G1101 AcuM30L(l); wA3(Il); pyroA4(IV) Glasgow
A610 yA2, pabaAXl) FGSC
B211  yA2, biAL(l); AcrAl, wA2, methAl{l); uvsH77, LGM
pyroA4(lV); chaAl(VIll)
BF6 yA2(1); methAL17(Il); pyroA4(1V); flué (VIII) LGM
BW1  yA2(l), wA5, methA1Tll); pyroA4(1V) LGM

*ribo, paba, bio, meth, pyro, nic, ch&®equirements for riboflavinp-aminobenzoic acid, biotin, me-
thionine, pyridoxine, nicotinic acid and choline, respeai; y (yellow); w (white); cha (chartreuse)
are mutations for conidia colouBul Acr andAct, resistance to sulphanilamide, acriflavine and cy-
cloheximide, respectivelysbandacuy, inability to use sorbitol and ammonium acetate, respeltias
carbon sourcesdtu, fluffy mutation;uvsH sensitivity to UV radiation.

Gene symbols according to Clutterbuck (1994).

FGSC, Fungal Genetics Stock Center, University of Missd{ainsas City, USA; LGM, Laboratory of
Genetics of Microorganisms of the State University of MgénBrazil.
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availability of mapping strains, such as A783, with markers Sixtyeight haploid segregants derived from diploid

on each of the eight chromosomesAafnidulans Diploids

A783/BW1 were chosen. Phenotypic analysis showed that

A783/BW1 and A783%BF6 were formed and haploidized in genesvAandAcrArecombined with all markers of the map-
CM + benomyl, which facilitated the isolation of haploidsping strain (A783). However, no recombinant betwdem
from diploid strains (Hastie 1970). The resulting haploicandw was obtained. Complete absence of the two recom-

segregants were analysed phenotypically.

binant classesy*Acr* and wAcr, mapped the mutant allele
WADb5 to chromosome |l (table 3). Table 3 also shows that

Table 2. Meiotic segregation of markers from chromosomes I, llmutant allelelu6 assorted independently from all markers of

IV and VIl in the A610x BW1 and A783x BF6 crosses.

the mapping strain, with the exception of linkage group VIII

marker €ha). The data mappefili6 to chromosome VIII.
BW1//A783 and BF&A783 diploid strains produced

green conidia and were indistinguishable from the homozy-
gous wild-type control A783G1101 (results not shown), in-
dicating thatwA5 andflué mutations are recessives to their
wild-type alleles.

BF6 had the same characteristics as ofherdulansmu-

Cross Genetic marker  Number of segregants

A610x BW1 paba 77
paba 55
wt 70
w 62
meth 73
meth 59

A783x BF6 meth 59
meth 38
pyro* 46
pyro 51
flu* 43
flu 54

tants, such as rapid growth, abnormdtelientiation and in-
vasiveness (Timberlake 1990). The mutant showed a delay of
10 hours in development of mature conidiophores compared
to the control strain (A757) (table 4 and figure 2).
Parameiosis, a variation of the parasexual cycle, has
been recently described M nidulans(Baptistaet al. 2003).

Table 3. Linkage analysis of BW1 and BF6 mutants.

BW1//A783 Sul(l) Acr (II) Act(Ill) paba(lV) nic (V) sb(VI) cho(VII) ribo (VIII)

+ - + - + - + - + - + - + - + -
wt 38 13 0 51 34 17 32 19 23 28 34 17 47 04 32 19
w 10 07 17 0 10 07 13 04 16 01 07 10 16 01 14 03
BF6/A783 y () Acr (II) Act () paba(lV) nic (V) sb(VI) cho(VII) cha(VIII)

+ - + - + - + - + - + - + - + -
flu* 28 16 18 26 23 21 03 41 37 07 19 25 23 21 20 24
flu 12 03 07 08 10 05 14 01 13 02 10 05 12 03 15 0

Figurel. (a and b) Parasexual segregantsi§lsectors) obtained from BFf&\783 heterokaryons. (c and e) Parasexual aneuploid,
and (f) haploid segregant derived from BF783 heterokaryons growing in CM benomyl.
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Figure 2. Cytological analysis of mutant BF6. (a) Conidiophores oist A757 strain after 24 h incubation at°8. Mycelial
growth of mutant BF6 after 24 h (b) and 30 h (c) incubation &C3Tonidiophores of mutant BF6 formed after 34 h (d) and 36
h (e) incubation. (f) Conidiophore of mutant BF6 with abnafwesicle and reduced number of metullae and phyalides.

Table 4. Timg of C%r.“diph%re V_eSiC']‘? é‘gg sterigmata ap- ot markerspyro andflu was diferent from the expected t

pearance and conidia pro uction o mutant in com- _ . .

plete medium (A757 strain is control). 1 ' (table 6). The result; characterize P4 and P5 as paramei-
otic and P3 as aneuploid segregants.

Time (h) Table 5. Phenotype of haploid P3, P4 and P5 segregants derived
Conidiophore structures and from A783/BF6 heterokaryon.
conidia production A757 BF6
] Parasexual segregant Phenotype Otigin
Vesicles 21 31
Sterigmata 22 32 P3 SulA1(l); AcrAL(I); IA
Conidia 24 34 ActAL(I11) ; flue (VIII)
L . . . P4 AcrAl(ll); pabaB22(1V); sbA3(VI) IA
The diploid nuclei are unstable in this process and underge; yA2(I)'(p)atE)a822(IV)(' C)haAl(V(”l)) IA

mitotic exchange and haploidization within the heterokary
otic hyphae. The formation of recombinant haploids disectl
from the heterokaryons is the result (Bagagfiial 1995;
Bello and Pacolla-Meirelles 1998; Baptistzal. 2003). Nine Table 6. Segregation of nutrit.ional markers from crosses between
parasexual segregants (P1 to P9) were isolated as sectbfy P4 2nd P5 segregants with G1101 master strain.

of vigorous growth directly from BFBA783 heterokaryons
(figure 1). Segregants were submitted to the mitotic insta-
bility test in CM + benomyl. Segregants that either formed Genetic marker P G1101 P4x G1101  P5<G1101

* 1A, Independent assortment.

Meiotic cross

colonies with irregular boards, or showed reduced growth Of habar _ 59 57
frequently formed new mitotic sectors were considered aneapa _ 62 53
uploids (P1, P2, P6, P7, P8 and P9). On the other side, thev - 58 47
stable segregants, that is those that in presence of benomy - 63 63
did not originate new mitotic sectors, but formed homoge- ¥ - 11
neous colonies and maintained the recombinant phenotyp " 4_1* 66 (153
(P3, P4 and P5), were considered probable parameiotic segsyrg 84 55 46
regants (figure 1 and table 5). flu* 83* - -

Segregants P3, P4 and P5 were individually crossed withflu 42 - -
master strain G1101 for evaluation of their meiotic stapili ~ cha’ - - 27

In crosses P4 G1101 and P G1101, segregation of the cha - - 20
genetic markers was approximately 1 1-. Although P3 * Significantly diferent from %: 1, Chi-square tesk < 0.05.
segregant was stable in the presence of benomyl, segnegatic— Not determined.
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The mutagenic féect of 5AC, reported in several organ- mation in 5-aza-2deoxycytine-induced cytotoxicity in human
isms such agscherichia coli, A. nidulangnd Salmonella breast cancer cells. Biol. Chem272, 32260-32263.
typh|mur|um was emp|oyed in the present Study to isoFernandez.M., Olek J. W. and Sanche; J: 1998 Analysis of DNA
late developmental mutants &f nidulans(Watanabeet al. methylation processes related to the inhibition of DNA bsis

L. by 5-azacytidine irStreptomyces antibioticlSHT 7451.Biol.
1994; Kelecgnyi et al. 2000; Ohtzet al. 2000; Costaetal  Chomaro 550-562.

?001)- These mutants may be gsefgl ?” biochfamical stu@iover T. W., Coylemorris J., Pearcebirge L., Berger C. aeth
ies on mechanisms controllingftérentiation and in molec-  mill R. M. 1986 DNA demethylation induced by 5-azacytidine
ular characterization of 5AC-induced changes in eukacyoti does not fect fragile-X expressionAm. J. Hum. Genet38,

DNA. 309-318.

Hastie A. C. 1970 Benlate-induced instability of Aspengsll
diploids.Nature226, 771.

Jackson-Grusby L., Laird P. W., Magge S. N., Moeller B. J. and

Azevedo J. L. 1989 Melhoramento g#ito de fungos utiliza- Jaenish R. 1997 Mutagenicity of 5-azadeoxycytidine is me-
dos no controle bidlgico de insetos: utilizé&p do processo diated by the mammalian DNA methyltransferaBeoc. Natl.
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