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The polyene antibiotic N-glycosyl-polifungin has been used as an effective counterselective agent for biochemical
mutants in Mucor. Treatment with this antibiotic has resulted in at least 40-fold enrichment of auxotrophic mutants
in a mutagenised spore population of M. circinelloides. The mutants obtained from this species belong to at least
six different phenotypic classes, most of them not previously described. This is the first report of the isolation of

amino acid auxotrophs from M. miehei.

1. INTRODUCTION

Many genetic investigations and DNA trans-
formation are made possible by the existence of
mutants. Mutations occur spontaneously in all
cell populations but usually at a very low fre-
quency. The development of efficient methods
of induction, isolation and characterisation of
mutants is therefore of major importance.
Mutagenic treatments increase the mutation
rate, but generally this is not sufficient to pro-
duce a diverse collection of mutants.

In recent years total isolation techniques, in
which mutants have to be identified from the
entire surviving cell population, have often been
replaced by other methods aiming at the selec-
tive elimination of the prototrophic survivors of
the mutagenic treatment and the retention of the
desired auxotrophs. Most of these methods are
based on the fact that metabolically active cells
are more sensitive to antibiotics and physical

agents than inactive cells, such as ungerminated
spores. This results in preferential killing of
prototrophs when mutagenised cultures grow-
ing in minimal medium are exposed to a coun-
terselective agent.

Penicillin, the standard agent for isolating
auxotrophs in Escherichia coli and other bacte-
ria (3, 7), cannot be used in fungi since they are
insensitive to this antibiotic. However, other
procedures have been developed, exploiting
similar principles.

The enrichment in auxotrophic mutants by
differential freeze-killing of germinating versus
non-germinating spores has been described in
Neurospora crassa (8) and in Mucor racemosus
(syn. Mucor circinelloides (12))(10).

The selection of drug-resistant mutants and
auxotrophs by differential heat sensitivity of
germinated prototrophic spores as opposed to
ungerminated auxotrophic spores, has been re-

Abbreviation: NPG = N-glycosyl-polifungin.
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ported in Phycomyces blakesleeanus by
BRUNKE et al. (2).

A different approach is based on the use of
polyene antibiotics which induce considerable
changes in permeability by interaction with the
sterols in the cell walls (9) of metabolically active
cells (14). The polyene antibiotic N-glycosyl-
polifungin (NGP) has been applied successfully
to select auxotrophic and temperature-sensitive
mutants in Aspergillus nidulans (1) and in Sac-
charomyces cerevisiae (11). It has the advantage
of being water-soluble, unlike most polyene
antibiotics previously described e.g., nystatin (4,
11).

The present communication reports the isola-
tion and characterisation of phenotypically dif-
ferent auxotrophic mutants of Mucor circinel-
loides and of lysine-requiring auxotrophs of
Mucor miehei, by selective enrichment using
N-glycosyl-polifungin (NGP). As part of a
project to establish a genetic transformation
system for Mucor species, it was considered
desirable to have different auxotrophic mutants.
These are useful as recipient strains in transfor-
mation experiments, since Mucor shows a low
intrinsic sensitivity to most of the antibiotics for
which genes conferring resistance from other
organisms are available. In an accompanying
paper the transformation to prototrophy of one
of the M. circinelloides leucine auxotrophs ob-
tained is described (5).

2. MATERIALS AND METHODS
2.1. Strains

Mucor circinelloides f.lusitanicus CBS 277.49
(syn. Mucor racemosus ATCC 1216b) (12) and
Mucor miehei CBS 370.65 (13) were used as
parental strains for the isolation of auxotrophic
mutants and as wild type strains in the control
experiments.

The auxotrophic mutant, M. circinelloides
leu-2A was obtained from J. PETERS (10). The
lysine auxotroph R10 was derived from M.
miehei CBS 370.65 by the procedure described
in this paper.

2.2. Media and growth conditions
The minimal medium used was YNB (0.5 g
Difco yeast nitrogen base without amino acids

and ammonium sulphate, 1.5 g ammonium
sulphate and 1.5 g glutamic acid per litre of H,O
with 1% glucose and 1 pg-ml"' thiamine and
niacin added post sterilisation). For growth of
auxotrophs, the minimal medium was supple-
mented with different amino acids at a final
concentration of 100 pg - ml" or with casamino
acidsat 2 mg- ml". To produce restricted colony
growth, the media were adjusted to pH 3.0 with
1 M-HCl (added post sterilisation), in which case
20g- 1" of agar was included. Liquid media were
adjusted to pH 4.5 as described above.
Cultures of M. circinelloides were incubated
at 28 °C and those of M. miehei at 40 °C.

2.3. Chemicals

N-glycosyl-polifungin was synthesised by Pro-
fessor BOROWSKI and collaborators at the
Department of Drug Technology and Biochemi-
stry of the Gdarnsk Institute of Technology,
Poland (German patent 2239891: Antibiotics
containing polyene macrolide groups; L.
FALKOWSKI et al., 1973). It was kindly supplied
by Professor ENRIQUE CERDA OLMEDO, Depar-
tamento de Genética, Sevilla, Spain.

2.4. Mutagenesis

About 10° spores from the wild type strains,
CBS 277.49 and CBS 370.65, were spread sepa-
rately on YNB medium supplemented with
casamino acids. The spores were immediately
irradiated with a dose of ultraviolet light suffi-
cient to give a survival between 0.5% to 2%, and
then incubated to allow them to complete a full
vegetative cycle. After 7 days, the next genera-
tion of spores produced by each plate were
independently collected and kept frozen at -20
°C until further use.

Survival titres were determined from colony
counts of diluted samples before and after the
mutagenic treatment.

2.5. Conditions for the treatment with N-
glycosyl-polifungin
Cultures inoculated with 10° spores, were
grown in 25 ml of liquid minimal medium, and
incubated with shaking at the appropriate tem-
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Figure 1. The effect of different concentrations of NGP on the survival of Mucor cells for 1 or 3 hours of
treatment. The symbols correspond to the following strains: M. circinelloides CBS 277.49 (wild type @); M.
circinelloides leu-2A (leucine auxotroph O); M. miehei CBS 370.65 (wild type A); M. michei R10 (lysine

auxotroph A).

perature for several hours until about 90% of the
spore population had started to germinate (de-
termined by light microscopy). The germlings
were collected by centrifugation, resuspended in
an equal volume of YNB lacking ammonium
sulphate (to avoid precipitation of NGP) and
dispensed into tubes before adding different
aliquots of an aqueous solution of NGP. After
incubation in the presence of this antibiotic for
1 to 3 hours, depending on the experiment, the
germlings were washed three times with H;O and
plated on YNB medium at a dilution subse-
quently yielding 50 to 100 colonies per plate.
Plates were incubated for 3 to 5 days before
colony counting or replica plating.

2.6. Isolation and characterisation of
auxotrophic mutants

The colonies surviving the antibiotic treat-
ment were allowed to sporulate whereafter du-
plicates were plated on YNB and on YNB-con-
taining casamino acids in order to detect auxo-
trophic mutants. Those colonies failing to grow
on selective minimal medium but capable of
growing in the presence of casamino acids were
classified as auxotrophic mutants and their phe-
notype was further characterised. The putative
auxotrophs were transferred to various supple-
mented minimal media, each one containing a
different combination of 4-5 different amino
acids as described by HOLLIDAY (6). The nutri-
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tional requirement of a particular mutant was
identified by detection of growth on one or more
of the above combinations.

3. RESULTS

3.1. Determination of the optimal conditions
for the treatment with N-glycosyl-
polifungin

Experiments were performed to determine
the optimal concentration and time of exposure
to NGP, so that auxotroph survival would be
high and the survival of the prototrophs would
be very low. Since this antibiotic is most effective
on metabolically active cells, the spores were
incubated in minimal medium for a period of
4-5 hours to ensure a 90% germination of the
prototrophic population before addition of the
NGP.

About 10° viable cells of the two strains of M.
circinelloides, CBS 277.49 (wild type) and the
auxotrophic mutant leu-2A, and of the two
strains of M. miehei, CBS 370.65 (wild type) and
R10 (lysine auxotroph), were treated with the
following concentrations of NGP: 0, 50, 100,
500 and 1,000 units per ml, for 1-3 hours.
Viabilities, expressed as percent of survival, are
shown in Figure 1. The survival of the wild type
strain of M. circinelloides, after incubation for 3
hours in the presence of NGP (1,000 units mi™),

was 0.5%, while that of the Leu auxotroph was
68%. Under the same conditions, the wild type
strain of M. miehei showed a survival of 0.18%
whereas that of the Lys auxotroph was 2.8%.
The ratio between the survival of one auxotro-
phic mutant to that of the wild type from the
same species, at a given concentration of NGP,
provides an estimate of the effectiveness of the
treatment. From these results it was possible to
calculate the theoretical enrichment factors that
could be obtained in the isolation of auxotrophic
mutants from a mixed population of mutage-
nised cells, and therefore to determine the op-
timal conditions for the treatments.

3.2. Isolation and characterisation of
auxotrophic mutants

With the enrichment factors deduced from
the above experiments (section 3.1), a treatment
with 1,000 units of NGP per ml for 3 hours was
predicted to produce the best mutant yield in M.
circinelloides. The results obtained for M. mie-
hei did not so clearly indicate optimal treatment
conditions, so, 3 different concentrations of
NGP were used.

Germinated spores of M. circinelloides CBS
277.49 and of M. miehei CBS 370.65, previously
mutagenised (section 2.4), were treated with 0
and 1,000 units, and with 0, 50, 100 and 1,000
units of NGP, respectively for 3 hours, washed

Table 1.

Isolation of auxotrophic mutants from Mucor

Species Induction NGP Number of Number of Mutant Enrichment

(units/ml) colonies auxotrophs  yield(%) factor
screened obtained

M _circinelloides
U.v. 0 952 0 <0.1 1
? 1,000 478 21 4,39 >44
spontaneous 1,000 2,521 0 <0.04

M.miehei
U.v. 0 1,428 2 0.14 1
” 50 867 0 <0.11
» 100 1,736 0 <0.06
» 1,000 2,726 10 0.36 2.5

Spores were germinated in minimal medium (YNB) for about 5-6 hours, then incubated for 3 hours in the
presence of different concentrations of NGP and plated on YNB supplemented with casamino acids. After
sporulation the colonies were replicated to YNB and to YNB with casamino acids, to identify the auxotrophic

mutants.
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repeatedly and plated onto YNB medium sup-
plemented with casamino acids. After incuba-
tion for 7 days, the sporulated colonies were
replicated to YNB with and without casamino
acids and auxotrophic mutants were identified.
Table I shows the results of the total mutant yield
obtained in independent experiments, Charac-
terisation of their auxotrophic requirements was
by the method described by HOLLIDAY (6).

All 12 mutants obtained from M. miehei
appeared to be lysine-requiring auxotrophs. The
21 mutants obtained from M. circinelloides
were characterised as belonging to the following
phenotypic classes: 3 requiring leucine, 1 requir-
ing either cysteine or methionine, 8 requiring
isoleucine, 2 requiring methionine, 1 requiring
proline, | requiring iscleucine and valine and 5
undetermined (probably requiring more than
one amino acid).

4. DISCUSSION

Treatment of mutagenised spore populations
with the polyene antibiotic N-glycosyl-poli-
fungin has provided a successful method for the
isolation of auxotrophic mutants in Mucor spe-
cies.

The enrichment factor obtained, at least 40-
fold, in the isolation of M. circinelloides auxo-
trophs is in good agreement with the expected
estimations deduced from the results of initial
experiments, in which a Leu mutant was shown
tobe 5S0to 100 times more resistant to NGP than
the wild type strain. Twenty-one auxotrophs
were obtained from M. circinelloides, which
represents a mutant yield of 5%. This high
frequency allowed the isolation of at least 6
different phenotypic classes. PETERS and
SYPHERD reported a cryobiological method in
which 2-3% of auxotrophs were obtained in M.
racemosus (syn M. circinelloides (12)), after the
first cycle of selection, and 17-75% after the
second cycle (10). Although the method de-
scribed in this paper only involves one round of
treatment with NGP, it is possible that succes-
sive rounds would lead to a further increase in
the frequency of mutants obtained. Additional
cycles of counterselection might be advisable
when specific and rare phenotypes of mutants
are needed.

The low yield of mutants found after treat-
ment of mutagenised spores of M. michei with
NGP, can be explained by the relatively high
sensitivity of these auxotrophs. This conclusion
is supported by the results shown in Figure 1.
The fact that all 12 mutantsappeared to belysine
auxotrophs might be due to aneuploidy or par-
tial heterozygosity of the parental strain, CBS
370.65, used in these experiments; but not to a
relatively higher resistance of the Lys mutants to
NGP since two such auxotrophs were isolated
without any exposure to this agent.

ACKNOWLEDGEMENTS

I wish to thank Professor DITER VON WETT-
STEIN and Dr. DAVID SiMPsON for critically
reading the manuscript. MONA ELSTER and
ANETTE JORGENSEN are thanked for excellent
technical assistance and NINA RASMUSSEN for
drawing the figure. The author was supported by
a postdoctoral fellowship from Ministerio de
Educacién y Ciencia (Spain).

REFERENCES

1. BAL, J., E. BALBIN & N.J. PIENIAZEK: Method for
isolating auxotrophic mutants in Aspergillus nidu-
lans using N-glycosyl-polifungin. J. Gen. Micro-
biol. 84, 111-116 (1974)

2. BrRunkeg, KJ,R. Mercurio & S.H. GoopaL: A
technique for the rapid selection of drug-resistant
and auxotrophic mutants of Phycomyces blakes-
leeanus. J. Gen. Microbiol. 102, 287-293 (1977)

3. Davis, B.D.: Isolation of biochemically deficient
mutants of bacteria by penicillin. J. Amer. Chem.
Soc. 70, 4267 (1948)

4, DITCHBURN, P. & K.D. MacDoNALD: Two differ-
ential effects of nystatin on growth of auxetrophic
and prototrophic strains of Aspergillus nidulans. J.
Gen. Microbiol. 67, 299-306 (1971)

5. HEESWIICK, R. VAN & M.1.G. RONCERO: High fre-
quency transformation of Mucor with recombi-
nant plasmid DNA. Carlsberg Res. Commun. 49,
691-702 (1984)

6. HoLLIDAY, R.: A new method for the identi-
fication of biochemical mutants of micro-or-
ganisms. Nature, 178, 987 (1956)

7. LEDERBERG, J. & N. ZINDER: Concentration of
biochemical mutants of bacteria with penicillin. J.
Amer. Chem. Soc. 70, 4267-4268 (1948)

Carlsberg Res. Commun. Vol. 49, p. 685-690, 1984 689



8.

10.

Accepted by: H. KLENow, E. LUND and S.O. ANDERSEN

690

M.LG. RONCERO: Isolation of Mucor auxotrophs

LeeF, J.L. & FH. GAERTNER: A cryobiological
method for the enrichment of fungal mutants. J.
Gen. Microbiol. 110, 221-224 (1979)

. NorMAN, AW, RA. DEMEL, B. DE KRUYFF,

G.W SM.vaNKESSEL & L.L. M. vAN DEENEN: Stu-
dies on the biological properties of the polyene
antibiotics: camparison of the other polyenes with
filipin in their ability to interact specifically with
sterols. Biochim. Biophys. Acta 290, 1-14 (1972)
PETERS.J. & P.S. SYPHERD: Enrichment of mutants
of Mucor racemosus by differential freeze-killing.
J. Gen. Microbiol. 105, 77-81 (1978)

1.

12.

POLAINA, J. & J. CONDE: Use of the polyene anti-
biotic N-glycosyl-polifungin in counterselecting
yeast mutants. Mutation Res. 91, 111-114 (1981)
SCHIPPER, MLAA: On Mucor circinelloides,
Mucor racemosus and related species. Studies in
Mycology 12, 1-40 (1976)

. ScHiPPER, M.A A : On the genera Rhizomucor and

Parasitella. Studies in Mycology 17, 53-71 (1978)

. Snow, R.: Enrichment method for auxotrophic

mutants using the antibiotic nystatin. Nature 211,
206-207 (1966)

Carlsberg Res. Commun. Vol. 49, p. 685-690, 1984



