Arch. Microbiol. 100, 105—114 (1974)
© by Springer-Verlag 1974

Edeine Inhibition and Resistance in Neurospora

Margit Wagenmann and Walter Klingmiiller

Institut fir Genetik der Universitit Mimechen

Walter Neupert

Institut fir Physiologische Chemie und Physikalische Biochemie
der Universitdt Miinchen

Received August 1, 1974

Abstract. To obtain data on the biochemical effects of edeine in the fungus
Neurospora crassa, vn vivo protein synthesis, 7n vifro protein synthesis, as well as in
vivo RNA and DNA synthesis of the wildtype and an edeine resistant mutant were
measured. —Incorporation of H leucine into conidia of both strains, which served
as a measure for in vivo protein synthesis, was inhibited by 200 yg edeine/ml as
follows: Wildtype approx. 40%/,, mutant approx. 6°,.—Incorparation of “C phe-
nylalanine into polyphenylalanine in a cell free system with ribosomes from either
the wildtype or the mutant, was inhibited between 74 and 959, by edeine at a
ratio of 2 molecules edeine per ribosome.—Incorporation of 3H adenosine into
conidia, serving as a measure for in vivo RNA synthesis, was inhibited in the wild-
type (approx. 30%/, inhibition by 200 pg edeine/ml). It was, however, not influenced
in the ed” mutant. Similarly, ¢ vivo DNA synthesis was decreased in the wildtype,
but not in the mutant,—These results suggest that edeine acts at more than one
site. The resistance of the mutant edr-29 (ed"-2 locus) is tentatively interpreted as
due to a block in edeine uptake.

Key words: Edeine — Neurospora — Edeine-Resistance — Protein-Synthesis —
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-Edeine is an oligopeptide antibiotic from Bacillus brevis, It is a mix-
ture of two components, edeine A and B, each of which is composed of
5 amino acids and 1 molecule of spermidine, edeine B having a guanyl
group linked to the spermidine residue (Hettinger and Craig, 1970).
Edeine has a broad action spectrum, it inhibits growth of yeasts and
fungi, but also of gram-negative and -positive bacteria (Kurylo-Borows-
ka, 1967). In vivo experiments have shown that in Escherichia coli there
is a strong inhibition of DNA synthesis, whereas RNA and protein
synthesis are barely affected (Kurylo-Borowska, 1962, 1964). In cell free
systers, with ribosomes from Z. coli and from rabbit reticulocytes, a
strong inhihition of protein synthesis was observed (Hierowsky and
Kurylo-Borowska, 1965; Obrig et al., 1971).

It has been shown that edeine in . coli influences genetic recombi-
nation (Piekarowicz ef al., 1969). In addition, recombination frequencies
in this bacteriam are altered in edeine resistant strains (Wlodarezyk
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et al., 1969). Corresponding data were recently reported for Neurospora,
where edeine resistant mutants have been obtained and used for such
investigations (Beetz and Klingmiiller, 1973; Teles-Grilo and Kling-
miiller, 1974). Hence, a detailed knowledge of the biochemical effects
of edeine in Neurospora would be useful not only for studies on the mecha-
nism of DNA synthesis, but also for studies on the mechanism of genetic
recombination in eukaryotes. This lead us to investigate the effects of
edeine on in vivo and in vitro protein synthesis, on in vivo RNA, and on
in vivo DNA synthesis of the wildtype and an edeine resistant mutant of
Neurospora crassa.

Material and Methods

1. Strains. Neurospora crasse wildtype 74-OR 23-1A de Serres; origin: Dr.
Mary E. Case, Yale University. Neurospora crasse edeine resistant mutant edr-29/18
(edr-2 locus); origin: M. Leonor Teles-Grilo, this institute (see Teles-Grilo and
Klingmiller, 1974, for details).

2. Special Chemicals. Edeine complex, Pharmaceutical Works ‘“Polfa’”, Tar-
chomin, Poland. In the present experiments this drug was applied at 200 pug/ml
(in vivo) resp. 2 pug/ml (in vitro). L-leucine *H, spec. act. 1 Ci/mMol; L-phenylalanine
G, spec. act. 513 mCi/mMol; adenosine 3H, spec. act. 12.1 Ci/mMol; The Radio-
chemical Centre, Amersham, England. Components of incubation mixture for in
vitro protein synthesis: Poly-U and pyruvate kinase, Boehringer, Mannheim;
tRNAPFre from yeast, Dr. R. Thiebe, Institut fir Physiologische Chemie der Uni-
versitit Miinchen; phenylalanyl-tRNA-synthetase from yeast, Dr. R. Hirsch, same
institute; AMT buffer: 0.1 M NH,CI, 0.01 M MgCl, and 0.01 M Tris-HCI, pH 7,6.

3. Growth Media. a) Solid: Glycerol complete after Horowitz (1947); Difco
Bacto Neurospora Culture Agar. b) Liquid: Fries’ minimal after Beadle and Tatum
(1941); Vogels minimal after Vogel (1956) ; sucrose medium: 20 ml Vogels (50 times)
and 20 g sucrose in 1 | H,0; peptone medium: 5 g Difco Peptone, 5 g Difco Yeast
Extract, 15 g malt extract, Merck and 20 ml Vogels minimal (50 times) in 11 H,0.

4. Procedures for Obtaining Conidia and Conidial Suspensions. a) Wildtype
conidia and conidial suspensions were obtained as described by Neuhsuser ef al.
(1970). The basic medium was glycerol complete. b) If growth media without edeine
were used to obtain conidia of the ed” mutant, only part of the conidia that came up
had the resistant phenotype (Teles-Grilo and Klingmiller, 1974). To enforce
expression of the resistant phenotype in all conidia, the mutant had to be grown in
the presence of edeine. Edeine, however, is not tolerated in combination with
glycerol complete, hence the basal medium for these experiments was Neurospora
Culture Agar. Edeine was added to give a concentration of 200 pg/ml.

&. Protein Synthesis in vivo. 2.4 X 107 conidia each were filtered off onto milli-
pore filter disks, washed twice with H,0, and resuspended in flasks with 20 ml
Fries’ minimal, with or without 200 pg edeine/ml. Here they were aerated for
10 min at 25°C (“edeine pretreatment’’). Then, 0.5 uCi °H leucine were added per
ml. After incubation periods up to 60 min, samples of 2 ml were transferred into
test tubes, containing 0.5 m1 50°/, TCA and 0.5 ml 0.1 M unlabeled leucine, to stop
the incoporation of the radioactive leucine. The mixtures were kept at 90°C for
30 min. Then the cells were filtered off and washed twice with H,0. They were dried
on the filters and the radicactivity was measured.

Kurylo-Borowska (1962) had found in Hscherichia coli that in vivo protein
synthesis is not affected before a 3 hrs pretreatment of the cells with edeine. We
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have checked this point in Newrospera in experiments, where the original pretreat-
ment of 10 min was extended by up to 3 hrs. The results of such experiments (Fig.1;
Wagenmann, 1974} show that the inhibition of leucine incorporation in the presence
of edeine indeed increases with increasing duration of edeine pretreatment. How-
ever, this increase is relatively small. Since at several hours of pretreatment of the
conidia harmful side effects were to be expected, and the inhibition at 10 min
pretreatment proved strongly significant, this short edeine pretreatment was
chosen in all later experiments.

6. Prolein Synthesis in vitro. Ribosomes were prepared and poly-U dependent
polyphenylalanine synthesis was measured as described before (Pongratz and Kling-
miller, 1973). The edeine resistant phenotype is unstable in all edr-mutants checked
so far (as opposed to the genotype). It is maximally expressed in cells grown in the
presence of the drug (Teles-Grilo and Klingmiiller, 1974). For this reason, ribo-
somes from the ed” mutant used here had to be prepared from mycelia grown in the
presence of edeine. In liquid sucrose medium, which was used to obtain mycelia and
ribosomes from the wildtype, the ed” mutant does not tolerate edeine to the ex-
tent it does on solid medium. However, this mutant tolerates 130 ug edeine/ml in
liquid peptone medium. Hence, for growth of ed” mycelia this medium was chosen.
As a control, in parallel runs, the wildtype was not only grown in liquid sucrose
medium, but also in peptone medium either without or with a limiting concen-
tration of edeine. Hence, ribosomes from four different types of mycelia wers prep-
ared and used in the in vitro tests, viz.:

mycelia of type 1: wildtype grown in sucrose medium,

mycelia of type 2: wildtype grown in peptone medium,

mycelia of type 3: wildtype grown in peptone medium plus 75 pg edeine/ml, and
myecelia of type 4: ed” mutant grown in peptone medium plus 130 pg edeine/ml.

7. ENA and DNA Synthesis in vivo. Since fungi incorporate exogeneous thy-
midine very inefficiently (Jannsen ef al., 1970), in the experiments to be described
here 3H adenosine was used. This substance, if added to whole cells, is incorporated
into both RNA and DNA (Hartwell, 1967; GroB, in preparation). Pilot runs had
shown that incorporation was optimal if conidia (1.2x108/ml) were germinated
in Vogels minimal and 2°/, glucose for 4 hrs at 25°C under constant aeration. Hence,
such conidia were used. They were, in parallel runs, either supplied with edeine
(200 pg/ml) for 10 min, or left without it. Then, 16 uCi 3H adenosine were added
per ml. Aliquots of 2.5 ml were taken at various time intervals up to 60 min, mixed
with unlabeled adenosinesulfate (final cone. 0.8 M) and TCA (final eonc. 79/,), and
kept at 0°C for 1 hr. They were then filtered off, washed twice with H,0, dried and
counted. According to Hartwell (1967) and GroB (in preparation), *H adenosine
predominantly labels RNA; labelling of DNA figures to maximally 109/, of $otal
label. To find the amount of radioactivity in DNA, samples withdrawn from the
incubation mixtures were treated with 2.5 ml 1 N NaOH for. 16 hrs, to hydrolyze
RNA, before adding unlabeled adenosinesulfate and TCA.

8. Statistics. Deviations indicated in Tables 1 and 2 and Figs.1, 7 and 9 are
standard deviations from the mean. Where based on percent values, angular trans-
formation was used (Fisher and Yates, 1953).

Results
Influence of Edeine on ¢ vivo Protein Synthesis

Incorporation of °H leucine into proteins of conidia of the wildtype
and of ed” mutant Nr. 29/18 (ed’-2 locus) was measured in the presence and
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Fig. 1. Influence of edeine on in vivo protein synthesis of wildtype conidia pretreated

with edeine for various periods of time. Pretreatment periods: o = 10 min, a =

70 min, o = 190 min. —Ed and - Ed: Pretreatment and incubation without or

with edeine. At the end of the pretreatment period, *H leucine was added to the

incubation mixture, samples were taken at the intervals indicated, and processed as

described in “Material and Methods”. The radioactivity of the samples is plotted
against incubation time in the presence of *H leucine

Table 1. Inhibition of protein synthesis by edeine in wildtype and mutant conidia.

10 min pretreatment, 200 pg edeine/ml; protein synthesis was measured as in-

corporation of ®H leucine into acid precipitable material. Data are averages from
3 experiments each

Duration of 0/o Inhibition
incubation with
3H leucine (min) wildtype mutant
5 41 4+ 0.6 6.3 - 2.7
20 48 4 0.8 6.0 + 2.8

45 52 40.8 16.6 4- 2.2

absence of edeine. The results are shown in Table 1. Protein synthesis of
the wildtype was inhibited by the drug between 419/ (5 min) and 529/,
{45 min of incubation). In contrast, that of the mutant was inhibited to a
much lower degree (6—17%/,).
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Fig.2a—c. Influence of edeine on in witro protein synthesis of the wildtype. (a)

Ribosomes from mycelial type 1 (sucrose medium). (b) Ribosomes from mycelial

type 2 (peptone medium). (c¢) Ribosomes from mycelial type 3 (peptone medium
plus 75 ug edeine/ml). — Poly U: Incubation without poly U and edeine

Influence of Edeine on ¢» vitro Protein Synthesis

To study the effect of edeine on ribosomes, the synthesis of poly-
phenylalanine in a poly-U directed reconstituted system of protein
synthesis was measured. Ribosomes from 3 different wildtype mycelia
(mycelia of type 1—3) and ribosomes from ed” mycelia (mycelia of type 4)
were used. Figs.2 and 3 give the results of such experiments. In experi-
ments without edeine in the incubation assay, incorporation of radio-
active phenylalanine into polyphenylalanine was higher with ribosomes
from mycelia of types 1 and 2 (grown without edeine) than with ribosomes
from mycelia of types 3 and 4 (grown in the presence of edeine). This
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means that growth of mycelia in the presence of edeine leads to altera-
tions or damage of their ribosomes. If edeine is present in the incubation
assay, a strong inhibition is observed with ribosomes from wildtype as
well as from edeine resistant cells. The pooled data from several experi-
mentsare givenin Table2. Percent inhibition (H) was calculated as follows:

— b) x 100
H () = (a#_

Table 2. Inhibition of in vitro protein synthesis by edeine (2 pg/ml) for ribosomes
from 4 different mycelial types. Data are averages from 2—4 experiments each

Ribosomes from Inhibition H (%/,)
Mycelial type 1 (wildtype, sucrose medium) 95 4 0.3
Mycelial type 2 (wildtype, peptone medium) 88 4- 5.5
Myecelial type 3 (wildtype, peptone medium plus 75 ug

edeine/ml) 75 1+ 4.0
Mycelial type 4 (ed” mutant, peptone medium plus

130 pg edeine/ml) 844 3.3
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Fig.3. Influence of edeine on in witro protein synthesis of the edr-29 mutant. Ribo-
somes were taken from mycelial type 4 (peptone medium plus 130 ug edeine/ml).
Abbreviations as in Fig.2

Fig.4. Influence of edeine on in vivo RNA synthesis of wildtype and mutant conidia.

Pregerminated cells were incubated with *H adenosine. Radioactivity of samples is

plotted against time of incubation. 4- Ed = 200 pg edeine/ml. Wt wildtype; edr
mutant
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Fig.5. Inhibition of in vivo RNA synthesis in the wildtype and the mutant by edeine.

Average inhibition is plotted against duration of incubation with 3H adenosine.

Averages were derived from 3—5 experiments each. The horizontal lines indicate the

two means, which were obtained by pooling the data from the different times of
incubation

Fig.6. Influence of edeine on in vivo DNA synthesis of wildtype and mutant conidia.
Conditions and abbreviations as in Fig.4

where @ = increase in radioactivity without edeine between 20 and
50 min incubation, corrected for increase in radioactivity without poly-U,
and b = increase in radioactivity with edeine in the same interval,
corrected for increase in radioactivity without poly-U. The data sub-
stantiate that the ribosomes from wildtype and mutant are inhibited to
the same extent. It is concluded that mutation ed”-29 does not cause
resistance via an alteration of ribosomes.

Influence of Edeine on RNA and DNA Synthesis

Incorporation of *H adenosine into conidia of the wildtype and of the
ed” mutant was measured with and without edeine. Fig.4 shows the
incorporation of this precursor into RNA and Fig.6 into DNA. Tt can be
seen from Fig.4 that RNA synthesis of the wildtype is inhibited by edeine.
In contrast, RNA synthesis of the mutant is not. The same holds for
DNA synthesis (Fig.6). Since incorporation of the label varied consider-
ably from experiment to experiment, for a precise evaluation of our
results, data from several repeats were pooled. In Figs.5 and 7 the per-
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Fig.7. Inhibition of 4n vivo DNA synthesis in the wildtype and the mutant by
edeine. Conditions and abbreviations as in Fig.5

cent of inhibition of RNA and DNA synthesis by edeine in wildtype and
mutant is plotted against duration of incubation. It can be seen that
RNA synthesis is inhibited by edeine in the wildtype (approx. 309/,
inhibition with 200 ug edeine/ml), but not in the mutant. Quite similar
values are observed for DNA synthesis.

Discussion

The experiments described here have shown that incorporation of
leucine into proteins of conidia of Neurospora is inhibited by edeine in
the wildtype, but not in the edeine resistant mutant ed”-29. On the other
hand, the sensitivity of isolated ribosomes to this drug is the same with
the wildtype and with the mutant. Since wildtype and mutant ribosomes
are equally affected in witro, it is concluded that edeine resistance of
protein synthesis in mutant edr-29 is not caused by an alteration of the
ribosomes. Obviously, this resistance is based on a different mechanism
than that in the cycloheximide resistant mutants described previously
(Pongratz and Klingmiiller, 1973). In these latter mutants, the ribo-
somes have lost the sensitivity to the antibiotie.

With regard to DNA and RNA synthesis in cells, it is shown here
that in the wildtype both reactions are inhibited by edeine, whereas in
the mutant they are not affected. Hence, it appears that in all experi-
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ments on DNA, RNA and protein synthesis with intact cells, edeine has
an inhibitory effect in the wildtype but not in the mutant. Therefore,
the most likely cause of edeine resistance in the mutant is an alteration
of edeine uptake, such that cells of the mutant take up less edeine than
those of the wildtype.

Such an alteration could for instance result from a defect in a trans-
port system for oligopeptides. Another possibility would be that in the
mutant an edeine degrading enzyme (peptidase) is effective. However,
the latter possibility is ruled out by the finding that mutation ed-29
is recessive to the wildtype allele in heterokaryon tests (Teles-Grilo and
Klingmiiller, 1974; Klingmdiiller, 1967). In contrast, the first explana-
tion is supported by this finding.

Acknowledgements. The authors thank Mr. A. Pfaller for valuable help in car-
rying out experiments with the reconstituted system.

Note Added in Proof. In the above experiments, the influence of edeine on
protein synthesis was measured i vivo and in vitro, but on RNA and DNA synthesis
could only be checked in vivo. For setting up an in vitro system on RNA synthesis,
RNA polymerases of Neurospore would be needed. These are not available yet.
However, RNA polymerases of yeast, a related organism, have recently been iso-
lated and purified by several groups of workers. W. Klingmiiller could therefore
check the influence of edeine on RNA synthesis in vitro, using RNA polymerases
of Saccharomyces carlsbergensis, in the Biochemisch Laboratorium, Vrije Uni-
versiteit of Amsterdam (Director: Prof. Dr. R. J. Planta), during the tenure of an
EMBO short term fellowship, in cooperation with Drs. H. van Keulen and Dr. J.
Retel. Transcription of phage 4 DNA, phage ¢ 80 DNA, and calf thymus DNA were
measured with the A- and B-enzyme, without edeine, or in the presence of 10, resp.
100 p.g edeine/ml, using incorporation of ®H. UTP into TCA precipitable material as
criterium. In these experiments it was found that RNA synthesis in vitro is not
affected by the drug.
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