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Cycloheximide {actidione) has been shown to inhibit protein
synthesis and to a variable extent, RNA synthesis in various fun-
gi, as well as mammalian cells, but not in bacteria, (Fiala and
Davis, 1965; Fukuhara, 1965; de Kloet, 1965; Siegel and Sissler,
1965; Sussman, 1965; Wettstein et al., 196L).

In an atmosphere of COp and Ny, cells of Mucor rouxii are
spherical, yeast-like and reproduce by budding. However, after
exposure to air for a few hours, they are converted to hyphae
(Bartnicki-Garcia, 1963). It was shown (Haidle and Storck, in
manuscript) that this conversion is accompanied by protein and
RNA synthesis, 1In the present paper, it is demonstrated that cy-
cloheximide inhibits protein and RNA synthesis, as well as the
morphological change,

Materials and Methods: Yeast-like cells of Mucor rouxii NRRL

1894 were obtained by incubating sporangiospores in submerged cul-
ture in a glucose-mineral salts medium (Bartnicki-Carcia, 1962)
supplemented with nicotinic acid, thiamine and casein hydrolysate.
During growth, the culture was continually flushed with a mixture
of 0.1 1/min COp and 0.3 1/min N,, Cycloheximide was a gift from
the Upjohn Company, Kalamazoo, Michigan,

For incorporation of labeled amino acids and uridine, the yeast-
like cells were exposed to air and tracer at the same time, Sam-
ples, 1.0 ml, were removed at the indicated times and mixed with
an equal volume of 20% (w/v) trichloracetic acid (TCA) and incu-
bated in the cold for 30 min. The precipitates were collected on
Schleicher and Schuell membrane filters (type B-6) and were washed
6 times with 5 ml volumes of cold 10% TCA., Radioactivity was mea-

sured in a liquid scintillation spectrometer,.
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RNA hydrolysates were prepared by treating perchloric acid pre-
cipitated cells with ribonuclease, followed by alkaline hydrolysis

of the solubilized material (Haidle and Storck, In manuscript).
The base composition of RNA was determined by chromatography on
Dowex 1-X8 formate resin as described elsewhere (Henney and
Storck, 1963%; Storck, 1965; Haidle and Storck, In manuscript),
Results: The effect of increasing concentrations of cyclohexi-
mide upon Clu-L-phenylalanine incorporation is presented in Fig.
1, This curve represents percent inhibition after 4 hr exposure
of yeast-like cells to air, tracer and antibiotic, In the absence
of cycloheximide, 4 hr are required for the onset of filamentous
growth, Fig. 2 shows the time course of incorporation of Clh-L-
isoleucine during the conversion in the presence and absence of
the antibiotic. 1Isoleucine is incorporated exponentially in the
absence of cycloheximide and 5% of the yeast-like cells produce
germ tubes after b hr; this percentage increases to 80% after 10
hr, 1In the presence of 20 ug/ml cycloheximide, 5% of the cells
produce germ tubes after 6 hr, When 200 pg/ml cycloheximide is
present, germ tubes are produced only after 10 hr, but 90% of the

population never produce germ tubes, Uridine incorporation, repre-
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Fig. 1 Efﬁect of various concentrations of cycloheximide on
cl ~L-phenylalanine incorporation, Yeast-like cells were
exposed to air, tracer {0.066 pc/ml of culture; 66 mc/
mmole) and cycloheximide and incubated for L hr at 25 C
with stirring.
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Fig. 2 1Incorporation of Clh-L-isoleucine in the presence and ab-
sence of cycloheximide., Yeast-like cells were exposed to
air and tracer (0.2 pe/ml of culture; 6.16 mc/mmole) at
0 time, Symbols: O-control, no cycloheximide; A - 20
pg/ml cycloheximide; [J - 200 pg/ml cycloheximide,

senting RNA synthesis, is presented in Fig. 3. The discontin-
uities observed in these curves are typical for RNA synthesis dur-
ing the conversion (Haidle and Storck, In manuscript). The
amount of inhibition after 4 hr is 40 to 50% compared with the 95%
observed for amino acid incorporation, There is very little inhi-
bition of uridine incorporation during the first 45 min of the con-
version,

Table 1 shows the difference in the base composition of RNA in
the presence. and absence of cycloheximide., When the antibiotic
is present, the base composition of RNA resembles that of DNA,
The base ratio in the absence of the antibiotic is typical for
bulk RNA of both the yeast and hyphal forms,

Using standard manometric techniques measuring Op uptake, there
was 66% inhibition of respiration of yeast-like cells in the pres-
ence of cycloheximide, whereas there was only 21% inhibition of

respiration of hyphae,

177



Vol. 22, No. 2, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

CPM X 107

i S SR R S
= 1 2 3 ,
TIME (HR)

3

Fig. 3 Incorporation of H”-uridine in the presence and absence
of cycloheximide, Yeast-like cells were exposed to air
and tracer (0.4 pc/ml of culture; 6.58 c/mmole) at O
time, Symbols: O - control, no cycloheximide; A - 20
pg/ml cycloheximide; [] - 200 ug/ml cycloheximide,

Table 1. Base composition of RNA in the presence and absence
of cycloheximide.

Nucleotides {Mole %)

C )\ u(T) [ G+C
~ Cycloheximidex 19,5 29,2 24,8 26.5 k6.0
+ cycloheximide** 21.7 29.7 27.4 21.2 k2,9
DNA *%% 19.5 30.5 30,5 19.5 39.0

* Determined on P52 content of nucleotides, Yeast-like cells
were exposed to air at O time and tracer (35 pc of P2%/ml
zf culture) at 20 min. The incorporation was terminated at

O min.

*¥¥ Yeast-like cells were exposed to air and tracer (same as above)
at O time in the presence of 250 ug/ml cycloheximide, The
incorporation was terminated at 4O min.

**% Determined by CsCl buoyant density centrifugation and melting
point analyses (Storck, 1966)
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Discussion: Our results represent yet another example of the
inhibition of the synthesis of both protein and RNA in a filamen-
tous fungus which is capable of growing in the yeast form, Al-

though there is general agreement in the literature concerning the

inhibitory action of cycloheximide on protein biosynthesis, the
situation with respect to RNA synthesis is not clear. Sussman
(1965) found no inhibition of uridine incorporation in the slime

mold Dictyostelium discoideum and Siegel, and Sissler (1964) ob-

served a stimulation of RNA synthesis in Saccharomyces pastorianus.

Studies on the mode of action of the antibiotic, using in vitro
protein synthesizing systems, indicate that there is an interfer-
ence in the transfer of amino acids from transfer RNA to protein
(siegel and Sissler, 1965; Wettstein et al., 1964)and also an in-
hibition of the breakdown of the polysome structure, which would
effectively prevent the "read out" of the messenger, Fiala and

Davis (1965), working with Neurospora crassa, have presented evi-

dence to show that the inhibitory action on RNA synthesis is exert-
ed mainly on ribosomal RNA and perhaps results from the inability
to methylate this RNA in the presence of the antibiotic.

It is perhaps appropriate to point out the similarities and dif-
ferences between our results and those of other workers. Fukuhara
(1965) has studied the induction of respiratory enzymes when S.
cerevisiae is transferred from an anaerobic to an aerobic environ-
ment. He observed a 95% inhibition of protein and a 30% inhibi-
tion of RNA synthesis and close to 100% inhibition of the synthe-
sis of cytochrome c. We have noted a similar degree of inhibition
of protein and RNA synthesis when yeast-like cells are exposed to
air in the presence of cycloheximide, In addition, we observed a
higher degree of inhibitjion of respiratiomn in antibiotic-treated
yeast-like cells than in hyphae, which can be interpreted as the
suppression of the de novo synthesis of respiratory enzymes in
yeast-like cells. Fukuhara (1965) has also presented evidence for
the accumulation of a high turnover RNA with a base ratio differ-
ing from that of bulk RNA, which is in agreement with the work of
de Kloet {1965) who found that there was an accumulation of DNA-

1ike RNA in S. carlsbergensis. These data agree with our observa-

tion of the preferential synthesis of RNA which mimics DNA and
which we believe is of the messenger type, Siegel and Sissler (196k4),
however, found that RNA synthesized in the presence of cycloheximide

has a base composition similar to that of bulk RNA,
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Finally, in the presence of cycloheximide, the morphological con

version of yeast-like cells to filamentous cells is inhibited which

is similar to the inhibition of morphogenesis in D, discoideum
(Sussman, 1965). Since we have shown that protein and RNA syn-
thesis accompany the conversion and that cycloheximide inhibits
both of these syntheses, it is assumed that protein and/or RNA
synthesis are necessary for the yeast to filament change and that
this change involves more than merely the change in shape of the
cell wall,
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