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The opportunistic pathogens Rhizomucor pusillus and Rhizomucor miehei may be agents of frequently fatal
mycotic diseases. In the present study, the susceptibilities of 27 clinical and environmental isolates of R. miehei
and R. pusillus to lovastatin under different culturing conditions were investigated. Most of the R. miehei strains
grew at lovastatin concentrations as high as 64 to 128 �g/ml. In contrast, the inhibitory effect of lovastatin on
all of the R. pusillus strains was evident at lovastatin concentrations as low as 1 to 2 �g/ml. A simple and
reliable method for species-level differentiation, based on the significantly higher sensitivity of R. pusillus to
lovastatin than that of R. miehei, was elaborated. According this, on malt extract agar containing 6 �g of
lovastatin/ml, R. pusillus is not able to produce colonies, while R. miehei will form compact colonies.

A growing number of susceptible hosts form a high-risk
population for opportunistic fungal infections. Among these,
zygomycosis comprises a diverse group of increasingly recog-
nized mycotic diseases caused by some members of the orders
Entomophthorales and Mucorales (e.g., Absidia, Mortierella,
Rhizomucor, and Rhizopus [5]). In spite of the fact that these
mycoses are in most cases limited to patients with a challenged
and weakened immune system, they are attracting even more
attention because of their frequently fatal outcome. The lim-
ited success of the current therapies mainly stems from the
rapidly progressive nature of these infections and the low num-
ber of antimycotics that can be applied (3, 5, 10).

An expanding body of data is becoming available that dem-
onstrates the opportunistic pathogenic role of the members of
the genus Rhizomucor (1, 2, 4, 5, 9, 11, 16). This genus involves
two ubiquitous species: R. pusillus and R. miehei. Their ther-
mophilic nature and characteristic morphological features,
such as the presence of stolons, rhizoids, and repeatedly
branched sporangiophores, clearly distinguish them from most
members of the Mucorales (7). At the same time, the identifi-
cation of Rhizomucor isolates at a species level seems to be
problematic, frequently resulting in misidentifications, or the
species names remain to be determined.

There are several approaches that may be of help in the
identification of Rhizomucor species, but all of these method-
ologies involve unresolved problems and limitations. Determi-
nation of the number of nuclei in the sporangiospores (12) or
morphological characterization of the zygospores (the diame-
ter is �50 �m and �50 �m for R. miehei and R. pusillus,
respectively) (7, 15) has some potential in providing characters
for species delimitation, but the results are not clear-cut in
most cases. It is also known that homo- and heterothallic
Rhizomucor strains do not group according to species: R. mie-
hei involves only homothallic strains, but both hetero- and
(rarely) homothallic R. pusillus isolates are known (7). Assim-

ilation differences can also be used to differentiate these or-
ganisms: an inability to assimilate sucrose, glycine, phenylala-
nine, and �-alanine and the stimulative effect of thiamine on
growth are known to be characteristic of R. miehei: however,
these differences may be evaluated only with reference strains
for comparison of the growth. Analyses of isoenzyme (7, 8, 13)
and randomly amplified polymorphic DNA patterns (14) also
provide markers for species identification, but they need mul-
tistep protocols requiring specialized equipment and expert
knowledge.

Lovastatin (Chemical Abstracts Service registry no. 75330-
75-5) is known to be a competitive inhibitor of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase, the key enzyme of the
acetate mevalonate pathway. Formation of mevalonic acid is
necessary for the biosynthesis of isoprenoid compounds (e.g.,
sterols and ubiquinone) and also the mevalonate-derived pre-
nyl groups. The inhibition of sterol (and carotenoid) biosyn-
thesis in fungi is accompanied by ultrastructural changes in the
hyphal cells or inhibition of growth, depending on the lova-
statin concentration (6).

In the present study, the susceptibilities of R. miehei and R.
pusillus to lovastatin under different culturing conditions were
investigated, and a simple and reliable method for the unam-
biguous differentiation of Rhizomucor species was devised.

The Rhizomucor strains used in this study, derived from
single spores of clinical and environmental isolates (genetically
homogenous strains), were subcultured on antimicrobial
agent-free media (malt extract agar [MEA]) at 37°C for 3 days
to ensure purity and viability. The strains were maintained on
MEA slants at 4°C. The 27 strains examined involved 9 R.
miehei isolates and 18 R. pusillus isolates (among them both
homothallic and heterothallic isolates). The accuracy of the
initial species identifications was checked rigorously via exam-
ination of morphological traits and physiological features (7)
and by isoenzyme and randomly amplified polymorphic DNA
analysis (13, 14). Spore counts were made in a hemocytometer,
and the resulting suspensions were adjusted to the required
sporangiospore number per milliliter (spores were suspended
in sterile water during all of the study).

Lovastatin (Mevacor) was obtained from Merck Sharp
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Dohme (Haarlem, The Netherlands), and 200 mg of stock/ml
was prepared in methanol. This was used to prepare a dilution
plate series with MEA purchased from Fluka (Buchs, Ger-
many). All chemicals were of analytical grade. Solidified media
were air dried and inoculated with 3 �l of sporangiospore
suspension as a small drop. Fungal growth was checked visually
after incubation for 2 to 5 days at 37°C. The MIC corresponds
to complete (100%) growth inhibition. Each test was carried
out at least three times, performed in parallel.

In preliminary experiments, the effects of the culturing con-
ditions were determined. Selected R. miehei and R. pusillus
strains were grown under various pH conditions (pH range, 4
to 8) on different media containing lovastatin. The pH of the
medium was adjusted with lactic acid. Under all conditions
tested, the R. pusillus isolates proved to be more sensitive to
lovastatin than the R. miehei isolates. It was shown that the
inhibitory effect of lovastatin is stronger at lower pHs, and the
inhibitory effect depends on the size of the inoculum: MICs
were lower at lower sporangiospore concentrations (results not
shown).

On the basis of these preliminary results, the 9 R. miehei
strains and 18 R. pusillus strains were tested on MEA plates
containing 0.2% lactic acid (pH 4) and lovastatin in the range
of 1 to 128 �g/ml. MICs were determined after 2 days of
incubation. Sporangiospores were inoculated in 3-�l droplets
from spore suspensions with different concentrations (e.g., 106,
105, or 104 sporangiospores per ml). It was observed that with
a 3-�l inoculum from a suspension of 106 sporangiospores per
ml, most of the R. miehei strains grew at lovastatin concentra-
tions as high as 64 to 128 �g/ml (depending on the strain), and
all of them grew well at 8 �g of lovastatin/ml (Fig. 1). In
contrast, the inhibitory effect of lovastatin on all of the R.
pusillus strains was evident at concentrations as low as 1 to 2
�g/ml, and they hardly grew at all at 4 �g of lovastatin/ml. The
MICs were significantly lower with a smaller inoculum size;

however, the difference in sensitivities to lovastatin between
the two species could be detected. When 3 �l of 104 sporan-
giospores per ml was inoculated, none of the R. pusillus isolates
grew at a lovastatin concentration of �2 �g/ml, while only one
R. miehei isolate apparently did not grow at a lovastatin con-
centration of 6 �g/ml (Fig. 2).

Accordingly, the recommended method for differentiation
of the two species is as follows. After the inoculation of spo-
rangiospores (in a 3-�l drop from a suspension of 106 sporan-
giospores per ml) on MEA containing 6 �g of lovastatin (pH 4;
adjusted with lactic acid)/ml, the fungus is cultivated on 37°C
for 2 days. R. miehei will produce more or less compact colo-
nies, while the growth of R. pusillus will be blocked completely;
evaluation is based on the presence or absence of colony for-
mation. As a control, the sample should also be inoculated on
MEA without lovastatin. Each of the 27 strains tested could be
clearly identified by using this method. The difference in sen-
sitivity to lovastatin provides a reliable method for the accurate
differentiation of R. miehei from R. pusillus. The great advan-
tage of this approach is its simplicity. With the usage of an R.
pusillus strain and an R. miehei strain as reference strains (for
example, ATCC 46342 and ATCC 16457, the type strains of R.
pusillus and R. miehei, respectively), even the effect of the
occasionally different qualities of the available lovastatin prod-
ucts might be excluded.

The molecular background of the different sensitivities of
the two species is not yet known, but it could be rooted in the
different copy numbers of the 3-hydroxy-3-methylglutaryl-co-
enzyme A reductase gene in their genomes. Experiments have
been started in connection with this question.

FIG. 1. Graphical representation of the growth of R. miehei and R.
pusillus on MEA containing different concentrations of lovastatin. Spo-
rangiospores were inoculated in 3-�l droplets from suspensions of 106

sporangiospores per ml. Growth of both R. miehei and R. pusillus on
MEA without lovastatin was considered to be a growing rate of 1.

FIG. 2. Growth of R. miehei and R. pusillus on MEA (plates A and
C, respectively) and MEA supplemented with 6 �g of lovastatin/ml
(plates B and D, respectively). Sporangiospores were inoculated in
3-�l droplets from a suspension of 106 (1), 105 (2), or 104 (3) sporan-
giospores per ml.
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