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Monascus pilosus MK-1 is a mutant of M. pilosus IFO4520, which is used to brew the red yeast rice for food
industry as functional food additives or food colorants. The obvious phenotypes of the mutant MK-1 showed a
high productivity of lovastatin and red pigments, slow growth of the fungal mycelia comparing with the wild type
IFO4520. Through the suppression subtractive hybridization, we identified 30 up-expressed sequence tags (up-
EST) (AB193486 to AB193498) from the mutant MK-1. Among them, 10 of the up-ESTs were homologues of the
known-functional genes. Two up-ESTs (AB193498 and AB193494) are the transcript factor-related gene
homologues, and they were homologous with the phosphatidylinositol-4-phosphate 5-kinase and the transcription
factor respectively. Three up-ESTs (AB193487, AB193496 and AB193497) were homologous with pyruvate
carboxylase, glyceraldehydes-3-phosphate dehydrogenase and ATP-dependent protease respectively, and the
three genes are involved in the carbon metabolism. Four up-ESTs (AB193486, AB193488, AB193491 and
AB193495) were homologous with the ADP-ribosylation factors. An up-EST (AB193490) was a homologue of
penicillin-binding protein. These up-ESTs might indicate to explain the phenotypic differences between the wild
type IFO4520 and the mutant MK-1.
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INTRODUCTION

Monascus genus is used to brew a lot of oriental
fermented foods (such as: Red Yeast Rice), and to treat
hypercholesterolemia for a long time in Asia (Samiee et

biosynthesis pathway and the genes for lovastatin
biosynthesis have been identified and characterized in
Aspergillus terreus (Kennedy et al., 1999; Yoshizawa et al.,

al., 2003), since some Monascus spp. can synthesize
lovastatin and the red pigments. The red pigments are
used as food additives and colorants for food industry
around the world. Lovastatin can block cholesterol
synthesis by inhibiting the HMG-CoA reductase and
highly effective in lowering levels of plasma total and LDL
cholesterol (Endo, 1992; Kennedy et al., 1999), therefore,
the Red Yeast Rice brewed with Monascus is also used
as the functional food additives in food industry. The
biosynthesis pathway and the genes for lovastatin
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1994) and Monascus was suspected of possessing a similar
lovastatin biosynthetic pathway and these genes have been
cloned recently from Monascus pilosus (Chen et al., 2008).
Fungal growth (Omamor et al., 2008) and regulation of
lovastatin  biosynthesis depends on culture conditions,
including the composition of the medium, the incubation
parameters, and light, amongst other things in Aspergillus
(Hajjaj et al., 2001; Casa-Lopez et al., 2003) and
Monascus (Wang et al., 2003; Miyake et al., 2005; Zhang
and Miyake, 2009). We bred a M. pilosus mutant MK-1
with high lovastatin and red pigments productivity
comparing with the wild type M. pilosus IFO4520 by
chemical treatment and cerulenin selection (Miyake et al.,
2005). In order to characterize some genes which might
be related with the phenotypes of the mutant MK-1, we



identified 13 up-expressed sequence tags (up-ESTSs)
from the mutant MK-1 by using the suppress subtractive
hybridization.

MATERIALS AND METHODS

M. pilosus strains,
metabolite analysis

culture conditions and secondary

M. pilosus MK-1 is a mutant of M. pilosus IFO4520 bred by Miyake
et al. (2005). The fungal strains (IFO4520 and MK-1) were routinely
maintained on the potato dextrose agar (PDA), Difco medium. The
maltose-glycerol-peptone (MGP) medium was used to grow fungi
for the different analysis, since the MGP medium leads M. pilosus
to produce higher lovastatin and the red pigments than the PDA
medium did (Zhang et al., 2009). The MGP medium consists of 1%

maltose, 7% glycerol, 3.8% peptone, 0.1% MgSO47H,0 and 0.2%

NaNO3. Fungal biomass was determined based on the fresh-weight
of the filtrated cells from cultures. Red pigment production was
estimated and expressed as absorbance units (U) at 490 nm. The
contents of lovastatin were determined by chromatograms detected
at 237 nm and 260 nm respectively, under established conditions,
as described previously by Zhang and Miyake (2009), and the peak
of lovastatin was identified by mass spectra. All data presented
were the averages of results obtained from three independent
experiments.

Identification the up-ESTs by the suppress subtractive
hybridization

Total RNA was isolated from M. pilosus mycelia with RNeasy Plant
Mini Kit (Qiagen) and treated with DNase | (RNase free) (TaKaRa,
Japan). mRNA was purified from the total RNA with OligotexTM-
dT30 (Super) mRNA Purification Kit (TaKaRa, Japan) for the
suppress subtractive hybridization (SSH). SSH was performed with
Clontech PCR-SelectTM cDNA Subtraction Kit (BD Biosciences,
USA), and mRNA of the IFO4520 and the MK-1 used in SSH
experiment was isolated from the fungi incubated in the MGP broth
medium for 14 days.

Expression confirmation by Northern dot blot

Northern dot blot was used to confirm the up-expression of the up-
ESTs identified by the SSH. RNA of the fungi was isolated from
different growth times, and they were transferred on to the charged
nylon membrane (Roche) after electrophoresis in a 1.5% agarose-
formaldehyde gel. DIG-labeled full-length anti-sense RNA probes of
cDNAs were generated in vitro transcription from the cloned ESTs
in pGEM-T easy vector (Promega) by SP6 RNA polymerase, by
following the protocols of DIG Northern Starter Kit

(Roche). Pre-hybridization, hybridization, washing and
chemiluminescent detection were also carried out as describing in
this manual. Stringent washes were given as 2 x SSC / 0.1% SDS
at RT for 10 min twice, and 0.1 x SSC / 0.1% SDS at 68°C for 20
min twice. Other molecular methods were following the protocols of
Sambrook and Russell (2001).

RESULTS AND DISCUSSION
Main phenotypes of M. pilosus mutant MK-1

The filament fungus, M. pilosus can produce lovastatin

red pigments and citrinin as secondary metabolites (Chen
et al., 2008; Zhang and Miyake, 2009). To breed an M.
pilosus with high lovastatin productivity, a mutant MK-1
was bred from M. pilosus IFO4520. The spores of M.
pilosus IFO4520 were treated with a chemical mutagen

N-methyl-N’-nitro-N-nitrosoguanidine, and further
selected with cerulenin (Miyake et al., 2006). Three main
phenotypes of the mutant MK-1 were found comparing
with its wild type IFO4520 (Figure 1). First, the mutant
MK-1 had the ability of 10 fold high lovastatin production
comparing with the [FO4520 (Figure 1B). The fer-
mentation conditions for high lovastatin production were
established, and the optimal cultivation for high lovastatin
was the growth of the fungi in the maltose-glycerol-
peptone (MGP) medium containing 1% maltose, 7%
glycerol, 3.8% peptone, 0.1% MgSO4.7H>,O and 0.2%

NaNOg3 at 28°C for 14 days. Secondly, the mutant MK-1
could produce higher red pigments comparing with the
IFO4520 (Figure 1D). Thirdly, the mutant MK-1 grew
slowly in the PD medium and in the MGG medium
comparing with the IFO4520 (Figure 1B).

Identification of 13 up-ESTs from M. pilosus mutant
MK-1

To isolate the up-expressed genes in the mutant MK-1, a
subtractive cDNA library was constructed from the
IFO4520 and the mutant MK-1 grown in the MGP media
at 28°C for 14 days by the suppression subtractive
hybridization (SSH). After the subtractive selection, a total
of 96 EST clones showed differential expression between
M. pilosus mutant MK-1 and the IFO4520 by the reverse
Northern dot blot (Figure 2). Among them, 13 clones were
found to show most-up-expression in the mutant MK-1
and their up-expression was further confirmed by
Northern dot blot analysis (Figure 3). Then these up-
ESTs were sequenced and were homologous searching
by Blast. The accession No. of the 13 up-EST in
GeneBank was listed in Table 1.

Homologous analysis of the up-ESTs of the mutant
MK-1

Homologous search of the differentially expressed ESTs
was done by Blast, and a summary of the database
homologous search was given in Table 1. Ten up-ESTs
could be found the homologues which were known- or
predicated-functions; other three ESTs could not be found
any homologue in the database. Two ESTs (AB193494 and
AB193498) were homologous with the genes involved in the
expression regulation for the genes. They may play
regulation roles for gene transcription in the mutant MK-1.
The EST (AB193498) was a homologue  of
phosphatidylinositol-4-phosphate  5-kinase, which was
secreted by Fusarium oxysporum during colonization of
tomato xylem vessels (Houterman et al., 2009). The EST
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Figure 1. Phenotypes of M. pilosus IFO4520 and its mutant MK-1. A. Colony of IFO4520 and MK-1.
The fungi were grown on the MGP (maltose-glycerol-peptone) solid medium (1% maltose, 7%
glycerol, 3.8% peptone, 0.1% MgSO47H>0, 0.2% NaNO3 and 2% agar) at 28°C for 7days. B-D.
Biomass, production of lovastatin and red pigments of the IFO4520 and the mutant MK-1. The fungi
were grown in 50 ml of the PD (potato dextrose, DIFCO) broth medium or in 50 ml of the MGP broth
medium at 28°C for 14 days.
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Figure 2. Up-expressed sequence tags (up-ESTs) in M. pilosus mutant MK-1 comparing with its wild type M. pilosus
IFO4520 by reverse Northern dot blot. Equal plasmids of the subtracted ESTs cloned in pGEM-T easy vector from the
mutant MK-1 and the IFO4520 were blotted on the Nylone membrane, and probed with the DIG-labeling total cDNAs
from the IFO4520 and the MK-1. The clones in the boxes are the most-differential expression between the IFO4520
and the MK-1.

tomato xylem vessels (Houterman et al., 2009). The EST and they may be related with the slow-growth phenotype
(AB193494) was a homologue of a rice transcription factor of the mutant MK-1. The EST (AB193487) was a
OsRS2 (Tattersall et al., 2005). Another three ESTs homologue of pyruvate carboxylase (Jitrapakdee et al.,
(AB193487, AB193496 and AB193496) were homologues 2008), and the EST (AB193496) was homologous with
with the genes involved in carbon and protein metabolism, glyceraldehyde-3-phosphate dehydrogenase, these
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Figure 3. Confirmation of the differential expression of the 13 up-ESTs between M. pilosus
IFO4520 and its mutant MK-1 by Northern dot blot. Fifteen ocg of total RNA from the IFO4520
and the MK-1 grown in the MGP broth medium at different growth times were blotted on the
nylone membrane, and probed with the corresponding cloned up-EST respectively.

Table 1. Predicated functions of the up-expressed sequence tags in M. Pilosus mutant MK-1.

Up-ESTs Homologues Predicated function

AB193498 NM106158 Phosphatidylinositol-4-phosphate 5-kinase
AB193486 NM191065 ADP-ribosylation factor

AB193487 AF097728 Pyruvate caboxylase

AB193488 NM191065 ADP-ribosylation factor

AB193489 - -

AB193490 AB119947 Penicillin-binding protein

AB193491 NM191065 ADP-ribosylation factor

AB193492 - -

AB193493 - -

AB193494 ABO071600 Transcription factor OSRS2

AB193495 NM191065 ADP-ribosylation factor

AB193496 732524 Glyceraldehyde-3-phosphate dehydrogenase
AB193497 M76451 ATP-dependent protease

- no homologue could be found by Blast searching in GeneBank.

up-ESTs might be involved in the carbohydrate
metabolism. The EST (AB193497) was a homologue of
an ATP-dependent protease (Baker and Sauer, 2006),
which may be involved in the protein degradation. The
EST (AB193490) was a homologue of a penicillin-binding
protein (Sauvage et al., 2008), which may play roles in
the secondary metabolism. Four ESTs (AB193486,
AB193488, AB193491 and AB193495) were homologous

with  ADP-ribosylation factor, whose function in
mammalian cells is as regulator of vesicular traffic and
actin remodeling (Lee et al., 2008).

In summary, 13-up-expressed sequence tags (Up-ESTS)
have been isolated from the mutant MK-1 of M. pilosus
IFO4520. These up-ESTs might be related with the three
main phenotypes of the mutant MK-1, that is: high
productivity of lovastatin and red pigments, slow growth of



the fungal mycelia.
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