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Monascus purpureus NTU 601 is a strain that produces monacolin K, y-aminobutyric acid (GABA),
and citrinin under solid culture conditions. Because citrinin is a mycotoxin and possesses nephrotoxic
and hepatoxic effects, it has a negative impact on the acceptance of red mold rice by people. In this
research, a simple and quick selection method for mutant strains with low citrinin production was
designed based on the fact that citrinin possesses antibacterial activity for Bacillus subtilis and will
form an inhibition zone around the colony of the Monascus strain. The mutant strain M. purpureus N
301 only produced 0.23 £+ 0.01 ppm citrinin, which was 50% less than that of the parent strain, and
the monacolin K production was 481.29 + 7.98 ppm and maintained 91% productivity. M. purpureus
N 310, the other mutant strain, produced 0.27 4+ 0.01 ppm citrinin, which was 41% less than that of
the parent strain, and the monacolin K production was 526.29 + 5.54 ppm, which showed no significant
changes when compared with the parent strain. The GABA content of the two strains was 5000
ppm, which is similar to that of the parent strain. The results showed that the method could be used
to select red mold rice with low citrinin production.
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INTRODUCTION blood cholesterol levels in both humans and animals. Therefore,
it was proven to have special effects when used as a cholesterol-
The Monascusspecies is a Chinese traditional fermentation |owering drug. The relationship between cholesterol and ath-
fungus used on food for over thousands of years in China, anderosclerosis has long been a concern, and an excessive
its special effects and application on food were recorded in concentration of cholesterol may lead to coronary artery disease
ancient Chinese records. The types of secondary metabolitesor cause deattl(). GABA has several physiological functions
produced from theMonascusspecies include (i) a group of  including neurotransmitting, hypotensive, and diuretic effects
pigments (yellow pigment, ankaflavin and monascin; orange (11, 12). GABA is produced from the decarboxylation of
pigment, monasgorubrm and rubropunctanln;"and red pigment, glytamic acid by catalyzing glutamate decarboxylase. Red mold
monascorubramine and rubropuctamink)2), (i) a group of ice contained a large amount of GABA and possessed antihy-
antihypercholesterolemic agents including monacolin K and a pertensive effects for humans (13). The fact that red mold rice
hypotensive agenty-aminobutyric acid (GABA) (3), (i)  has a special effect on lowering cholesterol levels and that it
antioxidant compounds including dimerumic acid) (and can be used as a hypotensive agent makes it more popular in
3-hydoxy-4-methoxy-benzoic aci8), and (iv) an antibacterial  ha fervent development of functional food.
activity compound including pigment and citrinin (also known Citrinin. one of the secondary metabolites of #enascus
as monascidin) (26, 7). L e y h
species, has a negative impact on the acceptability of red mold

Endo (8)kdiscovered that ? rr}1<ore alfjtige fmem)é'?“eg fct))rm r?f rice product. Citrinin is a mycotoxin first found in 1931 from
compactin known as monacolin K would be formed in the broths pgqjcijjiym citrinum it was later found irAspergillumspp. and

of I\/I_onla_lscus (;uber. Monacolin K (also known as_lc;]\_/gstatinf, Monascusspp. (6,14). Citrinin [CisH10s; IUPAC, (3R,4S-
mevinolin, and mevacor) is a potent competitive inhibitor o trang)-4,6-dihydro-8-hydroxy-3,4,5-trimethyl-6-0x0-3H-2-benzo-
3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA pyrane-7-carboxylic acid] is an acidic lemon yellow crystal with
reductase), the rate-limiting enzyme in cholesterol b|osynthe3|sa maximal absorption at 250 and 331 nm, kDalues of 35
(9). It can not only inhibit cholesterol biosynthesis but also lower (mouse) and 67 mg/kg (rat), and a specific rotation-@fL7.1°

(15). This metabolite exhibits a wide range of activities in
* To whom correspondence should be addressed. ¥€86-2-2363- diverse biological systems, including antimicrobial, phytotoxic,
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The antibacterial activity oM. purpureuswas first reported under an ultraviolet lamp (15 W) with a distance of 45 cm and was
by Wong and Bau (16). The mutant strains isolated from irradiated for 5 min. The viable cell (death rate 90%) was harvested
Monascuswild-type species were shown to possess antibiotic Py centrifugation, washed three times with sterile distilled water, and
properties foBacillus, StreptococcysandPseudomonaspecies was suspended in fresh PDB medium. The cell was then allowed to
during bacteria tests. Citrinin has nephrotoxic and hepatotoxic 9"°W for 6-8 h at 30°C in dark and was subsequently plated on PDA

. dit found in both solid and sub d cult agar plates and incubated for 72 h at°8 The colonies were formed
properties, and it was found In both Solid and Submerged CUltUres, 4\ ore ysed for the preparation of the bioassay.

in the 100—400 mg/L range. qulca et al. (17) conducted NTG or EMS TreatmenOne milliliter of EMS (30uL/mL, in 0.2
research on 12 types of red mold rice and found that the contentyy pH 5.0, citrate buffer solution) or NTG (1Q@y/mL, in 0.2 M, pH
of citrinin varied in the 0.2-17.1 ppm range. Hsieh and Pan 5.0, citrate buffer solution) was added to 1 mL of cell suspension of
(18) found that the citrinin content in red mold rice in a Taiwan the starting strain (fspores/mL). After it was incubated at 3G for
market ranged from 0.1 to 122 ppm. Therefore, the reduction different time intervals ranging from 15 to 60 min, the mixture was

of citrinin draws a lot of attention by researchers throughout diluted 1000 times with sterile distilled water immediately. The viable
the world. cell (death rate 50%) was harvested by centrifugation, washed three

; ; ; ; i i i isti d in fresh PDA
In general, microbiology always uses mutagenesis to increaselimes with sterile distilled water, and was suspende
9 9y Y g medium. The cell was then allowed to grow for8 h at 30°C and

the productlylty and change the metaboll§m. Hovyeygr, n this was subsequently plated on PDA agar plates and was incubated for 72
SIUdy’_We tried to reduce the Concentra_tlon_ of citrinin in _r_ed h at 30°C. The colonies formed were used for the preparation of the
mold rice for the sake of safety and to maintain the composition pjgassay.

of the healthy monacolin K and GABA by using a mutation  Bjoassay and Isolation of Lower Citrinin Production Strains. B.
method to screen the strain with low citrinin. The screening subtilis was plated in PDB at 30C for 24 h. After that, an aliquot
process was developed based on the inhibition effect of citrinin (200uL) of the culture was spread on a PDA plate. The mutant strains
on Bacillus subtilisand the formation of the inhibition zone  were placed in the PDA culture for 3 days to observe whether an
size. In addition, this research Compared the byproduc’[s (mo_inhibition zone was formed. Then, thdonascusstrain with low or no

nacolin K, pigment, and GABA) of the mutant strains before inhibition zone (with an inhibition rate greater than 99%) was selected
and after ,the mutat’ion and analyzed for citrinin content in the inhibition zone in order to

determine the relationship between the inhibition zone size and the
citrinin content. Finally, the most appropriate strain was selected to
MATERIALS AND METHODS study the relationship among citrinin, monacilon K, and GABA
Chemicals. GABA, monacolin K, citrinin, ethylmethanesulfonate ~ Productivities. The inhibition ratio was determined using the following
(EMS), andN-methyl-N'-nitro-N-nitrosoguanidine (NTG) were pur- formula
chased from Sigma Chemical Co. (St. Louis, MO). Liquid chroma-
tography (LC) grade acetonitrile was purchased from Merck Co. inhibition ratio (%)= [(C — E)/C] x 100
(Darmstadt, Germany). Tryptone, yeast extract, peptone, malt extract,
potato dextrose agar (PDA) broth, and Bacto-agar were purchased fromwhereC is the average diameter of the inhibition zone of the parental
Difco Co. (Detroit, Ml). Reagent grade ethyl acetate was purchased strain ancE is the average diameter of the inhibition zone of the mutant

from ALPS Chem. Co. (Taiwan). strain.

Microorganism and Seed Cultures.The microorganism used in Determination of Citrinin Concentration on the Inhibiting Zone
this study included. purpureusBCRC 31615M. ruberBCRC 31538, and the Preparation of the SamplesThe inhibiting zone formed on
M. anka M-13, Monascussp. KT, M. purpureusNTU 601, andB. the medium was peeled off and was added into 5 mL of chloroform

subtilis These strains were either purchased from the Bioresourcesfor homogeneity. After that, the mixture was shaken af&0for 30
Collection and Research Center (BCRC, Taiwan) or isolated from red min and then centrifuged (15§pfor 10 min. One milliliter of the upper
mold rice. The culture strains were maintained on a PDA slant at 10 clear layer liquid was taken and dried before adding it into 20®f

°C and transferred monthly. In additiokl. purpureusNTU 601 was acetonitrile. The solution was then analyzed by using a high-
used for the generation of mutants. The seed culture was described inperformance liquid chromatography (HPLC) method.
our previous study (3). Dose-Response Curve of Inhibition Zone ofB. subtilisto Citrinin

Red Mold Rice Preparation. The traditional red mold rice Concentration. The Monascusstrains that could produce citrinin were
preparation method had been proposed in our previous stigjiekhge put on the PDA plates and were incubated at@0for 4 days. After
whole long-grain rice@Qryza satival., Japonica) was purchased from  that, the strain was transfered with a diameter of 0.5 cm to the PDA
a local supermarket and was used as the substrate for red mold riceplates, which were evenly covered wif. subtilis. The circular
production under solid state cultivation. Five hundred grams of long- Monascusstrains were then incubated at 3G for 48 h. We then
grain rice was soaked in distilled water for 8 h. After that, the excess measured the dimension of the clear zone around the strain, analyzed
water was removed with a sieve. The soaked rice was autoclaved forthe citrinin concentration on the inhibiting zone, determined the-tose
20 min at 121°C in a “koji-dish” (the koji-dish is made of wood with response curve, and obtained the coefficients of linear regression
dimensions of 30 cnx 20 m x 5 cm). After it was cooled, the substrate  analysis.
was inoculated with a 5% (v/w) spore suspension and 0.3% (v/iw)  Determination of the Monacolin K Concentration. Red mold rice
ethanol. The inoculated substrate was cultivated &tGéor 10 days. (1 g) was extracted with 5 mL of ethyl acetate at°@for 1.5 h. The
At the end of the cultivation, the crushed and dried substrate with the suspension was then filtered through filter paper. The filtrate was
mold (red mold rice) was used for the experimer8s Besides, the evaporated to dryness under vacuum. After lactonization, 1 mL of
optimum condition for the formation of red mold rice was also acetonitrile was added to the resulting mixture, followed by filtration
investigated by using the response surface methodology (RSM) reportedwith a 0.45um pore size filter and analyzed by HPLC (model L-6200,
in our previous studyl(9). The RSM applied in this research was stated Hitachi Co., Japan)20). Chromatographic separation was conducted
as below: 500 g of long-grain rice was inoculated with a 5% (v/w) on a Beckman Ultrasphere ODS column (150 nxm4.6 mm i.d.).
spore suspension and 0.3% (v/w) ethanol. The inoculated substrate wag\cetonitrile—phosphoric acid (0.5%, 65:35, v/v) was used as the mobile
cultivated at 30°C for 10 days. In addition, during the culturing stage, phase. The eluent was pumped at a flow rate of 0.7 mL/min. UV
145 mL of water was added once every 12 h a total of three times and detection was set at 238 nm.

the addition of water was started on the fifth day of cultivation. Preparation of Mold Extract and Detection of Citrinin. The red
Mutagenesis.M. purpureusNTU 601 was used as a parental strain. mold rice (1 g) was extracted with 10 mL of acetonitrile at*&Dfor

It was cultured at 30C for 3 days on PDA slants medium. 1.5 h. The filtered extract was twice defatted with isooctane. After an
UV Irradiation. Four milliliters of cell suspension (£@&pores/mL) equal volume of water was added and acidified to pH 4.5 wit§®

of the starting strain was evenly spreaded on a Petri dish and was placed50:50, v/v), the extract was partitioned with CHCThe lower phase
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Figure 2. HPLC chromatography of the extract of citrinin in the inhibition
zone. Inhibition zone diameter: (A) 1.5, (B) 3.0, and (C) 4.5 c¢m.
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Figure 1. Photograph of the Monascus mutant strain screening with B. 54
subtilis.

was evaporated to dryness and was then dissolved in methanol, followed~.
by filtering with a 0.45um pore size filter and analyzed by HPLG)(
Citrinin was determined by HPLC on agZolumn (LiChroCART 250-
4, Merck) using the mobile phase with the composition water:
acetonitrile:triflouacetate (450:550:0.5). The flow rate was set at 1.0 S
mL/min, and the detector used was a fluorescence detector (model FL-
1, Rainin Co., Woburn, MA). The excitation and emission wavelength
was 330 and 500 nm, respectively (21).

Determination of GABA Concentration. GABA was derivatized
to phenylthiocarbamyl-GABA (PTC-GABA) according to the direction
proposed by Rossetti et aRZ). Red mold rice (1 g) was extracted -1 T T T T T T '

itrinin (ppm

with 5 mL of water at 70°C for 2 h. A 200uL aliquot of supernatant >0 3 30 33 40 43 >0 53
(or standard solution of GABA) was dried under vacuum. The residue Zone of Inhibition (diam., cm)
was dissolved in 4QiL of solution with a composition of ethanol—  Figure 3. Dose-response curve of the inhibition zone of B. subtilis to

water—triethylamine (2:2:1), and the mixture was then evaporated 10 e citrinin concentration. The values represent the mean + SD (n = 3)
dryness under vacuum. Sixty microliters of ethanehter—triethyl-

amine-phenylisothiocyanate solution (7:1:1:1) was added to the residue, proved that the antibacterial substance monascidin A is citrinin
and the mixture was allowed to react for 20 min at room temperature (). In this study, HPLC analysis was used to evaluate the
to form PTC-GABA. The excess reagent was then removed under content of citrinin in the inhibition zone produced Monascus
vacuum. The standard curve of GABA was d(_atermlned by applying species, and the results are showrFigure 2. It was found
the same proced.ure as that for.Standard solutions of GABA'. that a bigger inhibition zone indicated that more citrinin was
HPLC Separation and Detection of PTC-GABA.The dry residue roduced. The rearession coefficient was 0.98 Geare 3
containing PTC-GABA was dissolved in 20Q. of mobile phase that F dditi ’ diff Y M p ) d(?g ):[h
consisted of 80% solution A (aqueous solution of 8.205 g of sodium ' @ddilion, a difterenivionascusungus was used 1o prove the
acetate, 0.5 mL of triethylamine, 0.7 mL of acetic acid, and 5.0 mL of Sensitivity of this method. The relationship between the diameter
acetonitrile in 1000 mL of distilled water) and 20% solution B  Of the inhibition zone and the citrinin content in PDA medium
(acetonitrile—water, 60:40). The pH value for both solutions A and B or red mold rice is shown iffable 1. It can be seen that when
was adjusted to 5.8. Chromatographic separation was conducted on ahe inhibition zone is bigger, the citrinin concentration in the
Cig column (LiChroCART 250-4, Merck). The eluent was pumped at  red mold rice or PDA medium is higher and when the inhibition
a flow rate of 0.6 mL/min. UV detection was set at 254 rzg) zone is smaller, the production of citrinin is relatively lower.
Pigment Estimation. Pigment concentrations were estimated by @ Therefore, the result confirmed that the diameter of the inhibition
spectrophotometer at 500 nm. The results were expressed as optical g \yag directly proportional to the citrinin concentration in

density units per gram of dried medium multiplied by a dilution factor previous studies. On the basis of the results mentioned above,

(23). we concluded that this method was feasible to screen the strain
RESULT with low qitrinin production.. .
Screening of Mutant Strains. Chemical mutagens and UV
Estimation on Citrinin Concentration —Relationship be- irradiation were applied to tred. purpureusNTU 601 in order
tween the Size of Inhibition Zone and Citrinin Production. to obtain theMonascusstrains with low citrinin productivities.
Wong and Bau pointed out th&t subtiliswould be inhibited After the strains were cultured in PDA, 1463 colonies were
by the antibacterial activity produced Monascuspecies 16), isolated. Eleven of these colonies showed that inhibition ratios

and an inhibition zone was formed around the colony of strain were greater than 99%, which might indicate a low citrinin
as shown irFigure 1. A bigger inhibition zone means a higher production. Besides, the citrinin productions of the 11 strains
antibacterial activity of theMonascusspecies. Blanc et al.  were also found to be lower than those of the parental strain.
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Table 1. Relationship between the Clear Zone of B. subtilis and the Production of Citrinin by Monascus spp.2

inhibition zone

citrinin concn (in citrinin concn (in

species diameter (cm) clear zone, ppm) red mold rice, ppm)
M. ruber BCRC 31538 50+0.1a 436+0.14a 402+0.22a
M. anka M-13 38+0.2b 2.74+013b 1.73+£0.20b
M. purpureus BCRC 31615 29+01c 1.08+0.05¢ 0.81+0.05¢
M. sp. KT 24+03d 0.17+0.02d 0.71+0.02d

2The values represent the mean + SD (n = 3). The significant notation was denoted in the order of a—d, with a representing the least desired (least metabolite
concentration) condition and d representing the most desired (most metabolite concentration) condition.

Table 2. Production of Citrinin and Monacolin K in PDA Medium by
Monascus that Have Small Inhibition Zones in Primary Screening
Tests?

citrinin concn monacolin K
strain nos. (ppm) concn (ppm)
M. purpureus NTU 601 1.08 £ 0.02 251.16 £7.34
M. purpureus N 301° 0.51+0.01 261.38 £9.23
M. purpureus N 302¢ 042+0.01 100.54 +5.87
M. purpureus N 303¢ 0.61+0.01 20.76 +1.12
M. purpureus N 304° 0.51+0.01 15.25+3.11
M. purpureus N 305¢ 0.73+0.02 182.15+£7.12
M. purpureus N 3067 0.23£0.01 12.26 +2.54
M. purpureus N 307° 0.65 +0.01 92,98 +9.12
M. purpureus N 308¢ 0.45+0.01 80.45+4.45
M. purpureus N 309° 0.21+0.01 138.65 + 4.48
M. purpureus N 310° 0.28 +£0.01 201.97 +9.17
M. purpureus N 311° 0.16 +0.01 9.15+1.32

aThe values represent the mean + SD (n = 3). ® Mutant obtained from the
NTG treatment. ¢ Mutant obtained from the EMS treatment. @ Mutant obtained from
the UV irradiation.

Seeking Mutants with Low Citrinin and High Monacolin
K and GABA Productions. This study used/. purpureusNTU

be seen that th#l. purpureusN 301 strain produced 0.2&
0.01 ppm citrinin, which was 50% less than that of the parental
strain; the monacolin K production was 481.297.98 ppm,
which was 91% of that obtained by the parental strain. Mhe
purpureusN 310 strain produced 0.2F 0.01 ppm citrinin,
which was 41% less than that of the parental strain, and the
monacolin K production was 526.28 5.54 ppm, which was
similar to that produced by the parental strain. The GABA
concentration of both strains was 5000 ppm, which was
equivalent to that of the parental strain.

Estimation on the Pigmentation. The citrinin, monacolin
K, and pigment of red mold rice came from the metabolic
pathway of polyketide. The result of the test on the coloring
ability of the strains was shown ihable 3. The red pigment
produced byM. purpureusN 301 andM. purpureusN 310 was
higher than that of the parental strain.

DISCUSSION

For all of the previous studies concerning the secondary
metabolites of red mold rice, the pigment of red mold rice drew
the most attention, and most researchers used physical or
chemical mutagens to improve the production of red pigments.

601 as the parental strain and used NTG, EMS, and UV radiation Mutagensis was found to be the most effective method to

to select 11 mutant strains with low citrinin production (citrinin
production was in the range of 0.16.73 ppm). Of the 11
strains, M. purpureusN 311 produced the least amount of
citrinin in PDA and low monacolin K as well. As shown in the
Table 2, the concentration of monacolin K produced by the 11
strains had no direct relationship with the concentration of
citrinin. The target of this study was to screen out strains with
low citrinin production and high monacolin K concentration.
Examining the concentrations of monacolin K and citrinin of
the 11 strains in the PDA mediur¥. purpureusN 301 and

M. purpureusN 310 were found to produce a significant amount

increase the hyperpigmentatio®4( 25). Pigment, monacolin

K, and citrinin were chemical compounds of polyketide.
Therefore, to obtain strains with low or zero production of
citrinin, researchers used physical and chemical mutagens to
induce the mutant and to screen out the strains with low or zero
production of citrinin. Hiroi and Yongsmith pointed out that
the improvement of strains by UV irradiation treatment was
most effective 25, 26). In this study, we used UV irradiation
and chemical mutation techniques to improve the strains and
found out that the outcome of chemical mutation was satisfac-
tory. Although the citrinin ofM. purpureusN 311 was 85%

of monacolin K, and, in the meantime, the concentrations of lower than that of the parental strain, the monacolin K

citrinin were reduced by 4726% as compared to that of the

concentration also decreased 96% when compared with that of

parental strain. Therefore, these two strains were selectedthe parental strain. It meant that the metabolic pathway of
because they resulted in the best production of monacolin K M. purpureus N 311 was significantly changed due to

and GABA.

Optimum Culture Condition for Monacolin K, GABA,
and Citrinin Production. In a recent study19), we applied
RSM to study the use d¥l. purpureusNTU 601 for solid state

mutation.

The size of inhibition zone was a commonly used method to
test the antibacterial activity of the strains. Previous studies
showed that the antibacterial substances were produced by

fermentation on rice medium and found that the method could Monascuspecies ). The antibacterial substance was identified

result in a higher production of monacolin K and GABA as
well as a lower production of citrinin. In that study, when the

as citrinin (monascidin A), which had an antibacterial effect to
B. subtilis. TheM. purpureusNTU 601 strain was proven to

RSM condition was used, we observed that the content of produce citrinin in our earlier studyl®). Therefore, this study

monacolin K was increased from 136.838.23 to 530.614+

postulated that the antibacterial effect of citrinin Bnsubtilis

11.31 ppm, and the GABA concentration was increased from was related to the size of the inhibition zone. This study applied

1060+ 180 to 5000+ 221 ppm, while the citrinin content was
decreased from 0.8% 0.01 to 0.46+ 0.01 ppm.
In addition,M. purpureusN 301 and N 310 strains were used

an HPLC technigue and discovered that the size of the inhibition
zone of theMonascusspecies was proportional to the citrinin
content Figure 2). Thus, the extent of the citrinin concentration

as above methods for solid state culture and were analyzed bycould be sensed from the size of the inhibition zone. In addition,

using the RSM method. The result is shownTiable 3. It can

all mutants were analyzed in PDA after they were cultured in
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Table 3. Production of Citrinin, Monacolin K, and GABA on Solid Culture by Monascus Mutant Strains?

strains citrinin concn (ppm) monacolin K concn (ppm) GABA concn (ppm) pigment (Asoo/g)
M. purpureus NTU 6010 0.81+£0.01la 136.03£8.23a 1060 + 180 a 3842+222a
M. purpureus NTU 601¢ 0.46£0.01b 530.61 +11.31d 5000+ 221 ¢ 4312+312b
M. purpureus N 301¢ 0.23+0.01d 48129 +7.98b 5210 + 286 d 50.21+2.39d
M. purpureus N 310¢ 027+0.01c 526.29 +5.54 ¢ 4720+ 135b 4856 +1.87¢c

2The values represent the mean = SD (n = 3). The significant notation was denoted in the order of a—d, with a representing the least desired (least metabolite
concentration) condition and d representing the most desired (most metabolite concentration) condition. ? Traditional culture method. ¢ RSM culture method.
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