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Monascus & 32| X A 3 U0l 2|8 Monacolin K A4+
HEZFE - ROiA+
ﬁl%EHé—!'I'L I'-oljﬂf‘é'_l H%_!- Dlemg_!.J—ll_

FTFORHE 7154 $F) AFPAL D A B A7) 915ho] Monasus sp. KM1001.&
goz FA) Ao AL FANIEAL 912 A EeA A2 4455} monacolin K 3% 6] S
Monascus sp. KM10012] 3 A AF2 3% glucose, 2% yeast extract, 0.2% L-asparagine, 0.05% MgSO,-7H,0,
0.1% KH,PO,, pH 4.59) ¥} 2) 24 o] 7}A F28}4) 2.1, 1.5 X 10° spores/0.5 m12] E X3 ehef & A F-3] o] v f-&
£ 28°Col| A 150 rpm 22 3% 74 vl F31 9 & o] 4.1 219] FAE A 4= A AAE TA 0158 FFH L
2 500 g2] o) o] HE 3} 8]'d bag (30.6 X 4 cn)o| A 30°C, 85% F- =2 159 7t T+ A) 23 A, 2,930 mg/
kg?] lactone form monacolin K71 A H gl on] 159 o] F e = AAlgFo| HaslgH.

Key words [] cell mass, monacolin K, Monascus sp. KM1001, mycelium

B ZFo)(Monascus, SFTye WA I Hemiascomycetaceae)
9] 3 Hd S (Monascaceae) 2 FA TAE B2 7] wjlE-
o Fxtolgtal ks, 21). TR Fejuete] A FHoR
BEx Be)EH, Monascus purpureus, M. ruber, M. pilosus, M.
kaoliang 5°1 45 4#HA UATH4). Monascus o)A E1)
Ee Ade Z4242 monascorubramine™} rubropunctamine,
S AR~ apkaflavin®}  monascin, 2] WA A4
monascorubrini} rubropunctatin°] ok 95;12134(10, 11, 17, 18)
MES A Z A xanthomonasin A2+ B7} A E 1TH(16).
ol HA4o] gl MAAR R AAHYMALTA oJobE Alx
2 AF AHE 23S s o

Monascusgy 500l T A7 60dY] o] FHE] AR @
E27HAE B2 G771 AYH YY) Monascust 5 ©|-8-3F
A4 g 7 vho] oA Ak @A) A 2 &
< o8¢ A ge] YuistEo] STk, 7, 8, 19). 1977 M.
purpureus® FZ8-2 Bacillus, StreptococcusSt Pseudomonas®)
3t AlEA 537t glom15) AZNE Monascus®] B3
wjoFl o] f£Z&-Eo] gAlwrAl B B o} BXITA, WA
F7}, oS4 (embryotoxic)® Z2¢] 7)F 7S Vehiths R

= 9ith10).
Fado] Adsle P dRFHA AUFAHEZAZA
monacolin K (lovastatin)7} & &#|x oy o] E@e

cholesterol gl #8l= &A% HMG-CoA (3-Hydroxy-3-

Methyl Glutaryt CoA) reductase®] A4S At IF

cholesterol A3}2H8-8 zb= 2102 AA Th(, 9, 12, 13).
AR BEEe ditFor TARHTHo| A frelstA
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FERL TAYP5Yo] stel TAUTHE S ofeiguz
Tads WA S FAAIE T HE) A AR
37] Astel e el FAE 4T Basol YEslel 7
A A HAZPE AESIL, TAAE AR HESt 3=
AZ5FE monacolin K&} AMAIHE HESIT A} gy E A7
e FAAS AP AFHI] skl B 0 10 TF
Monascus % 2 NTG (N-methyl-N'-nitro-N-nitrosoguanidine) =
Holxzjel] ozl #2]8 HelFE Y22 monacolin K& A34F
o] % FFE ST monacolin K 23S HES 4
= B3k A gk

e =1 3=4]

o=

=

WE ZF

B Ao ARG S S H| B REAE (KCCM)4 §F
FTAETEITH AL (KCTCPIM £ vk
purpureus  KCCM60016, KCCM11832, KCCM11847, KCCM
35473, KCCM60170, M. ruber KCCM60167, KCTC6122, M.
pilosus KCCM60398, KCCM60160, M. kaoliang KCCM60154%
AVE-EATE 53], M. purpureus KCCM600162. 2538 NTG
(Sigma-Aldrich Co., St. Louis, USA)Z Wolx|2jste] E2jdk A

Monascus

o|FRrEE MAMAo]l 43 Monascus sp. KM10013%
Monascus sp. KM1002Z @ 3le] A3},
Tk W M

EIdas 2 EEHolFE potato dextrose agar (Difco,

Detroit, USAYER Ao A 28°C, 797 vl ksl 0.08% Tween-80
fdog 3z g FARNE HES &, cotton filterZ TS}
EAHGNE A 23t TF AEE Yot 9] QALY &
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EA) 30gS 250 ml erlenmeyer flaskel] Wil Bl 353 3%
T F, 28 AABAL 121°C1A 307 7R o R SRS
o} SApulv)o] TAHEN (4.6 10° spores/ml)y= HESH 30
°C, 85% ==l 1597t wieFste] 7y @av) Aakshs i
4 monacolin K A4He-5 vl - HESN F5-5 AP}

STuietE /8 x| * YWIK=H

ZS ekl 5% glucose, 1% polypeptone, 0.1%
KH,PO,, 0.05% MgSO, - 7H,0, 0.2% L-asparagine, pH 4.3] 7|
i) 50 miol) A E o] ARG 500 ul (4.6 % 10° spores/
mhE FF#H o2 AEal 30°CclA 383t 150 rpmoeE NEr
wjeretgnt. AR T AT filter paperE ©]§3le] THE Fo}
SHFE 23 AT vk, 80°CollM AT Sako] € ufztx]
AZs} filter papere] FAE W S AZTAFOE i

oA YLt A YA HE

FAYDN 01X E Badle) JFE Yokur] Hstel Bago
= glucose, sucrose, lactose, fructose, maltose, glycerol, soluble
starch B dextrinS: 242} 595 A 71k 71l o wieksiod A2k
B TAFS SAs] gAAe] 7T dagt gads 2
o} gALe] 7P st B9 gucosed] FE 1-8%H Al
HFrlsle] TARFENS HF £, 30°ColA] 383 150 pmez X
g ale] FAAA) vIAE HE gade) s=E 2T

ool 7, 7120 HA eads bl Fade
= polypeptone, casamino acid, beef extract, Bacto-tryptone,
Bacto-peptone, Bacto-soytone, malt extract 2 yeast extract® 2+
2+ 1%EA] Hrksto] ARFTE vt -, ALt 7P <%
33 A4AUe 2RI AR v AEd yeast
extract® 0.5~5%FA 718 7]2ujAel| =AA"RAS HE5T
3 30°Co A 397t 150 pmo 2 et wieksle] A AAte] 7}
F d3F dade] FE %8kt

AL PR pH B 259 FIE Goki 7] fst
A ead ¥ 498 371 71BHA Y] pHE 35~7.07H4] &
A3 wjAjel] ZAFAEHE HFsked 30TAN 343 150 pm .
2 e ujket &, Az AES A A4 pnE A4
o FA i GeEE 20~40°Ce] 2E0A APTETE wjdst ot
&, AETAFS S48t Y vl 24skant. AN
abol WA= FBEE 9 27) HEake] gk HHujR] T
o] AgFEe] ¥AHE WEET 0200 pmeE AWEES o)
gl wide &, A2aAFE S7gstd FH JAFEEE 2H
3o, HauiAle) 7] TARFTES Beiste] AP TFE W
F &, AxdAES SATORA A HIFHS AR
HFdrol] mhE TR HHuR]of I REA-S HF3
=, 90U Jehufedstel HRTARE St IS

A7Rstaem 33 o) HEAES T3l A4S AT

E39 Mz
QAT B WR|E SFE) PHshe) 24413F WAL 2]
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FE3Hako] 25-30%% Al S the- ¥1d bag (30.6 X 44 cm)°ll
HolA] 121°Coll A 302 Skt SAbgh #in] 500 gof] A
AR A Bt 35 FAAE HRaEAFen BlEie
0.1~0.15 g& BE3IA 30°C, 85% HFE= 21U7F wjekstR o
T3 Wk WolgE 190) 2 E50] Fof foje] §
AL AT wlgke] 989 & 50°ColA BEEH o
WE BashEA dgel Agstcth

Y2 FE U HY

T 2k 10l 80% €S Ssmis 7Sl 25°0CeA] 24
AG3AA A4S FEIG0h ML F2T 5, 8000x g

27 AAEEEte NAFE FTAE e, HaTE

AeAe 80% N2 AP wiFE 43t EERT
(Specgene, TECHNE Co., Englandy& ©]-83t] A 4e 5
nm, LAR|HAE 470 nm, FAALE 400 nme] SHEE &
gate] MAAYHFS ODgEe = JERAIT.

=
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2
R
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Monacolin K £& % M

Z8 0291 100% methanol 1 miZ ¥o] 25°CelA 208
¥ sonication¥r ¥, 8,000 x gollA 1083 AR e FeH
< A ARt Qe HARE 1 me] FE89E U}
slo] §J9F 22 Wlo = 53] WHEStY monacolin KE FE3}
Fon HE FEFES 5 mE HA A FEES HAFHO
2 HPLC 842 93} syringe filter (pore size 0.45um)Z 3}
Bt APwF= v acid form monacolin KE A4k
lactone form monacolin K& U A2 B AF o)X=
form monacolin K& “Z#3IATE  Lactone form
monacolin K& AH#HE $j3) Z44e) F&E 10wE HPLC
(Knauer HPLC system, Berlin, Germany)oll SY3le] #2-4435t9 ).
4] column< Higgins Analytical CLIPEUS C,; column®} Merck
LiChrospher® 100 RP-18 columne A}g-slgiem A7) &w+
acetonitrile:0.1% trifluoroacetic acid (60:40)% AH8-3te 1 ml/min
9] &0 AWt RASIT. #4143 standard monacolin
K (Sigma-Aldrich Co., St. Louis, USA)$} Hln}e] Zbzte] B
o) 5= = lactone form monacolin K9] & Z43HA

lactone

2 % 2@

e ME

HAF25E T84 9 monacolin KE U Akele
FZ2 XS A, Table 191 e BE2} 20, M. purpureus
KCCM60016914 A4 224840 50] 958 # o}2} monacolin K
o] AL 288 IF & Utk MAagite] niwE 4=
3t M. kaoliang KCCM601549}F KM1002 HolEE 0.1% ©13}12]
monacolin K A4S Bl vk 157 wijoksl e 2 KM 1001
HolF = ghajalld @ Aol AN ALY Lbo] HEHFFE F
7V #e e YEMIES % oPg} monacolin K] S
2,900 mgkgZ ohE AFFRU wl¢ £& 3he UeRgl o]

r
2
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Table 1. Production of Monascus pigments and lactone form monacolin K from various Monascus strains®

Strains Pigments (OD)" Monacolin K

Yellow (400 nm) Orange (470 nm)  Red (500 nm) (mg/kg)
M. kaoliang KCCM60154 136.8 79.2 113 180
M. purpureus KCCM60016 198 139.2 199.2 180
M. purpureus KCCM11832 83 442 624 ND°
M. purpureus KCCM35473" 46.2 24.8 29.6 ND
M. purpureus KCCM 11847 49 1.4 0.9 ND
M. purpureus KCCM60170 7.8 29 2.1 ND
M. pilosus KCCM60160 1.3 0.6 0.9 ND
M. pilosus KCCM60398 2.7 19 2.7 ND
M. ruber KCCM60167 10.3 4.8 5.9 ND
M. ruber KCTC6122 10.6 5 5.9 ND
KM1001 mutant 575 610 504 2,900
KM1002 mutant 172 117 154 900

“Monascus strains were inoculated into steamed rice and incubated at 30°C, 85% humidity for 15 days. Monascus pigments were extracted with
80% ethanol from red rice koji after incubation. Lactone form monacolin K was extracted with 100% methanol from red rice koji and analyzed by

HPLC.

bn case of above OD 2.00, each value describes absorbance x dilution rate.

°ND, Not detected.

o] AsE KM 1001 Ho)FEHE T4 E monacolin K
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A ©$Ah9E Lolrr] #8ke] glucose, sucrose, lactose,
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7] 913t glucose® 1-8%2] FEE HiX|ol| Z4zh Hrkste] 3
v RNewjekatact. Figo 1(B)el vebd ulel 2ol 3%9]
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Fig. 1. Effect of carbon sources (A) and glucose concentration (B) on the production of cell mass from Monascus sp. KM1001. (A) The
inoculated media containing various carbon sources were incubated on 150 rpm rotary shaker at 30°C for 3 days. (B) The inoculated media
containing various concentrations of glucose were incubated on 150 rpm rotary shaker at 30°C for 3 days. For determination of dry cell weight,
culture broths were filtered through predried and preweighed filter paper, washed several times with distilled water and dried at 80°C until constant

weight was attained.
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Fig. 2. Effect of nitrogen sources (A) and yeast extract concentration (B) on the production of cell mass from Monascus sp. KM1001. (A) The
inoculated media containing 3% glucose and various nitrogen sources were incubated on 150 rpm rotary shaker at 30°C for 3 days. (B) The
inoculated media containing 3% glucose and various concentrations of yeast extract were incubated on 150 rpm rotary shaker at 30°C for 3 days.
For determination of dry cell weight, culture broths were filtered through predried and preweighed filter paper, washed several times with distilled

water and dried at 80°C until constant weight was attained.
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malt extract ¥ yeast extract® FAYLE V7 199 A Hrlst
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extract® ARESIIE W) 7P & TAANE-S VERIRIT

pHS| A&k

KM1001 HolFe] Fx| At mlA]= pHY| PSS Polr )
13t 3% glucose, 2% yeast exiract, 0.05% MgSO, - 7H,0, 0.1
% KH,PO,, 0.2% L-asparagines 313+ 7128)A]¢] pHE 3.5~
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Fig. 3. Effect of pH (A) and temperature (B) on the production of cell mass from Monascus sp. KM1001. (A) The inoculated media (containing
3% glucose, 2% yeast extract) with various pH (3.5-7.0) were incubated on 150 rpm rotary shaker at 30°C for 3 days. (B) The inoculated media
(containing 3% glucose, 2% yeast extract, pH 4.5) were incubated on 150 rpm rotary shaker at 20-40°C for 3 days.
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BT = 28°CY T

TErEE 9l x7| ZXIEE2o| gt

KM1001 Ho}5=0} Al A4tel] |3 Aedrol ks do}
1Y) 918t} HAulAjol] TAHENL HEale] 28°Col A ek
E5E 0~200 rpmo 2 Gelste] 32Uzt wiudsiAdch Fig 4o U}
B vieh o], 50 ipm oAl A F2 3] @Al gile] FrlelAe
™ 150 pmollA] 3.94 gn2] dAE YAt HAlo] =EEte
™ 150 ipm ©)3e} JEEZ A= A A4k AgEE9] Z7)
o vlglslA A4 F71ekR= gtk

TAEI) vXe AT J3S Lol y) Yste] F
Za)=) 50 mioll 0.5 10°~2 X 10° spores/0.5 ml] FAFeA g
0.5ml 2 2zt HE3te] widst A, Fig 5ol Ve niet 2
o] 1.5X% 10° spores®] FAME A0S ) 4.1 g2 7T B
HETAZ}E AAAEA 0T, 1.0 X 10° sporese] TAE HEstigt
= KM10019] XAkl FOhE EA1% o] gloka A= ok

UhFA|Zbe]
KM1001 WHol5=o] A kel w2 v FAizhe] Jeke do}
B7] fi8ted HAulA] 50 miell 1.5 X 10° spores/0.5 mle] FA}3
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Fig. 4. Effect of shaking speed on the production of cell mass from

Monascus sp. KM1001. M. sp. KM1001 was incubated at 28°C for 3
days on rotary shaker with various shaking speed 0 to 200 rpm.
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Fig. 5. Effect of inoculum size on the production of cell mass from
Monascus sp. KM 1001. M. sp. KM1001 was incubated on 150 rpm
rotary shaker at 28°C for 3 days.
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Fig. 6. Effect of incubation time on the production of cell mass from
Monascus sp. KM 1001. M. sp. KM 1001 was incubated on 150 rpm
rotary shaker at 28°C for 0 to 9 days.
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Fig. 7. Effect of incubation time on the production of lactone form
monacolin K and Monascus pigments. Monascus sp. KM1001 was
inoculated into 500 g of steamed rice and incubated at 30°C, 85%
humidity for 21 days. Monacolin K was extracted with 100% methanol
from red rice koji and anatyzed by HPLC. Monascus pigments were
extracted with 80% ethanol from red rice koji. Symbols O, Concentra-
tion of monacolin K; @ , Absorbance at 500 nm; 2\ , Absorbance at 470
nm; A , Absorbance at 400 nm.
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ABSTRACT : Production of Cell Mass and Monacolin K from Monascus sp. on Rice Solid Culture
Hyuck-Jun Jung and Tae-Shick Yu (Department of Microbiology, Keimyung University, Tacgu
704-701, Korea)

The optimal conditions for production of Monascus sp. KM1001 cell mass on submerged culture and production
of monacolin K on rice solid culture were investigated. An overproducing mutant of Monascus pigments, KM
1001 mutant, from Monascus purpureus KCCM60016 was selected by NTG treatment. The optimal medium
for the production of KM1001 mutant cell mass is instructed to be composed of 3% glucose, 2% yeast extract,
0.1% KH,PO,, 0.05% MgSO,-7TH,0, 0.2% L-asparagine, pH 4.5, and the optimal inoculum size and shaking
speed were 1.5 x 10° spores/50 ml medium and 150 rpm, respectively. On optimal conditions, 4.1 g/l of the cell mass
was obtained at 28°C for 3 days. The mycelium were inoculated on 500 g of steamed rice using vinyl bag (30.6
x 44 cm) and incubated at 30°C, 85% humidity for 21 days. Lactone form monacolin K was rapidly increased
for 2 days and reached highest concentration of monacolin K (2,930 mg/kg) for 15 days, and monacolin K was
decreased after 15 days.



