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Abstract

Soybeans were fermented with Monascus sp. to select strain with highest mevinolin production through solid-

state fermentation. Monascus pilosus IFO 480 showed highest yield of 2.2 mg mevinolin per g dry weight without citrinin,
toxic fungal secondary metabolite, as byproduct. Nutrient broth used for soybean fermentation with Monascus sp. was
composed of 3.4 rice powder, 1.1 peptone, 2.6 glycine, 12.9 glucose, initial pH 6.0 (%, w/v). Mevinolin was present in
fermentation substrate largely as hydroxy carboxylate form (open lactone, 91.8-96.8%), which is used as hypocholesterolemic
agent. Production of mevinolin continued up to 50 days fermentation time at 30°C.
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T3 (red yeast rice, red kojiye B Aol AMFCl Monascus
&0 #& FF FFsld Az HoE, FFL FHeE F
ofbrlote] oje] Aol Hde] AE ZAAAY JEE 2 A%
303 R4 RAIEA 2 Bt AMEEY] sit-3). =
ol E=ate] AAshe 23 tiAREER] mevinolin@-& lovastatin,
monacolin K, mevacor, C,,H,;0,)¢] 28 E A B4,
HMG-CoA(3-hydroxy-methyl-3-glutaryl-coenzyme) S aAS 73
A Adlsle BEAH wwet SFULHETA Al e 7t
T 71540 HaHol(3-6) F5& LI Sdth vt Monascus
& #5= YAREE-EA mevinolin ©]12]9] %= monascorubramin®]
1} monascin59] MAAGE(7,8)7 A, AR A= QRow
27 citrinin 2] mycotoxin® AFBLEE(9,10) Monascuss2)
A g ol ek FAVE AZIE & QT & ol 23 )
APFES] AR A NA acetyl-coA®} malonyl-coA & 7HA]
HE polyketide pathwayE FL&A ZAH-3t AF4(11,12)87)
HZolch A2 Wang S(10y2 & F2 Monascuse] B FE]
e citrinin®] FE FHY A, AR BE AMEOIM Hz
480 mg/Lol A HA 65mg/Le] citrinin®] A& %o}, Monascus

FE o83 BE Ago] e kA el dege At
A, Monascus W FE EA)3= mevinolin 3HHES Fig. 1

s o) BEAgze] wiel A lactone® 3 hydroxy acid® o=
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TE3ITH13,14). Pro-drug Fel2] lactoned-S, 71E3lo] 28 A
24 84939 p-hydroxy acid2 2)7F H2BA AN oF2fst
A 8§58 Jehlls 4 EH (dugE ASETi15). Lactone® 2]
mevinolinZ =% methanol §-2ollA =$- SHge HEE R
i, 4o gRE ZFME €A &4 hydroxycarboxy-
late(open lactone)2] HENZ sl T 27t FHYEHE &
A= AoE dEFh(13). webr R B9 Monascus
DB F£Z B-hydroxy acid FES] mevinolin®] FES AL
2 BIEQITH13,14). ey olgt = WYEe] AMzE UlF
£ ool ARE H(submerged fermentation)yS ©]-8-8F A
o2, F2 MA AES @7 AT HAY YEXA(TS) 2 HF
gai(16), TS FURE 7154 AEY Az F317,18)°] A1
o] git} 1A} EE¥(solid-state fermentation) SA), A AE H|E
gk AR 75 RS 4V] Y8 FECE AZFUXTH1Y9), AF
49 "X F2 FEL A(1-3)0] thiEo|x 2 W Bal(19)
o} Joy] AREHILH, T T dEdl d¥sA g
FEE geid gtk

£ AolMe A7 AEEA] 2 TS WNCE, Monascus
& A5 olgsly ¥ FH2HEFAT JEA mevinoling FF
AEQl cirinin®] A4 7S gAE] 98 = 2
Pt WA 20959 Monascus sp.d] 4FE UL
Z 2Edd HEHME 71548 dAMIES] mevinoling
o] AAdsle FEATE AdEgh T 9AR, 9%
HiQkal o] Ao wet F=F W E9 27 ik
S Frisien, Al citrinino] HAEEHA & ¢HA
wgzAs el o A3E Bstaat g,
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Fig. 1. Chemical structures of mevinolin and citrinin (14, 28).

|55t mevinolin 3}EES F2357] 913 ethanol F9 X =
4= HPLCE(Fisher Co., USA)YS AM8-81%th ¥5Z mevinolin
(lactone form)¥} citrinin® SigmarKSt. Louis, Mo., USA)E Y-E

QJeted AlE-EH o acid® @ mevinolin (¢]8} mevinolinic
acidy® Friedrich 5(13)2] ¥z] 7eRaHe Q8 WSt A
ZeAth &, F5F9 mevinolin®] 0.1 M2l NaOHZ 7}sle] 1
AlZFEE s0eCellA] 7R3 5, 1M HCES AMgslo] pH 772 B
Ag % 7022 um, Millipore Co., Bedford, MA, USA)3}Ho]
HPLCUJASCO PU-987 pump, Tokyo, Japan)& B0, T5%
2] mevinolin® mevinolinic acid®] &= UV spectra(h, )9t
retention time(1,) 2. E Q51

MEFEF ¥ HEX|

TRE Monascus$ 9] 5 205 3213979 (Korea Food
Research Institute) .2 F-E Lo} g ko) 2315
oh HA BE FFEL potato dextrose agar(PDAHIA); Difco,
MI, USAYS o]&ate] 30°CollA] 447t wliokat o, EAke] de
NE gzt AlRo) HESAY Feigde] AF HEdNch

Ffkolio| x|

IAEEE 9% FouiRAE FEEA AREEe] S Lin Hi
A F(7208] s JduXAS Table 13} 7o) WEHsle] 47}
2 FRoRE AT, 14wl Beld 7+ 4ol 35
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AN 4Y7F Bjge o B gl AMg-sisTh

=13
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TE 1227 ol A E]w Bl7)E & A8 100 gE
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LA sl deE %8}04 &?@W AR 5%
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Table 1. Medium compositions used in determining the effects of
soybean fermentation by Monascus sp.

UNutrients/” Type A B C D
Rice powder 3.0 34 3.4 -
Soy powder - - - 34
Glucose - 12.9 12.9 12.9
Peptone - 1.1 1.1 1.1
Glycine - 2.6 2.6 2.6
Sodium nitrate 0.1 - 0.2 02
Magnesium sulfate 0.1 - 0.1 0.1

Dweight/volume (%).
INiquid medium type.

T 30°CS) HiFTIoNA 60U wE b, 4 3
AFete] el 24 diabbEe] Haks #Esln o) W =
B e g 3EARE skl 3 Y 1@71 son,
HH7 AMEe 41z § Eusiste] AT w7k WEaLe)
Bskalct

A ANAHo =

5 HaFe -Er“goﬂ 70% ethanol 7}3le] 8ol A 147}
(OD =2.0 O]o})i 4*40}0:1 Nge Ars

b R
T
L
<
X
oﬁi

g Hewlett packard spectrophotometer, model 8753, Germany)
2 24l wREe] 4EE BRI

Mevinolin, Mevinolinic acid, Citrinine] F£& 4 X2t

T3 waFge B 0.1gol methanol, 70% ethanol, 0.1%
H,PO, acetonitrile?] &71E z+ 2zt 1.0mLA 7lsl, Z5-77](sonic
& materials Inc. USAYE ARE3led 50°CollAl 2A17F A bl4)
3oL PR (12,000 x g, 10 minydtR T 59-& o37H0.45 um)
g o HPLCE o83l 23} glaptee] e 438150,
Capcell Pak C,; UGI20 column(250 x 4.6 mm, Shiseido Co.,
Tokyo, Japanys ARE3FSICE ©]F4de] v+ acetonitriles 0.1%
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HPOS 65:35vv)] Hlg, 283 08 mL/min®] §&502 &%
3Tk Al 7EA SREe] A 7} SIjtEe] HAEd 224, 237,
247, 2609) F7+ 342l 238 nmollA FAle) &3} Th(13-15,
22). Mevinolin®} mevinolinic acid, 223 citrinin®] ¥ 7} 3
TEe] BEELS AMEEl] 2 A ol8sie] FRsiact

233 0F

f8 g3 MY

Monascus%:8} 5 2052 7+ 7 PDASIAY wjFdh =, A4A
Ze] wigFE] suje] g Efel 3 §F, NE FF
o] 5%(v/wyg FHskL LAERA|RA Fol FHHeZ HFsl 15
U7t LEAT A= Table 291 2t Monascus #5578 F5Fol
mE AALa] oFe 2z takkEe] AA%e HES 24,
M. purpureus ATCC 1625 WE3t M. purpureus ATCC 228, M.
ruber TFO 203, M. ruber IFO 317, 281X M species ATCC
435 59 #FEL FuiRIM ] AdERS Tl Futstod
AN ALt &, AT g5 Jroz U
A citrinin(Fig. DO A2 #AY Aot 2&95, 5 2N
o] A4 tiapbEe] Bol AE4S A B7hEAvk(data not
shown). Citrinin®] A& #o] vFo|Avt AE=A &L aANY
Eo] Ao MLZH0D, )°] 098 ol3l2A, &eo R Yehle
A gajol} Bjzkao] tiFo|Ritt. o]9}h ke Ak Al
Y Monascus dF 238+ U422 YES(yeast extract sucrose)
WA A Wi eFs A, citrinin®) S wigEe] Mast g

Table 2. Screening of the best strain for mevinolin without
citrinin preduction from soybean fermented with Monascus sp.
at 30°C for 15 days

Mevinolins  Citrinin

Strains 0.D., %)" (he/e)

M anka TFO 478 1.55 0.052 215
M anka IFO 873 0.98 0.019 ND
M. pilosus IFO 520 0.12 0.015 ND
M pilosus IFO 480 0.23 0.072 ND
M purpureus ATCC 162 - 2 -

M. purpureus ATCC 489 1.61 0.051 12.1
M. purpureus ATCC 228 - - -

M. purpurea IFO 482 032 0.045 ND
M. ruber IFO 203 - - -

M. ruber IFO 492 0.20 0.031 ND
M ruber IFO 317 - - -

M. araneosus IFO 483 1.45 0.032 19.3
M kaoliang ATCC 592 0.51 0.017 ND
M kaoliang ATCC 595 1.27 0.064 312
M kaling ATCC 598 0.37 0.013 ND
M sp. ATCC 435 - - -

M sp. ATCC 437 0.95 0.041 15.8
M sp. TFO 301 0.31 0.019 ND
M sp. TFO 280 0.25 0.016 ND
M vitreus IFO 532 0.78 0.027 17.6

ND: not detected.

YMevinolins (%) = mevinolin (%) + mevinolinic acid (%).
DFermentation failure.

The detection limit of mevinolins and citrinin is approximately 100 ng
and 550 ng/g respectively.

All data are expressed as mean (n=3).
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Fig. 2. HPLC chromatogram of citrinin, mevinolinic acid, and
mevinolin in 70% EtOH extract from soybean fermented with
Monascus pilosus TFO 480 at 30°C for 20 days. 1: citrinin, 2:
mevinolinic acid, 3: mevinolin, 4: methy! ester of mevinolinic acid.
Top: reference, bottom: sample.

o] RE AEA AEHUTE B1F Wang 5-(10)4= =izt
ARTE 2t o] Ao} FFuike B AFe) pDAMA =
k2 MEA(powdered malt extract, 20 g; peptone, 1.0g; ghicose,
20 g agar, 15g; distilled water to 1L)2] AIHEIAE AR
), AH) wjoFES Ax3P) 98] YESHIAE ARSE A
& ol oz vwE ek W Monascus 479 gl Ak
£ WIEe] 24 FEE AR TR Aildl 7
2 9P FE T2 248 WM F Avh 4 IF5F9
BAAQ wash e, 83 tAMHES mevinolin®] A/ Fol
0.04% olAko]HA EAAEQ citrinin®] HEFo] 50 ug/g oI5t
o HFE M anka TFO 478(0.052%), M. purpureus ATCC
489(0.051%), M. pilosus IFO 480(0.072%), L& M. kaoliang
ATCC 595(0.064%) FFE52 LAt 53] M pilosus TFO
480 5] mevinolin® FHL 0.072%2, YA #FE Rt
L4 5512 EA UERY 583 dAREES 7P Bl 4
ABAME ELAZRS citrinin® YA e EF LE
7P AE 9% 52 IIGAT £ Fig 204 Bl &
ZZ wFE. EA5H= mevinolin®] FelE HEHHE ] lactone
o) o}, B49F 9 hydroxycarboxylate?! mevinolinic acid 3t
el Fo AR Zo= veiytth o] 2 Ade Li 5(14)
o] Ry} AXsh= o, T4 daEe] F4E A mona-
colin K¢ acid@ 2.2 W3z} Monacolin K& H]2d 3 (lactone
form), 19794 T=e] MekA7t F5F30l(Aspergillus terreus)
A BAl TAHZE ANBAE EAIT 2B FE(lovastatin)
9] 7152 (mevinoliny®t L ¥AFTR7F LT BIEA = (pro-
drug)o] TH(15). 2EHEl oFEo A ZjdlEe] 0%l st
£ U4 SH2EE] AEE AR Ak vy AEE =
FolAwh FRpRe) & (carboxyesterase)oll 93] EAEEe] AL
7} dale s FARLe 7 AR &4e B 22
(myopathy) 52l #2h&(23)8 UEMEE, 9ate] Aubde] sle]
oltt Fufjals AE oekEo g BFEAL Jrh 53] carboxyes-
terase?] TAL MAATT AslogA B B AFRHER
e Zow AEA thd). 2y B AN & 2AT
A7 B=F 2agel 58 71eH 52 91.8% o2, ©
] 75EaE 2489 mevinolinic acid7b FAAELE Ve,
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Table 3. Effects of submerged medium type on the production of
secondary metabolites in soybean fermented with Monascus
pilosus IFO 480 at 30°C for 15 days

Type Mevinolin Mevinolinic acid Citrinin
(%0) (%) (Hg/e)
A - 0.017 £ 0.008 ND
B 0.011 £ 0.003 0.134 £ 0.005 ND
C 0.017 £ 0.004 0.126 + 0.001 ND
D - 0.101 £ 0.006 71.5

All data are expressed as mean = SD (n=3).

AATEd0] =& A7 75 BAR e rksAde] mS-
=4 Jebth 28y A4 mevinoling] & 8 REE A
ZAE FEL 71FOR 07mgg ©18R2 YEh}, B AR
E5 de ) 58920 00myLEth Ataes e 4

o= wwEATH2S). dA e THEE AFol e AoF
Aol 71FAAN FAQE, FFLF AFo| A% VP HEeR
857 2l8iME mevinolingt citrinin®] o] z+ 7} 0.05% ©]
A3 50ppb ©)Ble] ZlEee) BEE A AAEIc wEhA
ol%e] nr} Zeld = waFe] HA AreAs @A) 4
8, % 52 NYE Monascus pilosus 480 S A3 FH,
Table 13} Z¥o] 47F4] f8o = ZAE AR A 22} uoFa}
o Zh 759 A AL AsAFAY. AA widee] A
(10%, viw)s oA TAAER Fo FFst dA 71 2gst
HA AR %S HrketaTt

N o

Seorel TMo| 3
FARE /AR B0, b FR A YRS YER T
1597 WET U 2% ARNES) ANFS 598 Aoe

= 7

Table 35} 2t} =, Type BE 3 mevinolin®] o] 0.145%=
Uehy, AR JofiAlE AMEE7] HETE 1 ego] oF Hje
FFEUT. Cirining] 42, A7He tal F7H7E <A HiA
o) JfFpozd AMES Type DOlM 715 ugg ASHERI, A
e dANA] BEEANNE AEHA FUTh 53] Type B
Type CoF 37 mevinolin®] & A7l 2 2 0.145%%} 0.143%
2 vehgor, 714 f8olA BF citinin® AEEA ot
Fo] aafdde s e AA wjeER WrrEIdch 53
ARz DEO] HSER FEd T LETE 23 thARES] A
Ao] vlEoz Yeht) Monascusdsoll 3t FutE= A o
FE PYde] T 2P = AMAEI. Lopez 526y <
Aux el Ut N9 Wsle] whe} mevinolin®] A4kl thE
o} sled FHuly 488 4] Hg 21 AXEETH. § cHe
2 lactose, 2813 NY OS2 soy meal®]} yeast extractS AMHE-E
A9 HAZA C:N9 H-EE 40mygoldty Bt g
Hajjaj 5(1) 94 lovastatin 5] 23} AR ke, 747]
2 A} wjkze] mEt frojHog Rightkar sfe] )
& 249 FoAE A=Al Table 1olA1} o] BEe| A=)
W FE-2, €] ZANA] sodium nitrate?} magnesium sulfateE
A2 A A48 rice powder, glucose, peptone, glycine -
AU weh ol ¥ vige] FrlE RS B
A ol =7 WEFY 7|54 HARMESY AdHS v
33 ALz JUeht, ojF I WEY 2oje A
BEo =2 ZA|sle] @A) Type B 242, 249
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Fig. 3. Effects of initial pH of submerged medium on the
production of mevinolin from soybean fermented with Monascus
pilosus IFO 480 at 30°C for 50 days. All data are expressed as
mean (n = 3). Values are stated as percentages (wt %/dry wt soybean
fermented).
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NaOHZE Ahgate] 7+ 7t 4, 6, 87 AT &, 121°Ce] &0
A 1587 "aslgoy AR MRS plel e T TEFY
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Fig. 4. Time profile of mevinolin production from soybean
fermented with Menascus pilosus IFO 480 at 30°C.

(20210 Wt 2 Aol HeFHe 0T U Pk &, 7]
Foll it #5329 FdjAdge] SF = AP AR
H g FEAFUG U U, T 2age gRE
mevinolin®] FE-L acid¥ 2] mevinolinic acid7} AA 2] 91.8-
96.8%%= ZA|E}H O™, lactone® 2] mevinolin® 3.2-8.2%¢°] &3}
sich o] Zhe A T TR AL mevinolin 3}TE
o] (13,143 Hd Aog, FF ST S o83 1Y T
"E9 715 Bde AMAE, acid® 2] mevinolin 3HE0)
7I1EEEZ Alggolol & AAEINITE Mevinolin®h mevinolinic
acid, 22]3 ©]E9] methyl, ethyl, propyl 5] olXEHE duby
o2 gFEo] EfueA gRE F Eysle Ao Ry
o] git(13). £ g9 FLaEA ZHAEE mevinolindHgE-2
acidgo] E-&3g9] &2 ANM lactoneF Bt ] <HA3EE &
B2 BdEoen, Fig 2914 3 mevinolinic acid$} lactoned
9] mevinolin SFET WA} wWelX Monascus pilosus TFO
480% o83 = WHETE, Wi FH2HEY] T EAHMG-
CoA reductase)?] Aaig®E &, kejehz] 2439 acid®?] mevi-
nolin(monacolin K, lovastatin)o] sEA&-2 2 FolEgc}.

£ YEFQ| citrinin &HE

Citrinin 1931'd0l] 221 Fgol9] thrbE=A, A= 7+
7o) 7150l Y T FBo| SAPROT delH Yrh28,29).
E3] Penicillium citrimumolX] 288k citrinin® 2 WHEE QoL
(30), o1Fl Aspergillus‘t Monascus?; 3012 tirarEo]r =
2 0] 0.065-0.480 mg/mLE A HTHO,10,28). £ AFelA
= Monascus% 45-9] Fo st ik gollA], AgAdel 25
A} 2HE21 mevinoling T citrinin®] AYAko] FFdl] W) o
27 gEXE AESUTE Table 29148} 7o) 2094F 9
Monascust=+ FNA M anka, M. purpureus, M. araneosus, M.
kaoliang®}t M. vitreus®] Y35 A3 thFE-E] #5094 citrinin
o Ak SRR gt BAE FFEQ citrinin AAAEE
121312 pg/g A%2] v vz VR Blane 5(9) HA
M rubers WFS17] 913 AR AN CH2E glucose,
ethanol, acetate 52 AT W& citrinin®] ABAE=A] ko),
wild type?! M ruberZ AFEAIE 9iA19] F5o) wed citrinin®)
Aiko] FRlEitia RAE) o2 Ad= Monascustt
Tl 93t citrinin®] AAtAFT) Fo) FRe} wickzAd ek

H¢2S onigit}. 53] 7129 FREHAET} 08 ©3AUH30)
57171 R w(28) citrinin®] AAke] HAESITRE Eile o
Fo] ARz 7P & JF8AYE AABIAT w2
2 &

Aol A SedFg MHE M pilosus IFO 4808 o83 33
wEFe Tygo]l EAAE citrning TSN RS ohAE 2

o OF
el b |

20999 Monascus®e] 458 2B mevinolin®] A4kHso] $-
FeEME FPo] EAME citining AABA e SHIFF
£ daslgon, A8 g L EE HAssp] % 9
oA o] AR AEFTE ARH M pilosus [FO 48002
BEAR F3F BEE FE mevinoling] 8 FTELE, F
28t 248 (drug)e! mevinolinic acidZ ¥3Hth91.8%). Wk
A Za g g AAZAYe] 8 FEsHE RS Ho 022%
MR gshe, HET A 71FEAE AR 84
o] & ZAo=w HE F Utk

HAlel 2
o] =& 20044 AFCEAHAAT)] Ao A= =
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