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Monascus anka( KFCC 11832, [FO 4478)&  A}43}
t}. FFE-L malt extract agar oA 30CZ %
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2 AASle AFE3QTh Scintillation  cocktail &
BeckmanAte] PPO 40g3 DMPOPOP 0lg2
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chloride(CCC), (= )~-miconazole nitrate, precoated TLC
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S d=voe medium CVE, 7 Fghe] 4
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dium™ 2 Nishikawa's medium” & A}-23}9ic}. 229
Bl HPAl= AEE A3 Nishikawa's medium&
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A wloFBt T Medium Pi= petri disho] H#o 2 A
St g 2L 4o T wixje} Z3heh Lin's
medium®] 7%+ 500ml Erlenmeyer flasksll 100miE
7beta A2 2050 & &3 £ 30ColA 150rpm
© 2 Xghujokslsict. Nishikawa's medium-& 9cm petri
disholl 8]#] 10mlE 7}%+ & Lin's mediumoi4] 2Y7+
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3ot
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100CZ 9o 7% cocktail S counting efficiency =
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Table 1. Growth and pigment production of selected

strains on Nishikawa’s medium
Strain* Dry weight OD at OD at
(g/Petridish)  460nm 390nm
Original 0.26 08 3.2
N1 0.27 46 154
N2 Q.14 25 84
N3 0.12 12.1 233
Ugs-01 0.31 3.7 13.7
U88-02 0.16 13 45
U88-03 0.23 5.1 145
Uss-04 0.22 2.8 10.8
U8s-05 0.16 2.0 8.4
18806 0.32 23 95
U8s-07 0.21 2.2 8.4
U888 0.17 39 170
U88-09 0.49 38 15.2
U88-10 0.26 29 11.7
U8s-11 0.28 2.1 8.7
Uss-12 0.29 45 16.7
U8s-13 0.17 6.5 140
U8g-14 0.16 79 20.2
U88-15 0.27 438 17.0
1U88-16 0.11 34 12.5
U8s-17 0.25 6.4 18.2
" U8s-18 0.15 2.7 130
Ug9-01 0.26 249 64.8
1U89-02 0.17 1540 1400
U89-03 0.20 117.7 105.7
U89-04 0.18 5.8 174
Ug9-05 0.26 18.3 515
U89-06 0.25 74 299
U89-07 0.26 04 0.5
U89-08 0.23 6.8 26.8
U909 0.22 6.2 254
1U89-10 0.29 22.8 58.9
U8g-11 0.27 6.2 327
Ug9-12 0.25 185 60.7

*N for spontaneously arizen strain and U for UV-induced
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Fig. 1. Changes in mycelial growth and pigment pro-
duction of Monascus anka grown on Lin’s medium.
O — O Mycelial growth, 0+ O Intracellular yellow pigments,
0---0 Extracellular yellow pigments, ® — ® Intracellular red
pigments, ® — m Extracellular red pigments
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Fig. 2. Changes in mycelial growth and pigment pro-
duction of Monascus anka grown on Nishikawa’s medium.
V Mycelial growth, © Yellow pigments, ® Red pigments
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HellAl 4ag 71371 Zelx o] Y7 71Q138tale A
Zut ik 7)|de] 21Y®E 283 2] w&d
o = o] ZAE 4 918 Aolth & Bf X
| ZE Ao 2R 4 g Aotk e wix) o0 00 i
o F& ERe W TAL HFH N9 4ol T oR3 00,3y, /Y
zq S8 ZAAse AL e JY Ao & OR4 RZR1
T AU Y1-b
Or
Table 2. Effect of medium level on mycelial growth and O-r
pigment production® ®
O R
Starter  Medium Dry Red Yellow 1 9%

(ml) (ml) weight® pigments® pigments

10 5.0 0179 0046  0.051 e

20 10.0 1.000 1.000 1.000

¢ Origin
30 150 0.768 0917 0.880
—_—— n

40 20.0 0.980 0.670 0.760

5.0 25.0 1.311 0.430 0.560
a ! Values are relative to the second row experiment Fig. 3. Two dimension thin layer chromatogram of Et,0
b : Incubated for 21 days extract of Monascus anka(strain N3).
¢ . ated from OD at 460 nm Letters 1., Y, and R represent lipid, yellow, and red, respectively.
d : Estimated from OD at 390 nm
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'H NMR spectrum & o83} o] 514 519ick.

Assigno 2 F A€ alphabet & Fig. 40 FA18 23
Zt} : 8(ppm, TMS); LO(3H, ¢ a), 14(10H, m, b), 1.5
(3H, s, ¢), 1.9(3H, 4, d), 2.4(2H, m, e), 2.6(1H, m, ), 3.0
(1H,dof d, g), 3.3(1H, d of d, h), 3.7(1H, d, 1), 4.7(1H,
d,j), 5.1(1H, d, k), 5.3(1H, s, m), 5.9(1H, d, n), 65(1H,
m 0). ©]= 0.6ppme] A%, 2.2-2.8ppm2] splitting pat-
terng A5l o]2H 0 2 ankaflavin®] Txo| B
o] filom, El MSHE (Fig. 5) m/e 3869 M*
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Fig. 4. '"H NMR spectrum of the yellow pigment Y3 iso-
lated from VLC and preparative TLC
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Fig. 5. EI MS spectrum of the yellow pigment Y3 isolated from preparative TLC
Fae] ME W Aol Mol RA0| B A Table 3. Effect of carbon sources on pigment production

Monascus® 2 9) AFA 48& 95t A T4
Q22 L2002 ALY AL g5 T2 BIHA
53 BAYE AES vl Axe Table 37 2
gt} AdFMA AFEE ©49 F AGERT $5%
BA9e glgon, ogdE AT 2 Y444
of qlo} ofgkgol 71 $4353ch Acetic acid, so-
dium acetate, hexanoic acid, octanoic acid®] %= 1~
10%29] o]v FZoAME T/ AE FFL 008g 0
393 ODm 3 ODwe| #& 0008, 0002013}t
vl o] ethanolX] 2l Al 10%5F0l o|27|742] A7
ol Z7tel mhet AL AR Aol Aol A
Ngoz wastd FELTh olRe e na®
A E 248 etagoz BuHo e A dX
s AMdolgich FALE D MARA BT o
A eA9e ZEAHL AYF > ethanol>methyl
hexanoate =acetamideoctanoic acid=hexanoic acid>
sodium acetate=acetic acid&=0| itk o142 A}olA
Aat @ o o 2E 2, A4 @, ojn|E uhgje] '
298 #AYH 2 ALPA) 25 ethanol
o Mol e e & 5 AU olE oirtE
Axet T o], Aupat Ea &4 &4, of
o B3] fd(amidase)?] BY T EE 824l 7
Qg Hoz Azt

Ethernole| 0|28 8

Ethanolo] A1%ejo] &35 ©aglol2ha ethanol
of @rh} mgHez AAYHel o848 AAE
oot ¥ otk o] W ©BAAY ol§EEE
7 ekl ZAS) Aol o= AE o] oA
o] g0l AEE vio 5UMol displacementl ¥

F0]

EES

in M. anka grown on Nishikawa’s medium

Treatment Dry weight OD at OD at
(% nmedum)  (g) 460nm 390nm
Acetamide 1 0.106 0.04 0.06
2 0.121 0.05 0.07
3 0108 0.07 0.12
5 0.104 0.08 0.15
10 oo 004 001
Methyl 1 0.226 0.09 0.32
hexancate 2 0.215 0.12 045
3 0.066 0.04 0.01
5 0.064 0.05 0.04
10 0.065 0.04 0.03
‘Ethand 1 0302 ( 009 041
0421 0.16 0.86
0.614 0.31 1.66
0.338 043 201
10 0.398 1.03 3.81_3_
TSucrsse 10 0542 262 704

AEsqgoh. o AYe Faie hAE mA= b
Omlo] AL Lk o] iR e} Foll FH [1-
u Cethanol e £33t 1~5%9] ethanol& FH7}et ok
Az ol H WA BhAo] F2 Wl HGOoEHE
7bel% ethanols FFolA FE3I AXT F me
thanolel] &35 289 WAS & AFdte] Ma=
9 olgHEL ol AH ol Fa s ZA
@rH(Table 4). 7 A} TAE22 % incorporationg
ethanolo] Z718 42 Zasiglov 7181E ethanols
1HE u ethanol®] ¥
ationo] EolXE AL wof Aol 4AH 5%7t

O-—l—- ]’ &5

T=E TS Z i‘“ inOOI'por-
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Table 4. Incorporation of [1-“CJethanol into MeOH sol-

uble fraction

% Ethanol* % Incorporation  Relative total

(g in10ml medium) of [1-¥CJEtOH®  incorporation®
1 (010g) 597 5.97
2 (020g) 3.80 7.60
3 (030g) 3.79 11.37
5 (050g) 3.02 15.10

a Containing 4.47 X 10° dpm per petri dish
b (dpm of MeOH soluble part/dpm of applied EtOH) x 100
¢ (% EtOH) X (% Incorporation)

Table 5. Effect of sterol biosynthesis inhibitors on
mycelial growth and pigment production in M. enka

grown on Nishikawa’s medium
Treatment Dry weight  ODat OD at
(%) (g/10ml)  390nm 460nm
Cowo 0@ 15 30
() Miconazole 010 027 92 6.3
nitrate 025 036 120 8.3
050 030 140 70
1.00 031 140 90
200 035 155 70
400 0.29 42 6.5
‘Chlorocholine 010 016 171 38
chloride 0.25 0.17 210 11.0
050 030 330 70
100 029 480 100
200 020 495 8.6
400 029 140 59

Sterol B HH FE

Monascus 2 4= acetateo] A} Z2+8}ed  polyketide
ARE ARAAID O a8 UM acetate=
TA% BAAY FUHEREA TCA F2E Eof 7}
= Yol AAt FAT sterolE 7= mevalonate 72
2o ol &Hch wEl o5 ARE Hys ogon
2 54 722 acetateE BUjo] BFAAES] At
= EY 7 AS Aotk o] AP AE o733 AR
ZA sterol A A CCC2 (+)-miconazole® &
01~4% Ao Hejstch  (+)-
Miconazole 3t} CCC7t MAF Ao 2 318 R4t
(Table 5). o] Ax}= CCCe %A miconazoled] 7}
Auj ol IE AGA A YAk so]7]ol= of

2Fo2

of dpeiAe HPd MM f71EH 714
Monascus 27F HAH LR A= 218 A¥s L
2 #RHY. 9A FF A3t A7} Hol &
Fo] A¥E Pato] R FEF FFE A3on,
@3 AFH WelE o] AgHA A AL

T ek A Buge
i 7HEA ALV A9 A4 HA Pt B
Nishikawa's medium < ©]-&3F A= wjoko] 714 a3}
HolA &S Uskth ¥AY BaldA vepd f7]&
nj 7HEA Aael Aol w5 AollA & 4 gl
gtk 28vh Monascus purpureusE 2 A Aoj A 1]
=3 AEE A A A o3 Ao FAHL
& shokrh. aHEE o] AL wFof Aol7t of
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= M54 9] in vivo incorporatio
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Pigment production in Monascus anka

Soo-Un Kim and Jeong-Gu Kim(Department of Agricultural Chemistry, Seoul National Unuver-

sity, Suwon 441-744, Korea)

Abstract . Monascus anka strains with higher pigment production were developed using UV mu-

tation and natural selection. To obtain organic solvent soluble pigments from Monascus anka, the

following culture conditions were compared; standing and shaking culture with Nishikawa’s me-
dium, and shaking culture with Lin’s medium. Shaking culture in Lin’s medium exhibited decrease

in solvent-soluble intracellular pigments after initial increase. The decrease was accompanied by

the increase in water-soluble extracellular pigments. Monascus anka preferred sucrose and ethanol

among 7 carbon sources tested. Treatment of sterol biosynthesis inhibitors, (+)-miconazole and
chlorocholine chloride(CCC), directed carbon pool to the biosynthetic pathway leading to the pig-
ments with CCC’s more pronounced effect. Two dimensional TLC revealed at least 7 yellow pig-

ments suggesting existence of hereto unreported pigment. One of the most abundant yellow pig-
ments was isolated and found to be ankaflavin by NMR and MS analysis.



