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It is crucial to develop a miniaturized cultivation method for large and rapid screening of high-yielding mutants of monacolin-K, a
powerful anti-hypercholesterolemic secondary metabolite biosynthesized by the fungal cells of Monascus ruber. In order to
investigate as many strains as possible in a short time, a miniaturized fermentation method especially suitable for the cultivation of
the filamentous Monascus mutants was developed using 50 m¢ culture-tube (7 m¢ of working volume) instead of the traditional 250
m{ flask (50 m¢ of working volume). Generally, in filamentous fungal cell fermentations, morphologies in growth and production
cultures should be maintained as thick filamentous and compact-pelleted (usually less than 1 mm in diameter) forms, respectively,
for enhanced production of secondary metabolites in final production cultures. In this study, we intended to induce the respective
optimal morphologies in the miniaturized culture system for the purpose of rapid screening of overproducers. Miniaturized growth
culture system was successfully developed due to the mass production of spores in the stafistically optimized solid medium. When
large amounts of spores were inoculated into the growth cultures, and brown rice flour (20 g/L) was also supplemented to the
growth medium, dense filamentous morphologies were successfully induced in the growth cultures petformed with the 50 mi culture
tubes. It was implied that the amounts of spores inoculated into the growth tube-cultures and the growth medium components
should be the key factors for the induction of the filamentous forms in the growth fermentations. Furthermore, in order to
statistically optimize production medium, multiple experiments based on Plackett-Burman design and response surface method
(RSM) were carried out, resulting in more than 2 fold enhanced production of monacolin-K in the final production cultures with the
optimized production medium. Notably, under the production culture conditions with the statistically optimized medium, optimal peliet
sizes below 1 mm in diameter were reproducibly induced, in contrast to the thick and viscous filamentous morphologies observed

in the previous production cultures.

Key Words : Monascus ruber, monacolin-K, miniaturized cultures, medium optimization, Plackett-Burman design, response surface method

N =
Monacolin-K= TAFEA  FH0]9] Monascus sp. 25
t Corresponding  Author School of Bioscience and

Biotechnology, Kangwon National University, Korea
Tel : +82-33-250-8547, : +82-33-241-4627
E-mail : gtchun@kangwon.ac.kr

Fax

305

polyketide pathway® F3 BTAUHE 24 WANRE A
218 CyyHy0s0] a1 E-AFeEe 404.550]TH(1). compactin®] ]
839 deg ¢l Monacolin-K+= Z#|2HE APgATAAL &
TR GAE ZA-s= 4%l 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase] 2F8-& A3 3}(2). &
d2gE ATAY Y Z2FHS "WAE HMG-CoA
reductase®l] ¢]3] HMG-CoA=E5-E] mevalonic acidE 3 A3}
= 1F8-¢1d] Monacolin-K+= HMG-CoA$} 3207 f{AlS}

—

.



306
o] HMG-CoA®] A4 As|A 482 ol 2o A
S-S HFEAMIHEA).

Ynrez A FF AL doN A% Fad B
A F e bsd @ uFe 3R 4u%He U
Edle I keElM ZARAEE Ad #FE AEH3] AR
3l AUth o] 23 mass screeningS HIPAMT T AT
oY F7h, a2la AT AREER AqrR A

o) Sglo] B4Hol2 T 4 ATk
o)z} A= HF /‘g"“’ AafM = 2=, WA A
Hx % Sol W Fad wFaion AgAr
AL A FFole e At Ade 1 55
A9H FAA 722 A3 AP sk 27}
so M Bgdud e BAAY, B3 AaAY FHo|
3 fadte E4E ZA Ho@, 5) olxtiAbtE 2
AARE 2, 0431 HH"‘%ZﬂOl w7
morphology”} 1 mn o]a}e] Z-& pellet-S & A3}
, 1 73_1,} o| ZFPAFAHE- ¢] )\g}\p\% 27} UH‘T‘ =2
= Az &dxd v o).
"’c}ﬁ?ﬂ} 2AMNES A3 2o oz A
A3 Wz FHFE A4 AN W 249 4 &
3461 %37} o]_c_;__gi /_\_E]%UJO]]H uJ-_Q_ ;q]
= °]-§3t F 04

o bR OHE
o

o

]:_',_5‘_?5]— A

Lé-lOHiﬂlJ

1ackett Burman design® Z}Zyo] H4E F
© A L oS ABAAE AN LA
Fo EAF 5 A WHoITE). Ak Oi 2]
Ago] 9AY A FAF YT2 FL A9, ¥
27t ol e wEAgol RS EAYA dxE 1
Aol gl7] wWiEol] ©e HlE, =8, AZHE FABA
A zds AFgdde 7—8— al/ﬂao]c} E 3
27GANA BE WFE 2

r

rr
e o> e Bl oo® AN Sk

W o M1 oo of lof do |0 o

l
1:191,
é’é,
_>i:.
of
ko
of,
o, J
W
b
e

2 muago] gk AEE de Aol FR}RE HYY
FEE FolWA @e Widl U¥ IUE 4L & Ak
dhH o] A A3 QFFo) o] HMH o] Plackett-Burman design
o2 B4 2L FA Ae 5o 4Ye Sygezy
de WeE el 4

z m a9} e -47)e] WeE %ﬂE—H:}

g 435 Jr%oﬂ w}E o_,l_—rJ tﬂﬁ}oﬂ ﬂ%o}crl =
g Yedl= #8 248 Zolfr] gl o8

ff 2 o o (T Hob &
o
i)
r
>~ Olo 1

|

‘3,

r

_LZ:
1:%
_8,
_VE,

N

-_‘—J
_>i
>
ot
ro,
_>':1_,
JIN m[o

>

NA = AT Monacolin-K A 2HA-& 3k
3l T3 9) mass screening®| 7}FSlEE St
v} sto 24 tHFe] - screeningS-

1

do rf X oo )y -
X

)

=
=
O

HPUE’FPEOHME&&

Ol
=

= AWana stgn AME FERE o
2392 B8 QAN 242 HH5 5

Ol ofo ot |

Korean J. Biotechnol. Bioeng., Vol. 22, No. 5

A SR

AT R ujdxa

B o] 7Lo| A& MonacolinK AT FEHN gt &5t
X Monascus ruber® EQHo|FE ETFE AMESIAT.
Z 23 Au 2191 PDA (potato dextrose agar) plated] TFE
HE3led 28CoA 797 wWike ¥ 20% glycerolo] E &
H SHFE spores FAI}S Crlﬁrd T AAEL AAT
FAEZ liquid stockg ¥HEIL -80C deep freezero] W3}
Art.

e oke 797F PDAC|A w3t sporeEE  20%
glycerolo] ¥£3te FHFZ A3 A4 A (glucose 30
oll, (NH.):S0: 10 g/l, KH,PO, 0.75 g/l, MgSO; - TH:0 0.5
gfl, CaCl, 0.1 g/l, trace element solution 1 ml/l) 50 mlo] A
z3lgorn o gujdr|oA 28C, 120 rpmOE 5UTH
ajokstgieh ik oke AR A A7 myceliums A
Al A] (glycerol 60 gfl, lactose 20 gfl, yeast extract 16 gfl,
KH.PO, 5 g/l) 30 mlo] 10% (vv)o2 HZ3la 28 T, 230
rpm ]| A} 1097 wiokstdeh. AAu e 250 ml baffled
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Co., Korea)E ©o|-8-5}a 238 nmol| A]
g AE3HY-

A5 e} monacolin-K

Table 1. Levels of ingredients used in Plackett-Burman design for (a)
sporulation medium, (b) production medium, and (c) RSM for
production medium

Ingredients concentration (gfl)
+1 -1
glucose 10 0
glycerol 10 0
SUCrose 10 0
peptone 10 0
yeast extract 5 0
PD broth 5 0
maltose 5 0
KH,PO, 2 0
CaClz 2 0
MgCl, 2 0
trace solution I mt 0
(a)
Ingredients concentration
-1 +1
glycerol 30 60
glucose 10 20
lactose 10 20
dextrin 5 10
malt extract 5 10
brown rice 7 13
ammonium sulfate 5 10
yeast extract 5 16
KH,PO, 3 6
sodium acetate 2 4
Y-butyrolactone 0.1mé 1m
(b)
Ingredient concentration (gfl)
2 -1 0 1 2
glycerol 60 70 80 90 100
malt extract 9 11 13 15 17
yeast extract 7 9 11 13 15
brown rice 10 13 16 19 22
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Table 2. Plackett-Burman design of 11 variables with coded values
along with observed results for spore production in petri dish

concentration Combinati
Ingredient (g/) OmDInAion
1 |+ L[ 21314156 7[8]9]110)11]12
glucose 0 10 | -+« -1+ +] -1 -1+ -1-17+71+
glycerol 0 10 | - | + | +| | [+« -1+ -T+7]-7T-
SUCTOSe 0 10 N A T )
peptone 0 5 + ] +7 -] -1+ -+ -1 -1 +
veast extract | 0 35 T+ -+ ++ ] +1 -1 +1 -
PD broth 0 5 T+ - - -+« - +] + 1 +
maltose 0 5 Y T Y
KH:PO, 0 2 + 1 -] -1+ -+ +] +| +] -] -
CaCl, 0 2 S+ T+ s+ -] - -1+ -
MoCl, 0 2 + [T T T 4| | +
trace solution{ 0 mf | 1 mf N IR U ETU R D R VR R
The number of spores 4 3051 g g5 819] 103|2364 629] 720{1540 174¢ 524{128¢
(10")/plate

Table 3. Main effects and P values according to trial of Plackett-
Burman design

Term Effect Sum of Square | % Contribution
Glucose -328.258 323261 5.3359
Glycerol 196.642 116004 1.91482
Sucrose 892.408 2.38918::10¢ 39.4269
Peptone 435,742 569612 9.4023

YE 422.075 534442 8.82176
PD broth 106.308 33004.4 0.559642
Maltose -316.025 299615 4.9456
KH2PO4 -579.025 1.00581:x10° 16.6024
CaCi2 215075 138772 2.29064
MagCil2 414.975 516613 8.52746
Trace solution 208.975 131012 2.16254
Response: #of spores
ANOVA far Selected Factorial Model
Analysis of variance table [Partial sum of squares]
sum of Mean F
Source Squares DF Square  Value Prob > F
Modei 0.000 0
Residual 6.058E+006 11 5.507E+005
CorTotal 6.058E+006 11
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o oF 2004} 7HF B 9 TAE e Ao 4
EbStth. ANOVA X483 P o] 005 olstz o4&
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sporulation 3}4 S agar plate7} o} agar slanto| A =38

F A = oFig. 2).

i x 400
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Figure 1. Micrographs tor spores of Monascus ruber according to
sporulation medium.

Figure 2. Photograph of agar slants for sporulation.
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o} walA] tube AJAH| Y] filamentous B L HE] E S I}
7198 FFold #AEAY =S Fun =% dn
(Brown rice)E 7]&9] Cy AR FEHE FHrlstn
A7 =0 mE QA wSFE, 18 ik HE
A& w A v e g YRS &l ohFig. 3).
A3 #v)E 20 gL o] H7IA-& W filamentous A7 b
G ef9} pellet A4 S E A3k vlF AFF
2l monacolin-K A4S YElWth wety LB A3
F& A% AF wiARE Cy wix|o) FHE 20 gL FEE
HA7rsl71g2 2R3 o] & CyB sjAE Wy

2 N e - VRS PR A A e
] e e - e e L]
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e T T T T T T T T

Growth
culture

Honscobn—F concantrabon 'my L+
!

Production /&5
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Figure 3. Monacolin-K production and morphologies in growth and
production cultures according to addition of brown rice in growth
medium.
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Figure 4. Monacolin-K production according to volume of sporulation
and growth medium,

Figure 5. Photograph of tilted growth culture in 50 ml tube.
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]
=
=

* [
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-+ L >
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Figure 6. Comparison of Monacolin-K productivity between tilted and
not-tilted growth cultures.
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Figure 7. Comparison of monacolin-K production in 50 ml tube
cultures and 250 ml flask cultures.
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Table 4. (a) Plackett-Burman design of 11 variables with coded
values along with observed results for monacolin-K production and
(b) Main effects according to trial of Plackett-Burman design

ingredient CUT;SP;;?E;” of Combination
- value "+ value 1 i 4 £ ] 7 3 10 1 12
GLYLERDL 0 &0 + + + *+ + +
GLUCOSE 10 q + . + 4 +
CACTISE 0 o R . R R .
DEXATRIN z 10 + . . . N
MALTEX ] 10 + + + + + +
BHAH FIGE 5 13 N . + + +
AS 5 10 + + + + +
[ VEASTEx s 6 R . i N R R N
kH,PC, 3 8 _ + + + + +
Soluiha
ACEIATE 2 4 + * * + + *
EE'E;:EE 01ml iml + + + + + +
Praductivity 6 | 747 | 1096 | o Mo | M8 0 WY 1647 | 11z | 279
(a)
Term  Effect SumSqr % Contribtn
Intercept
A 124.991 46868.2 37.1139
B -53.9265 8724.22 6.90852
c -4.00411 48.0987 0.0380884
D -556.5624 9261.54 7.33402
E 10.1129 306.815 0.24296
F 94.413 26741.5 21.176
G -70.3583 14850.9 11.7601
H 36.5015 3997.07 3.16519
J -20,2007 1224.2 0.9694 21
K 23.275 1625.18 1.28696
L -64.8957 12634.3 10.0049
(b)
SAA x|z Ml E S5t MAUK] XS

Miniature BjPEH] S A8 ZAFAE FAL A
G @A 2de HIATIEA 7 GA9 wjA] 24E
3o 2 1t ©A A Ao HE Al wstE
B R A E-o] ABA| Aol A g AMAFF2 monacolin-K
AN FES o] Ao FAde AAE BEIA
o wetA miniature BiES KSR 249 W3l

& AEF AR 24 S ot gk

o7 39S 12 3t monacolin-K A At AlL-EH+&=
A % AE AN AEE FAA0E 2489
). 71& A2kefA] AEQ glycerol, lactose, yeast extract,
KH;PO42} monacolin-K A ALA =7)e] g&&Fo|gty ot
%)+ brown rice, glucose, dextrin, malt extract, ammonium
sulfate, “1¢]31 monacolin-K¢] z3E&A=Z 832 acetate S}
HHH  sodium  acetate, 1T AAFFe B3}
(differentiation)o] T3 AS & oA E = vy-butyrolactone-g
ZAFSFE T &= 117" A B2 0o]&38te] Plackett-Burman

designS 33 HY L ©]E E3] monacolin-K AJ2bol| effect
2 uole A¥E BAT 4% gred zTlAE

monacolin-K A1kAdo]l A wF7t 2 7HA1 e A
ARG YA JepgtATh 88 2¢Y AL FE5E et/
= 7| wAAAMEY el FIhEke 300 mg/Le]
AiEE Red gy Ad43E
Design expert programol| 2 8-A]#H Z} AE-9 main effect2}
AEY F9AE e PEre FlstitiTable 4).
ANOVA 447 Pglo] 0.05 o3tE [FoAS Ze AE
o B2 AN, HE AWl BA UL 8 2FIA
main effect7} =2 ARES AUy Y T2 & 2AH

monacolin-K 7}
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Table 5. Experimental design and Monacolin-K production for RSM
of production medium

. . |monacolin-K
# | point type | glycerol |malt extract |yeast extract| brown rice (mg/L)
| Fact -1 -1 -1 -1 399.15
2 Fact 1 -1 -1 -1 44329
3 Fact -1 1 -1 -1 424.76
4 Fact 1 1 -1 -1 227.27
5 Fact -1 -1 1 -1 206.92
6 Fact 1 -1 1 -1 224.43
7 Fact -1 1 | -1 328.36
8 Fact 1 1 1 -1 562.72
9 Fact -1 -1 -1 1 144.34
10 Fact 1 -1 -1 1 241.59
11 Fact -1 1 -1 1 40.09
12 Fact 1 1 -1 1 160.88
13 Fact -1 -1 | 1 402.17
14 Fact 1 -1 1 1 456.25
15 Fact -1 1 1 1 43.71
16 Fact 1 1 | 1 477.23
17 Axial -2 0 0 0 200,19
18 Axial 2 0 0 0 530.53
19 Axial 0 -2 0 0 121.62
20 Axial 0 2 0 0 384.55
21 Axial 0 0 -2 0 88.10
22 Axial 0 0 2 0 188.02
23 Axial 0 0 0 -2 133.38
24 Axial 0 0 0 2 344.62
25 Center 0 0 0 0 496.54
26 Center 0 0 0 0 699.66
27 Center 0 0 0 0 533.51
28 Center 0 0 0 0 432,82
29 Center 0 0 0 0 540.63
30 Center 0 0 0 0 530.65
Plackett Burman designS %3] monacolin-K A§4kol] o]
w3 & effectE Eol = O—r-,_._i gol® glycerol, malt
extract, yeast extract, brown rice®] 47}A] AJE-& o]-8-3ld
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Table 6. Analysis of variance of calculated model for monacolin-K
production

Results of the analysis of variance

Regresston

Sum of squares 67380.00
df 14
Mean squares 48127.59
F ratio 29

P 0.0248
Residual

Sum of squares 24920.00
df 15

Mean squares 16613.00
Correlation coefficient (R2) 0.7300
Coefficient of variation (CV%) 38.6
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Figure 8. Response surface plot showing relative effect of two
nutrient parameters on monacolin-K production while keeping others
at constant level.
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Figure 9. Comparison of monacolin-K production (a) and cell
morphology (b) between previous medium and optimized medium.
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