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Screening and liquid fermentation condition optimization of a
high lovastatin producing Monascus

MAO Jilong', ZHANG Jianhui’, WANG Can', ZHAO Peng', CHEN Wenjing',

QIU Zhongping '

1 School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China

2 Chengdu Third People’s Hospital, Chengdu 610081, Sichuan, China

Abstract: [Background] Lovastatin is a secondary metabolite of Monascus and an important clinically
used lipid-lowering drug. Under liquid fermentation conditions, the production of lovastatin from
Monascus is low, which is difficult to meet the requirements of industrial production. [Objective] In this
study, a Monascus strain with high lovastatin yield was screened, and the production of lovastatin was
improved by optimizing liquid fermentation conditions. [Methods] A high lovastatin yielding Monascus
strain was selected from red yeast rice, which was identified based on morphological characteristics,
physiological and biochemical characteristics, and 18S rRNA gene sequence analysis, response surface
methodology (RSM) was applied for the optimization of the liquid fermentation conditions for lovastatin
production. [Results] A lovastatin-producing fungus (Monascus purpureus M4) was obtained. With
glycerol at 57.80 g/L, yeast extract powder at 5.52 g/L, and inoculation size at 6.90%, the lovastatin output
(173.60 mg/L) was 4.8 times higher than that before optimization. [Conclusion] The establishment of the
optimal liquid fermentation conditions for lovastatin production by strain M4 provided technical support

for the large-scale production of lovastatin and the industrial application of the strain.

Keywords: Monascus; lovastatin; liquid fermentation; response surface methodology
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Screening and stability test of high-yield lovastatin monascus strain. A: Screening of high yield
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&2 Bk M4 B S HEE

A: WERIES: B: WIBE; C: 7HRAET

Figure 2 Morphological characteristics of M4. A: Colony morphology; B: Mycelium morphology; C:

Ascospores.

F1 EFE M4 EBENEE

Table 1 Physiological and biochemical characteristics of strain M4

Gelatin Utilization of carbon sources

hydrolysate Glucose Maltose Saccharose Lactose Sorbose Fructose
++ +++ ++ + + - +

++ +++ ++ + + - +

++ +++ ++ + + - +

T WIROKARASE : . SERKif; +: BEKAE: — BAME. BRIRFAROL: +++: R R ++ AREYS; +: 4

K—f

Note: Gelatine hydrolysis test: ++: Complete hydrolysis; +: Mild hydrolysis; —: Negative. Carbon source utilization: +++:

Good growth; ++: Good growth; +: Growth is average.
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F(P<0.05)o LA A de I B P 44 A= K SR i
5D H 3l A A R AR A T R A
[(35.5+1.5) mg/L], AI#EHEIEM IR, Bk
T RIS — L8 4A). TERCEER T,
AR LI FE T AN [R) Jo 6 VA A b G TR R % £ A
TV S A e s ) B I o VR 1Y
B, GERR IS AT R T, (HJE S 5
VB 50 g/L B, PRI AT T R R
BT RE, IS THMER S 50 g/L (K 4B).
AN [R) R X 0 A R R AR A T T 1 5 T 2
S0 E (P<0.05)0 Y DABELEE R A AR B i £
7T P e [(28.5+1.6) mg/L], PRI ik 1 B
B AR — (8 4C), RS T A
[7i) SR T e JEE T TR e 0 (et 7T 7 i B A ) i 5

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2226 TR F

Microbiol. China

—1__
18

18
86
—
4
—ol__
0.001
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Monascus purpureus strain CMUOQ03 (LC057319.1)

M4 (MW527421)

Monascus sp. strain CGMCC 3.4384 (MN156547.1)

Monascus purpureus strain Han01 (MN156545.1)

Monascus aurantiacus strain CGMCC 3.4384 (MG654469.1)

Monascus purpureus strain CBS 109.07 (KY635851.1)

Monascus rutilus strain CGMCC 3.2636 (MG654471.1)
— Monascus ruber strain DTO 400-H4 (MT316354.1)

] S Monascus sp. strain CGMCC 3.568 (MN156543.1)

Monascus ruber strain CGMCC 3.2093 (MN156542.1)

Monascus fumeus strain CGMCC 3.2093 (MG654473.1)

Monascus albidulus strain CGMCC 3.568 (MG654472.1)

Monascus sp. voucher URM 7533 (KY511749.1)

Bootstrap XA E N 1 000; PIEEMFERRELAT

B 5 F55 AR EF S GenBank & 53:5; 43 AR R T IR bootstrap SCHFR; BRI FEIR 0.1%09 751

b2 5

Figure 3 Phylogenetic tree of genus established by ITS sequence of strain M4. Set the bootstrap times to
1 000; Phylogenetic tree is constructed by adjacency method; Numbers in parentheses are GenBank accession
number; The numbers in each branch point denote the percentages supported by bootstrap; The scale presents

0.1% sequence variance.
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Figure 4 Effects of different culture conditions on lovastatin yield and biomass.
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% 2 Box-Behnken i®itiR I HIE R 5KF
Table 2 Factors and levels of Box-Behnken design
experiment

R4 MMEERERNEESHR
Table 4 Analysis of variance (ANOVA) for response
surface second-order polynomial equation

Factor Level

-1 0 1
A4 (g/L) 50 60 70
B (g/L) 4 6 8
C (%) 6 8 10

% 3 Box-Behnken i3 1% 1+ X LI ER

Table 3  Design and results of Box-Behnken
design experiment

Test Level of factor Y (mg/L)
number 4 B C Observed  Predicted
1 -1 -1 0 81 84
2 1 1 0 33 39
3 0 0 0 164 164
4 0 1 -1 58 56
5 0 1 1 37 46
6 -1 1 0 84 80
7 0 -1 1 53 54
8 0 0 0 158 164
9 0 -1 -1 136 126
10 1 0 -1 147 152
11 0 0 0 160 164
12 -1 0 -1 110 115
13 1 0 1 64 58
14 0 0 0 175 164
15 1 -1 0 98 102
16 -1 0 1 132 127
17 0 0 0 166 164

WE Z ol Bl Hefh i . BERE
Ry BE v JEE T T S AR F A e o i T AL
R LA 5. s IR 2w N T Hh 4R B 2T
] N IR TE AR, Uh B A AE A W e KAE . Ci s
Cy M T HAb A, 4y, By, B, S ER %4
VB R 1 T (B R 2 i B2, 536 3 s
— 3o AR TR Y S 5 B P K R ) e AR
HEWEDE , RBIHER (O M A IR (B) L B

Source Degree of F P Significance
freedom (Prob>F)

Model 9 55.27 <0.0001 Significant

A 1 6.90 0.0340 *

B 1 39.77  0.000 4 ok

C 1 4449  0.0003 *E

AB 1 15.11 0.006 0 **

AC 1 36.03  0.000 5 *E

BC 1 12.56  0.009 4 **

A2 1 32.17  0.000 8 o

B 1 242.87 <0.0001  **

C? 1 40.65  0.000 4 o

Residual 7

Loss of 3 2.74 0.177 3 Not

quasi item significant

Pure error 4

Total 16 R*=0.986 1 R’,4=0.968 3
FE: *: ZREFEP<0.05); **: 25K EEP<0.01)
Note: *: Significant difference (P<0.05); **: Extremely
significant (P<0.01).

A 4=0.22, B=—0.24 Fl C=—0.55. Hiniih, i
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P, LA S TR S IR o 1) R 2R A SR AL A B il 5%
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BrRfE 5 e 4 0, 2 B me) bz T G Ak A5 31 1)
W T 250G FmT 5

3 Wb Ew
A W e T ot A v T S5 o A W 1) A
K Bt A W iR B ARG re W) A e B o e VR
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A B The yield of lovastatin (mg/L)
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Figure 5 Surface of mutual-influence for different factors on the yield of lovastatin. A, B: Mutual-influence

for glycerol and yeast extract; C, D: Mutual-influence for glycerol and inoculation amount; E, F:
Mutual-influence for yeast extract and inoculation amount.
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A BIR )V P A6 2% T DR R T 53 1 A ) T
FE AR AR, PR AR IR Ok & s
AT, $ e T AT i R AR R
B, HEE IR 57.80 g/L MIEERER
KN 5.52 g/L, B C/N HWAE N 44 B, ATLA
AR EIE AT . A, ZER R 2
B AT IE AT RIBE = rpr, w5 C/N HLREIR
i BRI BR AL, TS EERER A L
Hm B ASRE) . RARSFOU A, Al 2 AR
AR TT Tl AR = AR B i 5 R T
FEHRIRYIRIHAE | IR A KRG B R,
FOR L RY IHFE R | WIRE SRR
Z: 5 AT A W) A R P AR S g &
B, AR 6.90%0), AR . Y
B Y THFEAL T3 AP, A A7
PIFLR, X5 Ath FEPI BT R —2

EEIESENVEAN ! E ¥4l Ty 2L = S S
Hfth 77 77 123 38 42 1K - Mohan-Kumari 25745 1
¥k M. ruber MTTC 410 F9BRIE . &8 . pH., i
J 25 R T S BCHA T U0 A IS g AR A 7T 7 i ey
7 81 mg/L; Chang 2%k M. ruber CCRC
31535 MBI . AIRIEATUAL Je s et 7T 7™
RN 131 mg/L; Seraman %5 PO} bk
M. purpureus MTCC 369 Ffik 5 . 2R FIICHLER
PEAT LA 5 FEs et 7T FRe s = F o 97.5 mg/L.
Kamal %5274l i — bR i & fE i AR 37 56 P g
5= 127 mg/L B M, X2 H AT 4L
i TR 2 I A I AR AT 7 i e YR 2
—o  EHTE XLl B 0 it 7T WS R e kA
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B BRI AT 2L B A 0L S S R A A 2231

AIPoAL IR . AR, JohLEh . pH. IRE
SERAEAL , X LL N EE I . AR S R R
AL KA B R AR DLARGE o BRIR . AR
Tl it 2 DLE IR W) 5 o A 1 Bt 25 - TH FE B A
HAEMXER, X TREERERS YRR RS
PIAHOG . BHUtl, A SCAZTHiok o8 | 1
F—PRIE Q7T AR R L0l E M4 R
(Monascus purpureus M4), F¥F| F 0w N7 1] 52 56
XPIL B IS AR TT B . AU S B R AT
., ZRFEW, Ry 57.80 g/L. B
FHR MU E g 5.52 o/L FIHEFRIE N 6.90%HH] %
o7 B, O 173.60 me/L, AL T
48 £, 5 HATE B L s AT
PARAH AR, XA 1A it
TTHY RN G, T HRE R A B A R A A b
P i AR AL 7Ty R MR I B R SR T R A R
A, WS AT B Tl A 7 B R AR
B FAh, JRSEFA TR AR T B
e IR 2 B0 T R S AR S A I R A, E B O R
Wi lsoet, B A P A, i — P i A At
TTH ™ 8L, s i TT i RS A 7 K B bk M4
A Tl AR L R AR S HE
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