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

MAO Jilong', ZHANG Jianhui’, WANG Can', ZHAO Peng', CHENG 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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B2 HEk M4 B S HEE

A: WRIES: B: WIBEE; C: 7HRAET

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

Ascospores.

F1 FEFE M4 EBENEE

Table 1 Physiological and biochemical characteristics of strain M4

Gelatin Utilization of carbon sources

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

++ +++ ++ + + - +

++ +++ ++ + + - +

T IBOKARASE . . SERKMf; +: BEKME: — BAME. BRIGFANEOL: +++ R R ++ ARES; +:

K—

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

Good growth; ++: Good growth; +: Growth is average.
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purpureus M4, J: 18S rRNA JE[H Jy 411 & %5 K
MW527421,
22 REEFMHML
221 BERARER

DR LN I N B T TN e 2

(Monascus purpureus) ,

VE M B FERE BRI, I AR YT R 2 R
F(P<0.05)o LA A B I B P 44K A= K SR i
5L H 3l A A R AR A T R R R
[(35.5+1.5) mg/L], AI#EHEIEM IR, Bk sE
Hul st — A (B 4A), RIS |,
UKL IE T AN [R) J0 6 VA 79 b G TR R % £ A
TV B A s ) o A I o vk 1
S, BERRAIE AT R T N, (HJ S R
TRERLL 50 g/L B, TERR IS AT m B
BT RE, PGS THMEREE S 50 g/L (K] 4B).
AN TR) SRR 40 B A R R AR A 7T 7 R R i 2
S0 (P<0.05)0 Y DABELER B R AR B I £
YT P i [(28.5+1.6) mg/L], PRI ik 1 B
Bk R BIRE— LA (] 4C). dREEHETE T A
[7i) ZRU VR W 8 X R R e AR A T ek R AR i 5

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



2226 (/=S E

Microbiol. China

—{__
18

18
86
—{
4
—oL_
0.001

3 M4 EHKRETITS FIEINRZELZBEN

Monascus purpureus strain CMUO003 (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)
13— 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; PIEEMERELAT

W5 55 NIURIFS GenBank 555 73 SCAL TR bootstrap SCRFR; KRN 0.1%1 7751 it

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.

M, S5, MEELHR MU E R 6 ¢/L B, B
PRI ALTT P B s [(32.9+1.2) mg/L], Nt
EEE R BT N 6 g/L (K 4D), BN
8% ¥ et 7T 7 it de = [(38.3+1.7) mg/L], E4%
8% A e e it (K] 4E).
222 MO ERIELER

K H Box-Behnken i 37 [ SE 51, 04 i
EREZ B2 HAE A M fE{H, Box-Behnken
SCE VT LR A R LR 2 AR 3. XL g
AT RN T 22000, AT Yy 5 A
ST R | R IR Ry vk B R 4 b i 2 T [l
U497 7 K . Y=164.60-8.134-19.50B-20.63C—
17.004B—26.254C+15.50BC—24.184*~66.43B*—
27.18C%, [EIHBERI )y 220 Hr W3 4, kAl
JARERY P<0.000 1, iKENM R E K5 HhE REL
R* 7 0.986 1, FHIZAR R BEAR AR 98%% M 1/ 1 14

ARAY, TS S SR 2 R A BT — B
B BB A R B R M 0.968 3, R
WA RA 96.83%Z i AR ; A5
PTUA 2 (P=0.177 3>0.05), HIik 5 o5
P AE7E, [l A 7R B8 78 40 o Bl S B 1% 4
Adeq Precision M55 5 5 M5 1 H 284 20.159
(>4), VWX BRL BEA 3E Hh s i S 50 45 AL
T3 2543 B R ) S 2 A 56 T A I 1 A o) PR
AR, R 4 WAL, B, C Xk ARARTT ™
B 3 (P<0.01), 1 4 IS G E
(P>0.05); I IYAZ H I AB, AC F1 BC X%
Pt 7T 7™ 12 52 I A 2 35 (P<0.01); AL rpr (Y
ORI Ay By Co XFIARAMLTT (185 0 24 35 4 G
FIKAF-(P<0.01)5 £ BRI XTI AR AT )™ 5t 1Y 5%
MAFEREE R C>B>A, RV >EE R by ik B> 1
TR .

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



BIRIEAF: RIS AT L M R IR S A R R A A 2227

A 40 116 B 40 _16
~ .| [ Lovastatin [ Lovastatin
=) 351 —e— Biomass 114 g 35[ —e—Biomass 114
E 30t 112 5
£t ~ _
g 25) lios £ €
z = = B
-—S 20 B 7 8 § g E
3 s) 6 2 = g
] i T m o
o T = @
3 10+ 14 2
= i 5}
= 5t 12 ﬁ
(1\)0@$6 a0 a\\o@ I @ﬁx‘ X\‘A‘O‘se 0 0 20 30 40 50 60 70 80
G W W G\‘]céo\\)‘o\e ® e Glycerol concentration (g/L)
Carbon source
¢ 35 s e 16
~_ [ Lovastatin .
ﬁu 30F —e— Biomass 110 ﬁ)
g | g
= 25t g ~ & <
5 's 3 e
2 20f 2 g 2
> I l6 & 3 8
=) s = £
B 51 5 s g
% r 14 m % m
s 107 .
Q r (0]
= 12 =
= 5 ' L r =
0— e S & & O or o 7% 4 6 8 10 12 14
IR N
® *“& @? &\oq S Nl «23’ > 7 5 Yeast extract concentration (g/L)
LR s 7 FF TS
)
‘6‘170 &}‘az‘ %02' Q)Q’ @ @C?)z\;b
F &SP
s &
4@‘1’ .
Nitrogen source
E s, 14
L [ Lovastatin
40 I —e— Biomass

112

The yield of lovastatin (mg/L)
Biomass (g/L)

4 6 8 10 12
Inoculum size (%)

B4 TREIEFFHEMBRMETFEREVENZIT

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 MMEEREREFES R
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 iX ¥ 1% 1+ & LI 4R

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 L v T T S AR A i o i T AL
R LI 5. s IR 2w T R 4R B 2T
] B IR IE AR, Uh B A AE A W e KAE . Ci s
Cy M T HAb Ay, Ay, By, B, EER %4
VB R 1 T (B A 2 i B, 536 3 i BdE
— 3o AR TR YR 5 B K R ) S AR
HEWEDE , R BHER (O M A TR (B) AL 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
WPE . LRV B AN A 4300 57.8 g/L.
5.52 g/L 1 6.90% iARAMIT ™ 55 8 d5e K T
J 172 mg/Lo R T SRR B 11545 R 1 T 5
P, LA S TR S IR o 1) R 2R A R AL Bl 45
FRE TR AT, R 3. SRR, 1
P4 T IR T /97 5o (173.6+1.2) mg/L,
PR IR R SR SR T 4.8 £, AR T P s
BB 5 BB F2 30, 2% B e o7 1T O AR A5 21 1 &
[Tt Slses  EIE

3 Wb ER
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 B e MR

Wi, A IE PRI . U AR RE RSN Ut TR A
(1 A AR AR W A U BRI
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= 200
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B5 SFERRERMJEMTFEXEZMB=HMEE A, B: HlFEERBZ AR LR C.
D: HlAHEM R Z RIS EN ; B, Fo BERRR B FIHE R 22 18] A4 58 R 0
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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AR A P IS AT T ) e A ER

FEFRHEAY C/N H I o Jre ) PR ) S5 25 5 e 9%
7T A A . R R, & C/N Ik
P 5 5L A A TR AR T 1A B, I HR AT
B 7 AR AR AR R R R BT B O, A
T BIR ) VP A 2% P DR R T 5 3 1 A )
Fo R BT AR, R R R A B IR B IR T
AT, $e T AT i R AR R
B, BB IR 57.80 g/L MIEERER
KN 5.52 g/L, B C/N HWAE A 44 B, ATLA
AR EIE AT i A, ZER 2
B AT AR T A A 7 rh, & C/N HEEERR
i R R BR AL, TS EERER A L
HM AR BRI A, ] B R
AT Tl Al AE 7= gAY R 5 & et
PRI R IHFE A KRG BT E R,
FOR LY PHFE R | WIKES g RR
Z: 5 AT A A R P AR SCE g &
M, HBEFEHR 6.90%0F, MAEMNAERK. Y
B R Y THFEAL T3 AP, A4 7™
PIAR R, X5 At P gTas R —E.

EEIESENVEANE $2l Ty 2L = S S
AT 7= 53 3k 4548 - Mohan-Kumari 28215 15
¥R M. ruber MTTC 410 FIBRIE . 28 . pH. i
J& 25 R W S BCHA T DA IS I AR A 7T 7 i ey
47 81 mg/L; Chang 2k M. ruber CCRC
31535 WRIE . RIEIEAT IS Hag 7T 7™
RN 131 mg/L; Seraman %5 POV} bk
M. purpureus MTCC 369 Ffik 5 . 2R FIICHLER
HEA LA IS FO& Lt 7T e 7 52 97.5 mg/L.
Kamal %507 18 —BRET B3 76 ARG 757 36 vh Ak
5= 127 mg/L BRI, X2 H AT T4L
b TR 2 W A I AR AT 7 e Y R IE Z
— o EBIEF XL T A TT R AS S T AR A
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B IR A TT 2L B A T L S S R A A 2231

AL FEEE IR . R, PR . pH. IRE
LrytAl, XLl AR . SR S b
AL A HOC R R W AHGE . Bl . E IR A
i 2 DL 52 W 5T R AT B <Ak 25 - FE 1 A
HAERXR, M TEENAERS YR E%
YIMSG. B, ASCNLT K08 . i e 15
BRI AT R m B L B M4 bR
(Monascus purpureus M4), FF| F 0w V7 [ 52 56
XTI i BT ik I . AR S e i A T
tofk, 5RRW], TE ksl 57.80 g/L. [
BRI N 5.52 o/L FHEF RN 6.90%HT 1%
7T 7 ik e,k 173.60 mg/L, AARALHiTHE
T 48 A%, 5 EHETC A R 2 R T
AR LI, XAEE T A IS
TTRIRE AR GEIR, T HRE R e A5 1 A Akt
P2 = v At VT 7 i AN R R R SR IR AL T R AP
A, XA T B Tl A - A mEE T
B b, SRR I R RS A T B
BE DR G B R SR AR S R R TR A, SO R
Brig el BEARAE P A, HE— 248w topt
TTH 5, IS AT T B R AE ™ M R Pk M4
(9 ol Al B AR A AR S 4%
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