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Isolation and Molecular Identification of Monascus purpureus with High Yield of Lovastatin

WANG Qiongxiao, QI Fangyuan, BAO Bohan, SUN Qingmei, QIN Luping”, ZHU bo " ( School of Pharmaceusical ,
Sciences , Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To screen one Monascus purpureus stain that has high yield of lovastatin and provide potential strains for
the development of red yeast rice(RYR) industryy. METHODS Twelve RYR samples were collected, and Monascus sp. was isolated
from these samples using traditional isolation technology and identified by morphology and ITS sequencing. All M. purpureus strains
were screened and their total lovastatin contents [ including lactone lovastatin( C,, Hy,O5) and acid lovastatin( C,,Hy;, O, ) ] were deter-
mined by high performance liquid chromatography ( HPLC). Soft SPSS 25. 0 was used for variance analysis. RESULTS A total of 35
Monascus sp. strains were isolated and 23 of them were identified at specie level, including 11 M. purpureus strains, 10 M. ruber
strains and 2 M. aurantiacus strains. There was significant difference (P <0.05) in lovastatin production among 11 M. purpureus
strains. Among them, SM-1 isolate produced the highest amount of total lovastatin, with the value reaching (4.652 + 0.001 )
mg + g, followed by M4-1, F1-3, and F5-3 strains with the value reaching (2.903 +0.033) and (3.108 £0.009) mg - g~', re-
spectively. M4-5 isolate produced the lowest amount of lovastatin with the value of (2.712 +0.014) mg - ¢~'. CONCLUSION
Fungal strain is chaotic in the fermentation of RYR on the market. A high-yielding lovastatin strain SM-1 is screened and can be used
a potential strain for RYR production.
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Tab.1 Red yeast rice collected from various origins

PR, AT 5T SR A% G 3 185 125 R A7 200 i A ik
53 B9, 45 6 T8 25 5 AN e s 18] B X (internal
transcribed spacer, ITS) J3 %1 43 #7 , O i%& H A [6] A9
2L i A R N T AR A5 H bR 5 6 20 h Ak R
HPLC i 5 , 0 26 45 3 i 7 1% AR AW 7T A9 55 (0 20
B R o

1 w8 F SR
L1 Mo

2019 4F6 A 22019 47 A W EHIT AR 1l
R GIAL SRR AR LU R B 12 4y, AT TR
PR RAE R TR, WK 1,

Sample name Morphological classification

Collection time Origins (in Chinese)

Zhejiang SM Monascus powder June 2019 Jiande, Zhejiang (#7147 )
Zhejiang BD Monascus powder June 2019 Ningbo, Zhejiang( #iVLTU%)
Zhejiang SH Monascus powder June 2019 Jiangshan, Zhejiang( #yTyL1lI)
Zhejiang YJ Red yeast rice July 2019 Lishui, Zhejiang(#iVLRR7K )
Zhejiang TJT Red yeast rice June 2019 Hangzhou, Zhejiang ( #iiTATM )
Zhejiang TX Red yeast rice June 2019 Gutian, Fujian 1(f#27H 1)
Fujian PHH Red yeast rice June 2019 Gutian, Fujian 2 (#8%EH H 2)
Fujian SF Red yeast rice July 2019 Nanping, Fujian(fH#5)
Fujian XXC Red yeast rice June 2019 Pingnan, Fujian( 85 H)
Hubei JC Red yeast rice June 2019 Wuhan, Hubei ( #2%3)
Shandong ZH Monascus powder July 2019 Binzhou, Shandong( [l Z: M)
Yunnan NJ Monascus powder June 2019 Kunming, Yunnan( 74 R H])
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1 — lovastatin acid; 2 — lovastatin lactone.
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B1 ®mABRMEIT(A) ABREREIT(B) 5 KB WM& (C) B &R €% (HPLC) & & 3% |

Fig. 1 HPLC chromatograms of lovastatin acid( A) , lovastatin lactone(B) and fermentation products( C)
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Fig.2 Colonial morphology of isolated Monascus sp.
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Tab.3 ITS sequence alignment and identification of 35 Monas-

cus sp. isolates

Strain number Result Strain number Result
M1-6 Monascus sp. F14 Monascus sp.
MI1-7 Monascus purpureus F2-3 Monascus sp.
M1-8 Monascus aurantiacus F3-1 Monascus ruber
M2-1 Monascus sp. F4-1 Monascus sp.
M2-2 Monascus sp. F4-2 Monascus ruber
M2-3 Monascus aurantiacus F4-3 Monascus sp.
M24 Monascus purpureus k44 Monascus purpureus
M4-1 Monascus purpureus F4-5 Monascus sp.
M4-2 Monascus ruber F4-6 Monascus sp.
M4-3 Monascus ruber F4-7 Monascus purpureus
M4-4 Monascus sp. F5-1 Monascus sp.
M44' Monascus ruber F5-2 Monascus ruber
M4-5 Monascus purpureus F54 Monascus sp.
M4-6 Monascus ruber F5-5 Monascus purpureus
M6-2 Monascus ruber SM-1 Monascus purpureus
M6-3 Monascus ruber YY1-3 Monascus purpureus
Mo6-4 Monascus ruber HQ-W Monascus purpureus
F1-3 Monascus purpureus

MI-8
M aurantiacus (MG654469. 1)
98 Monascus rutilus (MG654471. 1)

purpureus (MK359689. 1)

51 M
Eurotium athecium (MH858670. 1)

o1 Eurotium umbrosum (MH858551. 1)
Euro tium medium (MHB5489. 1)

77 Hamigerap aravellanea (MT079285. 1)
Claudopus minutoincanus (HQT31511. 1)

M1-8

Hamigera brevicompactus (NR_160208. 1)

Hamigera paravellanea (MT079285. 1)
Hamigera avellanea (MHB65517. 1)

Eurotium athecium (MHB58670. 1)
Eﬁlmnum umbrosum (MH858551. 1)
Eurotium medium (MH854898. 1)

F1-4

s ruber (MT316354. 1)
Monascusﬁ,fmeus (MG654473. 1)

s albidulus (MG654472. 1)
Pneumocystis gerbil (AY875972. 1)

F1-4

B4 MI1-8 M43 Fl4 fo SM-1 L B 2R KB M

M 1 2 3 4 5 6 728 9 10M11 12 13 14 15 1617

500

M -1 000 bp #Fi2#; 45 1 ~17 — M1-6 M1-7 M1-8 M2-1 M2-2 M2-3 M24,
M4-1 M4-2 M4-3 M44 M4-4" M4-5 M4-6 M6-2 M6-3 M6-4,

M -1 000 bp Marker;No. 1 ~17 — denote M1-6 M1-7 M1-8 M2-1 M2-2 M2-3,
M2-4 M4-1 M4-2 M4-3 M4-4 M44' M4-5 M4-6 M6-2 M6-3 M64, respec-
tively.

B3 3B HaBEFERS
U i AL ok B

Fig. 3

products of 35 strains of Monascus sp.

m 45 X R B (PCR) 9738 7= 4 3¢ R

Agarose gel electrophoresis of the PCR amplification

M4-3

4‘£Moﬂaxcus ruber (MK359688. 1)
98 Monascus fumeus (MG654473. 1)
73 M s albidulus (MG654472. 1)

Aspergillus aflatoxiformans (MN010544. 1)
Ddspergillus anthod esmis (MHB61100. 1)

Hamigera avellanea (MH865517. 1)
77 EHamigera brevico mp actus (NR_160208. 1)

Aspergillus amazonicus (MH863364. 1)
hecium (MHB58670. 1)

98
98
Eurotium X
—m‘—':Eurotium umb rosum (MH858551. 1)
Eurotium medium (MH854898. 1)

Claudopus minutoincanus (HQ731511. 1)

SM-1
Monascus purp ureus (LT963493. 1)
Monascus ruber (MT316354. 1)
99 M Sfimeus (MG654473. 1)
96 Mo Ibidulus (MG654472. 1)
Aspergillus aflatoxiformans (MN010544. 1)
79 Aspergillus anthodesmis (MH861 100. 1)

29 Aspergillus amazonicus (MH863364. 1)
Eurotium athecium (MHB58670. 1)

87\_:Eurotium umbrosum (MH858551. 1)
Eurotium me dium (MH854898. 1)

Claud imutoincanus (HQ731511. 1)

P

SM-1

Fig. 4 Phylogenetic tree of M1-8, M4-3, F14, and SM-1 Monascus sp. isolates

(4.652 £0.001) mg - g '; = JEFIUH M4-1 .
F1-3; =R R aY & M4-5, {0 (2.712 £0.014)
mg - ¢ s HIA T MRE ML A (M1-7 M24 F44
F4-7 F5-5 HQ-W . YY1-3) A& R T, F
SPSS 25. 0 FAF B B bak 4 PRIE S & e AR
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x4

TRABBEAREEOGBELABFNAGAKRABKMTEENL. mg- g ,n=3x2s

Tab.4 Determination results of lovastatin lactone and acid contents in fermentation products of M. purpureus in different fermentation

periods. mg - g~ ,n=3,x s

1

Sample Fujian SF Fujian SF Shandong ZH Zhejiang SM
Strain!) M4-1 M4-5 F1-3 SM-1
number lactone acid total lactone acid total lactone acid total lactone acid total
5d 0.016 = 0.010 0.026 + 0.073 = 0.021 = 0.094 + 0.050 + 0.029 = 0.079 =+ 0.022 + 0.009 = 0.031 =
0.001 0. 000 0.001" 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
104 0.412 = 0.056 + 0. 468 + 0.755 = 0.047 = 0.802 + 0.846 = 0.043 = 0. 889 = 0.562 + 0.063 = 0.625 =
0. 000 0. 002 0. 002 0. 003 0.001 0. 004 0.003 0. 002 0. 005 0. 001 0. 000 0.001
1.486 = 0.162 + 1. 648 + 1.197 = 0.133 + 1.330 + 1. 681 = 0.157 = 1.838 = 1.985 + 0.247 = 2.232 +
15 0.001 0.003 0. 004 0. 004 0. 002 0. 006 0. 002 0. 002 0. 004 0.003 0. 004 0.007
1.819 = 0.284 + 2.103 = 1.524 = 0.257 + 1.781 = 1.791 = 0.308 + 2.099 + 2.633 = 0.316 2.949 +
204 0. 007 0. 008 0.015 0. 003 0. 002 0. 005 0. 001 0. 000 0. 001 0. 001 0. 000 0. 001
2.273 + 0.367 + 2. 640 = 2.040 = 0.298 + 2.338 + 2.420 = 0.320 = 2.740 + 3.350 = 0.393 + 3.743 +
»d 0. 002 0. 001 0. 003 0. 001 0. 001 0. 002 0. 005 0. 003 0. 008 0.003 0. 003 0. 003
30 4 2.419 + 0.386 + 2.805 + 2.215 + 0.304 + 2.429 + 2.460 + 0.377 + 2.837 + 3.916 + 0.434 + 4.350
0. 005 0. 007 0.012 0.001 0.001 0.001 0. 002 0. 002 0. 004 0.001 0. 000 0.001
2.465 + 0.438 + 2.903 + 2.317 + 0.395 + 2.712 £ 2.700 + 0. 408 + 3.108 + 4.177 £ 0.475 + 4.652 +
33 0.018 0.015 0.033 0.014 0.014 0.014 0. 009 0. 009 0. 009 0. 000 0.001 0.001

FE D P BIREE AL AR TX R PHH =/ NJ /8 NI IE JC s XXC, Bbkgn 54000 M1-7 M24 FA4 F4-7 F5-5 HQ-W \YY1-3 SRAGI#9% RALTT o
Note ;) The samples are Fujian TX, Fujian PHH, Yunnan NJ, Yunnan NJ, Hubei JC, Fujian XXC, lovastatin was not detected in M1-7, M24, ¥4-4, F4-7, F5-5, HQ-W,

and YY1-3 strains.

4 it g

ARSI F FHSCAE BN 12 A7 ) 20 A i, DA
o B B2 A TP 35 AR, WP T T AL A
JPE . I ITS 345 3] 2020 47 fi € A = 25 ) By
FE 21 M & I R Rl e e 2Dl 8 11 K, IEXT 11 B
s ih &I T A Kk B, A H HPLC I & 19 ™
Py SIS H AT T A B A, SR REAS B 4 AR IR AR MTT
W, 4>k SM-1 M4-1 F1-3 M4-5, Hip SM-1
PRI = AR AT 9 BE ) ek e FERRTE SRR T, IR X
B HATT REFZ 10 N R 20 AT T, (HFE A A 58
AP X AT I R A 1 R N T X AR
T SRR S Rt 7T & i 1 LR AT AT, R IRAE
K JE (20 ~35 d) ,SM-1 Tk Y o4 i =X At
TSRS ARAMTT & & 1 F R R FH A PRk 2t
ZLhER, ke 35 d, SM-1 NEREIE At VT 5 R =X
EAABTT SRR L3 8,79, 1 M4-1 ,M4-5 F1-3
3N 5. 63.5. 87 5 6. 62, %55 1) N g Ui H Al 7T
SR AR A TT 5 5 L9 AT RS2 SM-1 57 1 Jit A
Z—s

AT M S I 5 SR R SO0 s b A e 21 i
L LI R R, AAE A 2020 AFRRC H E 2
)RR 55 00 21 B A TR , 2 W T 5 £ i T
PRI R B2  AEAELL i Ot , QT v 7 0% 5 p
=L, RO AR 8 T 2L LL i #E M. ruber,

FPIE 2y ek 2024 4F 2 H A 59 45 3 )

LG LT 5 S R 2o 2R P 1 25 K I, W 2511
W 2510300 3o (78 24 242 TR 2 TR0 O 0 8 1 8 i AR A T
LT IR TR, 78 AT P2 B 43 05K 17.90 mg - g7
5.75 mg - g BT AR SM-1 ERR ISR ALTT Y
PR AN LA AT A B, Wu G5 I T A Oy [ 25
PR IR B LRI T pH 5.0, 3R 2 h, HAb
FRAE U S 45 e 5w 10° A4 (KoK i) L if
ARSI AT pH g VR B, 3X AT & SM-1
PRRR = AR A DR R . Wu S5 T foff FH A 61 25 T 5 9%
TS AR R, EBIh 3.2 i s 5 5 R
EARMT B R, R ] e R b O S
EEOD, BT KESL T C/N A, AR
FU G R AR R BESL T C/N (BT LA R0 = %
by i i FE TR — 2 TR, AR AL
SM-1 & EE45 1, 4G EE R AL L 5 pH, LU &
SM-1 J&ARAMTT 1) 7 5o 2020 45 i € Ho [ 25 30 ) 21 il
JEiFRUERLE CoyHae O5 (RN AF50 T 0.22% ,
200 T RIS M T I AEAE . SRR R B £
P AR TR DL R R P FOE A A
DA T AL T 5 1A P 7 2 ) 2 S TR K S B R =X
JrRERAE 2530, IR A& A At VT 5 HMG-CoA i J5i i
SEREE g T, A SR AR s R R
N5 1y e iy 2 3 AR T T 1Y) 5 T A S A iy
P
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