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Abstract : The purpose of/this study was to screen the high Monacolin K-producing strains from 30 strains of Monascus Strain
separated from natural fermented red yeast rice,and further to optimize the fermentation conditions of Monacolin K. The re-
sults showed that 9 _strains of Monascus were found to produce Monacolin K by high performance liquid chromatography
(HPLC) analysis. The strain No. ZX26 was the strongest strain in producing Monacolin K, and the yield of Monacolin K in
the fermentation. broth reached up to 107. 6 mg/L. The ITS gene homology analysis showed that Monascus Strain ZX26 was
Monascus purpureus. The single factor test and orthogonal test method were used to optimize the fermentation conditions of
Monacolin K produced by Monascus purpureus ZX26 further. The results showed that, when the composition of the medium was
glucose 70-g/ls;beef extract 15 g/L.,NaNO, 2 ¢/L.,MgSO, - 7TH,0 0.5 g/L and KH,PO, 1.5 g/L,the optimal fermentation
conditions including the initial pH of 4. 0, culture temperature of 30 °C ,inoculum size of 7% and fermentation time of 10 days
were determined. On the optimal fermentation conditions, the yield of Monacolin K reached up to 271. 36mg/L, which in-
creased by 152.19% compared with the production of Monacolin K before optimizing fermentation conditions, It was proved
that the Monacolin K yield was the best under this cultivation condition.
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HEIN 2 DNA-pRgl 5 52 10 50) &, A48 T TR (1
M) A A PR A H]

1.1.3 =5z

RHA G 3 . PDA B0t

B FREFRIE (L) 2 R0 30 o, HiATHE 20 ¢, 2K
16 15 g,NaNO, 2 g,MgSO, - 7H,0 0.5 g, KH, PO,
1.5 g,pH AR,

KW FRIE (L) M A A 70 ¢, 2 AT 1S g,
NaNO, 2 g,MgSO, - 7H,0 0.5 g,KH,PO, 1.5 g,pH
AR,
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FaRTE S H
1.3.2 & #:% Monacolin K = &0 &

F PTi B AN B2 B T PDA A} B 5 5k, 28 C1E
EREFE 6 K. P £ 100 mL =M AR T
BEFEFL 50 mL, 3/ 0.5 em x0.5 em K/NA B,
INEZ A 40,28 °C 160 rpm fH I8 F2 K Hp 85 3% 3
Ko W REEREFE 100 mL = fH5 A R R 5 5L
50 mL, #ARFR S50 7% W) HF R, N2 DA
$L,28 °C 160 rpm fHIFFE K FREFE T K.

B2 mL BT 50 mL (&S, A 8
mL JE/K i, TRA)ICE T8 R H 160 rpm 523741
B3 h,5 000 rpm 5.0 10 min B F3E "), 1 0.22
pm A5 AL U8 B 3 8 38 RO A £ 3 1k (High
performance liquid chromatography, HPLC ) #£ 47 Mo-
nacolin K F=g il & |

HPLC #0444, 4,345 ZORBAX300SB-C,q : F
£ 150 mm; N4 4.6 mmhife 5 um, GBI V(L

) V(0.01% R ) =65:35; #6237 nm; ik
PR 20 L33 1.0 mL/min; 3 30 C
1.3.3 1 # Monacolin K =44 T AR

$4 57 Monacolin K (LS B HRAE R B B9 1# #k
WIS IR, s 7 10 48, 38 i e f— Ak %
TIT) Monacolin K F= /T HAR e, e ik A L
1.3.4 EhkEE
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L 41 DNAM®) SR ] PCR Jy a3 18 ITS rDNA 3t
L5194 1TS1 (5'-TCCGTAGGTGAACCTGCGG-3")
F1ITS4(5'-TCCTCCGCTTATTGATATGC-3") ,PCR &
MAAZR WL,

x1 OEHEFER PCR REEFR

Table 1 PCR reaction system by Monascus strain
AR (AR ) R
Reagent name ( concentration ) Volume (pL)
DNA 1
ITS1 (10 pM) 1
ITS2 (10 uM) 1
Taq BEA 2.5
Ex Taq(2 x )
XWZEK
dd H,0 9:3

PCR M3 25440 95 C WA 3 min 95 CAEME:
30 5,56 CiB k45 5,72 ‘CHEM 1 min, 335 PMFIER,
)5 72 CHEM 10 min''® |

PCR ¥ 14 7= ¥ 28 1% 355 W5 868 Jee Fi T AS:  J
EEAETAYTRECER) ROA RS %
I P45 SR A NCBI ¥4 2 vh i 47 BLAST XJ L6 43877 o
B RE 2 E R B i A Y9 i R A T A
YR AEE
1.3.5 RE&tHAL

DL BER Monacolin K 7=t Ry PEM 8 bR B 11 20

PRI, A R IR BT W) b O BOE Wl B 7R 4%
0 KBRS 28 °C L, 90hh pH E A SR, Rl iy
IR T% |, KRR 7 Ko W R RS 37 10 &2
S DR 2R (HERR i R R R L R I I TE] L B0 46

pH) AT B AR 3 ik o3 30 15 5 Sk 1
6% [ T% 8% 9% 10% ;5 Jx e 1k & V5 h
24 26 .28 30,32 °C ; A WM [H] 53590 B E 6,8 .10
12 14 K ;914G pH Ei%E ~N3.0.4.0.5:0.6.0.7.0,
I 7E 2% 25 T AR P Monacolin K'Y ™, 1~
WEE 3,

TE IR 3R e BE AL, et 1E 22Uy 2
#4,
2 MREREHW
2.1 &7 Monacolin K 21 H| S E ¥ I i%E

Hs PDA SF-AR AL UK 73 85 1 30 Bk 41 i % A
B, ARIC AR O ZX1 ZX2---ZX30,, 43 %)
30 HRELH 22 #E4T)™ Monacolin K g JJ A6 I35 . 45
R 2 R , A9 PREL 2 1Y & W e Al 35 K
237nm AA FRE TR g | 5580 B 77 Monacolin K [
773 AR 21 BRIAT FEAE IR WSO, W] ) 25 ] T 3
E A P Monacolin K, 9 ##4T il 2 7~ Monacolin K
R 22 5K, Horh g %5 ZX26 T8 £ 7 Monacolin K
AE I ok, 15 %) 101. 60 me/L, B AE I 4k A e A5 HAR
e P g5 ZX26 S HFRIE#E

&2 . EFE K Monacolin K =8

Table 2 © The concentration of Monacolin K produced by Monascus Strain

Monacolin K [Fifg e i

Monacolin K Jii Hg #¢ J&

Rtk . ; WS ) :
Strain No Monacolin K concentration Strain No Monacolin K concentration
. i (mg/L) ) ) (mg/L)

7X1 0 7X16 0
7X2 66.93 £2.24 7X17 0
7X3 0 7X18 0
X4 73.42 +£2.68 7X19 0
7X5 0 7X20 60.08 +£2.20
7X6 0 7X21 0
7X7 0 7X22 0
7X8 0 7X23 90.68 £2.44
7X9 0 7X24 68.11 £2.41
7X10 0 7X25 0
7X11 54.35+£2.71 7X26 107.60 +£2.01
7X12 5.85+1.15 7X27 0
7X13 0 7X28 0
7X14 0 7X29 0
7X15 11.51 £2.06 7X30 0
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2.2 4I#E ZX26 Monacolin K FF=F2E &

W g o R 2X26 TEMRAL USSR, 3E4T7" Monaco-
lin KRG PR, i 5o i 5 4 — AR B 1Y Mona-
colin K Ji & ¢ B, 2k H Wi 7= Monacolin K £& € 4.
S5 ANER 3 PR,

*3 LIME ZX26 7=
Monacolin K #35E 1# (#4257 10 1K)
Table 3 Genetic stability of ZX26 strain ( continuous

culture for 10 generations)

ZX26 LIS Monacolin K J5i vk i

7X26 strain Number Monacolin K concentration

of inheritance (mg/L)
%5 —1X, First generation 108.32 +3.05
%5 A Second generation 106.55 +3.05
5 =/ Third Generation 108.00 +2.94
25 14X, Fourth Generation 107.75 +2.83
5 FAT Fifth Generation 108.40 +2.55
57518 Sixth generation 109.09 +3.28
Zi-E4% Seventh generation 108.05 +2.93
43 /% Eighth generation 107.50 +3.09
%5 JUR Ninth generation 108.80 +2.94
211X Tenth generation 106.07 +2.86

r

SEARRY, Lol as ZX26 T R E 2L H SR 10 AR
J&i , H: Monacolin K 7 ATS SR b T4 i /K F-, T L)k
AHWr ZX26 B BRTE S Monacolin K 8 73 J5 T B A
RS ENE
2.3 X206 HMHMESFELES S FFERE
2.3.1 ZX26 Wk BT AR BARAFAE

K595 0y ZX26 TEHRHEEARD T7E PDA FAR I 77 5k
28 CHEFET K, HAR S om, 4040, B BIR, A2
(Bl la), LI, W22 BRI, 208, 5 3
~6 pm, HEFERIE, 1% 25 ~ 50 wum (& 1b) , f&
LB ELA, FRAFHERIE,S ~6 x4 ~5 pum,
P a o1 DA B <t o e U A T R S g § A A
ZIE,8 ~11 x6 ~8 um(E 1c)
2.3.2 IX26\E ARG -Fm B 4E R

Bigi'5 ol 7ZX26 FEAR ITS tDNA LK PCR § 1%
Ja A5 AR AR AR TR (Bl ) ey A FRZA H]
PEATITS U, 75 2 7 R/ 571bp P51, 1E
NCBI G 25 bR 7 AR 3 i T ik, 485
KW ZX26 HitkS5 GenBank %irdfs [ Hh 21 fth %5 T 1k 7]
PBVERE 98% ~99% o HEALTE TR (& 2) , 20
8 ZX26 5 Monascus purpureus strain FRR 1596 3%

1 HE#R ZX26 EFEEE
Fig. 1 Morphological identification of strain ZX26

2 F B, PRI T H i 44 o 2 20 it & 2X26
( Monascus purpureus ZX26 ) , H 2 ¥ E Rl =B ilA Y
WEFE Ik T A ) T i S5 0 TR R Ol SR 20t
( Monascus purpureus) ,37-F 2018 4£ 07 A 11 H{##K
T [ G A W R R A B B 2 3 A A W
IO AR R 5 CGMCC NO. 15992
2.4 BRFREFRFHHE
2.4.1 BAZHHT

ARl RN X SR 21 M 85 ZX26 1 52 e 45 5L 4 5]
3 iR R R TEAA TR E 7% ~ 9% I, A F] T Mo-
nacolin K P B3N, ZEAFRIIECN 7% W Hef & i

Monacolin K F=&idg &, & 101. 62 me/L, 445 &
KT 351 9% B}, Monacolin K 7 & ¥ 4R N F .
S3HT ER T B A b A BGn, AA SEE E mke,
Monacolin K f9 7 15t 1, AH A 384 0, (B S 82 i i &
AT L RE R R T e ety se it , i T
BRYIGE =2 FECE LM 2X26 s TR,
filt Monacolin K (%7 &t AH N Jd /0>
2.4.2 REEEEAHE

AN e TR FE X 2R 21 i B ZX26 1520 45 2R 4N
E 4 Fos, B & B A 42 5 , Monacolin K 7= i
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Monascus purpureus strain Ap16
53 Monascus sp. M1
- Monascus purpureus strain JCM 2261

9 ~ Monascus ruber strain JCM 22614
Monascus ruber isolate PUR 73
Monascus sp.strain GB-MG-3-2
Monascus pilosus strain ATCC 62949
9 ~ Monascus ruber strain CBS 346.50
Monascus purpureus FBKL3.0176
Monascus ruber strain DAOM 139276
Monascus purpureus strain BCRC 31542
2 Monascus sp. M ZA-2013
_m_{ Monascus purpureus IFO 4513
Monascus strain ATCC 46595
os | Fungalsp. DQY-8
Monascus purpureus 18356
Monascus purpureus strain CMU002
Monascus sanguineus isolate JPJ 14

Monascus purpureus strain FRR 1596
ZX26

B2 EFHE#ZX26 B ITS IR Rt (it
Kg.2 Phylogenetic tree of strain ZX26 based on ITS sequences
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ANTR] e T RS (D045 21t 25 ZX26 11452 M 235 2 4n

K5 fiw , Bl & & B st 8] B9 38 i, Monacolin K 7= &
HREZ N, 7 14 Kif Monacolin K 7= & ik 2| 14(H
4 100. 30 mg/L, (B, #H%} H 10 KH, Monacolin K
FEEHIEINT 0. 63 mg/L, 454 52 BR AT, MO J i
FEA IR A 10 K IR S 7e & R, 15 57
FENPEFR Y BT IR, AR K it B, B Monacolin
K = i, J& B8 97 3 9 198 = 9 s/ [a) B
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=
S
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2.4.4 145 pH 3% Monacolin K =& )% @

WG pH %2241 i85 ZX26 B2 45 R an & 6
JJi 7~ , Monacolin K f= & 7E4]4f pH 4 ~ 6 i [l N3
HIAE L, MEBWR ARG pH 4 4.0 B, Monacolin K
PRIk B 87. 5 mg/L, M REEW pH KT
5.0 B, Monacolin K y=%& 2 8 T %,
2.5 EXRAWER

T S0 5 (R PR A4 1 22 45 P E XS Monacolin
K =& 5o, DR R BEIR B R BERT [A] 0] 4R
pH I T HRHEA R IFE A RN R IR 4R,
BN &R =K FIERRIRE Ly (3) o gk it
#F 4, Rk S,
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Table 4 Levels of different elements

% Factor

K- A

B C D
Levels B e B LER [ Bl pH
Inoculum size (% ) Culture temperature (°C) Fermentation time (d) Initial pH

1 7 30 6 6

2 8 28 8 5

3 9 26 10 4

RS REFHEAUEZIKABRERS SN

Table 5 Results and analysis of orthogonal experiments for fermentation conditions eptimization

2 Factor

Monacolin K Jifi g ¢ &

)ﬁf 1 2 3 4 Monacolin K concentration
A B D (mg/L)

1 1(7) 1 (30) 1(6) 1(6) 257.39 +2.12

2 1 2 (28) 2 (8) 2 (5) 227.23 £2.09

3 1 3 (26) 3 (10) 3 (4) 96.79 £3. 17

4 2 (8) 1 2 3 267.04 +£3.00

5 2 2 3 1 233.77 £2.57

6 2 3 1 2 37.08 £3.22

7 3 (9) 1 3 2 222.14 +2.02

8 3 2 1 3 239.72 £2.33

9 3 3 2 1 50.34 £2.21
4 1 Mean value 1 193. 80 248. 86 178.06 180. 50
4 2 Mean value 2 179.30 233.57 181.54 162.15
1418 3 Mean value 3 170.73 61.40 184.23 201.18
% 7= Range 23.07 187.46 6.17 39.03

G PR M 2E R AAEIDNIUT 7 : Ry > Ry, >R,
> R, Ui & % i 52 Monacolin K 7= i i i & 1
M FE R, KAEN T4 s, 4 R Rl
G4 AB, C,Dy, RIMEFN s AR T80 7% |, K Wil
JEH30 °C, kWbt )24 10 2K, #46 pH {E24 4.0,
HRE LA 5 R B 00 B0 iE (I & 3 A7),
15 AR 2 Monacolin K 774 271.36 mg/L, & TIEAS
R P IrA A A a5 R, UINZ A A0S ek &

LG
3 #e

AR SCMA TR Monacolin K421 jh 5 B Wk i 12 H
%, 4K 13 — Bk Monacolin K 7= %5 125 1) 48 21 iy %5
ZX26 @tk FEX IR AR AT B A . BRAG L
B AESE IR T A HE 70 ¢/L, 2R AE 1S o/
L,NaNO, 2 ¢/L,MgSO, - 7H,0 0.5 ¢/L,KH,PO, 1.5

o/ LN HI L A e 5 Ay« e i S AR R 0 B 7%
BRI D 30 °C, Whs pH {E o 4.0, KB ) 0 10
Ko TEMFRAFT SRl 72X26 KW H Monaco-
lin K =823k 271. 36 mg/L, FXf T 15 F% SR AL A
Monacolin K P=42 5 152. 19% , & 5IF 3% 55 414
T Monacolin K y= & fz f£, il i 5L 86 Ry 2220 ph op
Monacolin K it — 0 5 44 7 2R JEAl

S 3k
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