Research Paper EGiEEiES

WHEYZER Acta Microbiologica Sinica
55(7) :863 —872; 4 July 2015

ISSN 0001 —6209; CN 11 —1995/Q
http ://journals. im. ac. en/actamicrocn

doi; 10. 13343/j. cnki. wsxb. 20140579
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W2 K LR BRAE AT
VER TR KSR S A TR, ML STIfe AN FRE TR SR, T 400067
el KA B BN AEEE, WA 2RI 430070

BE.[HAY) HFRAEOME (Monascus ruber) M7 H4E il 21 M (0 & LAY Rl A BEFE K (phsPT) HITIHE
[ 7] XF M7 W pksPT #4774 0015 B 24001 (B B R FF B A T 20 i B 5 AL B AR BB M7 b phsPT, 3K 15
phsPT 8RR GZARNK ( ApksPT) | LWEE M7 Fil ApksPT WIIEA 7 flRe ) A KEE AR A E R mIN 2R,
[ 455 ] phsPT 421 8687 bp, 4l ER (& A 2690 NI , J& 50 J T Y 5 il 75 ilg , 645 B - 1 1k 32k 75 i
it (KS) FESERAR R 11 (ACP) [BEILALRE MG (AT) I SLELRE Ml (ME ) DUFR 25 #4581, 41 &I 20k KS-AT-ACP-
ACP-ME,, ApksPT BT 45 S IR | phsPT (A RSEBRANTE Wi H = 3 A 6 1 R 852 (0 BE T 5 AphsPT ANBEF= 44T
AT —Fe 21 i (0 22 5 LA I 3 O S P T A B R M7 A R AR M7 R T 2.8 5, [ 4518 phsPT J2& M7
HPR I 2T 538 G U SRR TR 20 62 38 19 6 B0 2 M 0 ol A B 2R AR R AR R

KPR IR AR R AL, 2 a2 i

HE 5250933 X EHS :0001-6209(2015)07-0863-10

RS ( Polyketides , PKs) J&— KA HA I
LG BOBEAR AR R A - P B, ERAFRE
PUER HWER MM @R . Y L E
MLk 1 T2 PKs?' 28 PKs BATH
i B A2 W 27 0 1, 0 BE % R IR (3 i
Lovastatin )0 A1 400 ) EH H (K ¥ H K,
Griseofulvin ) "4 PRI 8% 192 3 FH T4 1 | 15 24 F11
T b B AR L PKs A #ME, 1 ih &
(Aspergillus flavus ) 73 W6 1) ¥ i 5% 5 R B AT 8 BUR
P IR, 25 RS Y A I R R E
BT, DI RE AT T h =0
TE—A % 5% B i A T ( Polyketide synthase , PKS) f)
R PKS SRR R G mad 1 1 B i i R

LER L HLEE , PKS 1T LAy A He A ( 1 AL (i
EAR (A  AREMA (IAY) FnsE &2 1 AU 4
KU KB P H PKS KZ B THEKLE [ A
PKS!' A T8 PKS REUIREE A, WHZAH
AARMEATIRE A5 H 88, H 4 PKS rp 4544 5 i
J& X2 PKS ik — L WX oo 8 28, o3 il 2 4 b
ARk JE R PRS(ARak bt T2 T AY | T & IT 2 T AY)
4 ik J 8 PKS (i J5t T 28 I0 A I 22 A IV
R BRI R EE T PKS I 4 19 25 74 35
FEAE HAN A 2 EATERA 3 i B PRSP 45
e, B B—@lﬂﬁéﬁiﬁ%’a\ﬁi@( B-ketosynthase , KS) N
IR (Acyl carrier protein, ACP) FIE 37 £%
fifi ( Acyltransferase , AT) "'
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220K L —41 1t 18 ( Monascus spp. ) +& 3 [
N AR W A G 1) A B e ), E ] Tt
A LB AT AP AR 2 MO a5 IR G )
R AR 25 g ml bk KU BRI R 259 -2 35 T
R BRI 3 ) 21 i (6 R (Monascus pigments ,
MPs) %, [6] i 38 AT LA 43 30— R B 25 R ——A
E LI o ANl sl | o O

MPs S £1 [ 7 7 Az 19 i 2RI - ) 2
— BT UGS (VB A ) 1 — R B YRS
PR, EEALL B 3 RORA A&
1150 Fh MPs % E L BR T B GRS, 4y
MPs ¥B HAT LA T R RO S A 2sim b T
IR, B R S8l bk K A MPs X952 R i 4k
F W, 7E 2005 AFF1 2008 AF- 43 51 1 2 s A ZL i B
SRR B TIRE FE R IS AT AR K A Y PKS S
PRIE2 200 S RS R R NN AT AR K AR5 T KF
LA B K R, A SEER #E B 2010 4R
2R3 FE AP B AR SRASLL AL M B (M. ruber)
M7 rhE R 20 € 3R 5 A PKS e AR, Il 4 i
IR T2 PA R s PRIIE 5 17 32 PR e 2 45 1l MIPs 5
i PKS it A #12 ;2013 4 | Balakrishnan 45t A AA
BLLHEE (M. pilosus) rhT RS R Z L R AR
X M. ruber M7 H1 {8, PKS 3K (pksPT) #17
TR AE B 2000 I T B3R PKS B
BRI AT HRR ( ApksPT) | 3 T AT T L0 M8 A =4
iR A R AL B A KO B2 5, LR
WL (R & RUR 1R SR & R B ki L0 sk
KK,

1 A %

L1 ##

1.1.1 ERRFABARL B A R M. ruber M7 J&—Fk
157 MPs FIRS 35 3R 1Y T AR, A 52 50 2 5808 R R
S0 MR R KT B ( Agrobacterium  tumefaciens )
EHA105 ¥ Ak fit 1, A 52 86 % ff 8 BT A
pCAMBIA3300 S BUITHA, g4 Al 2 tE R
BB 2208 7% HAR G 5 FORE pSKH 42 1) 35 3R 4T
PEPRICHE DA, AR S50 28 (8L

1 1.2 BEFREL AT R ARG 3R 5L (PDA) P
A A RIRAREFRIE (PDB) P DRI FRIE ™
YES }5553( Yeast extract sucrose )™

1.1.3 FERFIFEF: TransTag DNA Polymerase
HiFi Fidelity (HiFi) 1 Trans 2K plus marker( 434>
WA BRA ] AL mt) 5 BRAE N VTR AT T4 % 52 il
(EEYITERARLAE, Ri&E); &KX B
(Hygromycin B) ( Amresco ) ; 1 & 2 5 1 i ( 38 [
Sigma /v 7] ); DIG-High Prime DNA Labeling &
Detection Starter kit I ( Fi+ Roche 2 %)), PCR X
(5[5 Biometra 2~ ] ) 3 B AR R 48 (ALt 7s —14%
fr) ) s A2 WA (BH-2) ( H AR Olympus A7) 5
Water €2695 1 & A 35 X ( Waters 1525 %,
2998PDA il 4,270 BEFEAS , SEE Waters A F]) o
1.1.4 HBE5I4.: @ pksPT BIH 519 S pksPT
MR R AR RS [N 1 PR, FTA B 4
g A= MR 8 A (R L) B

®1. XHARAEEY

Table 1. Primers used in this study

Primer Sequence (5'—3") Function

pl GGGGTACCACATCCAAGTCGAGATGGTCAGTC For amplification of the 5" flanking region of KS domain (828
5 AGTGCTCCTTCAATATCATCTTCTGTCGAC bp)

p. p

ATGATGCCAGCTGAACGGAGT
CACTTGTTTAGAGGTAATCCTTCTTTCTAG

p3

GGGCGAGCTGGAACAGAAGT
p4 CGCTCTAGAGCACGGCGTGATTGAAATAGA
hphf GTCGACAGAAGATGATATTG
hphr CTAGAAAGAAGGATTACCTC
pS TCAGCGCACAGGTTGTCAATATG
p6 GTCTTGGACTGGATGAAGCGTAGG
pksPT-F CCAACCTCCGTAGCGATGAT
pksPT-R GCAAACCGTGCCACAGTAAC
GAPDH-F GTCTATGCGTGTGCCTACTTCC
GAPDH-R GAGTTGAGGGCGATACCAGC

For amplification of the 3’ flanking region of KS domain (878
bp)
For amplication of hph cassette (2137 bp) from plasmid pSKH

and the amplification of probes for Southern blot

For the identification of mutants and the amplification of

probes for Southern blot

For RT-PCR

For RT-PCR

Bold italic letters indicate Kpn 1 and Xba I, respectively; Underlined letters are a portion of hph.
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1.2 pksPT £91E BZHH

K H Softberry ( http://linux1. softberry. com/
berry. phtml ) T 5 5] 11 25 4 K FL 4 15 11 28 SE 1R )7
5, & H Pfam(http ; //pfam. sanger. ac. uk/ ) Fil| &
PRI 9 % £ 1 0 1 25 R 3. >R 1] NCBI 1% BLAST
(http://blast. ncbi. nlm. nih. gov/Blast. cgi) #1734
R BE M, K F Model _3D _PKS ( http://www.
nii. ac. in/ ~ swadha/prog_htmls/try2. html ) 5] {8 %
PKS i AT =4E45HE , FEMR5 BG4S F4 Bl Of <7 24 &
1% LT i FH 2109 77 51 24 A NCBI 3145
1.3 aEEEFEARNMHIR

W £ TR TR A AR B A B AR PDA AR I
28°CHEFR 7 d, IR 2214 R 7S ke Bk = O FR
R4 (CTAB) T5 B 22 P R SR O R 21
1.4 RBREENHE
1.4.1 RBRERMHE. 50 RS9 pl/p2 Fl
p3/p4 A M7 FEDRIZH B A m B DX R 57 - ) U5
(828 bp) F1 3'-[A] Y5 (878 bp) ; K 51 ¥ %t hpht/
hphr M\BTRL pSKH Hf 47 384 i 8 2 it BE A (hph)
> H] Double-joint PCR'™ ¥4 5'-[F] YL Al 3" -[] 5
Gy BIFEFELE hph RPN, FRAS RRBR &
1.4.2 EBREAEBIME R Kpn 1 Fl Xba 1 535
T D) Bk & F0 WG 28 /& pCAMBIA3300, 7F T4
DNA FEH2E1E 8w B 6% AT R 2 5
A Z 8] ARAT bR A
1.5 JEEFEK

SR FARER A AT T A S A0 21 ol 781 2 A B R ke
SR EATE A MT s LU RAE P i AR g,
XA T TR AL
1.6 %5{LFH) PCR #0 Southern Z:3F I8 E

P (0 R WAk JE R 4 51T PCR BIE,
BES 1%k pl/p4  hphf/hphr F1 p5/p6, K F BR il
NI Bgl 11, Cla 1. Neo 1 F1 Nde 1 43 51 1) M7
(LR, 519 pS/p6 WIH 3G r= 4 (i FH M &1 2 A i
JEAVENEREL (Probel ) , KN pksPT 7821 Ml B B 4%
DU, R Hb R 2E AR 98 1) hph 3E B ( Probe2 ) Al
Probel %432 Bgl 11 BVI AL FIE K4, %5 phsPT
BRI G
1.7 pksPT RixE#&N

¥ 50 WL 21 il R T B R (107 N9 F/mL)
HeRh 2 A 50 mL PDB 3557319 100 mL = f el
H1,28°C 120 v/min 3555 7 d, i PEMRAE TR 224K i

RNA, UL GAPDH I (9" 3% 5| #. GAPDH-F/
GAPDH-R) 1E A W 2 # W, Rk H | ¥ & PCR
(Reverse transcription PCR) I %€ pksPT W3R8,
1.8 FEEUERMBHUE

TE PDA A b4 il 4 Fh 0.5 pl M7 FlSEAE (AR
fFREIFR(10° N F/mL) ,28°C B E R 37 14 d,
WS TR 7 /IR €8, I W 88 28 748 02 15 7 P4 8 5
MaHT,
1.9 MPs &

¥ 2 mL 21 fh A 7 B VR (107 AL F/mL)
FERP KRG FRIE D 28 CH B3R 14 A, B
WAE 3 AT, 14 d 5 40°C BET2r il ok By ak ks
Ko BLO.5 g LK ARMA 3 mL 70% (V/V) &
i 379C 220 r/min $% 7 2 h,9724 x g B> 10 min,
BRI, 70% (V/V) CEEFEG (5 f5FRE M7 $2HL
W, ARSI N J5H) SR H] HPLC 73 B S B4 B
W ER, AiEa = Agilent C g column ( Zorbax
eclipse XDB-C18,4. 6 mm X250 mm,5 pm) TR e
FIEE(A)/BR/K (B, R IM pH % 3.0) /467K (C)
U 0.5 mL/min; HEAEAARTR 10 pL; #E i 38°C ; PDA
LA 5 SR PV BRI, A5 2 e B O sl A LE 18] 509%
A/45% B/5% C (V/V/V),40 min N A T+ 75%
BIEZ 20% ,C fRFFAAE, J3 5 WAL 390,470 Fil
500 nm [ (3% &, LA T 85 B RN 21 (0 2K G Fh
%[15,26] .
1.10 AYENKEEEENE

¥ 400 wL £ AT BIE R (10° A F/mL)
FEA 2 BEAT 20 mL YES ¥: 58509 50 mL = M bk
i 28CHFERESE 15 d, %5 7.9.11 13 F1 15 KHEL
FE BRI 3 AT, IR AR R 43 12 U8 TR RN T
224K B TAE R 2 e | T 22 R TR
I
1.10.1 AEWEMZE ;M HZRI K Pk i 22K 2 6
O, B RURT IR, TR T R 22K i 5 T
wEAEY R,
1.10.2 #HEBHEFEME: WEHEF7.11 f13 d
R B TS R R A i, BUS00 L R BER, INA
FHMPR/ CROER/ PR (7:3:1,V/V/V)IRE
W, ZRTGIRST, 9724 x ¢ B0 10 min, B )2,
P R S R L HPLC 0 2 YR B, ELR 5% Xie % 4
SRS
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2 HERFupAr

2.1 pksPT HEWIEBRZED

pksPT ( GenBank 1D :JF832916) 41 8687 bp,
S5MNEBLMEE (M. pilosus) 5] MPs & B PKS
LR (KC148521. 1) 1 L3 96% il AH AL JEE | HE
[RI 7 56 3K 100% ; 4wt 2690 >R LR | dn 5 1) 26
1 (PKSPT) 5 & 20 fli i (M. purpureus ) 5 il
RS Z A M PKS(BAD44749) 3 50% 1 AH
RURE i PR 7 55 258 98 % , R Pfam i#E 47 25 44 35
T, A& B PKSPT & A 5 45 3, 41 0l 2 KS
(388-756) . AT (912-1202) . ACP ( 1661-1727) .
ACP( 1772-1834) F1 ME ( H' 3 % %% i ) (2086-
2186) , 1A “KS-AT-ACP-ACP-ME " 19 4% ¥4 3 2 &

KS AT

/7
AAR90256 TIDTACSSSMYV = e o o o

X (1), )& FAE 5 A PKS ( Non-reduced
PKS clade 1), f#i [ ClustalW %} PKSPT F1JL¥kIE
i J5 LAY PKS #4745 25 R 3 0 Le XS, an il 1 fros
£ PKSPT W48 3] T KS AT Fl ACP fR5F & £ ¥
H1), 43 51 & DTACSSS . GHSFG Hl GVDSL'”*'  ME
SEF I P R ST 1 B R R T 51 & GAGTGG™ (2%
PRyER) LR A TG PE & JE R ) . 7F PKS H AT 2%
PRI A7 B2 R0 R 2 i (IR R R TR, TR I ) 245 4
SE T BT AL A ) Wk B AE 1 3 R v 24 28 1Y) AT e BRL
JC L AT SR S 4RSS R (B 1) BR, Qg
Qo7 Goos Hoog 1000 Froor Giooz Rias Friis Hiis Siiso Hie
Vi i AT BIE PR Z TR 51, Hor S g0 2 AT 45
P AL 7 15, SRl AT 45 44 358 B 4 St AR I TN
2 ( Malonate ) , T LI TN g /& MPs A ¥)& gt
A JE A1 BT

ACP ACP ME Thioester-redct
= ===

LGADSLV ACTIVE SITE:
BAD44749 TLPDTACSSSSV <« e+ « « « ELGIDSLMS
AAR90275 TLIDTACSSSSV « <+« « « « DIGVDSLMG KS: DTA(':SSS
EAA65602 TEDTACSSSAV « « <« copei=>DFG IDSLMG .
\cro=DLGADSI)VA ~ AT: GHSFG
XP 001212807 V LV * *°° %= DLG IDSUMA ACP:
B acr2=> DI|IGLDSLIVG Ch GVDRL
PKSPT AV * ©*° g~ DIIGVDSLIMG
XXX KXKE % ace-2=> DIIGVDSI! LS

AT:
PKSPT

-

¢ %

S

. EEE3
« « VLCFGGQI ST « «KILQTS + +ALVGHSFGEL * 1 S « AIFHST- « S .. RD .
BAD44749 * + 1 LCFG ST+ «QUQITA -« «SVVGHSFGEL - +S R« AFHSV. +QHST - « RKHVF.
« « ILCFGQQI SR « K M + *ALVGHSFGEI - A K-« AIFHSS « « VASA- RQRVE-
EAA65602 ;e sbiless oo B PR ol LR L H

CATALYTIC SERINE: S1000
ACTIVE SITE: Q918, Q972, G998, H999, S1000,

F1001, G1002, R1025, F1114,
H1115, S1150, H1162, V1167

PREDICTED SPECIFICITY: Malonate

& 1. PKSPT 5938 Fn48 M 0iE M S BB Tl

Figure 1. Domains and activities amino acids analysis of putative PKSPT.

2.2 pksPT ¥ DU

K H] Southern Z¥ S H AR 1 pksPT 1E M7 Hp
(¥ DUKL, Z43c 25 1 /R 7 45 B D L R 4l 2 1
1 52838 25715 (1K 2-B L UKGE 2 - 5) , I HLA&H K/INVAI
IR —E, PR pksPT 1 M7 HIFER 4P HA 1
AP DUBUEAE
2.3 RTUEFEMETE

ST RIVRFR AL IR, AnlE 3 Frs , SUR A 2

RPUHEIEN (hph ) B pksPT 2 it (2, 2 BT A Al
fify KS S5H3k 0 D57 5], f E phsPT IREGRI 2848
Bk, 2o —WERALILIRAT 16 MR AL ERE, &0 3 Ik
RIGFE e HIR AR E . BEALA I —PRiE4T PCR
F Southern Z¥AZ K IE

K 3 XF514) hphf/hphr . pl/p4 Fl p5/p6 X} 4%
b F AT PCR B63E, 4 1E 2-A Frzs , A M7 FER 4
A3 vERER] 0 (VKA 1, BPEAH 7=9) 1480 bp (Jkik
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3) 13608 bp (TKiE 5) M%7, i L4k 7L R 41
H ol BG 2137 bp (VKIE 2) \0(TKIE 4) Fi 3837
bp (VKB 6) , 40 K/ N T — 2, 7 45 1E 1 3
BEAL T phsPT BS54

HE—25 R H Southern 222 K5 56 4% b+,
2-B¥i7R, L Probel N¥%L, #F Bgl 11 B VI W55 4L+
LR o H B Probel BYZ238 7 (1B 1) ,{HZLL
Probe2 MR EF B H 8L T T K /N 19 2% 28 4 (UK i

(A)  hphf/hphr p5/p6 pl/p4 (B)
_— Probe 1

1), UeATE AL T ( ApksPT) 1 pksPT () KS 45 16 1,
i ¥ 518 hph Bede
2.4 RITEA phsPT RIZENH

% H RT-PCR L4 T M7 H1 ApksPT 1 pksPT 1Y
Feikhr WNE 2-C F7R 78 M7 w7 pksPT REIE# F3X
{RJEAE ApksPT RN B phsPT 351
2.5 REFEHEESTHEHMESNE

¥ M7 HA phsPT 53 4% 3 PDA V- #z F 55 57, 0

Probe 2

M12 345 6M

K
b bp
50— 3837
30— 3608
20— 2137

1480

1.0—

M12345MMI12345M

©
kb
5.8
gapdh —— 256 bp
M7 ApksPT

RO N
O— W oo

2. #4LFH PCR # Southern 23X & pksPT RiZE S
Figure 2. PCR and Southern blot analysis of ApksPT and analysis of pksPT expression. A: PCR identification of ApksPT. PCR
products of M7 (Lane 1, 3, 5) and ApksPT ( Lane 2, 4, 6) with different primers; M: Trans 2K plus marker. B: Southern
hybridization analysis. Lane 1: Bgl II-digested genomic DNA of ApksPT; Lane 2 =5 Bgl 11, Cla 1, Nco I, and Nde I-digested the
genome of M7, respectively; M: NADNA/Hind IIl marker. C: pksPT expression in M7 and ApksPT were determined by RT-PCR. The

two tested strains were incubated in PDA medium on a 120 r/min rotary shaker for 7 days at 28°C for analysis of the transcriptional

level of pksPT. The GAPDH gene was used as control.

p2 hph

— —
I~ hphf
-region
Neo 1 5.8kb

Nel 1 2.8 kb Nde |
Clal 20kb _Cla

- ~ KS _ =2 AT
, pl KS«—p6 p3 AT_
S'-region )5 3'-region
Probel
Bgl 1l 2.3 kb Bgl 1l
2 hphr
A b
—
pl bt S AT
5'-region W 3'-region

Part of pksPT-deleted vector

ACPACP  MET
M. ruber M7 genome
ACP ACP  MET
Mutant genome

B 3. pksPT % [ERSRR 5K Rg K E BR F 14 P Y] B B 1] B i

Figure 3. Strategy to disrupt pksPT gene and restriction map of pksPT.
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FEHILSMBROE S ZER . WIE 4 PR, ApksPT
AR AR G B PR PR T M7, AR LB AR TR R R Y
6% ; Wt 15 37 I 18] A ZE S, ApksPT T v 1 St 3L A

M. ruber M7

VI I M7 KI5 M7 AL, ApksPT V%50,
KA AR AL, M7 1 S R B LG T ApksPT
A ApksPT fE1EH F=AE 87 a4+

4
v

B 4. AREIERIMEZRUMBELR

Figure 4. Colony phenotype and morphology of different strains. The tested strains were inoculated on PDA plate and cultivated at 28°C for 14 days.

Cl: cleistothecum; Co: conidum.

2.6 MPs 547

16 HPLC 43 A 2ot 48 ARG H& A
ARRIE I Y #E HEAT HPLC 43 Ar At , AR 9 €2 3%
P rh £ 10 Jo ) DG T 1 o O 75 /2 MPs, Q&1 5 il
TN PERIRESEFREE 1 M7 AT RL AR 5 FPEE R 1 Fh
P E AN 8 FhLL (0 K AphsPT AHEF™ Hz X 86 (0 K|
UEBA pksPT YRR 5 8021 #h B #2557 MPs [9EE ],
2.7 HEREEREER

H4 B A TR R RN S AR AR Rl B YES W AR 35 57 5
R SR AR TR 22 IRV VR TR S D L s LA
FRHMRA KR, IWE 6-A 0] LIE ), pksPT 11
a5 T B0 A A R B bR, I BB 2R R
R lh M7 i, EE R 9 K, ApksPT B 4EW)
HiAF 0.3631 + 0.0028 g, 1fii M7 HA 0.2862 +
0.0001 g, UEH] MPs 1) 5 Ji RE 9% & 3% 52w 21 i i
4 5 NN
2.8 FRHEEZRSENINLEE

WA 6-B Itz , ApksPT 7 1 55 2 fE I L i = 1
R, FER IR 13 d B, ApksPT (A5 5 2 =2 2
578.12 + 9.60 pg/mL, i M7 Hy=4 T 150.45 +
10. 42 pe/mL WREEEZR , UL MPs fRIA & 2 19
rhWTRES W E AR SR R A

3 it

KA AR & B, 20 6 3R TS B R ARTE A2
21 {0 25 7 1 0 T R TR) s A B A i 3R 7 i 1 TR
Kt , — EL AR A 21 6,28 R 2 R0 A — B
] (A A%, BV LA 2 E CoA i i 0T, TN ik
CoA M HEAH BT, 7F PKS fEALAE H T I Al 2% B B
AR A T i R RS E R L R, H
HITE 2800 B ARAS 4 1 21 i (0 28 FIAS 25 B L PKS
FERFE 2 UL P A LT i P A 45 A AR
AR, AW L BLR PR AT i 2 PKS 2 5 1% 5
FEERE T3 5 (K 6-B), Ui BHLL i (5 3 & il
WAL W E MRS T R A GRS, X —Z5IRTEXT
O E NN (pigR) BIBFFE A5 BUESL . &k
B pigR & R 5 AR A5 A8 7= 48 28 19 2 A8 & ( ApigR) ,
ApigR P BREFERIER T 1.3 55—, i %
R S A R A R 7 A5 2 B AR oA
I A B R Y T Shimizu 25 (2005 ) & R
BiAhaE 2 PKS 5 R x40 il £6 22 77 B A4 52 i A B
P00 AT AL A R R A e IR R R R R
EENEETIR R i =Y AOOR TR & ke WEE 3
BERW AT ENAa 4 ANE Bast, A1
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M. ruber M7
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O
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0.124 RS /
0.10 J,

0.08 +

00

»" 0.064
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0.04 4 )

ApksPT
0.101

0.08+

0.061

ABS,

0.044

0.024

0.00+
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0.0157

0.0104

AB SJ7O

0.005+

O'OOO.L——",—_———
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0 10
0.030-
0.0254
0.020-

0.0154

ABSSOO

0.0104

0.0051

o.ooo-—}___—-—r'——

0 10 20 30 40 50 60 70 80
t/min

5. HPLC S irarghkh @ Efm

Figure 5. Analysis of the type of pigment in fermented rice by HPLC method. Absorbance was monitored at 390 nm, 470 nm,

and 500 nm, the maximal absorption of yellow (Y ), orange (O), and red pigment (R), respectively. Arrows indicate the

position for these pigments.

W5k — J5 PR €0 2845 ORI 85 28 5 IS8 4 M 1 1
INTFRIRIERL, M AR R Z A RGeS At
ZAMWE? Hajjaj 25 (1999 ) 18 1 A7 2 bRic A 7 7
W58 R BLAT i €0 3R RS 25 22 6 00 DR 02 2 1k
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Figure 6. Dry weight of mycelia and citrinin production from

different strains.
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Identification of a pigment-polyketide synthase gene
deleted mutant of Monascus ruber M7

Nana Xie''?, Yiping Zhang®, Fusheng Chen®”

'College of Environmental and Technology, Chongging Key Laboratory of Catalysis and Functional Organic Molecules,
Chongging Technology and Business University, Chongqing 400067, China
?College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China

Abstract ; [ Objective] To reveal the function of a polyketide synthase gene ( pksPT), probably responsible for the
synthesis of Monascus pigments in Monascus ruber M7. [ Methods] The pksPT was analyzed using bioinformatics method ;
it was disrupted using Agrobacterium tumefaciens mediated transformation method, generating the pksPT-deleted mutant
(ApksPT) . Colonial morphology, conidial germination, pigment and citrinin production, and growth rate of ApksPT were
analyzed. [ Results] The pksPT with the length of 8687 bp encoded a putative protein of 2690 amino acids, which is a
non-reduced type III polyketide synthase and has some active domains with the arrangement of KS ( B-ketosynthase) -AT
(Acyltransferase) -ACP (‘Acyl carrier protein) -ACP-ME ( Methyltransferase ). The analysis of ApksPT displayed that it
could generate cleistothecum and conidum normally and was unable to produce any kinds of Monascus pigments; compared
to M7, the growth rate of ApksPT was increased obviously and the yield of citrinin in ApksPT was increased about 2. 8
times. [ Conclusion] pksPT is of extremely importance to the biosynthetic pathways of Monascus pigments in M7 and the
synthesis of Monascus pigments gives a significant effect on the produce of citrinin as well as the growth of M7.
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