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Transcriptome analysis reveals the function of the global
transcriptional regulator McrA in Monascus purpureus

PAN Yanyan, YANG Jixue, YU Zongxun, HU Jiayan, JIANG Donghua*

College of Life Sciences, Zhejiang Normal University, Jinhua, Zhejiang, China

Abstract: Monascus, as a genus of edible fungi used in fermentation, are widely used in various
industries such as wine making, food colorants, and pharmaceuticals due to their abundant
secondary metabolites. McrA, a global regulator discovered in Aspergillus nidulans, has the
function of regulating the growth and secondary metabolism of filamentous fungi. We had
identified and cloned mcr4 in Monascus purpureus in the previous study. [Objective] On the basis
of transcriptome analysis, we mined the differentially expressed genes (DEGs) of AmcrA and
trpC:mcrA strains to explore the function of mcrA. [Methods] The knockout strain Amcr4 and
overexpression strain trpC:mcrA of M. purpureus were constructed by homologous recombination.
The colonies and microscopic morphology on different media were observed. The yields of
Monascus pigments and citrinin were determined. The metabolic pathways involving DEGs were
analyzed by transcriptome sequencing. [Results] The yields of Monascus pigments and citrinin of
AmcrA decreased. Transcriptome sequencing results showed that the AmcrA strain up-regulated 111
genes and down-regulated 47 genes. The metabolic pathways involving the DEGs of AmcrA were
mainly glycolysis, pyruvate metabolism, fatty acid synthesis, tyrosine metabolism and so on. The
trpC:mcrA strain up-regulated 1 199 genes and down-regulated 867 genes. The main metabolic
pathways involving the DEGs of trpC:mcrA were tryptophan metabolism, sucrose and starch
metabolism, arginine and proline metabolism, fatty acid degradation, etc.[Conclusion] McrA is a
global transcriptional regulator, and the knockout and overexpression of its gene will affect
carbohydrate, lipid, and amino acid-related metabolic pathways, thus affecting the production of
secondary metabolites.

Keywords: Monascus purpureus; global transcriptional regulator McrA; secondary metabolite;
regulatory genes
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T RBAH P =R AT, B4
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1.1 EHRFIFRAL
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#| . KIAFF B DHSo Bz A4 A 4 TAY
TRV BB BRA T, AHF B B2 25 40 i
AGL-1 4 A I i AE Y AR A BR AT

pCB1003 JBoki T ra bl a2 HE s bRk
& pKO1B ok i TRl 54 AR 24
BOR A BN ;i Rk TR, pPCAMBIA3300
W H KR E YR AR AR . pSlient-
Duall ik H T seppi & RPUHEIEA neo 5 trpC
AR, ORI B R AR R AR A
BRAF]
1.2 EFxFE

LR A A BRI IR HE 3R 2 (PDA) . D T
7 i 1% 3% Wi (PDB) . Luria-Bertani 1% 7% 3£ (LB).
R FREAM), I FRE S5 57 5 (Co-IM)
F AP BUIR B FR 3L (MEA) . 25% H i il iR
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HRBURET TR L (G25N) %% TR R B I 47 7 2k
(CYA), BERHE Ry REERE IR IE(YES) AR, HlLTr
B 52 7% Sk [24].
1.3 FERFIFLEE

LA Tag DNA Polymerase, Kpn 1. Hind I,
T4 DNA PrimeSTAR HS DNA
Polymersae., Mighty TA-cloning Reagent Set for
PrimeSTAR. HotStart 2xSYBR Green qPCR
Master Mix ., H#E%, & ALHEF Y BARATR
N H) . Tag PCR Master Mix, AxyPrep DNA Gel
Extraction Kit, DL1000 DNA marker. DL2000
DNA marker, DL5000 DNA marker, DL10000
DNA marker, JtHiBHARHE AR,

PCR ¥, Bio-Rad AH]; SLMFOLE R PCR
i, ThermoFisher Scientific 2\ ] .
1.4 merd BPREABFE

PRIBCE Lt E Mp-21 BYTE 22, fdiH] DNA
PRI &3R4 DNA E AR . RYE merd B
P51, #F MycoCosm HH 4R 2| merd FEH T i
J#31, A Primer 5 FAF 5 5EE merd B 50
M3 Je 33 Wi R BN S, BRIt
JRER S 3CHR[25], TIWMEIARRPSIILER 10 merd-
5F. mcrA-3R 519505 A Kpn 1. Hind 111 ]
L 5., merA-5R Fl merA-3F 43 5545 A 3540 T 25
)75, PCR i K % (25 pL): DNA 4R
(10 pmol/L) 0.5 pL, LA Tag DNA Polymerase

ligase .

=1 HEmcrARERRERAS
Table 1

(5U/uL) 0.25 uL, dNTP Mixture 4 uL, . Fiif
51 % (10 pmol/L) 4 1 pL, 10xLA PCR Buffer
25 uL, JCH K 15.75 pL. PCR J2 I 4% 1
94 °C 3min; 98°C 10s, 57°C15s, 72°C 10,
30 MEFR; 72 °C 10 min, 2% SCRk[24]/) 7
s merd FEH S'NEE | hph . merA FEDR 313
AT, W W R T I B E .
FHER 0E N VI Kpn 1. Hind I [R) 04 #] merd
MR G A pKO1B 2844, (i EAT AR r Rk R
i, F5FH T4 DNA E#EEESE 2 R B, s
BEre W64k K I # DHSa JEAZ 2540 0, PREL
PR IEIATIUE, 53] pKO1B-mcr4 g,
P HE AL 2 R FF TR AGL-1.
1.5 mcrA BRIEEFE

BRI N 7 1 5 e B ARk AR L, A
H Primer 5 A4 L BE merd S'INEL | neo FE
Bl . trpC 3 | merd FEF A% IX K 3 MFE 5]
Yy, 519 BARFH WL 2, 2merd-5F. 2mcerA-
3R 43 W A Kpn 1. Hind I Y B Y167 25,
2merd-5R 4 AT neo FEHFEA, trpC JHBhT
WA T4 neo Bl ¥, 2merd-3F 47 A #47
trpC I s FFF 5. FIFH PCR $ AR Y™ 48 4
merd FENFFTEAEMN 4 MR B, PCRIAR 55
Bk iRt —2, PCR KW &51F: 94 °C 3 min;
98°C 10s, 59°C30s, 72°C 1 min, 330 MG
i 72°C 10 min, Y0¥ merd 5" neo. trpC3 4>
FBAR IR = Rl ek, WEET S 4

Primers used to construct mcr4 gene knockout cassette

Primer names ~ Primer sequences (5'—3")

Primer usage

mcrA4-5F GGGGTACCCCAGAAACTAAATTACGAATCGGGTC

mcr4-5R GCTCCTTCAATATCATCTTCTCTCGATTTCCTGAACATACCTTTCGTCG
mcrA4-3F TAGAGTAGATGCCGACCGAACAAGACAATAAACTTCTCGGGATGACGCC
mcr4-3R CCAAGCTTGGGAGACGCTCAAGCATGAACACGAC

hph-F CGAGAGAAGATGATATTGAAGGAGC

hph-R TCTTGTTCGGTCGGCATCTACTCTA

For the amplification
of 5’ flanking region

For the amplification
of 3’ flanking region

For the amplification
of hph gene

RHASRE R IR P N UT K pn 1. Hind TRV

The italic letters are the restriction enzyme sites of Kpn I and Hind 111
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72 HEmcrAERREEFTIAEFRASIY

Table 2  Primers for construction of mcrA4 gene overexpression cassette

Primer names Primer sequences (5'—3")

Primer usage

For the amplification of mcr4
gene and 5’ flanking region

TGACTTACCTATTCTACCCAAGCATCGATGTCATCGTCCCTACAAATGTCC For the amplification of mcr4

gene and 3’ flanking region

TCGCCTTCTTGACGAGTTCTTCTGAGTCGACGACGTTAACTGAGATTGAA For the amplification of trpC

gene

For the amplification of neo

2mcrA-5F CCAAGCTTGGTTACATCCTTCCCAGTTCCCGTTTT
2mcr4-5R CGTGCAATCCATCTTGTTCAATCATGACAGTCCAAGACCGTGACGAAAG
2mcrA-3F
AGC
2mcr4-3R GGGTACCCGAAAACAAAATGAAGAACAACATCGCA
trpC-F
GG
trpC-R ATCGATGCTTGGGTAGAATAGGTAAGTCA
neo-F ATGATTGAACAAGATGGATTGCACG
neo-R TCAGAAGAACTCGTCAAGAAGGCGA

gene

BHAF RN IR EIPE NI BEHind T, Kpn TR BV 15

The italic letters are the restriction enzyme sites of Kpn I and Hind 111

FBe TR, BB MISUE 1S E] merd FER L%
R, R R RN ST I g o B
YNV Kpn 1. Hind 11 [R]N)E] merd #iG &
1 pCAMBIA3300 # 44, i H B A5 AH [5] 19 78 1
ARuii, FH T4 DNA #EH#RER: 2 MR E, K
HAE W AL 2 K AT 7 DHSe 252 S 40
PREBCA TR AT IGUE, 155 pCAM-mcrd 3233k
Ak, B HFL B AFT R AGL-1,
1.6 RITFENTFHLHMTEEWL

P& A pKO1B-merd F1 pCAM-mcrd HIAFT
B LB AR R #7350 pg/mL Kana)7E 28 °C.,
160 r/min £53% 16 h, 5 000 r/min &.0> 5 min J5 8
IM iR 5B 2 ODgo=0.5, FHICESEIRTIAES
Hi3% 6 h, WUE PDA FAEK 15 d A geaarih
B Mp-21, FKEG SR Nk, H
R AT P 225 A ek R, A S
Jei B A HT TR B BORE 98 IR AR B & 10° /mL,
FEOMIR A S TR AT AR S PR AN IM [ {4 85 5 Ak
28 oCHLIESR 3 d. FAHETFEIASE, AnlHE
B R M R ) PDA B3 3L fh i b+,
X aefeE A K Y% b+ i#4T PCR #il RT-qPCR 3%
WS A HARER, WUEs LK 3, ¥ merd
W BRAR A 44 N Amerd, merd 3 Fiktkag 40
trpC:mcrA s
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%3 RT-qPCREEFFASIY
Table 3  Primers used in RT-qPCR experiments

Primer names Primer sequences (5'—3)

B-actin-F TCTGGCACCACACATTCTACAA
B-actin-R CGAAGACGATCTGGGTCATCT
mcrA-F TCCACTGAGCCAGACCGT
mcr4-R GAGGAAGACGGTAAGGGT

1.7 BEEREINE

BHi 57 10 d J5 B9 B AR A Mp-21. Amerd .
rpC:merd, HXHE AW, HFRER
10° 4~/mL J5 53 31 254 F PDA. MA. G25N Al
CYA B33k |, B3R 10d 5 iaid St H % &
A, 5100 pL - FIRE R IR RN T PDA -
Mr b, 7E5S 6 RIUCKIE G M #3% 7 R AR 7%
W, BEFREN 7 d B 7 0 A B L S T 7
T TR IS
1.8 iR~ NE

¥ % 5 100 pL BF A A Mp-21. Amerd .
trpC:merA W 6132 W% 53 ) 42 ol 22 190 2% 2K 1A 1)
PDB 756, FfiJE7E 28 °C. 160 t/min 54T
HATRER L WE,  HURRE 3. 5. 7. 9. 11,
13, 15d MREER, 085 Mo 228 THE T
PR 72 h, CSREZMFE . B 1 mL A BN
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9 mL 70% [ Z.BE, £ 40 °C., 200 r/min #% K H
FEI 2 h, RASCCEIHE 410, 470, 505 nm
PRA R E AR, BEER, L2aRNK
JEEEME, = F AN RN A 21 i (2 2 0 WG B
1.9 BERTENE

BUEF A A Mp-21. AmcrA. trpC:mcrA 4353
KWE3. 5. 7.9, 11, 13, 15d WK, 4
7B E(T2%R 300 W, 30 min)J5 10 000 r/min 5
O 10 min, ISR 0.25 um JEAE 38, 155
FeEdh o ek CROTR . Wik, il
7:3:1 tLBES, U1 mL Z2BUR S5FEIRE,
TANETR A o FHTEST & BV, 2 us i v
JEEEAEIERL T . BERR FHZE 187K BEJH #E pH (H
£ 2.5, Wik NG . B A R 30 min,
VSR T e 2800 € 4SO o A 5 R & i 1Y O
BAH. A L O RR=75:25, Rl
9331 nm, FECH 1 mL/min, FEIR 30 °C, (A%
KA C18 W AH 2335 A (250 mmx4.6 mm, 5 um,
Agilent A H]).
1.10  EERBMF 21T merAd I EH

Pk HCEF A4 B Mp-21. Amcerd. trpC: merA

A

Amcr4A  Mp-21

Marker bp

5000
3886 bp

3359 bp 3000

2000
1500

1 000
750

500

250

3 PR RR AU B 22358 T PDA AR R 5L, 28 °C
Kigt 15d )5, H 5 mL TEACK T ik Tk,
B 200 pL il = IR A T PDA [EARSEFR2E I
Y FE 7 d S HEIC RNA S 756 Sl (IR
YR ARA A, BREREE 3 NER,
XN PP 45 AT 53T

2 ER559

2.1 AmcrA. trpC:mcrA BITHIE R EE

Ph Amerd He B2 BN, R merd-5F .
merd-3R N B TSR, 135 3 886 bp 1Y H
Bry DAMPAEAY Mp-21 FERZH 0, TRl REfd T
mcrA-5F . mcrA-3R R 5| ¥y 47 84, 15 3|
3359 bp B B 1A). DL trpCimerA R 2H K
it , H 2merd-5F . 2merA-3R H5|YikfT 1
195 4 473 bp 1 By DIEFAEAY Mp-21 24
FAERT, FH 2merA-5F ., 2merA-3R 5|9t TP
H4, 15513305 bp 19 1 Be(# 1B).,

PR AR Mp-21. AmcrA.,. trpC:merd 3 s
PRTE PDA B30k 3538 7d J5, R RT-qPCR
Kl Mp-21. AmcrA. trpC:merA X 3 Fh g # H
merA FER B F kw2 (K 2). 7E Amerd W AR K

B
trpC:mcr4 Mp-21 Marker bp

5000
3000
2 000

1500
1000
750

500
250

100

4473 bp
3305 bp

Bl merAE R FREFE RIEBRAVIEUE. A: merAZL R ERRIE; B: merdid FER58R5GIE

Figure 1

strain; B: Verification of mcrA4 gene overexpression strain.

Verification of mcrA gene knockout and overexpression strains. A: Verification of mcrA gene knockout

http://journals.im.ac.cn/actamicrocn
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2.0

0.5 [

Relative mRNA expression level

0.0

Mp-21 AmcrA  trpC:mcrA

E2 RT-qPCRAMMp-21. AmcrA. trpC:mcrAH
merAEERNRIEZE

Figure 2 The expression level of mcrd gene in
Mp-21, AmcrA, and trpC: mcrA was detected by

RT-gPCR.

B merd FERW RIS, TE trpCimerA RTINS 1Y
merd B FGRAEIE Mp-21 H1iY 1.5 %,
22 ENERBFMEHMEN

3 pron, B AR A Mp-21. A merd.,
trpC:merd 3 FVHEMRAE PDA. MA. CYA. G25N
4 FhaE SR 1 TR 22 160 R TR 3 R S A Bk 22
S, f€ PDA B3R5 B Rl UL 3 Fh bR A R TE &
ARl BRI BB, WHIRTTIL pCimerd
FRR 2B iR . 75 MA 55373 1, Mp-21

PDA MA CYA
g -

E3 Mp-21. AmcrA. trpC:mcrA 3MEPRTE4TPIE
FE FEERE
Figure 3  Colony morphology of Mp-21, AmcrA,

and trpC:mcrA on four kinds of media.
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5 trpCimerd W 2B OALL, RGO, 1
Amerd EIMLA A, 7 CYA JiFR%E 1, Mp-21
5 trpC:merd WRLIESMNL, Wb, =
HAHL, Amerd MWW 2282 % . 18 G25N B SRk
., Mp-21 5 trpCimerA WIE 2B AR, SEFR
WL, M Amerd BT 2200 o X 1 BH f B
merA FER U PR RAL, XL 5 Bt E
HHESR merd FER e R LA B AS 45 R — 3

WK 4 P, Mp-21. Amcrd TR RENLEE
B RIAEETE, T rpCimerd AR SR E
W $ESCAATE, 3 Mhm ke o B FIE S e
5, Mp-21 (43 EH 7 JCla] e, MR e T 22 T
Ui A, W2 TR ZEON 1A 24 Amerd
[k 7 N A (A e 2 = (A o RN 51 R ST
KN 22 FBERAR . trpCimerd WRE— 25 18 22 T v
Z AL 3-4 ASEAE AT, HAT R T
B 4G Z i fEr Eth & b i g R . merd
F NI & e S R R &8/ WA N Wi - = B &
K brlA ) mRNA K F-FEAK. X R merd F
PRI 6L T AT — & AR

El4 Mp-21. AmcrA. trpC:mcrA 3FHE IR
Fe7s. FUESk AR o R 5 M #58 . Co: 4
HAF; Cl: TS, AmerAf/ BT SH
b2 ERRAN

Figure 4  Microscopic morphology of Mp-21,
AmcrA, and trpC:mcrA. White arrows point to
conidium spores and cleistothecium. Co: Conidium;
Cl: Cleistothecium. The conidial morphology of

AmcrA was different from that of the other two strains.



YT 25 | BUEYAR, 2026, 66(1)

2.3 merA EEVAITLIHBRIIEK

KSR TRRE3. 5. 7. 9. 11, 13, 15d
RIZLh K = . Mp-21 5 Amerd F1 trpC:merA
WA R " Ea B EEF. R
TEH Amerd LR =T Mp-21 B,
1M trpC:merA MWELIME R P /ST Mp-21, I
55 13 K, HBF Amerd X Mp-21 (94101
R =BG 66%; 55 9 K, trpCimerd FX
Mp-21 BLLHTEZ 7 BRI 40% . XKW merd
B R o LD h (R P i R R, iR K merd
FHEER SR8 LI, B merd FER S5
WLLI G Z A 3 5 R 1B e 2
Kl mord MBUK SEGRANK S
R AP T %
24 merd ERAITREZHE K

K 6 iz, Mp-21. AmcrA F trpC:merA iX
3 FRBRIRS R R AP B 22 5. Mp-21 Ttk
RIERI R ZRAESE 5 KIFME, 76 13-15d A
KRR PRS R 2R 7 AR AR AN, DN b P TR R
ARKCBEWSNE, AT ERER, TER

3501
== Mp-21
300 AmcrA —1—
trpC:mcrA B3

250

200

150 - =
100 b
() Lotz .Tl—l lTH L L L | |
3 5 7 9 11 13
t/d

Monacus pigments production (U/mL)

15

E5 Mp-21. AmcrA. trpC:mcrA 3TPE K& B2 K
el RS2

Figure 5 Comparison of Monascus pigment
production in the fermentation broth of three strains:
Mp-21, AmcrA, and trpC: mcrA. ns: No significant;

*: P<0.05; **: P<0.01; ***: P<0.001.

291
250 ¢
Mp-21
- AmcrA4
é 200 m rrpCimerA
=y B3
e -
= 150
g
I3
=1
2
2 100
8
g
g
E 50t
@]
0 T 1 1
3 9 13 15

t/d

El6 Mp-21. AmcrA. trpC:mcrA 3THE Pk % B2 %
PREZRFELR

Figure 6 Comparison of citrinin production in the
fermentation broth of three strains: Mp-21, AmcrA,
and #7rpC:mcrA. ns: No significant; *: P<0.05; **:
P<0.01; ***: P<(0.001.

FERL R, Amord TR K BER I 85 2= 77 IR 06
ZALT Mp-21 WkE, 1M trpCimerd WRR & TR
MRS R R T Mp-21 Eitk. H9 KR, 5
Mp-21 ML Amerd WHE A BER IS R R &
K& 45%; 55 11 K, trpCimerd TR AR XT Mp-21
RIS B 2R I T 26%. XM merd 3
PRI R 25 R BURS FE R 7 i PR, I Rk 25
ik z & Lot
2.5 Mp-21. AmcrA A trpC:mcrA &k
A SRB ST
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Figure 7 Differentially expressed gene volcano map. A: Mp-21 vs. AmcrA differential expression gene volcano

map; B: Mp-21 vs. trpC:mcrA differential expression gene volcano map. Each blue point in the figure represents a

down-regulated gene, and each red point represents an up-regulated gene.
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AmcrA; B: GO enrichment analysis of differentially expressed genes of Mp-21 vs. trpC:mcrA.

R Z AN 3 2 B, AnZoRi RS |
g B A AN . BT . R AR B AE . Mp-21 vs.
trpC:merAd 2557 5 N 4R e 2 [ 4 43 AL F6 2R 4
AT, EEEAW. SR N, W, it
GNEAE KRR . B PO 2 S R AR R Al
JHLZH 531 5 TS DX

TESrFIIRE T T Mp-21 vs. AmcerA 2257 55K
TV RIS B . KRR . R AT A
X SERER VR E 2R e Y . WA
NeWi . R, R TN, U
5T/ IN g3 1 A (] 1 e 1A QT 42 0 9 E0n
FIH . Mp-21 vs. trpC:mcrA 257 FEH FE W MR,
LB J5EE . RNA 4545 . RNA f#JiEh . RNA K

W) ATP f5. mI UL, PHZH 22 S L o0 1 20
REANIA]
254 KEGG EESN
w5 R KA E R 2 (Kyoto
encyclopedia of genes and genomes, KEGG) J&
—MREE TIAA | A RGBS B %K
PERIRE . T2 B Mp-21 vs. Amcrd 2257 5L H]
B W HERUHT 20 S0 SR PRI . N R
R TR ERERRCH . AR R A
HaEmAAE . PR 22 AB 5%
Mp-21 vs. trpC:merA 25 5 5 S n i i =2
FAZEY PR RS 8 BRI . AR
RRACHE . MR G . vk AR A A .

http://journals.im.ac.cn/actamicrocn



204 PAN Yanyan et al. | Acta Microbiologica Sinica, 2026, 66(1)

BEff . RS . M. RNERIC 255 merd ERFIEOHEERE. BHEES
O NERR . REAEMRMAERISE. B9 EAFI S

AU, PA 22 S 3 R X 00 R oph e . = 3% 21 (5 3R RS B R A LY SRR £ T A
MR A QI A A TN —BEHGEE A, MR A MRIE 22

A Glycolysis/Gluconeogenesis
Pyruvate metabolism
Metabolism of xenobiotics by cytochrome P450 Count
Tryptophan metabolism
Drug metabolism-cytochrome P450 e 2
Butanoate metabolism ®:
Fatty acid degradation . 4
Propanoate metabolism
Tyrosine metabolism . 5
Phenylalanine metabolism
Glycine, serine and threonine metabolism P value
Arginine and proline metabolism
Chloroalkane and chloroalkene degradation | @ 0.01
Cyanoamino acid metabolism | @ 0.02
Central carbon metabolism in cancer | @ 0.03
HIF-1 signaling pathway | @ 0.04
Glucagon signaling pathway | @ 0' 05
Methane metabolism @ ’
beta-alanine metabolism | @
Glycerolipid metabolism @ I I . r
0.06 0.08 0.10 0.12
Gene ratio
B . . .
Ribosome biogenesis in eukaryotes .
Tryptophan metabolism
Pyruvate metabolism P value
Tyrosine metabolism
Starch and sucrose metabolism 0.001
Glycolysis/Gluconeogenesis 0.002
Arginine and proline metabolism
Valine, leucine and isoleucine degradation 0.003
Phenylalanine metabolism 0.004
Alanine, aspartate and glutamate metabolism . 0.005
Fatty acid degradation o

Metabolism of xenobiotics by cytochrome P450 Qo Count
beta-Alanine metabolism Qo ® 10
Drug metabolism-cytochrome P450 )
Butanoate metabolism o @5
Sulfur metabolism ) . 20
Carbon fixation in photosynthetic organisms o . 25
Pentose phosphate pathway o
Chloroalkane and chloroalkene degradation + @
Tropane, piperidine and pyridine alkaloid biosynthesis + @

0.01 0.02 0.03
Gene ratio

E9 Mp-21. AmcrA.\ trpC:mcerAERFRIEEEPKEGCRBEE S, [l A/ IMU IR 5 4 193 F %L
i, B AT R AN R Y P
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