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Identification and function analysis of the briM gene related to
Monascus reproduction

YANG Sunyuyue, LIAO Xinlin, PAN Yanyan, WANG Jiaqi', JIANG Donghua’

College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China
Abstract: bri4 gene, as the initiator in the central regulatory pathway in Aspergillus conidiation,
modulates the downstream conidiation-specific genes. Aspergillus without briA fails to produce
conidia, with growth and metabolism changed. However, the effect of bri4 deletion is significantly
different among different strains. [Objective] To explore the functions of briM in Monascus, a
homologous gene of brid, and the regulatory mechanism of Monascus reproduction. [Methods] briM
was cloned from Monascus purpureus Mp-21. Based on homologous recombination, the br/M-deleted
mutant (AbrIiM) was constructed by Agrobacterium tumefaciens-mediated transformation, and the
colony phenotype, microstructure, growth rate, and secondary metabolites were compared between
AbrIM and the wild-type Mp-21 to clarify the functions of briM in Monascus. [Results] For the
morphology, AbriM showed more vigorous mycelial growth and a more fluffy phenotype of the colony
than the wild type. According to the microscopy, AbriM lost the ability of producing cleistothecia
through sexual reproduction but had stronger ability of produce conidia through asexual reproduction.
Meanwhile, the yield of Monascus pigment, monacolin K, and citrinin of mutant AbriM was
significantly lower than that of the wild type. [Conclusion] Different from brid in Aspergillus, briM
gene is irreplaceable in the sexual reproduction of Monascus. This study provides a new idea for further
research on the regulatory mechanism of the reproduction of filamentous fungi.

Keywords: Monascus, brIM gene; gene cloning; gene knockout; reproduction; Agrobacterium
tumefaciens-mediated transformation
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Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Primer usage

briM-F AATCCCACGGAATCAAC For the amplification of br/M gene
briM-R TTCTTCCAACAAGGTGCT

hph-F CGAGAGAAGATGATATTGAAGGAGC For the amplification of Aph gene

hph-R TCTTGTTCGGTCGGCATCTACTCTA

GAPDH-F GTCTATGCGTGTGCCTACTTCC For the RT-PCR

GAPDH-R GAGTTGAGGGCGATACCAGC

briM-5F CGGGATCCCG-AATCCCACGGAATCAAAC For the amplification of 5’ flanking region
briM-5R CAATATCATCTTCTCTCG-GACTACTCCTCATCGCTCT

briM-3F ATAGAGTAGATGCCGACA-GGGTCTTGACAAATAGGG  For the amplification of 3’ flanking region
briM-3R GCTCTAGAGC-TTCTTCCAACAAGGTGCT

The primers briM-5R and briM-3F were designed with a Aph marker tail which showed by double lines. The sequences
underlined by a single underline in primers brIM-5F and briM-3R represent the restriction sites BamH [ and Xba |

respectively.
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Figure 1 PCR products of briM gene of Monascus
Mp-21. Line 1-6: briM gene.
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Figure 2 Prediction of the tertiary structure of
protein conserved region encoded by the br/M genes
of Monascus purpureus Mp-21.
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Figure 3 The verification of brIM deletion mutant (AbriM). A: PCR testing for the confirmation of the
deletion mutant strain AbriM. Lane 1, 2: wild-type strain Mp-21; lane 3: ectopic insertion mutant; lane 4, 5:
AbriM. B: gene expression in the wild-type strain Mp-21 and the deletion mutant strain Abr/M determined by
RT-PCR.
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Mp-21 AbriM
Obverse Reverse Obverse Reverse
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G25N

CYA

YES |

4 FHER Mp-21 FIRETE AbriM EARENEFEIER 7d HEEES
Figure 4 Colony morphology of the wild-type strain Mp-21 and the deletion mutant strain AbrIM cultured
in different media at 30 °C for 7 d.

Chasmothecium

/
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Chasmothecium Chasmothecium .
200 um 50 pm
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AbriM
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5 B4R Mp-21 FART R AbriM MBS

Figure 5 Micromorphology of wild-type strain Mp-21 and the deletion mutant strain Abr/M on PDA media
at 30 °C for 7 d. The deletion AbriM mutant strain had more aerial hyphae, conidiophores and conidia
compared with the wild-type strain Mp-21. But sexual reproduction (cleistothecium) phenomenon was not
observed in the deletion AbriM mutant. At the same time, the pigment granules in the hypha of the deletion
AbrIM mutant were less than those of the wild-type strain Mp-21.
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Figure 6 Growth characterization of the wild-type strain Mp-21 and the deletion mutant strain AbriM. A:
the colony diameter of the wild-type strain Mp-21 and the deletion mutant strain Abr/M incublated on PDA
plates at 30 °C for different days; B: the mycelial dry weight of the wild-type strain Mp-21 and the deletion
mutant strain Abr/M on PDB media at 30 °C for different days. Results were expressed as the mean +

standard deviation.
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Figure 7 Secondary metabolite production of wild type strain Mp-21 and the deletion mutant strain AbriM
under different culture time. A: color value of pigment in the wild-type strain Mp-21 and the deletion mutant
strain AbrIM on rice media at 30 °C for 7 d; B: GABA in the wild-type strain Mp-21 and the deletion mutant
strain AbrIM on rice media at 30 °C for 7 d; C: monacolin K in the wild-type strain Mp-21 and the deletion
mutant strain Abr/M on PDB media at 30 °C after culturing different days; D: citrinin in the wild-type strain
Mp-21 and the deletion mutant strain AbrIM on PDB media at 30 °C after culturing different days. *: P<0.05;

**: P<0.01; ***: P<0.001.
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Figure 8 Genetic model for regulation of 4. nidulans conidiation about fluG-wetd pathway. fluG (fluffy,
fluffy phenotype); sfgs (suppressors of FluG, inhibitory factor); br/4 (bristle, bristle phenotype); abad
(abacus, abacus phenotype); wetd (wet-white, wet-white phenotype).

FluG X 5288 13 [ (B B R A bR Stgs Ml /e
M il 2 Totk & B, 8 A BUR A T
BB ORI FEALHE BrlA . AbaA Fl WetA
3 A EEEE T, BAT IS Rk &
BRI T & B R R AP, X
3 ANEER AR A — AN ke A GE AR AR 23 B 1k 22 B
& BRI mRNA (3835, M4 1
KB IR R B S B . B RY,
bridA B T rhuo AR B L UE, e gm Y
CoH, BV SR IR F (8 CoH, BB ), 15
FAUHE abad . wetd FZ AN EMRTEBR S
FHMRIL . IR L, brid B ER T
PR K AN BE 52 1 H 43 A= 96 4 T 3t % K 1w 49 2
74k B REAR , RO JCRR S AE R, ik 3 B
A Ry L TRE Y 20-30 %, TRT R ISR G
FERAL, FE5rFKF L, 78 brid BRI R R
ARRRN KIS abad Il wetd 55y TR
PR T B R B SR P I AR 2R SR A RS brlA BE A
25 abad ., wetd R K B H: 5 5L G
kP it 22k brid FEA R B 3Rk
Kb, HRodfr LSRN REIE
PSRRI ANk, A R ITIA
BG5S ANEIE R EFREE S AR iE 48
i BrlA S 55l EES LM EE, £
brid FEPAEFH BA AT BANE . abad FEH 4 i

PR Sy i R BR AR 0 G B — 51, B DNA
GEOTR MLV EE o abad K 98231540 4=
WFHEZ, FEOL MR BRE WL
T3k, AR BLEREREEPO abad IR FIEA
IS HE AP Sk L RRATEE J3 AN 4 15 BT 06 5 1Y 5
([T 7 s 3 NG ok S e o 4 1 & i o e 4 4
bR, A R B I, abad
FER B2 BriA B9iES, 0UFB0E wetd S5 3L,
W5 W] BrlA Fl AbaA 2 [ ££4EF T .
wetd LR OB R RN T, o Ef
TGS AR P R AR AR AR RE
A IEH BTk, (HA RO SR B RE 1k
XK, PR R P REARSERE, BY kA AW H.
W EEA AT, TRR- R,
T wetd FEHAETE T BT A R &
T EEEH,
32 HtzREESERFAEHEXER
RESK S =G RERMERR

B S BE (A, niger) K fIbA JEIN, KT
£ @107 R0 s = D RS RIS ol 2 (1 A /D
SEFPERY gD brld T f1bA R Bk 5%
SRR TGS R E B, brid F flbA 5 H ARG S rp
LT K B 0 Th BE 2 IR S0 s R R il B (4.
flavus)HF 1 fluG FER , BEAR T 43 A F = a,
BT AR R, (HRRETE PRI A R R 1
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AP 2T 2T B (M. ruber) flbA JEIR 5 H:
BRI 22 1 K R AE AR = B B OERY s Tl B
MRRHENS B (P decumbens)™W brid FE R ) Gk 2
BELAS 1 0 AR A6 7 I AR i, 5 | A T 22 53 R hn A
MISMEF 2 R WG ) b, ERALEE 3 R R
FAERINUIMG . 2 P EE LR NI DL
B- ] A A T i AF R Ak KT B A il (4.
Sfumigatus)H abad Fl wetd LKL WAL K KT
BB bR, BRI B (4. fumigatus)Tid 4
PRSI 2 TR RE R 37 f1bA FEPR IR #0050 2R
F R R R, WA, fumigatus)T
brid 1 abaA HFAE 8 7 K (gliotoxin) & A
T ITE N, brid JER B AR 6 Ff
IR BAR L I ek BEAR T 3 A5 A BT,

LM BRI DA TR ], A
TREN ., SRR H . am®, AZRHUA —
J&, HVZ0 5 8 (Monascus) . 21 i & Jo M 5
PRGN AR, HEE T AR B IR B A T
B P ST R0 & (Aspergillus)iP)
FEWN LR AR BT, K
WG LA AT T S LT Ml & EHEAH G briM B2
HIhRE, SETAFEA R, briM B
(R R S B 2T i g O KA PR A A T e
REJT, (HENEET T JoM: B0 7 A o AR i
J1o RATEL A briv LR D) RES th 55 8
1) brid FEAHA], 20t as e AF e R A 1 Bt R
PR () 22K TR BRI R 2% 7 A I Tl
o, BRI ZEAE R ) X T REAR AL A P
Y WO E A B L, AFRINAER
Xf ifE— P PR 2 R EL E A AR L AR AL TR
SRS o
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