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Deletion of PigE, a pigment biosynthesis-related gene, upregulates 
the varieties and yields of yellow pigments in Monascus purpureus 
Mp-21 
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Abstract: Monascus pigments (MPs), a kind of natural pigments with diverse biological activities produced in the 
secondary metabolism of filamentous Monascus, are widely used as colorants in food, cosmetics and health-care 
products in East Asia. [Objective] In this study, a PigE gene related to MPs biosynthesis in Monascus purpureus 
Mp-21 (strain Mp-21) was cloned and characterized. [Methods] The PigE gene (one of MPs genes) was knocked 
out by homologous recombination in strain Mp-21 and the biological characteristics before and after the gene 
deletion were analyzed with regard to phenotypes, microstructures, growth rates, MPs and citrinin. [Results] The 
resulting data demonstrated that the disruption of PigE mainly led to the upregulation of yellow pigments in 
varieties and yields. In comparison to an MPs complex mixture in which the red pigments were dominant in the 
wild-type strain Mp-21, the △PigE (a PigE gene deletion mutant) lost the ability to produce red pigments and 
produced at least five new yellow pigments. The MPs production was up to 3548.2 U/g and about 4.82-fold as that 
in the wild type strain Mp-21 after liquid-state fermentation for 13 d. Additionally, the citrinin production had no 
significant change, while the productive period was delayed on account of a longer period to adapt to the growing 
condition. The deletion of PigE blocked the transformation pathway of the yellow pigments to orange pigments, 
which made the △PigE more favorable to form yellow pigments. As the formation of red pigments required more 
complex conditions such as amino acids and suitable pH in culture medium, the △PigE prefers to synthesize 
yellow pigments first and lost the ability to produce red pigments. [Conclusion] This study provides a possible way 
for the construction of genetic engineering Monascus strains with high yield of yellow pigments. 
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Monascus spp. have been widely used for more 
than one thousand years in China as an important 
edible and medicinal microorganism[1–4]. It has 
aroused more attention due to the production of 
various metabolisms, such as MPs, monacolins, 

γ-aminobutyric acid and hydrolytic enzymes, 
displaying a variety of biological activities[5–8]. MPs 
belong chemically to the group of polyketides, 
which were usually divided into three groups based 
on the different characteristic maximum wavelength: 
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red (490–530 nm), orange (460–480 nm) and yellow 
(330–450 nm)[3,9–11]. At present, 94 kinds of MPs 
have been reported, which included 44 kinds of 
yellow, 8 kinds of orange and 42 kinds of red 
pigments[3,12]. The yellow pigments display diverse 
biological properties including anti-tumor, 
anti-inflammatory[13], anti-diabetic, anti-hyoxidative 
stress[14], and anti-cancer activities[15–16].  

Specifically, yellow pigments as a major variety 
of edible pigments have been widely used in the 
food industry fermentation, such as meat products, 
pastries or beverages, yellow pigments have 
accounted for 60% of market demand and may have 
a wider application than red pigments[17]. In addition 
to screening high-yielding wild type Monascus 
strains for industrial fermentation, researchers are 
currently focusing on improving the yield of yellow 
pigments by using a variety of methods, including 
intraspecific protoplast fusion[18], adjusting 
cultivation mode[19–20] and genetic modification[21–23]. 

Even though research on the biosynthetic 
pathway of Monascus pigments began as early as the 
1960s using nuclear magnetic resonance 
analysis[24–26], it is still unclear and controversial. In 
2012, a putative 53 kb gene cluster, consisting of 
genes encoding for polyketide synthase (PKS), fatty 
acid synthases, dehydrogenase, transporter and 
regulator, was first reported to be related to the 
biosynthesis of Monascus pigments in M. ruber 
M7[27–28]. Recently, the analysis of the genomes of 
M. pilosus, M. purpureus, and M. ruber via 
bioinformatics and RT-PCR showed that the MPs 
gene cluster contains a minimum of 16 genes, 
include MpigA (nonreducing polyketide synthase, 
NR-PKS), MpigB (transcription factor), MpigC 
(dehydrogenase), MpigD (3-O-transacetylase), 
MpigE (dehydrogenase), MpigF (monoamine 
oxidase), MpigG (oxidoreductase), MpigH 
(dehydrogenase), MpigI (transcription factor), 
MpigJ (fatty acid synthase, α subunit), MpigK (fatty 
acid synthase, β subunit), MpigL (ankyrin), MpigM 
(P450-monooxygenase), MpigN/O (monooxygenase), 

MpigP (unknown function), and MpigQ 
(transporter)[29]. It’s generally accepted hypothesis 
that the orange pigments are synthesized first and 
then generated the yellow and red pigments by 
hydrogenation reaction and amination reaction 
respectively. Even though many researchers have 
devoted themselves to studying the MPs 
biosynthesis pathway, several steps and the identities 
of related enzymes remain unclear or 
controversial[30–31].  

A number of studies suggest an association 
between PigE (one of MPs genes) and MPs 
production. Nevertheless no previous study has 
investigated the function of PigE gene in the 
pigment biosynthesis of Monascus purpureus. In this 
study, the function of PigE gene in the pigment 
biosynthesis of Monascus purpureus was examined. 
We constructed gene knockout vector and obtained 
the △PigE (a PigE gene deletion mutant) based on 
the homologous recombination principle, followed 
by analysis of phenotypes, microstructures, growth 
rates, metabolites and gene expression. The 
identification and functional characterization of 
PigE gene will enable more clearly reveal the 
diversity of Monascus pigments, leading to improved 
understanding of the potential significances for 
improving yellow pigments production through the 
genetic engineering techniques. 

1  Materials and methods 
1.1  Strains, plasmid, and growth conditions 

The wild-type strain Mp-21 with high yield of 
Monascus pigments and low production of citrinin 
and the Agrobacterium tumefaciens AGL-1 strain 
were used to generate the △PigE in this study. All 
the gene deleted mutants were selected on potato 
dextrose agar (PDA) plates containing 50 μg/mL 
hygromycin B at 28 °C for 7 days. For phenotypic 
characterization, the mycelial mats about 1 cm2 of 
strain Mp-21 and △PigE were inoculated in PDA, 
Malt extract agar medium (MEA consisting of malt 
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2.0%, sucrose 2.0%, peptone 0.1%, agar 2.0%) and 
Glycerol nitrate agar medium (G25N consisting of 
NaNO 3  0 .3%,  K 2 HPO 4  0 .1%,  KCl  0 .05%, 
MgSO4•7H2O 0.05%, yeast extract 0.5%, sucrose 
3.0%, glycerol 2.5%, agar 2.0%). The spore 
suspensions harvested by washing the cultured PDA 
plates with distilled water were transferred into 
potato dextrose broth (PDB) for the production of 
Monascus pigments. For the analysis of citrinin, 
Monascus strains were inoculated into 100 mL Yeast 
extract sucrose medium (YES consisting of yeast 
4%, sucrose 16%) and incubated at 28 °C with  

continuous shaking at 180 r/min. The plasmid pKD1 
with hygromycin B resistance gene (hph) was used 
for the amplification of resistance selection marker. 
The plasmid pKO1B showed as Figure 1 was used 
for the construction of the replacement vector 
pKOPE.  
1.2  DNA extraction and cloning of PigE gene 

All the fungal genomic DNA from strain Mp-21 
and mutants was isolated from mycelia based on 
methods in the Omega Fungal DNA kit. For the 
design of amplification primers, the homologous 

 

 
 

Figure 1.  Overview of the deletion of PigE gene in M. purpureus Mp-21. The deletion strategy based on 
homologous recombination principle in this study. The homologous recombination mainly created two types of 
transformants: ectopic insertion mutants and PigE-deleted mutants. 
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sequences of pigment metabolism related gene 
cluster reported in five different Monascus strains 
were analyzed by the multiple sequences alignment 
tool in Jellyfish 3.0 software. A pair of primers, 
PigE-F/PigE-R, was designed for the amplification 
of PigE gene by Primer Premier 5.0 software  
(Table 1). The PCR reaction conditions included an 
initial denaturation for 3 min at 94 °C, which was 
followed by 30 cycles for 30 s at 94 °C, 30 s at 
50 °C, and 90 s at 72 °C with a final extension of  
10 min at 72 °C. 
1.3  Deletion of the PigE gene 

The homologous recombination strategy was 
applied in this study for the disruption of PigE gene 
in strain Mp-21. A gene deletion cassette contained 
5′-flanking region, 3′-flanking region and hph 
selectable marker gene was designed by the 
double-joint PCR. In the first round of PCR, the 694 bp 
5′-flanking region (5′-FR) and 752 bp 3′-flanking 
region (3′-FR) of PigE gene were amplified and 
served as DNA homologous sequences for 
recombination event with primers 5F-F and 5F-R, 
and primers 3F-F and 3F-R, respectively (Table 1). A 
1415 bp hph marker gene was amplified from 
plasmid pKD1 with the primers hph-F and hph-R 
(Table 1). The three PCR amplifications were all 
purified using a PCR purification kit and mixed at 

1:3:1 (5′-flanking region:hph:3′-flanking region) 
molar ratio for the second round fusion reaction. The 
fusion reaction conditions were denaturation at 
98 °C for 4 min; then 15 cycles consisting of 
denaturation at 98 °C for 30 s, annealing at 55 °C for 
10 min and extension at 72 °C for 4 min; and finally 
a single extension at 72 °C for 10 min. The third 
round PCR reaction used the product of previous 
round fusion reaction as template and amplified with 
primers 5F-F and 3F-R for the construction of 
PigE-deleted cassette (Figure 2-A). 

After that, the PigE-deleted cassette 
constructed before and plasmid pKO1B were 
digested with restriction enzymes KpnⅠand XbaⅠ 
at 37 °C for 3 h. The restriction fragment was 
inserted into the corresponding sites in pKO1B by 
T4 DNA ligase to form the replacement vector 
pKOPE. The Agrobacterium tumefaciens AGL-1 
with plasmid pKOPE was constructed by a 
freeze-thaw method and incubated for 
transformation at 28 °C for 3 d. Agrobacterium 
tumefaciens-mediated transformation (ATMT) was 
performed as described by Yang et al.[32] with small 
modifications. To enhance the transformation 
efficiency, 1×105 spores of strain Mp-21 were 
co-cultured with the activated AGL-1 strain in the 
inducing medium with 0.01% FeSO4 10 μL, 100 g/L 

 

Table 1.  Primers used in this study 
Names Primer sequences (5′→3′) Descriptions 
5F-F GGGGTACCCCCGACAGCATCTCCCGTGTTGAAGT For the amplification of 5′flanking region 
5F-R GCTCCTTCAATATCATCTTCTCTCGCTTTCTTTGGTCGGAGTTATC 
3F-F TAGAGTAGATGCCGACCGAACAAGAGGAATCCAGTTTCATTAGAG For the amplification of 3′flanking region 
3F-R GCTCTAGAGCTCTGGCAGTATTTTCGCTTTTCCGC 
Phph-F CGTTATGTTTATCGGCACT For the amplification of partial hph gene 

Used as probe Phph for Southern blotting Phph-R TTGGCGACCTCGTATTGG 
hph-F CGAGAGAAGATGATATTGAAGGAGC For the amplification of hph gene 
hph-R TCTTGTTCGGTCGGCATCTACTCTA 
PigE-F AAAGCACATCTAGGATTTATAG For the amplification of PigE gene 
PigE-R ATTAATCTTCTGGTCAATGCGAAT 
GAPDH-F GTCTATGCGTGTGCCTACTTCC For the RT-PCR 
GAPDH-R GAGTTGAGGGCGATACCAGC 

The primers 5F-R and 3F-F were designed with a hph marker tail which showed by a single underline. The sequences underlined by 
double lines in primers 5F-F and 3F-R represent the restriction sites KpnⅠand XbaⅠrespectively. 
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MES 10 μL, 0.1 mol/L AS 8 μL. The transformants 
obtained in the PDA plates containing 50 μg/mL hph 
were stored in 25% glycerol at –80 °C after 
continuous passage culture. 
1.4  PCR testing and Southern hybridization 
analysis 

Six pairs of primers, including hph-F/hph-R, 
PigE-F/PigE-R, 5F-F/3F-R, 5F-F/hph-R, 
PigE-F/3F-R and 5F-F/PigE-R were used to select 
and verify the △PigE from the Monascus 
transformant library (Table 2). For Southern 
hybridizations, the genomic DNA of strain Mp-21 
and supposed △PigE were digested with the 
BamHⅠrestriction enzyme respectively. The hph 
fragment probe was amplified from plasmid pKD1 

by primers hph-F and hph-R. The experimental 
methods of southern blot were performed based on 
the DIG-High Prime DNA Labeling﹠ Detection 
Starter kit Ⅰ (Roche, Mannhein, Germany). The 
plasmid pKD1 was also digested with the 
XhoⅠrestriction enzyme as a positive control. 
1.5  RT-PCR analysis 

The total RNA was extracted from strain Mp-21 
and △PigE using TaKaRa RNAiso Plus total RNA 
kit followed the manufacturer’s instructions. The 
extracted RNA was examined by 1% agarose gel and 
reverse transcribed into cDNA by Prime Script 
Reverse Transcriptase. Two pairs of primers, 
PigE-F/PigE-R and GAPDH-F/GAPDH-R, were 
used for the amplification of PigE gene and actin  

 
 

Figure 2.  The verification of PigE deletion mutant (△PigE). A: The construction of PigE deletion cassette. Lane 
1: 5′-flanking regions; lane 2: 3′-flanking regions; lane 3: hph gene; lane 4: double-joint PCR production. B: PCR 
testing for the confirmation of △PigE by six pairs of primers. Lane 1: wild-type strain Mp-21; lane 2: △PigE; lane 
3: ectopic insertion mutant. C: Southern blotting analysis of the supposed △PigE by hph probe. Lane 1: wild-type 
strain Mp-21; lane 2: positive plasmid pKD1; lane 3: △PigE. D: Gene expression in wild-type strain Mp-21 and △PigE determined by RT-PCR. 
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GAPDH gene respectively. The reverse-transcription 
PCR conditions of GAPDH gene were 94 °C for   
3 min, followed by 30 cycles of 94 °C for 30 s, 
60 °C for 30 s and 72 °C for 1 min, and a final 
extension at 72 °C for 10 min. 
1.6  Analysis of colony phenotypes and growth 
rate 

For analysis of phenotypic characterization, the 
wide-type strain Mp-21 and △PigE were incubated 
in three different culture medium (PDA, MA, G25N) 
at 28 °C for 7 d. The colony diameters of wide-type 
M. purpureus Mp-21 and △PigE were measured 
every other day from 4 d to 7 d of cultivation in PDA 
medium at 30 °C. The same amount of mycelium of 
wide-type strain Mp-21 and △PigE were punched 
and inoculated in 250 mL Erlenmeyer flasks 
containing 100 mL PDB medium at 30 °C with   
180 r/min. The mycelia filtered from fermentation 
liquid with gauze were collected and vacuum 
freeze-dried to measure mycelial dry weight. 
1.7  Determination of Monascus pigments 

The Monascus pigments of the strain Mp-21 
and △PigE incubated in three kinds of medium, 
PDB, MA, G25N, were extracted with 70% (V/V) 
ethanol and analyzed by a scanning UV-vis 
spectrophotometer UV-1700 (Shimadzu, Tokyo, 
Japan) from 300 nm to 600 nm. Thin-layer 
chromatography (TLC) and high-performance liquid 
chromatography (HPLC) were operated to further 
analyze the changes of pigment species in △PigE. 
The pigment extracts of mycelia in PDB were 
applied on a silica gel plate and separated at room 

temperature with toluene: ethyl acetate: formic acid 
of 7:3:1 (V/V/V). The detection of pigments by 
HPLC was operated as follows: The pigment 
extracts filtered by 0.45 μm filters were measured in 
a Waters system (Waters, Milford, MA, USA) fitted 
with a reverse-phase C18 column (4.6 mm×250 mm, 
5 μm). The mobile phase was consisted of methanol 
(A) and water (B) which was acidified to pH 2.5 
with formic acid at 50:50 (V/V) in the beginning. 
The system was run with a gradient program. The 
solvent A was increased from 50% to 80% (V/V) 
over in 75 min, while the solvent B decreased from 
50% to 20% (V/V). The column was maintained at 
30 °C and the flow rate was 0.8 mL/min. 
Absorbancies were monitored at 510 nm for red 
pigments and 370 nm for yellow pigments.  

The freeze dried mycelia (0.5 g) were 
dissolved in 10 mL 70% ethanol and incubated at 
60 °C for 1 h. Then the mixture was centrifuged at 
10000 r/min for 10 min and collected supernatant 
for detection of pigments production. The 
Monascus pigments extracted from mycelia in PDB 
were diluted and measured by spectrophotometer at 
the absorbance of 510 nm and 370 nm which are 
the maximal absorption of the red and yellow 
pigments, with 70% ethanol as negative control. 
1.8  Detection of citrinin 

Critinin content was measured by HPLC based 
on the method described by He et al.[33] with some 
modifications. The wide-type strain Mp-21 and 
△PigE were cultured in YES medium at 30 °C with 
180 r/min for 5–13 days. The fermentation filtrate 
was extracted with equal volume of 

Table 2.  The PCR primers used for the identification of △PigE 

Primers Amplified fragments 
Length of amplified fragments/bp 

Mp-21 Ectopic insertion mutant △PigE 
hph-F/hph-R hph 0 1415 1415 
PigE-F/PigE-R PigE 1259 1259 0 
5F-F/3F-R 5′-FR+hph/PigE+3′-FR 2705 2705 2861 
5F-F/hph-R 5′-FR+hph 0 2109 2109 
PigE-F/3F-R PigE+3′-FR 2011 2011 0 
5F-F/PigE-R 5′-FR+PigE 1953 1953 0 
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toluene/ethylacetate/formic acid (7:3:1, V/V/V) to 
obtain citrinin. Then the extract solution containing 
citrinin and mobile phase were all passed through 
the 0.45 μm filter before HPLC detecting. HPLC 
used a reverse-phase C18 column (4.6 mm×250 mm, 
5 μm) at 30 °C. The mobile phase was 75% (V/V) 
acetonitrile and 25% (V/V) water (pH 2.5, adjusted 
with orthophosphoric acid), running at 1 mL/min. 
Ultraviolet absorbance was detected with 2487 
UV/Vis Detector (Waters, Milford, MA, USA) at 
310 nm wavelength. The citrinin standard solutions 
with different concentrations were also prepared and 
detected to draw the standard curve of citrinin. 

2  Results 
2.1  Sequences analysis of PigE 

A PigE gene fragment of 1199 bp in length was 
cloned from genomic DNA of strain Mp-21. The 
prediction for PigE translation sequence using the 
GeneMark program (http://exon.gatech.edu/ 
GeneMark/) revealed the putative PigE gene just 
consisted of a 1029-nt-long open reading frame 
(ORF) which encoded a protein of 342 amino acids. 
BLAST searches showed that the PigE gene shared 
remarkably similar to the pigment biosynthetic gene 
cluster in Monascus pilosus (93%, KC148521.1) and 

Mpafr gene which encoded aflatoxin aldehyde 
reductase in Monacus pilosus (93%, AB206475.1). 

2.2  Selection and verification of △PigE 
The △PigE was identified from the 

transformant library which contained 116 Monascus 
transformants by incubating on the hph resistance 
plates, microscopic observation, PCR and Southern 
hybridization. For the analysis of genetic stability, 
all the transformants stored before were subcultured 
for three generations on hph resistance plates and the 
mutants whose characters changed were discarded 
(Figure 3-B). Green fluorescent was observed in the 
mycelia and cleistothecia of △PigE (Figure 3-C). 
The genomic DNA of transformants was extracted 
and used as templates for PCR to confirm that the 
PigE had been replaced by hph successfully (Figure 
2-B). The PCR results showed that a 1.4-kb hph 
gene fragment could be amplified in both putative 
△PigE and ectopic insertion mutant by primers 
hph-F and hph-R. The PigE gene was still existed in 
the genomic DNA of the ectopic insertion mutant, 
whereas no DNA band was amplified in putative 
△PigE with primers PigE-F and PigE-R. A 2.8-kb 
PigE-deleted cassette amplified by primers 
5F-F/3F-R in △PigE further proved the homologous 
events. A probe corresponding to the hph gene 

 
 

Figure 3.  The characteristics of M. purpureus Mp-21 transformants. A: The construction of M. purpureus Mp-21
transformant library by ATMT; B: Colony morphology of four M. purpureus Mp-21 transformants; C: The
microstructure characteristics of M. purpureus Mp-21 transformants with GFP in confocal laser scanning microscope.
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coding sequences was designed to verify the single 
copy of hph in △PigE. Probe Phph yield a 4.3-kb 
single hybridizing band in a Southern blotting of 
BamHⅠ-digested genomic DNA of △PigE, 
compared with no band in wild-type strain 
Mp-21(Figure 2-C). The PCR and Southern 
hybridization analysis results all verified the similar 
conclusion that the PigE gene was deleted in 
putative △PigE successfully. 
2.3  Expression analysis of PigE 

In this study, the transcription level of PigE in 
wide-type strain Mp-21 and △PigE was analyzed to 
investigate the relationship between pigments 
changes and PigE transcription by RT-PCR. As 
showed in Figure 2-D, the expression of PigE gene 

could not be detected in △PigE because of the 
deletion of PigE gene, while a low level of 
expression relatively compared with the reference 
gene GAPDH in the wide-type strain Mp-21. The 
changes of MPs caused by the little expression of 
PigE in △PigE suggested that it may be involved 
in the pigment biosynthetic pathway in Monascus. 
2.4  Characterization and growth rate analysis 

Colony and hyphal phenotypes were observed 
on different media to investigate the influences of 
the deletion of PigE in △PigE. Results showed that 
the colony morphology of △PigE  changed 
obviously, whereas the microstructure characteristics 
had not significant changes on mycelia, conidia and 
cleistothecia (Figure 4-A, 4-B). Interestingly, the  

 

 
 

Figure 4.  Growth characterization of the wild-type strain Mp-21 and △PigE. A: Colony morphology of the 
wild-type strain Mp-21 and △PigE incublated at 30 °C for 7 d on PDA, MA and G25N; B: Comparison of the 
wild-type strain Mp-21 and △PigE in microscopic morphological characteristics; C: The colony diameter of the 
wild-type strain Mp-21 and △PigE incublated on PDA plates at 30 °C for different days; D: The mycelial dry 
weight of the wild-type strain Mp-21 and △PigE on PDB media at 30 °C for different days. 
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colors of △PigE colonies on PDA and MA plates 
were yellow, which were obviously different from 
the colonies of the wide-type strain Mp-21 in red. 
This color variation of colony provided a reference 
for the analysis of Monascus pigments in △PigE. 
Additionally, compared with the wide-type strain 
Mp-21, the △PigE produced very few hyphae and 
was not suitable for growth in MA and G25N media. 
The determination results of colony diameters and 
mycelial dry weight showed in Figure 4-C and 4-D 
supported that the biomass of △PigE changed little 
in the earlier growth phase, while the decrease was 
slower compared after culturing for 7 d, with the 
wide-type strain Mp-21. The △PigE needed more 
time to adapt to the growing conditions in the earlier 
growth phase. 
2.5  Analysis of pigments  

The pigments extracted from the mycelia of 
strain Mp-21 and △PigE cultured in three kinds of 
media (PDB, MA, G25N) were used to analyze the 
pigment variations (Figure 5-A). Classically, MPs 
were classified according to OD value: yellow 
(330–450) orange (460–480) red (490–530). As 
shown in Figure 5-A, different culture media could 
lead to obvious changes in MPs yields, which could 
be further observed from the absorbance value of the 
extracts of pigments. In the culture medium of PDB, 
MA and G25N, strain Mp-21 was able to produce 
three kinds of pigment at the same time (Figure 
5-B). Interestingly, no absorbance was detected in 
the pigment products in the three culture media of 
△PigE in OD460–530, and the absorbance value in 
OD330–450 was significantly higher than that of strain 
Mp-21, which showed that the yellow pigment 
production of △PigE was significantly higher than 
that of strain Mp-21, and had lost the ability to 
produce red pigments. According to the TLC 
preliminary analysis results, the strain Mp-21 
produced an MP complex mixture including two 
categories of MP compounds (seven kinds of red 
and two yellow), while the △PigE only yielded 

yellow pigments (Figure 5-C, YP1 and YP2) 
without red pigments. The HPLC analysis results 
further confirmed that the △PigE lost the ability to 
produce red pigments (Figure 5-D, I a) and yield at 
least five new yellow pigment compounds (Figure 
5-D, b).Ⅱ  

In this study, the pigment production in strain 
Mp-21 and △PigE was detected from 5 d to 13 d. 
The pigments production of △PigE was always 
much higher and up to 3548.2 U/g after cultivation 
for 13 d which was about 4.82 times higher than that 
in the wild-type strain Mp-21 (Figure 6-A). 
2.6  Analysis of citrinin production  

Citrinin is known for its nephrotoxic activity in 
mammals, the secretion of citrinin usually 
accompanies the biosynthesis of MPs[34]. The 
difference in citrinin production between the 
wild-type strain Mp-21 and △PigE was detected by 
HPLC. The citrinin production in △PigE was 
1.57 mg/L after fermentation for 13 d in YES 
medium, which was similar to that of strain Mp-21. 
Interestingly, The citrinin was produced after 
culturing for 7 d in △PigE, which was delayed 
compared with the wild-type strain Mp-21 (Figure 
6-B). This phenomenon may be related to the fact 
that △PigE needed to be longer to adapt to the 
growth conditions. 

3  Discussion 
As mentioned above, our finding that the 

deletion of PigE gene mainly upregulates the 
varieties and yields of yellow pigments in strain 
Mp-21 confirms the significant role of PigE gene in 
pigment biosynthesis. Sequences analysis showed 
that the PigE gene also encodes an oxidoreductase. 
In light of the putative biosynthetic pathway of 
Monascus pigments put forward before, the 
chemical modification of orange pigments to 
generate red ones through an aminophilic reaction 
between orange Monascus pigments and primary 
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Figure 5.  Analysis of Monascus pigments in the wild-type strain Mp-21 and △PigE. A: The Monascus pigments 
extract from PDB, MA, G25N media respectively in the wild-type strain Mp-21 and △PigE. B: The full wavelength 
scanning of Monascus pigment extracts from PDB, MA, G25N media respectively in the wild-type strain Mp-21 
and △PigE. C: The analysis of Monascus pigment extracts from PDB by TLC. lane 1: strain Mp-21, lane 2: △PigE. 
D The analysis of pigment varieties by HPLC. a: wild-type strain Mp-21, b: △PigE. 
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Figure 6.  Analysis the productions of pigment and 
citrinin in the wild-type strain Mp-21 and △PigE. 
Pigments (A) and citrinin (B) in the wild-type strain 
M-21 and △PigE after culturing different days. 

 
amine[35–36]. On the other hand, there may be some 
oxidoreduction conversion of the polyketide 
chromophores between yellow and orange pigments 
or a direct conversion between yellow and orange 
pigments[20,37]. The orange pigments monascorubrin 
and rubropunctatin could be reduced to the yellow 
pigments ankafavin and monascin, respectively[37]. 
Our data were consistent with the conclusion that the 
PigE gene similar to mppC gene may be involved in 
the conversion of orange and yellow pigments[38]. 
Unlike the mppE gene encoded a reductive enzyme 
which controls the conversion reaction of the orange 
pigments to yellow pigments, the PigE gene catalyzes 
the reverse reaction[39]. The deletion of PigE blocked 
the transformation pathway of the yellow pigments 
to orange pigments, which made the △PigE more 

favorable to form yellow pigments. As the formation 
of red pigments requires more complex conditions 
such as amino acids and suitable pH in culture 
medium, The △PigE prefers to synthesize yellow 
pigments first and lost the ability to produce red 
pigments.  

The disruption of PigE had very little effects 
onto citrinin production, which indicated that the 
PigE gene was not involved in the citrinin 
biosynthesis. This study suggests the PigE gene was 
closely related to the formation of yellow pigments, 
and it provides a certain contribution to the 
construction of M. purpureus genetic engineering 
strain with high yield of yellow pigments. 
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色素生物合成相关PigE基因的缺失对紫色红曲霉Mp-21黄色素

种类和产量的影响 
王嘉琦，张琪，江北，吕梦霞，蒋冬花* 

浙江师范大学化学与生命科学学院，浙江 金华  321004 
 

摘要：红曲色素(MPs)是红曲霉次生代谢过程中产生的具有多种生物活性的天然色素，广泛应用于食品、

化妆品和保健品行业。【目的】本研究从紫色红曲霉 Mp-21 中克隆了一个红曲色素产生相关 PigE 基因，

并对其功能进行了鉴定。【方法】利用同源重组原理对 PigE 基因进行敲除，从表型、显微结构、生长速

率、红曲色素、桔霉素等方面分析基因缺失前后的生物学特征变化。【结果】PigE 基因的缺失主要导致

黄色素产量的提高和种类的增多。与野生型 Mp-21 菌株以产生红色素为主的色素混合物相比，△PigE

丧失了产生红色素的能力，并且新产生了至少 5 种新的黄色素。△PigE 液体发酵 13 d 后，红曲色素的

总色价达到了 3548.2 U/g，约为野生型 Mp-21 菌株的 4.82 倍；而△PigE 桔霉素的产量没有显著变化，

但产生的时间延迟。【结论】PigE 基因的缺失可能阻断了黄色素向橙色素的转化途径，使△PigE 更趋向

于黄色素的形成。由于红色素的形成需要较复杂的条件，如培养基中的氨基酸和适宜的 pH 值等，△PigE

更倾向于先合成黄色素，丧失了产生红色素的能力。本研究为高产黄色素基因工程红曲霉菌株的构建提

供了一种可能的途径。 

关键词：红曲霉，红曲色素，PigE 基因，基因缺失，黄色素 
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