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ABSTRACT 
Aspergillus oryzae, an industrially important fungus utilized for the traditional fermentative manufac-

turing, produces diverse metabolites and enzymes during fermentation. In our previous study, we have 

ever identified and characterized a basic helix-loop-helix (bHLH) transcription factor, SclR, and found 

that the transcription factor is importantly involved in the conidiation, sclerotial formation, and hyphal 

morphology in A. oryzae. In this study, we further analyzed the effect of SclR on metabolites produc-

tion in A. oryzae. The control strain and ∆sclR strain were cultivated in dextrin-polypeptone-yeast ex-

tract (DPY) liquid medium at 30 °C for 3 days and metabolites were extracted from strains. Liquid 

chromatography–mass spectrometry (LC-MS) analysis result showed that a total of 1,855 precursor 

molecules were obtained in the positive ion mode and 2,475 precursor molecules were obtained in the 

negative ion mode. Comparative analysis of the metabolome indicated that 259 were differentially ex-

pressed metabolites. Among of them, 161 metabolites were increased by 1.5-fold, and 98 metabolites 

were decreased by 1.5-fold in an sclR gene deletion strain compared to the control. Further identifica-

tion of differentially expressed metabolites revealed that the production level of some organic acids, 

amino acids, and sugar alcohols were markedly changed in ∆sclR strain relative to control strain. Espe-

cially, some organic acids were identified to be intermediates in the citric acid cycle, which is a key 

metabolic pathway that connects carbohydrate, fat, and protein metabolism. The result also implied 

that the SclR is potentially involved in energy metabolism.  
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INTRODUCTION 

The filamentous fungus Aspergillus oryzae is an in-

dustrially important fermentative production strain. It 

has a strong capacity of producing and secreting pro-

tein and therefore A. oryzae has also been used for 

commercial enzyme production (Thammarongtham et 

al., 2018; Jujjavarapu and Dhagat 2019). Because of 

the industrial significance of A. oryzae, its genome 

has been completely sequenced (Machida et al. 2005; 

Kobayashi et al. 2007) and functional genes have also 

been continuously studied and explored.  

 

The basic helix-loop-helix (bHLH) proteins belong to 

a superfamily of transcription factors which are often 

involved in the regulation of growth and differentia-

tion. They have been well characterized and play an 

important role in the regulation of neurogenesis, cell 

proliferation and differentiation, myogenesis, sex de-

termination, cell lineage determination, and other es-

sential processes in organisms ranging from yeasts to 

mammals (Ledent and Vervoort 2001; Wu and 

Rastinejad 2017). In Aspergillus species, some bHLH 

transcription factors have been identified and charac-

terized. For example, StuA, AnBH1, and DevR have 

been described in Aspergillus nidulans and they are 

importantly involved in the regulation of penicillin 

biosynthesis, sexual and asexual development, and 

regulation of development and cell cycle progression, 

respectively (Dutton et al. 1997; Caruso et al. 2002; 

Tüncher et al. 2004; Valiante et al. 2016). Among of 

them, the function of DevR was further characterized 

in A. oryzae，and found that DevR potentially inter-

acted with promoter of amyR, which encodes a tran-

scription factor involved in amylase production, and 

significantly affects polysaccharide metabolism in A. 

oryzae (Zhuang et al., 2019). In our previous study, in 

A. oryzae, we have ever identified and characterized 

the two novel bHLH transcription factors, SclR and 

EcdR, and they co-regulated the conidiation and scle-

rotial formation by forming competitively heterodi-

mers (Jin et al. 2009, 2011a, 2011b). Overexpression 

of sclR led to abnormal hyphal morphology and it has 

been reported that sclR overexpression promoted the 

formation of heterokaryotic sclerotia in A. oryzae 

(Wada et al. 2014). In addition, loss of the sclR gene 

function led to rapid protein degradation and cell-

lysis in liquid medium. Comparative intracellular pro-

teomics indicated that SclR is importantly involved in 

carbohydrate metabolism, especially glycolysis path-

way, in A. oryzae (Jin et al., 2018). 

 

Metabolomics is a useful and important tool in vari-

ous fields, such as agriculture, food science, and mi-

crobiology (Wishart 2008; Lee and Son 2013). Me-

tabolite profiling aims to monitor all metabolites in a 

sample and metabolomic strategies have also been 

used to investigate metabolite changes caused by fila-

mentous fungi during fermentation (Kim et al., 2010; 

Lee et al., 2016). 

 

In this study, to further explore the functions of SclR, 

a comparative metabolomics analysis of the intracel-

lular metabolites of a sclR deletion strain and a con-

trol strain was performed. The result indicated that 

SclR was involved in the citric acid cycle, which is 

the most important central pathway connecting al-

most all the individual metabolic pathways. There-

fore, it was concluded that the SclR has an important-

ly role in the industrial production and utilization of 

A. oryzae. 

 

 

MATERIALS AND METHODS 

Fungal Strains, Media, and Cultivation 

The Aspergillus oryzae RIB40 is a wild type strain, 

the sclR gene deletion strain, ∆sclR (∆ku70::ptrA, 

∆sclR::pyrG) (Jin et al. 2009) and the control 

RkuN16ptr1(pyrG) (∆ku70::ptrA, ∆pyrG，pyrG+) 

were used for the metabolites analysis. DPY medium 

(2% dextrin, 1% polypeptone, 0.5% yeast extract, 

0.5% KH2PO4, and 0.05% MgSO4·7H2O, pH 5.8) 

was used for the liquid cultivation of A. oryzae. A 

total of 106 conidia of each strain were cultivated in 

100 ml of DPY liquid medium at 30 °C for 3 days 

and two repeated experiments were performed for 

each strain. The mycelia of the two strains were col-

lected by filtration through a Miracloth (Calbiochem, 

Darmstadt, Germany), washed and then rapidly fro-

zen in liquid nitrogen for future use in the metabolites 

extraction procedure.  
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Sample preparation 

60 mg mycelia of the strain were transferred into 2 

mL centrifuge tubes, and then 500μL of methanol 

(pre-cooled at -20℃), 500μL deionized water 

(ddH2O) (4℃), and 100mg glass beads were added 

and mixed. Samples were further treated for 5 min by 

liquid nitrogen and thaw at room temperature, then 

put tubes in the high flux organization grinding appa-

ratus (SCIENTZ-48, SCIENTZ, China), 70 Hz 2min. 

Samples were centrifuged and blow-dried by vacuum 

concentration, and then dissolved with 300ul metha-

nol aqueous solution (1:1). Finally, the samples were 

filtered by 0.22 um membrane (Jin Teng, China) and 

ready for LC - MS detection. 

 

LC-MS/MS analysis and data processing 

Chromatographic separation was accomplished in an 

Acquity UPLC system equipped with an ACQUITY 

UPLC® HSS T3 (150×2.1 mm, 1.8 μm; Waters Cor-

poration, Eschborn, Germany) column maintained at 

40℃ . The temperature of the autosampler was 4℃ . 

Gradient elution of analytes was carried out with 

0.1% formic acid in water (A) and 0.1% formic acid 

in acetonitrile (B) at a flow rate of 0.25 mL/min. In-

jection of 3μL of each sample was done after equili-

bration. An increasing linear gradient of solvent B (v/

v) was used as follows: 0~1 min，2% B；1~9.5 

min，2%~50% B；9.5~14min，50%~98% B；

14~15 min，98% B；15~15.5 min，98%~2% B；

15.5~17 min，2%. The ESI-MS experiments were 

executed on the Thermo LTQ-Orbitrap XL mass 

spectrometer (Thermo Scientific, San Jose, CA, USA) 

with the spray voltage of 4.8 kV and -4.5 kV in posi-

tive and negative modes, respectively. Sheath gas and 

auxiliary gas were set at 40 and 15 arbitrary units, 

respectively. The capillary temperature was 325 ℃ . 

The voltages of capillary and tube were 35 V and 50 

V, -15 V and -50 V in positive and negative modes, 

respectively. The Orbitrap analyzer scanned over a 

mass range of m/z 50-1000 for full scan at a mass 

resolution of 60 000. Data dependent acquisition 

(DDA) MS/MS experiments were performed with 

CID scan. The normalized collision energy was 30 

eV. Dynamic exclusion was implemented with a re-

peat count of 2, and exclusion duration of 15 s. 

 

Proteowizard software (v3.0.8789) was used to con-

vert the obtained raw data into mzXML format 

(XCMS input file format) (Smith et al., 2006) and R 

(v3.3.2) XCMS package was used for peaks recogni-

tion. Finally, the data which includes mass to charge 

ratio (m/z), retention time and peak intensity, were 

obtained. The identification of metabolites was per-

formed according to the database: Human Metabo-

lome Database (HMDB) (http://www.hmdb.ca), 

Metlin (http://metlin.scripps.edu), Massbank (http://

www.massbank.jp/), LipidMaps (http://

www.lipidmaps.org), Mzclound (https://

www.mzcloud.org). A KEGG pathway analysis of the 

identified differentially expressed metabolites was 

done.  

 

 

RESULTS AND DISCUSSION 

Differentially expressed metabolites between ∆sclR 

and control strains 

To further analyze the potential functions of the 

bHLH transcription factor SclR, an analysis and com-

parison of intracellular metabolites between sclR gene 

deletion strain and control strain were performed by 

using the liquid chromatography–mass spectrometry 

(LC-MS). In this study, two repeated culture experi-

ments were performed for each strain. The control 

strain and ∆sclR strain were cultivated in dextrin-

polypeptone-yeast extract (DPY) liquid medium at 30 

°C for 3 days and metabolites were extracted from 

strains. The heatmap and hierarchical cluster analysis 

of the metabolites was performed (Fig. 1A). LC-MS 

analysis result showed that 1,855 precursor molecules 

were obtained in the positive ion mode and 2,475 pre-

cursor molecules were obtained in the negative ion 

mode. Comparative analysis of the metabolome indi-

cated that a total of 259 metabolites displayed differ-

ent production level. Among of them, 161 metabolites 

were increased by 1.5-fold, and 98 metabolites were 

decreased by 1.5-fold in an sclR-disrupted strain com-

pared to the control (Fig. 1B-C; Table S1 in Supple-

mentary material). A Benjamini-Hochberg corrected 

P-value < 0.05 was used as the threshold to denote 

the significance.  

http://www.hmdb.ca
http://metlin.scripps.edu
http://www.massbank.jp/
http://www.massbank.jp/
http://www.lipidmaps.org
http://www.lipidmaps.org
https://www.mzcloud.org
https://www.mzcloud.org
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Fig. 1: LC-MS data analysis. (A) Hierarchical cluster 

analysis of the metabolites. Each strain was cultivat-

ed in DPY liquid medium at 30 °C for 3 days. The 

mycelia were collected for further LC-MS analysis. 

The hierarchical clustering diagram of the relative 

quantitative values of metabolites was showed. The 

relative quantitative values of metabolites were nor-

malized and clustered, with red representing the high-

ly expressed metabolites and blue representing the 

poorly expressed metabolites. Differentially ex-

pressed metabolites obtained in the negative (B) and 

positive (C) ion modes between ∆sclR and control 

strains. A total of 161 metabolites were increased, 

and 98 metabolites were decreased in expression lev-

el in an sclR gene deletion strain compared to the 

control (Fold_change ≥1.5 or ≤0.667; p-value < 

0.05). Control, RkuN16ptr1(pyrG) strain; ∆sclR, sclR 

gene deletion strain. 

 

Identification of partially differential expressed 

metabolites 

The identification of metabolites was performed ac-

cording to the accurate molecular weight, and then 

the MS/MS fragment was evaluated according to the 

database as mentioned in Materials and Methods sec-

tion, as well as the self-built standards database to 

confirm and annotate the obtained metabolites. Ac-

cording to these results, we found that some metabo-

lites were identified to be organic acids, amino acids, 

sugar alcohols, etc. (Fig. 2A-C). Among of them, the 

expression level of inositol was significantly in-

creased, while other metabolites were obviously de-

creased in the sclR deletion strain compared to the 

control (Fig. 2). Interestingly, according to the 

KEGG pathway analysis, some organic acids, such as 

citric acid, ketoglutaric acid and fumaric acid, were 

found to be involved in the citric acid cycle, which is 

a key metabolic pathway that connects carbohydrate, 

fat, and protein metabolism (Akram 2014). Most of 

these metabolic processes are related to energy me-

tabolism. Therefore, the citric acid cycle is the most 

important metabolic pathway for the energy supply to 

the growth of strain. Moreover, in our previous study, 

the expression level of citrate synthase 

(AO090009000568), which is one of the major en-

zymes regulated citric acid cycle and catalyzes the 

condensation of oxaloacetate with acetyl CoA to 

form citrate, was also found to be markedly de-

creased in the sclR gene deletion strain compared to 

the control by using isobaric tandem mass tag (TMT) 

labeling for quantification (Jin et al., 2018). In addi-

tion, it has been reported that an important link be-

tween intermediates of the citric acid cycle and the 

regulation of hypoxia-inducible factor. Hypoxia-

inducible factor plays a role in the regulation of oxy-

gen homeostasis, and is a transcription factor that 

targets glucose utilization, iron transport and apopto-

sis (Koivunen et al., 2007). In protein catabolism, 

proteins are broken down into amino acids and their 

carbon skeletons may enter the citric acid cycle as 

intermediates (e.g. alpha-ketoglutarate derived from 

glutamate or glutamine), having an effect on the cy-

cle. At the same time, several of the citric acid cycle 

intermediates are used for the synthesis of important 

compounds, for example, the carbon skeletons of 

many amino acids are made from citric acid cycle 

intermediates (Akram 2014). Consistent with this, in 

these differential expression metabolites, we also 

identified two amino acids: L-tyrosine and L-leucine. 

The expression level of the two amino acids was also 

importantly decreased in the sclR deletion strain (Fig. 

2B). Additionally, some sugar alcohols (Arabitol, 

mannitol, and inositol), which are organic com-
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pounds and typically derived from sugars, were also 

notably changed in production level in the sclR dele-

tion strain relative to control strain (Fig. 2C). Except 

for these, the expression of nicotinic acid was also 

slightly decreased in the sclR deletion strain (data not 

shown). In our previous research, we found that the 

SclR is importantly involved in carbohydrate metabo-

lism, especially glycolysis pathway, and even fatty 

acid degradation (Jin et al., 2018). According to our 

research, most of the enzymes involved in glycolysis 

and other carbohydrate metabolic pathways are down-

regulated in the sclR-disrupted strain. In addition, the 

API-ZYM assay results also indicated that three en-

zymes (β-galactosidase, α-glucosidase, and α-

mannosidase) were significantly less active in the 

∆sclR strain than in the control (Jin et al., 2018). Gly-

colysis of glucose to pyruvate is also accompanied by 

energy production in the form of ATP and NADH, 

implying that energy production may also be restrict-

ed accordingly in the sclR-disrupted strain. In addi-

tion, the pyruvate produced by glycolysis is an im-

portant intermediate in the conversion of carbohy-

drates into citric acid cycle. These results are con-

sistent with our current study, demonstrating that 

SclR is importantly involved in energy metabolism. 

This is also one of the possible reasons for the abnor-

mal mycelial morphology of the sclR gene deletion 

strain. In this study, the LC-MS/MS experiment and 

comparative analysis of metabolites suggested that 

SclR is significantly involved in citric acid cycle and 

participated in energy metabolism, further revealing 

that the function of SclR in the growth and develop-

ment stage of A. oryzae strain. 

Fig. 2: Identification of some differentially expressed metabolites. Some differentially expressed metabolites 

were identified to be organic acids (A), amino acids (B), and sugar alcohols (C) (p-value < 0.05). Control, 

RkuN16ptr1(pyrG) strain; ∆sclR, sclR gene deletion strain. 

Supplementary 

 

Table S1-1 Differentially expressed metabolites obtained in the negative ion mode 

(https://www.siftdesk.org/articles/images/476/Table-S1-1.pdf) 

 

Table S1-2 Differentially expressed metabolites obtained in the positive ion mode 

(https://www.siftdesk.org/articles/images/476/Table-S1-2.pdf) 

https://www.siftdesk.org/article-details/Effects-of-SclR-on-metabolite-production-in-emAspergillus-oryzaeem/476#
https://www.siftdesk.org/articles/images/476/Table-S1-1.pdf
https://www.siftdesk.org/articles/images/476/Table-S1-2.pdf
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