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Importance of the work: The effect of glucose addition to Aspergillus tubingensis
NBRC 31125 grown in xylan medium contributes to understanding the mechanism of
carbon catabolite repression related to endoxylanase and f-xylosidase production.
Objectives: To investigate and describe changes in endoxylanase production, f-xylosidase
production and gene transcription in 4. tubingensis NBRC 31125 after glucose addition.
Materials & Methods: 4. tubingensis NBRC 31125 was grown in xylan medium and
xylan medium supplemented with glucose. The crude xylan medium and xylan medium
supplemented with glucose were measured for endoxylanase and S-xylosidase production.
The RNA of mycelia was extracted and sequenced using the next-generation RNA sequencing
Illumina NextSeq 550 platform, followed by different expression genes analysis.
Results: Xylanmedium supplemented with 5% glucose completely repressed endoxylanase
and f-xylosidase production. The more glucose added, the more the production of both
enzymes decreased. Transcriptome analysis identified 2,242 downregulated and 2,105
upregulated genes supporting enzyme production. The addition of glucose resulted in the
downregulation of 10 genes that were involved in the breakdown of xylan. As activators,
the transcription factors XInR and AraR induced more expression in the xylan medium
than in the xylan medium supplemented with glucose. However, repressor CreA and other
regulation factors (CreB, CreC and CreD) produced various responses.

Main finding: The downregulated genes in the xylan supplemented with glucose medium
showed carbon catabolite repression, consistent with glucose regulating endoxylanase
and f-xylosidase production in 4. tubingensis NBRC 31125.
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Introduction

Xylanase is an enzyme complex comprising endoxylanase
and f-xylosidase as its backbone degrading enzymes (Beg
et al., 2001). In the food industry, these enzymes are used
to produce xylose or xylooligosaccharide, to clarify wine
and juice and to improve bread quality (Polizeli et al., 2005;
Butt et al., 2008; Dhiman et al., 2008; Kumar et al., 2017).
Aspergillus tubingensis NBRC 31125 can produce high
levels of endoxylanase and f-xylosidase (Akiba et al., 1996;
Shimokawa et al., 2012). This fungus has the potential to
produce xylooligosaccharide or xylose for industrial food use
(Adhyaru et al., 2016; Intasit et al., 2022).

The carbon source influences enzyme production in fungi,
as a suitable carbon source will induce enzyme production,
while other carbon sources can inhibit enzyme production
(Metreveli et al., 2021; Wang et al., 2020; Zhang et al., 2020).
One obstacle to fungal xylanase production is carbon catabolite
repression (CCR) (Rojas-Rejon et al., 2011), which represses
xylanase production when a preferred sugar is available in the
medium as a carbon source (Deutscher, 2008). Among many
sugars, glucose induces CCR when the fungus is inoculated
in mixtures of glucose and other substrates (Prathumpai et al.,
2004; Pinaga et al., 2006; Katz et al., 2008). In addition, the
glucose concentration affects the enzyme repression level and
hydrolysis yield (Mardawati et al., 2014).

CCR regulation starts at the transcriptional level and
in Aspergillus, it is controlled by CreA (Cre = catabolite
responsive elements) (Katz et al., 2008; Ichinose et al.,
2014), while enzyme induction is controlled by XInR (a
(hemi)-cellulolytic regulator) (de Vries et al., 1999). The
former substantially represses the gene-encoding-enzymes
required for xylanase production in a favoured carbon source
medium (Ichinose et al., 2018). On glucose sensing, CreA
directly represses xylanases by binding to the consensus DNA
sequence 5'-SYGGRG-3' in its promoter regions (Cubero
and Scazzocchio, 1994). In addition, CreA regulates XInR
(Tamayo et al., 2008). Thus, CreA indirectly represses all
XInR-regulated genes. There are other factors related to the
CCR, including CreB, CreC, CreD, HulA, ApyA, RcoA, SsnF,
SchA and Glc7-Regl. The CreB-CreC deubiquitination (DUB)
complex may remove ubiquitin molecules from the protein
to activate CreA. CreD may oppose CreB-CreC DUB. CreD-
HulA ubiquitination ligase complex may ubiquitinate CreA to
make it proteasome-targetable (Ries et al., 2016; Adnan et al.,
2018).

Since the expression of glycoside hydrolase genes in
filamentous fungi is suppressed by CCR, it is of great scientific
and industrial importance to study the regulatory mechanism
of CCR. The current study investigated transcriptome analysis
through next-generation RNA sequencing to understand the
CCR transcription dynamic of Aspergillus.

Next-generation RNA sequencing provides highly sensitive
reads for genes responding to substrates at the genome level
(Wang et al., 2009). However, other fungal transcriptomic
studies focused on developing cocktail enzymes or acquiring
information about the effects of different substrates on gene
expression (Delmas et al., 2012; Pullan et al., 2014; Daly et al.,
2017). The transcriptional regulation of hydrolysis enzymes in
Aspergillus niger and Aspergillus fumigatus has been studied
on various carbon sources (Jergensen et al., 2009; De Souza
et al., 2011; Borin et al., 2017; de Gouvéa et al., 2018). Many
studies have used lignocellulose materials, such as agricultural
wastes, in their transcriptome analyses (Hakkinen et al., 2012;
Miao et al., 2015; Brown et al., 2016; Steindorff et al., 2021).
CCR in Aspergillus has been studied using many species,
such as Aspergillus nidulan or Aspergillus oryzae. However,
currently, there are no available molecular reports or studies on
the influence on enzyme production of Aspergillus tubingensis
CCR in a xylan and glucose medium. The current study aimed
to address this shortfall by investigating and describing the
differences in transcriptional response and enzyme activities
of A. tubingensis with xylan and glucose. Xylan was used
instead of lignocellulose material as the sole carbon source
to investigate the specific catabolite repression of xylanase.
It seems that this was the first transcriptome comparison
study exploring the molecular basis of microbial responses
to two carbon sources using A. tubingensis inoculated in
a mixture of xylan and glucose. Detailed knowledge
related to genes expressed by A. tubingensis inoculated
on xylan medium and xylan medium supplemented with
glucose could improve understanding of its mechanisms
in enzyme production and carbon catabolite repression.
Furthermore, the data could be compared to transcriptome
analysis of other Aspergillus species or fungi under repressive
conditions to find prominent CCR patterns in fungi. In addition,
the data could provide valuable information for exploiting
genes encoding xylan degradation enzymes through genetic
engineering that improved its hydrolytic potential.



R. Krisnawati et al. / Agr. Nat. Resour. 57 (2023) 523-532 525

Materials and Methods
Microorganism

A. tubingensis NBRC 31125 was obtained from the Food
and Nutrition Culture Collection of Universitas Gadjah Mada
(Yogyakarta, Indonesia). The strain was grown in potato
dextrose agar medium for 7 d at 30°C before being used.

Enzyme production

A. tubingensis NBRC 31125 spores were inoculated in
Mandels mineral salts solution (Mandels and Reese, 1956; Chand
et al., 2005). The medium consisted of 2.0 g/ monopotassium
phosphate, 1.4g/L ammonium sulfate, 1.0 g/L peptone, 0.4 g/L
calcium chloride, 0.3 g/L magnesium sulfate, 0.3g/L urea, 0.2
g/L Tween 80, 20.0 mg/L cobalt chloride, 5.0 mg/L iron sulfate,
1.6 mg/L manganese sulfate and 1.4 mg/L zinc sulfate. A sample
(10 g/L) of xylan (Sisco; India) and 10-50 g/L glucose were
used as carbon sources. A sample (1 mL) of a solution containing
1x107 spores/mL was inoculated in 25 mL of liquid medium
containing xylan or glucose and then incubated for 7 d at 30°C.
The supernatant was passed through Whatman’s filter paper
No. 1 for enzyme analysis, while the mycelia were collected
and dried at 100°C until constant weight to measure biomass.
The glucose concentration was measured using a glucose assay
kit (Diasys; Germany) based on the manufacturer’s instructions.
Glucose determination was based on enzymatic oxidation using
glucose oxidase. The colorimetric indicator was quinoneimine,
which is produced by hydrogen peroxide under the catalytic
activity of peroxidase from 4-aminoantipyrine and phenol
(Barham and Trinder, 1972). Each treatment was performed in
duplicate. Data were presented as the arithmetic mean + SE.

Analysis of endoxylanase and f-xylosidase activities

Endoxylanase was quantified using a Xyl6x kit (Megazyme;
Ireland) performed according to the manufacturer’s protocol.
One unit of endoxylanase activity was defined as the amount
of enzyme required to release 1 umol of 4-nitrophenol from the
substrate in 1 min under the assay conditions. The S-xylosidase
activity was quantified according to Kundu and Ray (2013).
Here, 500 pL of the crude enzyme was added to 0.5 mL of 1
mM p-nitrophenyl S-D-xylopyranoside (pNPX; Megazyme;
Ireland) in 0.05 M citrate buffer (pH 4.0). The solution was
vortexed and incubated at 55°C for 15 min using a water bath.

Next, the solution was added to 2 mL of 1M sodium carbonate
to stop the reaction. Then, the solution was measured using a
spectrophotometer (Genesys 10S UV-VIS; Thermo Scientific;
USA) at 405 nm. p-Nitrophenol (Sigma-Aldrich; USA) was
used as the standard solution. One-unit of S-xylosidase activity
was defined as the amount of enzyme required to release
1 umol of p-nitrophenol from the pNPX substrate in 1 min
under the assay conditions (Kundu and Ray, 2013).

RNA extraction and purification

The RNA was extracted from the strain that was inoculated
in the liquid medium containing xylan only and in xylan
supplemented with 5% glucose following a incubation for 5 d
at 30°C (Midorikawa et al., 2018). The mycelia were harvested
using filtration by passing through Whatman’s filter paper
No. 1 and then grinding into powder using liquid nitrogen. A
Direct-Zol RNA Miniprep Plus R2073 kit (Megazyme; USA)
was used to extract RNA according to the manufacturer’s
protocol. A NanoDrop ND-1000 spectrophotometer (Nanodrop
Technologies; USA) and an Agilent 2100 Bioanalyzer (Aligent
RNA 6000 Nano Kit; Agilent; USA) were used to measure the
RNA concentration and quality. Strands specific to the cDNA
library were constructed using the Illumina Stranded mRNA
Prep Kit (Illumina; USA).

Next-generation RNA sequencing and data analysis

The cDNA library was paired-end sequenced using the
[llumina Nextseq 550 platform (Illumina; USA). The qualities
of cleaned reads were assessed using the FastQC software
(v.0.11.9; (Andrews, 2010)). Adapters and low-quality reads
in the raw data were removed. Transcripts were quantified
and pseudo-mapped using the Kallisto v.0.461 software (Bray
et al., 2016) with 4. tubingensis WU-2223L as the reference
genome (Yoshioka et al., 2020). The raw sequence data were
submitted to the US National Centre for Biotechnology
Information Sequence Read Archive database with accession
numbers SRR15412365 and SRR15412366 for A. tubingensis
NBRC 31125 inoculated in xylan medium supplemented with
glucose and xylan medium only, respectively (Krisnawati et
al., 2022a). Gene expression was calculated as transcripts per
million mapped reads (TPM). Differential gene expression
was assessed using the edgeR software (v.3.34.0; Robinson
et al., 2009). Genes with a fold change >1 and p < 0.05 were
considered differentially expressed. The data were visualised
using the ClustVis website 2.0 (https://bio.tools/clustvis#!).
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Results

Endoxylanase and p-xylosidase production in xylan medium
with and without supplementation of glucose

Endoxylanase and f-xylosidase production were quantified
7 d after incubation in liquid medium containing xylan
and glucose to investigate the effect of glucose on enzyme
production. The endoxylanase and fS-xylosidase activities of
A. tubingensis NBRC 31125 inoculated in xylan medium
showed similar production patterns (Figs. 1A and 1B,
respectively). Enzyme production increased with increasing
incubation time and reached optimum levels after 5 d with
20.82 U/mL endoxylanase and 2.38 U/mL f-xylosidase.

The enzyme activities of endoxylanase and f-xylosidase
were lower in the xylan medium supplemented with
any concentration of glucose compared to the xylan
medium (Figs 1A and 1B). Their inhibition by glucose started
at a 1% concentration. Increasing the glucose concentration
decreased the production of endoxylanase and f-xylosidase.
On day 4, glucose was depleted in the xylan medium
supplemented with 1% glucose, while on day 5, glucose was
depleted in the xylan medium supplemented with 3% glucose.
On day 5, the glucose concentration in the xylan medium
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Fig. 1 Responses to Aspergillus tubingensis NBRC 31125 grown
on xylan medium and xylan medium supplemented with glucose:
(A) Endo-xylanase production; (B) -xylosidase production; (C) glucose
consumption; (D) dry biomass weight; (E) medium pH, where error bar
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supplemented with 5% glucose remained approximately
50 mM. After the glucose concentration fell below 50 mg/
mL (Fig. 1C), endoxylanase and f-xylosidase production
was detected. The results showed that the catabolite
repression effect was glucose concentration-dependent.
Based on the CCR observed during the optimum activity
of endoxylanase and f-xylosidase, xylan supplemented
with 5% glucose and 5 d of incubation were selected as the
conditions for transcriptomic analysis of the response to carbon
sources.

However, the dry biomass weight was higher with the
xylan supplemented with glucose compared to xylan alone,
increasing as a function of the glucose concentration. The
dry biomass weight changed slightly after 5 d of incubation
(Fig. 1D). The pH of the medium decreased with increasing
glucose concentration (Fig. 1E) and fermentation time. In
addition, the presence of glucose also affected sporulation.
A. tubingensis NBRC 31125 has black spores, with their
black color decreasing with increasing glucose concentration
(Fig. 1F).

Transcriptome of A. tubingensis NBRC 31125 grown in xylan
medium and xylan supplemented with glucose

Next-generation RNA sequencing was performed using a
paired-end sequencing protocol on the Illumina NextSeq 550
platform. The fragment length of each sample was 35-149
bp and the total guanine/cytosine (GC) percentage was 51.5—
52%. The quality of raw data produced was measured using
FastQC. The high-quality sequences comprised 85.5%, based
on a FastQC threshold >30 after trimming off the adapter.
Total reads with incubation on the xylan medium and the
xylan supplemented with 5% glucose were 32,017,750 and
34,061,614 reads, respectively.

The cDNA library-generated gene expression sequence data
were successfully aligned to 11,545 gene models in the reference
A. tubingensis WU-2223L genome (GCF_013340325.1).
Incubation on the xylan medium and the xylan supplementation
with 5% glucose identified 10,922 and 10,797 expressed genes,
respectively. The relative abundance of expressed genes was
calculated by aligning the sample and gene reading counts
to the genome reference. The mapped read counts for each
sample were compared to identify differentially expressed
genes in cultures grown on the xylan medium and the xylan
supplemented with 5% glucose as the carbon source following
a incubation for 5 d at equivalent time points. In total, 2,242
downregulated and 2,105 upregulated genes were identified
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in the presence of glucose (Fig. 2). The top 133 A. tubingensis
NBRC 31125 gene expression profiles were represented in a
global heatmap comparing growth on the xylan medium only
with the xylan supplemented with 5% glucose (Fig. 3). Genes
related to xylan degradation showed higher levels on xylan
alone compared to xylan supplemented with 5% glucose. In
addition, the expression of genes related to glucose degradation
was higher on xylan supplemented with 5% glucose.

The expression of 10 genes associated with xylan degradation
was higher than for the other genes on the xylan medium
(Table 1). All genes related to xylan degradation showed lower
expression on the xylan supplemented with 5% glucose, except
feruloyl esterase. Among these genes, xyn and xynB (encoding
endoxylanase) had the highest transcription counts of 6,419.99
TPM and 2,562.85 TPM, respectively. Endoxylanase had the
highest activity (Fig. 1). The genes abn encoding arabinan endo-
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Fig. 2 Volcano plot of differential gene expression of A. tubingensis
NBRC 31125 grown on xylan and xylan medium supplemented with 5%
glucose after incubation for 5 d, where red dots indicate upregulated genes,
green dots indicate downregulated genes and black dots are not different.
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1,5-a-L-arabinosidase and axeA encoding acetyl xylan esterase
also showed higher transcription.

Xylan  Xylan+glucose

Fig. 3 Heat map of hierarchical clustering of gene transcript modulation
patterns observed in A. tubingensis NBRC 31125 following growth on
xylan medium supplemented with 5% glucose compared to xylan medium
after incubation for 5 d, where blue indicates higher expression and red
indicates lower expression.

Table 1 List of genes related to xylan degradation, xylose utilization, and hemicellulose and cellulose degradation, with significantly different expressions

after growing on xylan medium compared to xylan supplemented with 5% glucose after incubation for 5 d

Description Gene name Differential expression
Xylan (TPM) Xylan + glucose (TPM) log2FC
Xylan Acetylxylan esterase axeA 699.70 0.17 -11.10
accessory enzyme Feruloyl esterase faeB 0.29 7.84 5.67
a-glucuronidase aguA 34.20 0.13 -7.15
Arabinoxylan arabinofuranohydrolase ~ axhA 559.86 0.95 -8.30
Arabinan endo-1,5-a-L-arabinosidase abnA 1087.52 9.95 -5.87
a-L-arabinofuranosidase abfA 15.82 0.17 -5.62
Xylan p-xylosidase xyl4 132.79 0.53 -7.07
backbone degradation a-xylosidase xylS 72.96 0.06 -9.38
enzyme 4- S -D-xylan xylanohydrolase xynB 2562.85 0.35 -11.93
Endo-1,4-f-xylanase XynA 805.57 0.93 -8.86
Endo-1,4-f-xylanase Xyn 6419.99 3.93 -9.77
Hemicellulase o-galactosidase galA 37.98 0.07 -8.18
and a-glucuronidase aguA 34.20 0.13 -7.15
cellulase Xyloglucanase _ cel74A 7.14 0.01 -8.49
Putative S-glucosidase bglX 22.90 0.22 -5.84
f-glucosidase bglX 66.68 0.15 -7.93
1,4-p-D-glucan cellobiohydrolase cbhl 258.58 4.04 -5.11
Xylose Xylitol dehydrogenase xdhA 24.97 235.82 4.14
degradation Xylulose reductase cdxr 50.59 404.08 3.90
enzyme L-xylulose reductase cdxr 49.69 308.10 3.53
D-xylulose kinase xkiaA 97.71 38.33 -
Xylose isomerase xylA 0.63 0.18 -
Putative D-xylulose reductase cdxr 72.41 14.49 -1.42
D-xylose reductase XyrA 497.82 6.62 -5.33
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In addition to inducing the transcription of genes related
to xylan degradation, xylan also induced other hemicellulose
and cellulose genes (Table 1). The gene associated with
hemicellulose and cellulase showed increased transcription
on the xylan compared to the xylan supplemented with 5%
glucose. Moreover, it showed downregulation on the xylan
supplemented with glucose, with a TPM < 4.04. The genes
bglX encoding f-glucosidase and cbhl encoding 1,4-f-D-
glucan cellobiohydrolase showed the highest transcription on
the xylan, with TPMs of 258.58 and 66.68, respectively.

Transcription and regulator factors regarding CCR of
A. tubingensis NBRC 31125 on the xylan with and without
glucose supplementation are shown in Fig. 4. The transcription
of the activator genes X/nR and AraR was higher on the xylan
alone than on the xylan supplemented with 5% glucose.
However, the transcription of regulator genes varied. While
transcription of Cre4 and CreB was higher on the xylan than on
the xylan and glucose, transcription of CreD was lower on the
xylan than on the xylan and glucose. Notably, the transcription
of CreC was unchanged.

Discussion

Glucose induced CCR in A. tubingensis NBRC 31125 since
it is more readily metabolized than xylan, enabling the strain to
grow faster. Glucose supported fungal growth better than xylan
(Fig. 1), as indicated by the increasing biomass weight and final
decrease due to cell lysis at the end of fermentation. The higher
the glucose concentration, the better the fungi grew. However,
increased fungal growth was not accompanied by increased
enzyme production. In this study, xylan was consumed after
glucose levels started to diminish, delaying the production of
endoxylanase and f-xylosidase. Glucose at all concentrations
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Fig. 4 Expression of regulator factor (A) and transcription factor (B) of
A. tubingensis NBRC 31125 grown on xylan medium and xylan medium
supplemented with 5% glucose after incubation for 5 d.

inhibited endoxylanase and f-xylosidase production.
Endoxylanase and f-xylosidase production began after the
glucose had been depleted, consistent with other studies. For
example, glucose also inhibited xylanase, pectinase, CMCase
and Fpase production by Aspergillus tamarii (Midorikawa et al.,
2018) and fS-xylosidase production by Aspergillus versicolor
(Andrade et al., 2004). In many fungi, such as 4. oryzae, A.
tamarii, Penicillium citrinum, Trichoderma asperellum and
Trichoderma virens, glucose at 3% concentration completely
repressed endoxylanase and f-xylosidase (Krisnawati et al.,
2022b). A transcriptomic analysis was performed to support
these results, with the transcriptome of 4. tubingensis NBRC
31125 grown on the xylan alone and on the xylan supplemented
with 5% glucose the samples compared at the same stage of
batch fermentation. Compared to fungi incubated on the xylan
alone, those incubated on xylan supplemented with 5% glucose
had lower xylanase gene expression. This finding showed that
CCR in 4. tubingensis NBRC 31125 was due to the presence of
glucose in the culture medium, which was consistent with Daly
et al. (2019), who analyzed the transcriptomes of Dichomitus
squalens and reported the presence of glucose in avicel or xylan
medium that repressed the expression of 7% of the genes (Daly
et al., 2019). The presence of 1-2% glucose in a lignocellulose
medium also inhibited several genes related to lignocellulose
gene expression in the 7. reseei strains QM6a and Rut-C30
(Ma et al., 2016; Ries et al., 2013). Midorikawa et al. (2018)
examined the sugarcane bagasse and glucose transcriptome,
finding that A. tamarii showed higher transcription of many
genes from different Carbohydrate Active EnZyme (CAZy)
classifications in response to sugar bagasse as a carbon source
but lower transcription with a glucose medium. Li et al. (2014)
examined glucose, xylose and arabinose and found they were
bottlenecks in cellulose production using lignocellulosic
material. In addition, Grimmler et al. (2010) showed repression
of xylanase and endoglucanase gene expression in Clostridium
acetobutylicum.

The current study also detected the expression of various
genes encoding enzymes with distinct functions required
to degrade xylan. The complex xylanase system includes
endoxylanase (Enzyme Commision; EC 3.2.1.8), f-xylosidase
(EC3.2.1.37),acetylxylanesterase (EC3.1.1.6), feruloyl esterase
(EC 3.1.1.73), a-glucuronidase (EC 3.2.1.39), arabinoxylan
arabinofuranohydrolase (EC 3.2.1.55), arabinan endo-1,5-a-L-
arabinosidase (EC 3.2.1.55) and o-L-arabinofuranosidase (EC
3.2.1.55) (Goswami and Rawat, 2015; Uday et al., 2016). The
expression of xylan backbone-degrading enzymes was greater
than the expression of xylan side-chain-degrading enzymes
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in strains grown on the xylan alone. The higher expression of
many xylanase genes on the xylan alone showed that they were
induced by the xylan. This observation was supported by the
high transcription of the activator x/nR, known as a xylanase
activator (Fig. 4) that regulates endoxylanase and S-xylosidase
production (Mach-Aigner et al., 2010; Raulo et al., 2016).

Additionally, the transcription of arabinosefuranosidase
(abf) and arabinoreductase (axhA), which function in xylanase
degradation, was higher on the xylan alone. Their transcription
is reportedly under the control of XInR and AraR. Furthermore,
XInR plays a role in D-xylose reductase (xyr4) regulation,
similar to the report by Hasper et al. (2000). Increased
expression of xylose utilization pathway members, such as
xylose reductase (xyr4), D-xylulose kinase (xkiad), D-xylose
reductase (xyr4) and xylose isomerase (xy/4), was observed 5
d after inoculation when the primary carbon source available
was pentose sugar. In addition, the higher transcription of the
xylose reductase xyr4 and other genes related to the xylose
utilization pathway (Table 1) on the xylan alone than for the
xylan supplemented with 5% glucose showed that xylose was
already being degraded from the medium. However, the lower
transcription on the xylan supplemented with 5% glucose
suggested that the fungi still used glucose as a carbon source.

Inhibition of endoxylanase and S-xylosidase production by
glucose (Fig. 1) indicated CCR in A. tubingensis NBRC 31125.
Repression was affected by CreA, which is widely recognized
as the repressor protein in Aspergillus that is responsible for
CCR, including xylanase repression (Delmas et al., 2012).
Another study showed that CreB affected CCR (Ichinose et al.,
2018). However, the current study found that the transcription
of CreA and CreB was higher on the xylan alone than on the
xylan supplemented with 5% glucose. The presence of high
CreA and CreB expression did not decrease the production of
endoxylanase and f-xylosidase. CreA must enter the nucleus
to bind the endoxylanase and f-xylosidase promoters to inhibit
their transcription. CreA can translocate from the cytoplasm to
the nucleus and vice versa. The presence of CreA in the nucleus
and cytoplasm suggests that posttranslational regulation of
CreA activity is required. Phosphorylation has been found to
affect CreA activity (Ribeiro et al., 2019; Assis et al., 2021),
with phosphorylated CreA leading to its translocation from the
nucleus to the cytoplasm. Because of the absence of CreA in
the nucleus, xylanase transcription was not inhibited (Adnan et
al., 2018). However, the current study could not determine the
phosphorylation status and CreA transcription also needs to be
quantified based on various glucose concentrations and time
conditions.

CreC is a protein with a WD-40 domain that functions
in protein-protein interactions. To activate CreA, the CreB-
CreC deubiquitination (DUB) complex may remove ubiquitin
molecules from the protein. In the current study, there was no
difference between CreC transcription in the xylan medium
and in the xylan supplemented with glucose. Notably, other
research has indicated that CreC is involved in the regulation
and cellular localization of CreA. CreC mutation rendered
CreA undetectable by Western blotting. CreA of A. nidulans
was not present in the nucleus when glucose was present
(Ries et al., 2016). In addition, CreB and CreC disruption
significantly reduced the amount of CreA in A. oryzae in the
presence of glucose (Tanaka et al., 2018). CreD transcription
was elevated in the xylan medium supplemented with glucose
compared to the xylan medium alone. CreD and HulA form a
complex that ubiquitinates CreA. In the presence of both the
CreD dephosphorylation mutation and the creB disruption, 4.
oryzae can produced more amylolytic enzymes (Tanaka et al.,
2017). Additional transcriptomic or proteomic investigation
under a variety of conditions is required to determine the effect
of CreC and CreD transcription on CCR.

In conclusion, glucose inhibited endoxylanase and
p-xylosidase production in A. tubingensis NBRC 31125.
Transcriptional analysis of 4. tubingesis NBRC 31125 using next-
generation RNA sequencing showed different gene expression
patterns related to the xylan metabolism and its regulation when
incubated on xylan alone compared to on xylan supplemented
with 5% glucose. CCR in 4. tubingensis NBRC 31125 was
evidenced by the downregulation of genes in the presence of
xylan and glucose. These findings supported that endoxylanase
and f-xylosidase production in A. tubingensis NBRC 31125 is
regulated by glucose. Further investigation should grow fungi in
various glucose concentrations for various times.
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