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Regulatory mechanisms of amylolytic and proteolytic enzyme genes

expression in Aspergillus oryzae

Mizuki Tanaka, Graduate School of Agriculture, Tokyo University of Agriculture and Technology

I Introduction

The koji mold Aspergillus oryzae secretes large amounts of amylolytic enzymes and a wide variety of proteolytic
enzymes, and is widely utilized in various industrial fields, including fermentation industries. The objective of this study
was to elucidate the regulatory mechanisms controlling the expression of genes encoding amylolytic and proteolytic
enzymes in A. oryzae.

Mechanisms regulating the induction of amylolytic genes expression

The expression of amylolytic genes in A. oryzae is known to be induced by maltose. However, the detailed molecular
mechanisms had remained unclear. Functional analyses of two transcription factors, AmyR and MalR, which are involved
in the regulation of amylolytic genes expression, revealed induction mechanism of amylolytic genes expression

mediated by intracellular conversion of maltose Induction Carbon catabolite repression
to isomaltose (Fig. 1)". L __eeceNai I
In addition, some hydrolases produced by A. 0e®%0s fresen e @\--ﬂ@;ﬁ TRER R
18”‘" Endocytosis  Glucose @
oryzae, such as glucoamylase (GlaB), are Glucoes: isomaoes %
. . \¥
specifically produced under solid-state culture 00 Ame

responsible for this culture-specific gene
expression had long remained unidentified. By

condition. However, the transcription factor \\@ m
<

MalR @@ Maltose ® Glucose
screening a transcription factor gene disruption m;;gém w._b"‘im
library of A. oryzae, we identified FIbC as an Nucleus Nuceus

essential factor for the transcriptional expression

of glaB under solid-state culture condition? Fig. 1 Mechanisms of induction and carbon catabolite

repression of amylolytic genes in A. oryzae
Mechanisms regulating the expression of proteolytic genes

The expression of proteolytic genes in A. oryzae is known to be induced by the presence of soybean peptides.
However, the regulatory mechanisms have remained largely unclear. It was hypothesized that proteolytic genes
expression is associated with the uptake of oligopeptides generated through protein degradation. We therefore
performed functional analyses of A. oryzae transporters showing high homology to Ptr2, the sole di-/tripeptide
transporter in budding yeast, and demonstrated that three transporters are responsible for the uptake of di-/tripeptides
in A. oryzae®. In budding yeast, expression of PTRZ2 is induced by degradation of a transcriptional repressor mediated by
a ubiquitin ligase Ubr1 regulating the N-degron (N-end rule) pathway. Functional analysis of the Ubr1 ortholog (UbrA) in
A. oryzae demonstrated that not only di-/tripeptide transporter genes but also many proteolytic genes are regulated in
a UbrA-dependent manner®.

Mechanisms of carbon catabolite repression (CCR) and improved production of
hydrolases through relief from CCR

The expression of genes encoding carbohydrate-degrading enzymes in A. oryzae is repressed in the presence of
glucose through carbon catabolite repression (CCR). Although the transcription factor CreA and three ubiquitin-related
regulatory factors (CreB, CreC, and CreD) were identified in the 1970s as regulators of CCR in filamentous fungi, the
detailed regulatory mechanisms have remained unclear. Functional analysis of CreA in A. oryzae revealed that CreA is
exported from the nucleus to the cytoplasm and rapidly degraded under the conditions inducing carbohydrate-
degrading enzyme genes expression®. In the presence of glucose, maltose permease MalP, required for amylolytic genes
expression, is ubiquitinated and transported to the vacuole via endocytosis, and this ubiquitination requires CreD to
function as an adaptor for the ubiquitin ligase (Fig. 1)°. Furthermore, we demonstrated that the production of amylolytic
enzymes is markedly increased by combining a double deletion of creA and creB encoding a deubiquitinating enzyme,
or by combining creB deletion with a dephosphorylation-mimicking mutation of CreD*”.
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Endoplasmic reticulum stress response induced by production of amylolytic enzymes

In eukaryotes, mRNAs encoding secretory and membrane proteins are
translated on the endoplasmic reticulum (ER), and nascent polypeptide
chains are folded within the ER. Eukaryotic cells possess ER stress
response mechanisms to prevent the accumulation of misfolded proteins,
among which the unfolded protein response (UPR) is well known. We
demonstrated that UPR is induced during the production of amylolytic
enzymes in A. oryzae, and that its induction is essential for growth under
amylolytic enzyme-producing conditions®. In addition to UPR, another ER
stress response mechanism, regulated Ire1-dependent mRNA decay
(RIDD), involves the cleavage and degradation of ER-associated mRNAs.
Although the existence of RIDD in filamentous fungi had long been
questioned, we demonstrated that physiological ER stress induced by
amylolytic enzyme production triggers RIDD of mRNAs such as a-amylase
and malP in A. oryzae (Fig. 2)°.

Future Perspectives
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Fig. 2 ER stress response under
amylolytic genes expression

Future studies will focus on the identification and functional analysis of transcription factors regulating proteolytic
genes expression, further characterization of factors involved in CCR, and clarification of the contribution of RIDD to the

regulation of hydrolase genes expression level.
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