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ABSTRACT:
Background: Fungi are well known biotechnological tools that have various applications in
the fields of industry. Thanks to their ability to produce set of prestigious enzymes that is
eco-friendly and can replace harmful chemicals used in those industries. Thermoascus is an
ascomycetous fungus that belongs to family Trichocomaceae, which is famous for its
promising mycotechnological applications due to its capability to produce potent heat stable
enzymes such as cellulases, xylanases, and β-glucosidases.
Object: The aim of this review is to highlight the description. ecology, and important
industrial applications of the genus Thermoascus in general, and the species Thermoascus
aurantiacus in particular focusing on its heat-resistant hydrolase enzymes that have different
potential biotechnological applications.
Conclusion: Thermoascus originated metabolites are of potential biological activities
especially as antioxidant agents. Furthermore, enzymes produced by Thermoascus are
involved as promising tool in many important mycotechnological applications such as food,
textile, paper, pulp, animal feed, conversion of biomass into biofuels, as well as other
chemical industries. Understanding the importance of these fungus thermostable enzymes
may contribute in encouraging for further studies in order to employ them in new
biotechnological fields. Enhancing the production of industrial thermostable enzymes from
Thermoascus aurantiacus via the application of different statistical approaches and newly
developed molecular biology methods is of critical importance. Furthermore, more effort
should be directed towards introducing Thermoascus aurantiacus into new hosts for further
studying the deconstruction of plant cell wall.
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1. INTRODUCTION

Thermophilic fungi have gained an importance as promising
sources of thermostable enzymes that can improve the
biochemical conversion of various natural resources to
biofuels [1]. Numerous saprophytic fungi that can tolerate
high temperatures (thermophiles) have been detected in
various environments, like composts where organic matter
are decomposed at high temperatures [2]. Continual
consumption of non-renewable resources of energygaina lot
of attention by many researchers and this encourages many
scientists to utilize other renewable resources of energy,
including secondary agriculture resources. One of these
agriculture resources is lignocellulosic biomass that can be
converted to many beneficial products [3].
Lignocellulose is one of the most abundant raw material that
is composed mainly of cellulose, hemicellulose, and lignin
[4]. On the other hand, glycoside hydrolases including

cellulases and xylanases result in the release of
monosaccharide units from both cellulose and
hemicelluloses. These monosaccharides could be easily
converted to many other valuable products [5]. As an
example, the cellulases can break the cellulose into hexose
sugars that in turn may be converted into ethanol. Also,
xylanases can act on the xylan, that is abundant in wood
biomass and break it into pentose sugars.
Most of the cellulases and xylanases are produced from
mesophilic microorganisms which mean that they favour
mesophilic ranges (from 40 to 50°C) to act optimally.
Nevertheless, thermostable enzymes exibit many advantages
for optimum utilization of lignocellulose. Since these
enzymes are compatible with the pretreatment procedures
that require high temperatures [6], applying these
thermostable enzymes will allow the pretreatment process to
be more flexible [7]. Moreover, the saccharifications process
of pretreated biomass at higher temperatures leads to the
acceleration of the conversion process, resulting in shorter
incubation periods as well as lowering the enzyme loadings.
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Another advantage for applying the thermostable enzymes is
reducing the downstream contamination by competing other
microorganisms for the fermentable sugars. For these
reasons, thermophilic fungi may supply new enzymes that
are useful for the industrial biochemical conversion of
various biomasses into simple sugars and which could be
fermented into biofuels [7-13].
Thermoascus aurantiacus is theromophilic fungus that is
viewed as a promising source of industrially important
enzymes for biomass deconstruction under thermophilic
conditions. T. aurantiacus has been examined extensively
for its ability to secrete large amounts of thermostable
enzymes for the depolymerization of cellulose and
hemicellulose from plant biomass. [14-19].
Thermoascus aurantiacus description and ecology
Thermoascus aurantiacus was described by a German
mycologist “Hugo Miehe”, it was isolated from self-heating
hay [3, 4]. Miehe could not assign T. aurantiacus to any of
the already known fungal genera, thus he created a genus
named Thermoascus which returns to the Greek words
“thermos”which means hot; and“askos” that means tube.
Additionally, due to the golden/orange color of its fruiting
bodies, he chose“aurantiacus” (lat., orange-colored) for the
species name. Miehe also showed that T. aurantiacus is a
true thermophile requiring high temperatures for its optimum
growth (ranging from 30°C - 50°C) and no growth was
observed below 30°C or lower temperatures. The fruiting
body of T. aurantiacus was observed to be formed after an
incubation period of two days at 40°C and this was followed
by the pigmentation and ripening process. These fruiting
bodies are called “cleistothecia” which are rounded, with a
diameter ranging from 0.25mm to 1 mm; it exhibits sack-like
asci with eight ascospores. These ascospores are elliptical
and they are considered to be relatively small in size (5-7 x
4-5 μm. When the asci and walls of the ripe cleistothecia
disintegrate, these ascospores are released [3, 4].
Thermoascus aurantiacus is a homothallic fungus that is
mean it can produce a large amount of uncommonly small
sexual ascospores on rich medium within a limited period of
time, thus it is essential to distinguish between sexual spores
with asexual conidiospores. Thermoascus aurantiacus lacks
one of the common features of most Ascomycete fungal
species which is dominant asexual mass propagation pattern.
However Miehe observed a cystoid blown-up structure,
which he found in between thinner sections or terminally.
Thus, it could be hypothesized that these cysts are
chlamydoconidia or chlamydospores that are considered as
rare asexual propagation structures (Figure, 1). Thermoascus
aurantiacus strains have been isolated from various habitats,
mainly soil and agricultural residues. T. aurantiacus Miehe
is IMI 91781, was isolated from alluvial soils in Nottingham,
UK. A second strain of T. aurantiacus Miehe, T. aurantiacus
Miehe var. levisporus, was isolated from soil sample found
in Honduras [10].

Fig 1: Thermoascus aurantiacus on PDA photo was taken by Dr. Waill
Elkhateeb and Dr. Moubasher

Thermoascus aurantiacus factory for enzyme production
Heat-tolerant fungi are potential promising sources of
different metabolites as well as heat stable enzymes. Present
review has focused on production of thermostable enzymes
mainly cellulases and xylanase by Thermoascus aurantiacus.
Thermophilic fungi have attracted increased interest for their
ability to secrete enzymes that deconstruct biomass at high
temperatures. However, development of thermophilic fungi
as enzyme producers for biomass deconstruction has not
been thoroughly investigated. Comparing the enzymatic
activities of thermophilic fungal strains that grow on targeted
biomass feedstocks has the potential to identify promising
candidates for strain development. Thielavia terrestris and
Thermoascus aurantiacus were chosen for characterization
based on literature precedents. Several studies have showed
that a numerous filamentous fungi are able to synthesize
secondary metabolites as well as glycosyl hydrolases with
industrial importance [11-15]. Among the thermophilic
fungi, the ascomycetous fungus, Thermoascus aurantiacus,
is characterized by producing potent enzymes as cellulases,
β-glucosidases, and xylanases. Furthermore, some
metabolites that were originated from this fungus extracts
are showing biological activity as antioxidant agent. Jain et
al., [16] found that Thermoascus aurantiacus produces three
cellulases and xylanase with maximum yield after 72 h of
incubation (14.3 IU/g of b-glucosidase, 45.3 IU/g of
CMCase,8.3 IU/g of FPase, and 4,000 IU/g of xylanase)
[12]. However, any further increase in incubation period
resulted in the medium dryness and in turn lower enzyme
production. Also, Jain et al., [16] compared the cellulose and
xylanases production by different strains of Thermoascus
aurantiacus (T. aurantiacus MIEHE and T. aurantiacus
RCKK) and other fungal species (Myceliophthora sp. and
Pleurotus ostreatus IE8) where the results revealed that T.
aurantiacus RCKK is able to produce much higher amount
of cellulase  compared to other fungi. Taking in
consideration that the comparison of cellulase and xylanase
production with other reports could vary possibly due the
differences applied to each assay procedures.
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Another group of enzymes that have been found to be
produced by T. aurantiacus is alcohol oxidases. In the case
of Aspergillus niger and Penicillium chrysogenum, it is
known that glucose oxidase couples with catalase. However
for T. aurantiacus, glucose oxidase was not detected when
the fungus was grown on starch to producing catalase. In the
case of T. aurantiacus, the main enzyme for the production
of hydrogen peroxide was alcohol oxidase. Upon the
incubation of the fungus on solid medium, the enzyme was
produced extracellularly. Although the phenomenon for
extracellular production of various enzymes on solid
medium is familiar for several fungi including Aspergillus
species [17]. The extracellular production of alcohol oxidase
has not been reported till Ko et al., [18] reported this
phenomenon for the alcohol oxidase.
The studies also reported intracellular alcohol oxidase
(AOint) and extracellular alcohol oxidase (AOext)
purification (as homogeneous proteins) from both liquid and
solid cultural media of T. aurantiacus, respectively [20-23].
Contrasting the alcohol oxidases of methanol-utilizing
yeasts, the two enzymes: (AOint) and (AOint) from
Thermoascus aurantiacus are glycoproteins, and their
molecular weights are lower than those of methanol-utilizing
yeasts. However, the molecular weights and subunits of
(AOint) and (AOext) are markedly different. (AOint)
molecular weight as well as that of its subunit are found to
be 320 kDa and 75 kDa, respectively. (AOint) is supposed to
be a homotetrameric enzyme. On the other side, the
molecular weight of (AOext) molecular weightis estimated
to be 560 kDa. (AOext) has two types of subunits with
estimated molecular weights 75 kDa (α) and 59 kDa (β),
respectively. The molecular weights of both subunits as well
as the native enzyme itself, is an indicator that (AOext) is a
heterooligomeric enzyme. A heterooligomeric alcohol
oxidase has been explained in Pichia methanolica yeast [24,
25].
The thermostability region for several enzymesof the
methylotrophic yeasts is around 40°C and up to 50°C.
Interestingly, the activities of (AOint) and (AOext) are
retained at 60°C and 55°C, respectively. Moreover, both
(AOint) and (AOext) are stable over a wide range of alkaline
pH. These two enzymes exert significant activities towards
straight-chain alcohols, and they show the maximum
activities towards methanol. It was observed also that
(AOext) activity for methanol is almost 7 times that of
(AOint).
The basidiomycetes enzymes are able to oxidize aromatic
alcohols [20, 21]. Thermoascus aurantiacus inhabits
environments especially in locations where decomposing
plant materials are abundant, and Thermoascus aurantiacus
is frequently isolated from compost at high frequency [13,
22]. These environments are characterized by high
production as well as storage of aromatic alcohols and
methanol due to the pectin and lignin decomposition. For

this reason T. aurantiacus showed the optimum growth
when cultured on pectin containing medium.
Thermoascus aurantiacus applications
Thermostable cellulase and xylanase show useful
applications in many industries including food, textile,
paper, pulp and animal feed, as well as other chemical
industries. Since these enzymes can be produced by
Thermoascus aurantiacus as it was mentioned in the
previous sections, it is likely that Thermoascus aurantiacus
could be very useful in the mentioned industries. It was
reported that among glycoside hydrolases, cellulases are
potent in the cellulose deconstruction to simple hexose
sugars, which in turn could be converted into ethanol. Thus
Thermoascus aurantiacus finds a great importance in biofuel
industries. The ability of β-glucosidaseto hydrolyse various
β-linked disaccharides, oligosaccharides, alkyl glycosides as
well as aryl glycosides gives a promising indication that this
fungus could help in enhancing the wine aroma, it could also
assist in cellulose hydrolysis process by removing the end-
product inhibition. Xylanases could be very useful in the
production of xylooligosaccharides from various agricultural
wastes. Moreover, it helps in enhancing the nutritional
quality of various animal feeds. Finally it plays an important
role in processing paper pulp [26-30].
Alkyl-glycosides and alkyl-polysaccharides show great
importance in detergent and other industries. Interestingly,
several glycosidases play vital roles in the synthesis of many
alkyl and aryl-glycosides of interest as well as substituted
polysaccharides via transferase reaction process [31-39]. It
was reported that β-glucosidase and xylanase produced by
Thermoascus aurantiacus catalyse the synthesis of
alkylglycosides in the presence of methanol, ethanol,
propanol and butanol. Additionally, the xylanase produced
by Thermoascus aurantiacus catalyse the alkyl- and aryl-
xylooligosaccharides synthesis. These results give promising
evidences that Thermoascus aurantiacus enzymes could be
very useful in the synthesis of commercial alkyl- and aryl-
glycosides [40-45].

2. FUTURE PROSPECT
More studies should be conducted to enhance the production
of industrial thermostable enzymes from Thermoascus
aurantiacus via the application of different statistical
approaches and newly developed molecular biology
methods. Also, more effort should be directed towards
introducing Thermoascus aurantiacus into new hosts for
further studying the deconstruction of plant cell wall.

3. CONCLUSION
This review shows the potential of Thermoascus aurantiacus
in the production of thermostable enzymes mainly cellulases
and xylanase, which are vital to utilize the agricultural
residues for the production of biofuel. Moreover, this fungus
was reported to be very useful in various industries including
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food, textile, paper, pulp and animal feed, as well as other
chemical industries including detergent industry.
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