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ABSTRACT
Marine yeasts have tremendous potential in industrial applications but have received less
attention than terrestrial yeasts and marine filamentous fungi. In this study, we have
screened marine yeasts for amylolytic activity and identified an amylase-producing strain PH-
Gra1 isolated from sea algae. PH-Gra1 formed as a coral-red colony on yeast–peptone–dex-
trose (YPD) agar; the maximum radial growth was observed at 22 �C, pH 6.5 without add-
ition of NaCl to the media. Based on the morphology and phylogenetic analyses derived
from sequences of internal transcribed spacer (ITS) and a D1/D2 domain of large subunit of
ribosomal DNA, PH-Gra1 was designated Sporidiobolus pararoseus. S. pararoseus is frequently
isolated from marine environments and known to produce lipids, carotenoids, and several
enzymes. However, its amylolytic activity, particularly the optimum conditions for enzyme
activity and stability, has not been previously characterized in detail. The extracellular crude
enzyme of PH-Gra1 displayed its maximum amylolytic activity at 55 �C, pH 6.5, and 0%–3.0%
(w/v) NaCl under the tested conditions, and the activity increased with time over the
180-min incubation period. In addition, the crude enzyme hydrolyzed potato starch more
actively than corn and wheat starch, and was stable at temperatures ranging from 15 �C to
45 �C for 2 h. This report provides a basis for additional studies of marine yeasts that will
facilitate industrial applications.
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1. Introduction

Yeasts are ascomycetous or basidiomycetous fungi,
and have been widely used in food, agriculture,
medicine, and biofuels [1]. In addition to terrestrial
environments, yeasts inhabit marine environments
including seawater, sediment, seaweeds, marine
plants and animals. These marine yeasts play a crit-
ical role in biodegradation and nutrient recycling in
the ocean [2]. Moreover, several yeasts are patho-
genic to sea animals [3].

Marine yeasts have gained attention from scien-
tists and industry because of their numerous and
diverse bioactive properties. In the pharmaceutical
industry, marine yeasts such as Rhodotorula glutinis,
Aureobasidium pullulans, and Candida membranifa-
ciens can be used to produce astaxanthin,
siderophore, and riboflavin [4,5]. In addition, mar-
ine-derived Pichia salicaria and Yarrowia lipolytica
produce ethanol and antimicrobial silver nanopar-
ticles, respectively [6,7]. Marine yeasts also serve as
bioresources for industrial enzymes including lipase,
cellulase, inulinase, protease, and xylanase [7–9].

Amylase is a group of enzymes that hydrolyze
the a-glucosidic linkages of starch to form sugars. It
consists of a-amylase, b-amylase, glucoamylase, isoa-
mylase and pullulanase, and is used in the food,
brewing, detergent, and textile industries. Animals,
plants, and microorganisms produce amylolytic
enzymes. In fungi, it is well known that filamentous
species such as Aspergillus oryzae and A. niger
secrete extracellular amylase to digest starch [10,11].
Furthermore, a-amylase and glucoamylase in some
yeast species, including Candida antarctica,
Cryptococcus flavus, Filobasidium capsuligenum,
Lipomyces kononenkoae, Pichia burtonii, and
Schwanniomyces castellii have been characterized
[12–17]. Of the marine yeasts, glucoamylase from A.
pullulans N13d has been studied in detail [18].
Overall, however, amylase-producing marine yeasts
remain poorly understood relative to terres-
trial yeasts.

In this study, we screened marine yeast isolates
for amylolytic activity. An amylase producing strain,
PH-Gra1, isolated from sea algae was identified as a
basidiomycetous yeast Sporidiobolus pararoseus
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based on morphological and molecular analyses.
The effects of temperature, pH, NaCl concentration,
and incubation period on the amylolytic activity of
PH-Gra1 were determined. Moreover, substrate spe-
cificity and stability have been investigated.

2. Materials and methods

2.1. Fungal isolation and culture conditions

Sea algae Grateloupia sp. was collected from
Pohang, Republic of Korea (36.13035.500N,
129.35023.2300E), washed with sterile distilled water
three times, and cut into approximately 1 cm pieces
using a surgical blade. The segments were placed on
potato dextrose agar (PDA; BD Difco, Sparks, MD)
and malt extract agar (MEA; Oxoid, Hampshire,
UK) containing ampicillin (0.01%, w/v), strepto-
mycin (0.01%, w/v), and NaCl (3%, w/v), and incu-
bated at 28 �C for 7 days. The following procedures
were conducted as previously described [19]. After
isolation, the yeast strains were cultured on yeast
extract peptone dextrose (YPD) broth or agar at
28 �C unless otherwise described. PH-Gra1 was
deposited in the Korean Collection for Type
Cultures (strain number KCTC 27936).

2.2. Screening yeast isolates for
amylolytic activity

To obtain amylase-producing marine yeast strains,
amylolytic activity was assessed by culturing yeasts
on nutrient agar containing 0.2% starch
(GeorgiaChem, USA) as previously described [20].
Commercial amylase from A. oryzae (Sigma-
Aldrich, St-Louis, MO, USA) and sterile H2O were
inoculated on the same media as positive and nega-
tive controls, respectively. After incubation at 28 �C
for 7 days, Lugol solution (Sigma) was poured onto
the plates and positive strains were determined by
the presence of a light purple zone around
the colony.

2.3. DNA extraction, PCR, and sequence analysis

To isolate genomic DNA (gDNA), PH-Gra1 was
incubated in YPD broth at 28 �C and 200 rpm for
3 days. Yeast cells were collected by centrifugation at
3,000 rpm for 10min, frozen and ground in a mor-
tar using liquid nitrogen, and suspended in lysis
buffer, following established methods [19].

Polymerase chain reaction (PCR) was conducted
using two primer sets: ITS1 and ITS4 were used to
amplify the internal transcribed spacer (ITS) region
and NL1 and NL4 were used to amplify the D1/D2
domain of a large subunit (26S) of rDNA [21]. The
resultant �0.6-kb DNA segments for each primer

set were purified using a Gel Extraction Kit
(Qiagen, Hilden, Germany). The primer sets above
were used to perform sequencing in the forward
and reverse direction by Macrogen Inc. (http://dna.
macrogen.com/kor). The ITS and D1/D2 sequences
of PH-Gra1 were used as query sequences for
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
search to find sequence similarity. Sequence align-
ment and phylogenetic analyses were performed
using established methods [19].

2.4. Microscopy

For the morphological analysis, PH-Gra1 was cul-
tured in potato dextrose broth (PDB) and YPD
broth at 28 �C and 200 rpm for 2 days. Microscopic
observations were conducted using a Leica CTR6000
microscope (Leica, Wetzlar, Germany).

2.5. Preparation of the extracellular
crude enzyme

PH-Gra1 was inoculated in 10mL of basal media
containing 0.5% (w/v) starch at 28 �C and 200 rpm
for 5 days. Collection, concentration, and buffer
exchange of the supernatant were conducted as pre-
viously described [19]. The extracellular protein in
the resultant crude enzyme was quantified [22], and
a 100 lL solution containing 3 lg protein was used
to assess the amylolytic activity of PH-Gra1 under
various conditions.

2.6. Effect of temperature, pH, concentration of
NaCl, and incubation time on amylolytic activity

A solution of 100 lL of PH-Gra1 crude enzyme con-
taining 3 lg of protein was incubated with 1mL of
0.5% starch dissolved in 20mM sodium phosphate
buffer (pH 6.0) at 15 �C, 22 �C, 30 �C, 37 �C, 45 �C,
and 55 �C for 1 h. For the optimum pH test, the
crude enzyme was incubated with 1mL of 0.5%
starch solution at various pH (20mM acetate buffer
for pH 4.0 and pH 5.0, 20mM sodium phosphate
buffer for pH 6.5 and pH 7.5, and 20mM glycine-
NaOH buffer for pH 9.0 and pH 10.5) at 37 �C for
1 h. For the optimum NaCl level test, the crude
enzyme was incubated with 1mL of 0.5% starch
with a 20mM sodium phosphate buffer (pH 6.0)
supplemented with 0%, 0.1%, 0.5%, 1.5%, 3.0%, and
5.0% (w/v) NaCl at 37 �C for 1 h. To examine the
effect of incubation time on the amylolytic activity
of PH-Gra1, the crude enzyme was incubated with
1mL of 0.5% starch at 37 �C for 0min, 15min,
30min, 60min, 120min and 180min. One milliliter
of the reaction mixture was used to evaluate the
amylolytic activity by DNS assay.
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2.7. Hydrolysis of different starch sources by PH-
Gra1 amylase

The crude enzyme was incubated with 1mL of
20mM sodium phosphate buffer (pH 6.0) contain-
ing 0.5% starch from potato (GeorgiaChem), corn
(Sigma-Aldrich), and wheat (Sigma-Aldrich) at
37 �C and 55 �C for 1 h. One milliliter of the reac-
tion mixture was used to evaluate the amylolytic
activity by DNS assay.

2.8. 3,5-Dinitrosalicylic acid (DNS) assay
The amount of reducing sugar produced by amylase
associated with PH-Gra1 was measured by 3,5-dini-
trosalicylic acid (DNS) assay as previously described
[19] with a few modifications. Starch (0.5% w/v) in a
20mM sodium phosphate buffer (pH 6.0) was used
as a substrate. Blanks of the substrate (starch without
the crude enzyme) and enzyme (crude enzyme with-
out starch) were included as controls. A standard
curve was constructed using maltose monohydrate
dissolved in 20mM sodium phosphate buffer (pH
6.0). The amylolytic activity unit was defined as the
amount of a reducing sugar “maltose” (lmol/mL)
produced per hour under tested conditions.

2.9. Thermal stability of PH-Gra1 amylase

A solution of 100lL of PH-Gra1 crude enzyme con-
taining 3 lg of protein was pre-incubated at 15 �C,
30 �C, 45 �C, 50 �C, 55 �C, and 60 �C for 1 h or 2 h,
and promptly chilled in ice. Thereafter, the crude
enzyme was incubated with 1mL of 0.5% starch
solution in 20mM sodium phosphate buffer (pH
6.0) at 37 �C for 1 h. The residual amylolytic activity
was evaluated by DNS assay as described above, and
the enzymatic activity without pre-incubation was
considered as control and taken as 100%.

2.10. Statistical analysis

The experimental data were analyzed using the
GraphPad Prism software (version 5.0). All

experiments were performed in biological triplicates
unless otherwise indicated. Data were analyzed using
one-way ANOVA followed by a Tukey’s multiple
comparison test.

2.11. Accession numbers

The ITS and D1/D2 sequences of PH-Gra1 were
deposited into GenBank under accession numbers
MK994014 and MK994015, respectively.

3. Results

3.1. Screening of amylase-producing
marine yeasts

Hydrolysis of starch by commercial amylase (posi-
tive control) produced a transparent area with a
light purple periphery on nutrient agar containing
0.2% starch, when treated with Lugol solution
(Figure 1). In contrast, inoculation of sterile H2O
and non-amylase-producing isolates (negative con-
trols) did not give the light purple region under the
same conditions. Based on this result, amylolytic
activity of yeast isolates was determined by the pres-
ence of a light purple halo around the fungal colony
against a navy background. An algae-derived isolate,
named PH-Gra1, exhibited amylolytic activity and
grew readily on nutrient agar, establishing a flat-
tened coral-red colony with smooth surface
(Figure 1).

3.2. Growth of PH-Gra1 in various
culture conditions

Radial growth of PH-Gra1 was examined at various
temperatures, pH, and NaCl concentrations. When
cultured on YPD media, PH-Gra1 grew at 15 �C,
22 �C, and 30 �C whereas growth was not observed
at 37 �C, 45 �C, and 55 �C after 5 days of incubation
(Figure 2(A)). The largest colony was found at
22 �C, and the colony morphology varied with tem-
perature. At 15 �C, PH-Gra1 formed light pink

Figure 1. Yeast isolates tested for amylolytic activity. PH-Gra1 was inoculated onto nutrient agar with 0.2% starch. Lugol solu-
tion was used to visualize the region of starch that had been hydrolyzed by amylolytic activity (“before” ¼ prior to Lugol solu-
tion treatment; “after” ¼ after Lugol solution treatment). Amylolytic activity was determined by the presence of a light purple
region (indicated as white arrows) around the colony against a navy background. Commercial amylase was inoculated on the
same medium as a positive control (þ). Sterile H2O and a non-amylase-producing strain were included as negative con-
trols (�).
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colonies and growth was limited compared to the
growth that formed the coral-red colonies at 22 �C
and 30 �C. The colonies were wrinkled with an
irregular periphery at 15 �C and 22 �C, whereas they
were circular in shape with a smooth surface
at 30 �C.

The pH sensitivity of PH-Gra1 growth was tested
on YPD media at pH 5.0, 6.5, 7.5, 9.0, and 10.5.
The largest colonies were observed at pH 6.5; these
colonies had a wrinkled surface and an irregular
periphery (Figure 2(A)). Growth was drastically and
slightly inhibited at pH 5.0 and pH 10.5, respect-
ively. Round colonies with smooth surfaces were
produced at pH 7.5, 9.0, and 10.5, in contrast to the
wrinkled irregular colonies at pH 6.5.

As PH-Gra1 was derived from marine environ-
ments, the effect of NaCl concentrations on its
growth was investigated. Addition of NaCl to the
medium inhibited growth of PH-Gra1, and growth
did not occur at 8.0% (w/v) NaCl (Figure 2(A)). At

the lowest NaCl concentrations (0 and 0.5% NaCl),
PH-Gra1 formed wrinkled colonies. With increasing
NaCl concentration, the colonies became smaller
with smoother surfaces.

Cells of PH-Gra1 viewed under the microscope
were subglobose or elliptical in shape on PDA and
YPD media (Figure 2(B)). The size was approxi-
mately 2.5–4.0 lm in width � 4.0–7.0 lm in length
(N¼ 10), and bud formation was observed. There
was no detectable difference in cell morphology
between the wrinkled and smooth colonies
described above (data not shown).

3.3. Phylogenetic analysis

Yeast identification by phylogenetic analysis is gen-
erally conducted using both ITS and D1/D2 domain
sequences [23]. The sequences of a 572-bp ITS and
a 594-bp D1/D2 domain segment were analyzed for
molecular identification of PH-Gra1 (GenBank

Figure 2. Growth and morphological characteristics of PH-Gra1. (A) PH-Gra1 spores were sequentially diluted (106, 105, 104,
and 103 in 5ll H2O), inoculated on YPD media, and cultured at different temperatures, pH, and NaCl concentrations. PH-Gra1
exhibited optimum growth at 22 �C, pH 6.5 without addition of NaCl to the media; (B) Microscopic images of budding yeast
cells of PH-Gra1 cultured at 28 �C on YPD. Scale bar ¼ 10lm.
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accession number MK994014 and MK994015,
respectively). A BLAST search using the ITS
sequence as a query revealed that PH-Gra1 showed
a high degree of similarity to Sporidiobolus pararo-
seus CBS 491 (100% identity), S. pararoseus SF1-2
(99.48%), S. pararoseus CBS 5331 (99.30%), and
Sporobolomyces patagonicus CBS 9657 (99.13%). In
a neighbor-joining phylogenetic tree, PH-Gra1 was
placed on the same clade as S. pararoseus CBS 491
and S. patagonicus CBS 9657 (88% degree of confi-
dence) (Figure 3(A)).

A BLAST search conducted using the D1/D2
domain sequence as a query revealed that PH-Gra1

showed a high degree of similarity to S. pararoseus
YG18 (100% identity), S. pararoseus CBS 491
(100%), S. pararoseus KCTC 17092 (100%), and S.
pararoseus CBS 484 (99.66%). The neighbor-joining
phylogenetic analysis of a D1/D2 domain segment
showed that PH-Gra1 belongs to the same clade as
these four species by 76% degree of confidence
(Figure 3(B)). The sequence identity of the PH-Gra1
D1/D2 segment to the corresponding sequence from
S. patagonicus CBS 9657 was 98.82%. Taken
together, based on the morphological and molecular
analyses, PH-Gra1 was identified as a basidiomyce-
tous yeast, S. pararoseus. PH-Gra1 was deposited in

Figure 3. Phylogenetic analysis of Sporidiobolus pararoseus strain PH-Gra1, based on ITS and a D1/D2 domain of large subunit
of rDNA. Neighbor-joining phylogenetic trees generated using sequences of: (A) ITS and (B) a D1/D2 domain of large subunit
of rDNA (LSU). The numbers at nodes indicate the percentage bootstrap values based on 1000 replications (values <50% are
not shown). Sporidiobolus salmonicolor CBS 490 was included as an outgroup taxon. The scale bar indicates the number of
nucleotide substitutions per site.
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the Korean Collection for Type Cultures (strain
number KCTC 27936).

3.4. Effect of temperature, pH, NaCl
concentration, and incubation time on
amylolytic activity of PH-Gra1

The optimum temperature, pH, and NaCl concen-
tration for amylolytic activity were investigated
using 0.5% starch as a substrate. When the substrate
was incubated with crude enzymes from PH-Gra1 at
15 �C, 22 �C, 30 �C, 37 �C, 45 �C, and 55 �C (pH
6.0), the maximum activity was observed at 55 �C
(Figure 4(A)). Amylolytic activities increased grad-
ually with increasing temperature; the amylolytic
activity at 55 �C was approximately six times higher
than the activity at 15 �C.

The effect of pH on amylolytic activity was exam-
ined at pH 4.0, 5.0, 6.5, 7.5, 9.0, and 10.5 (37 �C,
1 h). The maximum and the minimum activities
were observed at pH 5.0 and pH 10.5, respectively
(Figure 4(B)). Amylolytic activity at pH 5.0 was
about twelve times higher than at pH 10.5, and the
activity dropped drastically between pH 6.5 and
pH 7.5.

Amylolytic activity was measured at 0%, 0.1%,
0.5%, 1.5%, 3.0%, and 5.0% (w/v) NaCl concentra-
tions (37 �C, pH 6.0). There were no differences in
the activities from 0% to 3.0% NaCl (p> 0.05 by
one-way ANOVA). The minimum amylolytic activ-
ity was observed at 5% NaCl (Figure 4(C)).

The effect of incubation time on amylolytic activ-
ity was examined at 0, 15, 30, 60, 120, and 180min
(37 �C, pH 6.0). The maximum activity was
observed after 180min incubation, and there was no
significant difference in activities between 15min
and 30min (p> 0.05 by one-way ANOVA).
Amylolytic activity increased in proportion to the
incubation time from 30–180min (Figure 4(D)).

3.5. Hydrolysis of different starch sources by PH-
Gra1 amylase

The extracellular crude enzyme of PH-Gra1 digested
potato starch more actively than corn and wheat
starch (Figure 5). The amylase activity to corn and
wheat starch was 34% and 39% as potato starch,
respectively, at 37 �C and pH 6.0. At 55 �C, the
amylase activity increased in all starch sources com-
pared to at 37 �C, and the activity to corn and wheat

Figure 4. Effects of temperature, pH, NaCl concentration, and incubation time on the amylolytic activity of PH-Gra1. A crude
enzyme solution containing equal amounts of protein was incubated with 0.5% starch at the selected (A) temperature, (B) pH,
(C) NaCl concentration, and (D) incubation time. Amylolytic activity was calculated from the mean and standard deviation of
three biological replicates. Alphabetical letters on the graph indicate differences that are statistically significant (p < .05) by
ANOVA analysis followed by Tuckey’s test.
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starch was 28% and 41% as potato starch,
respectively.

3.6. Thermal stability of the extracellular
amylase of PH-Gra1

To examine thermal stability of PH-Gra1 amylase,
the crude enzyme was pre-incubated at 15 �C, 30 �C,
45 �C, 50 �C, 55 �C, and 60 �C for 1 h or 2 h. When
pre-incubated at 15 �C, 30 �C, and 45 �C, the crude
enzyme showed about 94–98% residual activity rela-
tive to the control (no pre-incubation of the
enzyme). In contrast, the activity significantly
decreased by pre-incubation at 50 �C and 55 �C
exhibiting approximately 43–87% residual activity
relative to the control. The activity dramatically
decreased at 60 �C, retaining approximately 8% of
the control activity (Table 1).

4. Discussion

Compared to terrestrial yeasts, which are widely
used in industrial process, little is known of the
marine-derived yeasts. In the present study, we
screened yeast strains isolated from marine environ-
ments for amylolytic activity to facilitate industrial
applications of marine yeasts.

Based on the phenotypic and phylogenetic analy-
ses, an amylase-producing strain, designated PH-
Gra1, was identified as a basidiomyceteous yeast,
Sporidiobolus pararoseus. As previously described
[24] and demonstrated in this study (Figure 3), S.
pararoseus is closely related to Sporobolomyces pata-
gonicus. The ITS sequences of these two yeasts are
similar (�99% identity), but analysis of the D1/D2

domain sequences showed that these strains are as
distinct species, confirming that PH-Gra1 is S. para-
roseus. Previously, S. pararoseus has been isolated
from fruits, aquatic plants, and green algae [25]. It
is also oleaginous and produces carotenoids and
enzymes including lipase and amylase [26–28].
However, the amylolytic activity of S. pararoseus has
not been characterized in detail, particularly in
terms of optimum conditions and stability of
the enzyme.

Amylase accounts for about 30% of world
enzyme production, and is extensively used in the
textile, food, detergent, and fermentation industries
[29]. Amylolytic enzymes include 3 families of
glycoside hydrolases (GHs): GH 13 (a-amylase [EC
2.1.1.1]); GH 14 (b-amylase [EC3.2.1.2]); and GH
15 (glucoamylase [EC3.2.1.3]). The enzymes a-amyl-
ase, b-amylase, and glucoamylase associated with S.
pararoseus have not been listed within the
Carbohydrate Active enZymes (CAZy) classification
system (http://www.cazy.org). While a-amylase acts
at random locations at the starch chain, resulting in
production of various oligosaccharides including
glucose, glucoamylase acts at the non-reducing end
of starch, resulting in production of glucose [30].
Maltose is one of the main end products generated
by the activity of a-amylase and b-amylase on starch
[31].

Amylolytic activity was maximized at 55 �C, pH
5.0, 0%–3.0% (w/v) NaCl, and 180 mins of incuba-
tion time in the tested conditions (Figure 4). The
optimum temperatures and pH for amylolytic activ-
ity by PH-Gra1 are similar to those previously
reported for amylolytic yeasts and filamentous fungi
[29,32]. For example, optimum amylolytic activity
by Candida antarctica, Cryptococcus flavus,
Lipomyces kononenkoae, Saccharomycopsis fibuligera,
and Talaromyces pinophilus occurs at 50 �C–70 �C
and pH 4.0–6.0. In addition, several filamentous
fungi including Aspergillus awamori, Aspergillus foe-
tidus, Paecilomyces variotii, Trichoderma viride, and
Fusarium vasinfectum produce amylase of which

Figure 5. Hydrolysis of different starch sources by PH-Gra1
amylase. A crude enzyme of PH-Gra1 was incubated with
0.5% starch from potato, corn, and wheat at 37 �C and 55 �C
for 1 h. Amylolytic activity was presented by the mean and
standard deviation of three biological replicates. “�” indi-
cates differences that are statistically significant (p < .05) by
t-test between 37 �C and 55 �C.

Table 1. Thermal stability of extracellular crude amylase of
PH-Gra1.

Pre-incubation
temperature(�C)

Residual activity (%)

1 h pre-incubation 2 h pre-incubation

15 94.59 ± 2.63A,a 94.54 ± 3.65A,a

30 97.03 ± 3.21A,a 98.47 ± 3.24A,a

45 97.84 ± 3.41A,a 95.95 ± 3.92A,a

50 87.34 ± 2.74A,a 74.64 ± 1.15B,b

55 66.72 ± 1.44B,a 43.23 ± 0.85C,b

60 7.78 ± 0.21C,a 7.73 ± 0.20D,a

Residual activities were presented as mean values ± standard errors of
three biological replicates. The letters after mean values indicate signifi-
cant differences at p< .05 by one-way ANOVA followed by Tuckey’s
test. The uppercase letters indicate difference among the tested tem-
peratures at 1 h or 2 h pre-incubation. The lowercase letters indicate
difference between 1 h and 2 h pre-incubation at each temperature.
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maximum activities are observed at 45 �C–70 �C and
pH 4.0–5.0.

Thermal stability provides processing advantages
in enzyme applications, and is a critical factor for
commercial exploitation. Amylolytic activity of PH-
Gra1 was stable up to 45 �C for 2 h, retaining more
than 95% activity relative to the control (no pre-
incubation). After 1 h pre-incubation at 55 �C, which
is the optimum temperature for amylolytic activity
of PH-Gra1, residual activity was approximately
67% relative to the control. A few species such as L.
kononenkoae and A. niger produce amylase stable at
65 �C for 20min and 30min, respectively [32]. On
the other hand, many known fungal amylases of A.
awamori, A. foetidus, C. flavus, and Tetracladium sp.
are stable over the temperature range of
40 �C–50 �C, consistent with thermal stability of PH-
Gra1 amylase [32]. Given the similar optimum con-
ditions and stability, comparative analyses of the
enzyme efficiency in amylolytic fungi, yeasts in par-
ticular, would be required to identify the most
favorable fungal strains for amylase application.
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