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Abstract

Total 427 yeast strains from seawater, sediments, mud of
salterns, guts of the marine fish, and marine algae were
obtained. After inulinase activity of the yeast cultures was
estimated, we found that four strains (OUC1, G7a,
OUC2, and G7al) of the marine yeasts grown in the
medium with inulin could secrete a large amount of
inulinase into the medium. The results of routine
identification and molecular methods show that they
belong to Pichia guilliermondii OUCIL, Cryptococcus
aureus G7a , Yarrowia lipolytica OUC2, and Debaryomy-
ces hansenii G7al, respectively. The optimal pHs of
inulinase activity produced by them were 6.0, 5.0, 5.0, and
5.0, respectively, while the optimal temperatures of inuli-
nase activity produced by them were 60°, 50°, 60°, and
50°C, respectively. A large amount of monosaccharides and
a trace amount of oligosaccharides were detected after the
hydrolysis by the crude inulinase produced by P. guillier-
mondii OUC], indicating that the crude inulinase had a
high exoinulinase activity while a large amount of
monosaccharides and oligosaccharides were detected after
inulin hydrolysis by the crude inulinase produced both by C.
aureus G7a and D. hansenii G7al. However, no mono-
saccharides and disaccharides were detected after inulin
hydrolysis by the crude inulinase produced by Y. lipolytica
OUC2, suggesting that the crude inulinase had no
exoinulinase activity.

Introduction

Yeast has been used in food and other industries for ages.
They have earned acceptability for long and are consid-
ered natural. Yeasts are also considered to be easier to
handle and grow, in comparison to bacteria. Many

Correspondence to: Zhenming Chi; E-mail: zhenming@sdu.edu.cn

hydrolytic enzymes such as amylase, lipase, protease, and
phytase have been commercially produced by yeasts.
Among the enzymes, inulinase has received much atten-
tion as it can be widely applied to production of fuel
ethanol and high fructose syrup from inulin. Inulin is a
linear B-(2, 1)-linked fructose polymer that occurs as a
reserve carbohydrate in Jerusalem artichoke, dahlia
tubers, or chicory root [13, 15]. Fructose is widely used
in many foods and beverages instead of sucrose. Inulin
can be converted into fructose by chemical approach.
However, the chemical approach is currently associated
with some drawbacks [6, 13]. Fructose can also be
produced from starch by enzymatic methods involving o-
amylase, amyloglucosidase, and glucose isomerase [13].
The best procedure involves the use of microbial inulinase,
which after one step enzymatic hydrolysis of inulin, yields
95% pure fructose. Inulinase is produced by many micro-
organisms, such as Kluyveromyces, Aspergillus, Staphylococ-
cus, Xanthomonas, and Pseudomonas. Yeasts such as
Kluyveromyces fragilis, Kluyveromyces marxianus, Candida
kefyr, Debaryomyces cantarelli and fungi, Penicillium and
Aspergillus species are common inulinase producers [13].
Among the yeasts which can produce inulinases, strains of
Candida sp., Sporotrichum sp., Pichia sp., and Kluyveromyces
sp., two species of K. fragilis and K. marxianus, have high
potential for producing commercially acceptable yields of
the enzyme [13]. However, there has been no report
about inulinase and inulinase production from marine
yeasts [3].

After we screened over 400 marine yeast strains from
different marine environments, we found that some
marine yeast strains could secrete a large amount of inulinase
into medium prepared with seawater or artificial seawater.
The main purpose of the present study was to analyze
diversity of inulinase-producing marine yeasts. We also
identified the hydrolysis products of inulin by the crude
inulinases produced by the inulinase-producing marine
yeasts. To our knowledge, this is the first report that the
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Table 1. Sources of the four inulinase-producing marine yeasts
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Strains ouc2 OoUClI

G7a G7al

Sources Marine algae, Qingdao, China

Marine algae, Qingdao, China

Sediment of China
South Sea

Sediment of China South Sea

Sediment (20°C and pH 8.1 and 2.89% salinity) of China South Sea was collected at 100 m depth and in summer of 2004. OUC2 was isolated from the
surface of Sargassum sp. and OUCI was isolated from the surface of Grateloupia sp.

yeasts derived from the marine environment can produce
extracellular inulinase.

Methods

Sampling.  Different samples of seawater and sedi-
ments in China South Sea (100 m depth, 20°C, pH 8.1 and
2.89% salinity, summer of 2004), Indian Ocean (50 m
depth, 25°C, pH 8.1 and 2.89% salinity, summer of 2005),
and the Pacific Ocean (200 m depth, 20°C, pH 8.1 and
2.89% salinity, winter of 2004) were collected during the
Antarctic exploration in 2004 and hypersaline sea water
(1 m depth, 26°C, pH 8.1 and 15% salinity, Spring of
2004), sediments of the salterns (1 m depth, 26°C, pH 8.1
and 15% salinity, Autumn of 2004), different species of
marine animals and algae along the coast of Qingdao,
China (10 m depth, 15°C, pH 8.1 and 2.89% salinity,
Autumn of 2005) were also collected.

Isolation of Marine Yeasts. ~ Two milliliters of the
seawater or 2.0 g of the sediments or 2.0 ml of homog-
enized guts of marine animals or homogenized marine
algae were suspended in 20.0 ml of YPD medium con-
taining 2.0% glucose, 2.0% polypeptone, and 1.0% yeast
extract prepared with seawater and supplemented with
0.05% chloramphenicol immediately after sampling and
cultivated at natural temperature on the ship for 5 days.
After suitable dilution of the cell cultures, the dilute was
plated on YPD plates with 0.05% chloramphenicol and
the plates were incubated at 20-25°C for 5 days. Different
colonies from the plates were transferred to the YPD
slants, respectively.

Inulinase Production.  One loop of the cells of
each yeast strain from the slants was transferred to 50 ml

oucC2

OUCl1

of YPD medium in 250 ml flask and aerobically cultivated
for 24 h. The cell culture (5 ml, ODgypnm=20.0) was
transferred to 45 ml of the production medium which
contained inulin 4.0%, K,HP0, 0.3%, yeast extract 0.5%,
pH 5.0 prepared with seawater and grown by shaking at
170 rpm and 28.0°C for 3 days.

Determination of Inulinase Activity. The
fermented broth was centrifuged at 2823xg and 4°C for
5 min and the supernatant obtained was taken as a crude
enzyme. The reaction mixture containing 0.1 ml of the
crude enzyme and 0.9 ml of acetate buffer (0.1 M, pH 5.0
or pH 6.0) with 2.0% inulin was incubated at 50° or
60°C for 10 min. The reaction was inactivated
immediately by keeping the reaction mixture at 100°C
for 10 min. The same mixture to which the same amount
of the inactivated crude enzyme (heated at 100°C for
10 min) was added before the reaction was used as the
control. The amount of reducing sugar in the reaction
mixture was assayed by the method of Nelson—
Somogyi [18]. One inulinase unit (U) was defined as
the amount of enzyme that produces one micromole of
reducing sugar per minute under the assay conditions
used in this study.

DNA Extraction and PCR.  The total genomic
DNA of the yeast strains was isolated and purified by
using the methods as described [16]. Amplification and
sequencing of 18S rDNA and ITS from the yeasts were
performed according to the methods described [4].

Phylogenetic Analysis and Identification of the
Yeasts.  The sequences obtained above were aligned
by using BLAST analysis (http://www.ncbi.nlm.nih.gov/
BLAST). For comparison with currently available sequen-

Figure 1. Photographs of colonies of
the four inulinase-producing marine
yeasts. Medium: YPD medium; tem-
perature: 28°C; incubation time: 3 days.
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Figure 2. Microphotographs of vegetable cells of the four inulinase-producing marine yeasts. Medium: YPD medium; temperature: 28°C;

incubation time: 24 h.

ces, several sequences were retrieved with over 98%
similarity belonging to different genera from NCBI
(http://www.ncbi.nlm.nih.gov) and multiple alignment
was performed by using Bioedit 7.0. The routine identi-
fication of the yeasts was performed by using the methods
as described [9]. The fermentation tests and assimilation
tests were carried out at 25°C and with the media at
natural pH and with 2.81% salinity.

Effects of pH and Temperature on Inulinase
Activity.  The effects of pH on the enzyme activity
were determined by incubating the culture supernatant at
different pH between 4.0 and 7.0 using the standard assay
conditions described above. The buffers used were 0.1 M
citric acid—sodium citrate buffer (pH 3.0), 0.1 M acetate
buffer (pH 4.0-5.0), and 0.1 M phosphate buffer (pH 6.0—
8.0). The optimal temperature for activity of the enzyme
was determined at 40°, 45°, 50°, 55°, 60°, and 65°C in
the same buffer as described above.

Inulin Hydrolysis.  Inulin hydrolysis was carried
out by incubating the reaction mixture containing 900
pl of 2.0% inulin in 0.1 M acetate buffer (pH 5.0 or pH
6.0) and 900 ul of 120 U ml™" of the concentrated crude
enzyme at 50° or 60°C for 16 h. One microliter of the
end products of inulin hydrolysis after the incubation at
50° or 60°C were withdrawn and identified to ascertain
the extent of hydrolysis by ascending thin layer
chromatography (Silica gel 60, MERCK, Germany) with

Table 2. The fermentation of different carbohydrates by the
marine yeast strains

ouc2 OUCl1 G7a G7al
Glucose - + - +
Sucrose — + — —
Maltose - - - -
Lactose — — — —
Galactose - - - -
Raffinose - + - -
Melibiose - - - -

the solvent system of n-butanol-pyridine-water (6:4:3)
and a detection reagent comprising 2.0% diphenylamine
in acetone—2.0% aniline in acetone—-85% phosphoric acid
(5:5:1 by volume).

Results

Screening of the Inulinase-producing Yeasts.  Many
terrestrial yeasts have been confirmed to have capacity to
produce a large amount of inulinase [6, 13]. Therefore,
we want to know if such yeasts exist in marine environments.
After over 400 yeast strains from seawater, sediments, guts of
the marine fish, and marine algae were screened, we found
that four strains (OUC1, OUC2, G7a, and G7al) of the
marine yeasts grown in the medium with inulin could secrete
a large amount of inulinase into the medium (data not
shown). As shown in Table 1, the four marine yeast strains
were isolated from marine algae at Changdao island in
China and sediment of China South Sea, respectively. The
colony of the yeast strain G7a was pink and butyrous, and its
vegetative cells were reproduced by budding (Figs. 1 and 2).
There were not elaborate pseudohyphae and ascospores
(data not shown). The colony of the yeast strain OUC2
was white to cream and butyrous to membranous and its

Table 3. The assimilation of different kinds of carbohydrates by
the marine yeast strains

Strains ouc2 OuUClI G7a G7al
Glucose + + + +
Sucrose + + + +
Lactose - — + +
Xylose + + + +
Maltose + + + +
Cellobiose +/w + + +
Fructose + + + +
Starch - - +/s -
Galactose + + + +
Raffinose + + + +
Melibiose - + + +
L-arabinose +/w + + +
D-arabinose + - + +

Fermentation was carried out at 25° and on the media with 2.0% sugars
at natural pH [9].
+: positive; —: negative

Assimilation was performed at 25° and on the media with 0.5% sugars at
natural pH [9].
+: positive; — negative; s: slow; w: weak
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Figure 3. Consensus tree of the isolates
based on 4 18S rDNA gene sequences
obtained in this study and 12 previously
published sequences obtained from
GenBank. The out-group we used was
Cafeteria roenbergensis. The numbers
above the branches are bootstrap, only
values >54% are shown.

vegetative cells reproduced by budding (Figs. 1 and 2).
There were elaborate pseudohyphae and/or septate hyphae
and persistent asci containing up to four rough oval,
round and hat saturn- or walnut-shaped ascospores (data

not shown). The colony of the yeast strain OUCI was
white to cream and butyrous. The vegetative cells of this
strain were reproduced by budding (Figs. 1 and 2). There
was a pseudohyphae. The ascospores formed were hat-
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Cryptococcus aureus-AB085802

Cryptococcus laurentii-AJ876527

Geotrichum cucujoidarum-DQ143890

G7a1

80

77

83

saccharomycete sp. jbra291-AY796119
Debaryomyces hansenii-DQb68354

Candida atmosphaerica-CAT539369

100

Candida sinolaborantium-AY964676

ouct

67

Pichia guilliermondii-DQ668353

Candida intermedia-DQ680837

% Yarrowia lipolytica-DQB67974
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Figure 4. Consensus tree of the isolates
based on four ITS sequences obtained
in this study and 10 previously pub-
lished sequences obtained from Gen-
Bank. The out-group we used was
Gianda intestinalis. The numbers above
the branches are bootstrap, only values
>48% are shown.



726

L. GAO ET AL.: EVALUATION OF INULINASE-PRODUCING MARINE YEASTS

Table 4. The accession numbers of ITS and 18S rDNA from the four inulinase-producing marine yeasts

Strains ouc2 OUCl1 G7a G7al
Accession numbers of ITS DQ681356 DQ681368 DQ659337 EF061757
The relationship (%) with 93 51 100 83
the closest relatives

Accession numbers of 18S EF051577 DQ821711 DQ437076 EF061756
rDNA

The relationship (%) with 100 97 98 84

the closest relatives

The closest relatives Yarrowia lipolytica

Pichia guilliermondii

Cryptococc us aureu Debaryomy ces hanseni

shaped (data not shown). The colony of the yeast strain
G7al was white to cream and butyrous and its vegetative
cells reproduced by budding (Figs. 1 and 2). There were
filaments, none, or simple pseudohyphae. The persistent
asci containing 1 or 2 rough, round ascospores was formed
(data not shown).

Physiological and Biochemical Characteriza-
tion.  Tables 2 and 3 show fermentation spectra and
carbon source assimilation spectra of the marine yeasts
obtained in this study. Based on the fermentation spectra
and carbon source assimilation spectra of the marine yeasts
and those of the type strains listed in “The yeast: a
taxonomic study” [9] and the type strain identified [19],
we found that strains OUC2, OUCI1, G7a, and G7al
looked similar to Yarrowia lipolytica, Pichia guilliermondii,
Cryptococcus aureus, Debaryomyces hansenii, respectively.

Phylogenetic Analysis of Partial Sequences of the
185 rRNA Genes and ITS. According to [9],
traditional and routine identification methods which
depend on phenotype, are usually leading to uncertain and
inaccurate interpretations of species interaction. Sequence
analysis of phylogeny for microbial taxonomy is a more
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Figure 5. The optimal pHs of the crude inulinases produced by
the four marine yeasts. Data are given as meanstSD, n=3. Strain
OUC2 (filled diamond); strain OUCI (filled square); strain G7a
(filled triangle); strain G7al (x mark). The buffers with 1.8% (w/v)
inulin; temperature: 50°C; incubation time: 10 min.

accurate method for determining inter- and intraspecific
relationships. Therefore, 18S rDNA partial sequences and
ITS of the yeast strains were determined and aligned by using
BLAST analysis (http://www.ncbi.nlm.nih.gov/BLAST).
Phylogenetic trees were constructed by using PHILIP
software package version 3.75¢ [5]. Distance matrices were
generated by the DNADIST program based on Kimura’s
two-parameter model [8]. Neighbor-joining analysis of the
data sets was carried out with the program Neighbor of the
PHYLIP package. Cafeteria roenbergensis (heterotrophic
flagellates) and Gianda intestinalis were used as out-
groups during the construction of consensus trees of
the isolates based on 18S rRNA gene sequences and ITS,
respectively. The search for the similarity between 18S
rDNA sequences and ITS of the isolates and those in the
NCBI database shows that many phylogenetically related
yeast species were similar to the marine yeast strains
obtained in this study. Phylogenetic relationships of 18S
rDNA sequences and ITS of the marine yeast strains
were shown in Figs. 3 and 4 and their Genbank accession
numbers are shown in Table 4. The topology of the
phylogram in Fig. 3 confirms that a 98% bootstrap value, a
100% bootstrap value, a 97% bootstrap value, and a 84%

70 T
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Inulinase activity (U/ml)

10

O 1 1 1 1 1 1
40 45 50 55 60 65 70

Temperature (°C )

Figure 6. The optimal temperatures of the crude inulinases
produced by the four marine yeasts. Data are given as means+SD,
n=3. Strain OUC2 (filled diamond); strain OUC1 (filled square);
strain G7a (filled triangle); strain G7al (x mark). Acetate buffer or
phosphate buffer (0.1 M, pH 5.0 or 6.0) with 1.8% (w/v) inulin;
incubation time: 10 min.
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Figure 7. Thin layer chromatography of hydrolysis products of inulin
of OUC2 and G7al. Lane 1 Control (inulin + inactivated inulinase
produced by yeast strain OUC2); 2 the hydrolysis products of inulin
at the catalysis of inulinase produced by yeast strain OUC2;

3 fructose; 4 sucrose; 5 kestose(trisaccharides); 6 tetrasaccharide;

7 control (inulin + inactivated inulinase produced by yeast strain
G7al); 8 the hydrolysis products of at the catalysis of inulinase
produced by yeast strain G7al. The inactivated inulinase was
obtained by heating at 100°C for 10 min. The end products of inulin
hydrolysis were analyzed by using TLC plate (Silica gel 60, MERCK,
Germany) with the solvent system n-butanol-pyridine-water

(6:4:3) and a detection reagent comprising 20 g/l diphenylamine

in acetone—20 g/l aniline in acetone—850 g/l phosphoric acid (5:5:1
by volume).

bootstrap value were detected between 18S rRNA gene
sequence of strain G7a and that of C. aureus, between 18S
rRNA gene sequence of strain OUCI1 and that of Y. lipolytica,
between 18S rRNA gene sequence of strain G7al and that
of D. hansenii, between 18S rRNA gene sequence of strain
OUCI, and that of P. guilliermondii, respectively, while ITS
sequence of strain G7a had 100% match with that of
C. aureus, ITS sequence of strain OUC2 had 93% match
with that of Y. lipolytica, ITS sequence of strain G7al had
83% match with that of D. hansenii, and ITS sequence of
strain OUCI had 51% match with that of P. guilliermondii.
Therefore, strain OUC2 was closely related to Y. lipolytica,
whereas strain OUC1 could be in close relationship to
P. guilliermondii. The strain G7a was assigned to C. aureus.
18S rDNA sequences and ITS of yeast strain G7al was
identical to those of D. hansenii, respectively.

Effects of Different Temperature and pH on Activity
of the Crude Inulinases.  The results in Fig. 5 show
that the optimal pH for the crude inulinase produced by
the marine yeast strain OUCI were 6.0 while the optimal
pHs for the crude inulinase produced by the marine yeast
strain OUC2, G7a, and G7al were 5.0. It can be observed
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Figure 8. Thin layer chromatography of hydrolysis products of
inulin with concentrated inulinase produced by yeast strain G7a.
Lane 1 control (inulin + inactivated inulinase); 2 hydrolysis products;
3 fructose; 4 sucrose; 5 kestose (trisaccharides); 6 tetrasaccharides.
The inactivated inulinase was obtained by heating at 100°C for

10 min. The end products of inulin hydrolysis were analyzed by
using TLC plate (Silica gel 60, MERCK, Germany) with the solvent
system n-butanol-pyridine—water (6:4:3) and a detection reagent
comprising 20 g/l diphenylamine in acetone-20 g/l aniline in
acetone—850 g/l phosphoric acid (5:5:1 by volume).
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Figure 9. Thin layer chromatography of hydrolysis products of
inulin with concentrated inulinase produced by yeast strain OUCI.
Lane 1 control (inulin + inactivated inulinase); 2 hydrolysis
products; 3 fructose; 4 sucrose; 5 kestose (trisaccharides). The
inactivated inulinase was obtained by heating at 100°C for 10 min.
The end products of inulin hydrolysis were analyzed by using TLC
plate (Silica gel 60, MERCK, Germany) with the solvent system
n-butanol-pyridine-water (6:4:3) and a detection reagent com-
prising 20 g/l diphenylamine in acetone-20 g/l aniline in acetone—
850 g/l phosphoric acid (5:5:1 by volume).
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Table 5. Inulinase activities in the four marine yeasts

Strains OUCI ouc2 G7a G7al
Inulinase 39.56+1.0 62.85+1.2 52.37+0.9 52.53+0.8
activities

(U/ml)

Data are given as means+SD, n=3; pH: 5.0 or 6.0; temperature: 50° or
60°C; inulin concentration: 1.8% (w/v).

from the results in Fig. 6 that the optimal temperatures
of the crude inulinases produced by the marine yeast
strains OUC2 and OUCI1 were 60°C, while the optimal
temperatures of the crude inulinases produced by the
marine yeast strains G7a and G7al were 50°C.

Inulin Hydrolysis.  The products of hydrolysis of
inulin were studied using a combination of the con
centrated crude inulinases and inulin. A total of 900 ul of
the concentrated supernatant was added to 900 pl of 2.0%
inulin in acetate buffer (0.1 M, pH 5.0 or pH 6.0). The
mixtures were water-bathed at 50° or 60°C for 16 h. The
hydrolysis products were analyzed by thin-layer
chromatography (TLC). The results in Fig. 7 show that
only oligosaccharides, but no monosaccharides and
disaccharides, were detected after inulin hydrolysis by the
crude inulinase produced by Y. lipolytica OUC2, suggesting
that the crude inulinase of the strain had no exoinulinase
activity. However, it can be seen from the data in Figs. 7
and 8 that a large amount of both monosaccharides and
oligosaccharides were detected after inulin hydrolysis by the
crude inulinase produced both by D. hansenii G7al and
C. aureus G7a. Meanwhile, Fig. 9 shows that a large amount
of monosaccharides and a trace amount of oligosaccharides
were detected after the hydrolysis by the crude inulinase
produced by P. guilliermondii OUCI, indicating that the
crude inulinase of these strains had a high exoinulinase
activity.

Discussion

In recent years, we have found that diversity of marine
yeasts is very rich. However, to our knowledge, marine
yeast is still an untouched bioresource for extracellular
enzyme production [3]. It is very interesting to observe
from the results obtained in this study that many species
of inulinase-producing marine yeasts occurred in the
marine environments (Table 1).

The results of routine identification and molecular
methods show that the marine yeast strains OUC1, G7a,
OUC2, and G7al obtained in this study belong to
P. guilliermondii, C. aureus, Y. lipolytica, and D. hansenii,
respectively (Figs. 1, 2, 3, and 4; Tables 2 and 3). So far,
the terrestrial yeasts such as K. fragilis, K. marxianus,
C. kefyr, D. cantarelli, and fungi, Penicillium and
Aspergillus species have been found to be the common
inulinase producers [13]. Among the terrestrial yeasts
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which can produce inulinases, strains of Candida sp.,
Sporotrichum sp., Pichia sp., and Kluyveromyces sp., two
species of K. fragilis and K. marxianus, have high
potential for producing commercially acceptable yields
of the enzyme [13]. Therefore, it is the first time for us
to report that P. guilliermondii, C. aureus, Y. lipolytica,
and D. hansenii from the marine environments can secret
over 40 U/ml of inulinase into the medium. Some strains
of terrestrial P. guilliermondii have been widely applied
to biocontrol of molds on grains, fruit and vegetable
[14]. C. aureus has been described only in recent years
[19]. Many strains of terrestrial Y. lipolytica have been
found to have wide uses in dairy and fermentation
industries [12] and some strains of marine Y. lipolytica
were found to have high ability to degrade oil pollutants
in marine environments [11]. D. hansenii is a common
member in the salty environments [1]. So, we think that
the four marine yeasts obtained in this study could be
safely applied in food and fermentation industries.

The results in Fig. 5 show that the optimal pH for
the crude inulinase produced by the marine yeast strain
OUC1 was 6.0 and the optimal pHs for the crude
inulinase produced by the marine yeast strain OUC2,
G7a, and G7al were 5.0 while the results in Fig. 6
demonstrate that the optimal temperatures of the crude
inulinases produced by the marine yeast strains OUC2
and OUCI were 60°C and the optimal temperatures of
the crude inulinases produced by the marine yeast strains
G7a and G7al were 50°C. The optimum pH for inulinase
secreted by K. marxianus was 4.4 and optimal temper-
atures for inulinase from K. fragilis and K. marxianus
were 55°C [10, 13]. The maximum inulinase activities for
K. marxianus var. bulgaricus were observed at 50° and
60°C [2]. This means that the optimal pH and tem-
perature for the crude inulinases produced by the marine
yeast strains were in agreement with those for inulinases
produced by terrestrial yeasts.

The results in Table 5 indicate that inulinase activ-
ities by the four marine yeasts reached over 40.0 U ml".
Using inulin as substrate, the highest production of
inulinase was 2.8 U ml™" using Candida pseudotropicalis.
When the yeasts grew in Jerusalem artichoke tubercles
extract, around 90% of the enzymatic activity was
accumulated in the medium and much higher levels of
inulinase activity were obtained: 14.6 U ml™" for C. kefyr,
18.7 U ml™ for C. pseudotropicalis, 18.4 U ml™" for K.
marxianus var. bulgaricus, and 14.3 U mI™" for K. fragilis.
In dry Jerusalem artichoke extract, higher inulinase pro-
duction was obtained after 7-day fermentation, using K.
marxianus var. bulgaricus [2]. Inulinase yield of 40.5 U ml™"
of K. marxianus var. bulgaricus in an optimized medium
containing inulin (3.5%), beef extract (0.5%), MnSO,
(0.5 mM), CoCl, (0.05 mM), SDS (0.4 mM), and pH 6.5
at 30°C under agitation (150 rpm) for 60 h has been
obtained at shake flask level [17]. Inulinase gene inuAl
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from Aspergillus niger AF10 was overexpressed in Pichia
pastoris and inulinase activity reached 50.6 U mI™" in the
fermentation liquid after 72 h [20]. The INUI gene
encoding an exoinlinase from K. marxianus KW02 was
expressed in P. pastoris. The enzyme activity of recombi-
nant P. pastoris in the fermentation liquid was 52.0 U ml™
[21]. This demonstrates that inulinase activity produced
by the marine yeasts obtained in this study reached very
high level and the four marine yeast strains may also have
highly potential applications in inulin hydrolysis.

The results in Fig. 9 indicate that the crude inulinase
produced by P. guilliermondii OUCI had a high exoinu-
linase activity. Such inulinase could be used to hydrolyze
inulin to produce ultra-high fructose syrups and high
concentration ethanol as a large amount of monosacchar-
ides, such as fructose will be released from inulin at the
catalysis of the enzyme [6, 13, 15]. The data in Fig. 7 reveal
that the crude inulinase produced by Y. lipolytica OUC2
had no exoinulinase activity. Such inulinase could be used to
hydrolyze inulin to yield inulooligosaccharides which have
wide applications in various types of foods like confection-
ery, fruit preparations, milk desserts, yogurt and fresh
cheese, baked goods, chocolate, ice cream, and sauces [7].

To develop some new techniques for production of
ultra-high fructose syrups, high concentration ethanol
and inulooligosaccharides from inulin by using the unique
inulinases produced by the marine yeasts, the further
research work on the inulinases and the marine yeasts is
being undertaken in this laboratory.
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