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ABSTRACT

Kiuyveromyces sp. CK8 was previously isolated from rotten fruit in northern Thailand
and found to be capable of growing at 45°C. This research aimed to identify the yeast isolate
and to optimize its production of B-galactosidase in synthetic medium using lactose as the
sole carbon source. Molecular identification via phylogenetic analysis, based on comparative
sequence analysis of the 26S rfRNA gene at the D1/D2 domain, revealed that isolate CK8
was Kluyveromyces marxianus. The yeast isolate produced B-galactosidase 5.33 U/ml culture
when cultivated at 37°C for 18 h in Yeast-Malt extract (YM) medium containing 1% (w/v)
lactose as the sole carbon source. Optimization of medium composition for enzyme production
was conducted using 2-Level Factorial experimental design to determine the most relevant
variables of the culture medium composition. Among five parameters, yeast extract, (NH,),SO,
and KH,PO, were significant effectors at p<0.05. A central composite design (CCD) and
response surface plot predicted the highest B-galactosidase activity of 8.94 U/ml culture in
the medium containing (g/1) of the following: yeast extract (0.23), (NH,),SO, (9.64), KH PO,
(7.0), lactose (20) and MgSO,.7H,O (0.1). A validation time course culture study conducted
for 18 h in the optimal medium found that the actual maximum value of enzyme activity
was 8.82 U/ml culture which is 98.66% of the predicted value.

Keywords: B-galactosidase, thermotolerant yeast, medium optimization, 2-level factorial
experimental design, central composite design

1. INTRODUCTION

B-galactosidase or lactase (B-D-
galactosidegalactohydrolase, EC 3.2.1.23)
is an enzyme that catalyzes the hydrolysis
of lactose to D-glucose and D-galactose.
It is an important enzyme which is widely
used in food processing industries especially
in the dairy industry for lactose-free milk

production for lactose intolerant consumers.
In addition, this enzyme has been widely
investigated for galactooligosaccharide (GOS)
synthesis in the functional food industry [1].
The confirmed health claims of GOS have
significantly increased the public’s demand
for food containing GOS, particularly in
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Japan and Europe [2]. Many organisms
naturally synthesize 3-galactosidase, including
microbes, plants and animals. Traditionally,
the most widely used B-galactosidases in
food industries were obtained from microbial
sources such as Saccharomyces cerevisiae,
Kluyveromyces spp. and Aspergillus spp. |3].
Additionally, products obtained from these
microorganisms are generally recognized as
safe (GRAS) for human consumption [4, 5].

Recently, it is accepted that
thermostability has been recognized as an
important characteristic of industrial enzymes
due to the capability of the longer period
of uses [6]. Moreover, the thermostability of
B-galactosidase was suggested to be an
important factor that positively influences
GOS synthesis [7].
thermostable B-galactosidases from Bacillus

The recombinant

stearothermophilus and Thermotoga maritime
were characterized and suggested to be
efficiently used in GOS synthesis [6, 7].
In previous research, we found that
Kiuyveromyees sp. isolate CK8 obtained from
rotten fruit in northern Thailand was
capable of ethanol fermentation at 45°C.
This yeast strain also showed the ability to
utilize lactose as the sole carbon source for
growth and ethanol production. Therefore,
we anticipated that yeast isolate CKS8
would be able to produce thermostable
B-galactosidase. However, this isolate
produced intracellular B-galactosidase in low
quantities and an optimal medium for
achieving higher productivity was required.
The objectives of the current research were
to identify the species of Kiuyveromyees sp. isolate
CKS8, and to optimize its culture medium for
B-galactosidase production.
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2. MATERIALS AND METHODS
2.1 Microorganisms and Seed Preparation
Kiuyveromyces sp. CK8 was maintained on
yeast-malt extract (YM) agar containing w/v
of 0.3% yeast extract, 0.3% malt extract,
0.5% peptone, 1.0% glucose and 2.0% agar,
and periodically transferred into the fresh
medium. The reference strains of Kiuyveromyces
marxianus BCC 7025 and K. marxianus BCC
7049 were obtained from the BIOTEC
Culture Collection (BCC), National Center
for Genetic Engineering and Biotechnology,
Thailand. The seed culture used for the enzyme
production experiment was prepared by
inoculating the yeast strain into 50 ml of sterile
YM broth in a 125 ml Erlenmeyer flask
and incubating the culture at 37°C for 18 h
using an orbital shaker at 180 rpm.

2.2 Identification and Phylogenetic
Analysis

The morphological and biochemical
characteristics of the selected yeast strain
were studied by the standard methods
described by Yarrow [8]. The genomic
DNA was extracted according to the
method described by Sambrook et al. [9].
The D1/D2 domain of 26S rDNA was
amplified by polymerase chain reaction (PCR)
as described by Libkind et al. [10]. Then, PCR
product size was confirmed by 1.0% (w/v)
agarose gel electrophoresis and followed by
purification using the GF-1 AmbiClean Kit
(Vivantis, USA). The D1/D2 26S tDNA
fragment was sent to the 1" BASE Company,
Singapore, for sequencing. The sequence
obtained was aligned using BLAST analysis.
Then, the multiple alighments were performed
by using BioEdit 7.0 and phylogenetic tree
was constructed by MEGA 4.0 program [11].
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2.3 Enzyme Preparation and Assay

Yeast cells were harvested and
resuspended in sodium phosphate buffer
pH 7.0. The assay for B-galactosidase activity
was determined by the modified method
described by Miller [12]. Yeast culture was
centrifuged at 10,000%g at 4°C for 10 min.
Cell pellets were resuspended in 0.1 M
sodium phosphate buffer (pH 7.0) and
washed twice with the same buffer. Yeast cell
permeabilization was carried out using
50% (v/v) ethanol and shaken for 15 min at
4°C as described by Panesar et al. [13].
The permeabilized yeast cells were centrifuged
and washed twice with sterile distilled
water and suspended in the same buffer.
A volume of 0.1 ml of the cell suspension
was combined with 0.9 ml 0.1 M sodium
phosphate buffer pH 7.0 and 0.2 ml of
4 mM o¢-nitrophenyl-B-D-galactopyranoside
(ONPG) was added. The reaction mixture
was incubated at 37°C for 10 min and the

reaction was stopped by adding 1 ml of
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0.5 M sodium carbonate solution (pH 10.0).
The amount of ¢-nitrophenol released in the
supernatant was measured by the absorbance
at 420 nm using a spectrophotometer.
One unit of enzyme activity was defined as
the amount of enzyme that liberated 1 umole
of ¢-nitrophenol per minute under standard
assay conditions.

2.4 Fractional Factorial Design

A fractional factorial design 2°" was used
for screening the most important factors
in medium composition that affected
enzyme production. The liquid media
composed of yeast extract, lactose,
(NH,),SO,, KH,PO, and MgSO,.7H,0O
were prepared at the high and low levels
according to 2-Level fractional factorial design
(Table 1). The data obtained from the
experiment was investigated by regression
analysis using Design Expert program
version 7.0. The experiments were conducted
at 37°C, 180 rpm for 18 h.

Table 1. The high and low level of each variable applied in 2-Level fractional factorial design.

Independent variable Low level (-) High level (+)
Yeast extract (g/L) 0.3 3.0
Lactose (g/L) 5.0 20.0
(NH,),SO, (g/1) 1.2 8.8
KH,PO, (g/1) 10 5.0
MgSO,.7TH,0 (g/1) 0.1 1.0

2.5 Central Composite Design (CCD)
The
compositions obtained from fractional

most significant medium
factorial design were evaluated for the
significant effects and the optimum quantity

was determined statistically using a central

composite design and a response surface
methodology. In this study, the statistical
design for three variables was created for five
different levels of yeast extract, (NH,) SO,
and KH,PO, towards 14 treatments with 3
center point treatments (Table 2 and 5).
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Table 2. Different levels designed by the seventeen factorial designs of three independent

variables.
. Level
Independent variable Symbol
-1.68 -1 0 +1 +1.68
Yeast extract A 0 0.06 0.15 0.24 0.3
(NH)),SO, B 5 7.03 10 12.97 15
KH,PO, C 3 4.42 6.50 8.58 10

In the enzyme production experiment,
the time course of enzyme production by
K. marxianns CK8 was studied by preparing
50 ml of optimal medium in 125 ml
Etlenmeyer flasks to which 1% (v/v) seed
culture was added. Time course was cartied
out at 37°C, 180 rpm for 24 h and sampling
in triplicate at 3 h intervals.

3. RESULTS AND DISCUSSION

In the past, classification of yeasts was
primarily based on morphology and
physiology, in particular the capacity to
assimilate carbon sources. The colony
morphology of Kiuyveromyces sp. isolate CK8
on YM agar medium was cream-white with
a smooth surface after incubation for 48 h at
37°C (Figure la). Microscopically, the cells
are spheroidal, ovoidal or elongate. Asexual
reproduction by multilateral budding and
pscudohyphae formation were observed,
but true hyphae were not formed (Figure 1b

and 1c). The physiological characterization
of isolate CK8 was similar to the two type
strains obtained from BCC, K. marxianus
BCC 7025 and K. marxianus BCC 7049,
isolate CK8 was similarly able to assimilate
D-glucose, D-galactose, sucrose, maltose,
lactose, raffinose, trehalose, inulin and
D-fructose as found with those two type
strains. Additionally, all three strains showed a
similar pattern in fermentation of D-glucose,
D-galactose, sucrose, raffinose, inulin and
D-fructose.

Finally, the isolate CKS8 could be
presumptively identified as Kiuyveromyces
marxianus based on its carbon compound
utilization and maximum growth temperature
of 45°C. Lachance (1998) reported that
K. marxianus 1s the only inulin-assimilating
Kinyveromyces species, but did not assimilate

or ferment O-glucoside and grow well at

37°C [14].

Figure 1. Morphology of Kluyveromyces sp. CK8 on YM agar plate (a), under light microscope

1000x (b) and under scanning electron microscope (S.E.M., bar = 5 um) (c).
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3.1 Molecular Taxonomic Identification
and Phylogenetic Analysis

Molecular taxonomic analysis was
investigated by using the results of
sequencing analysis of the D1/D2 domain
of 26S rDNA in isolate CK8. This genomic
region was amplified by PCR and the DNA
fragment with approximately 600 bp.
The phylogenetic relationships were obtained
by comparing the 26S tDNA D1/D2
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sequences of the isolate CK8 strain with other
Kluyveromyces species. Saccharomyces cerevisiae
strain CBS 1171 was used as an out-group.
The nucleotide sequences of the DNA
fragment of the 26S rRNA D1/D2 gene was
aligned using BLAST analysis, which cleatly
demonstrated that isolate CK8 showed a
99% similarity to Kluyveromyces marxianus.
The phylogenetic tree was demonstrated in
Figure 2.

Kluyveromyces sp. CK8
5 Kluyveromyces marxianus CBS 834

Kluyveromyces marxianus CBS 712

Kluyveromyces marxianus NRRL Y-8281

Kluyveromyces lactis CBS 683

Kluyveromyces dobzhanskii NRRL ¥-1974

Kluyveromyces wickerhamii NRRL Y-8286

Kluyveromyces aestuarii CBS 4438

Saccharomyces cerevisiae CBS 1171

Figure 2. The phylogenetic tree of Kiuyveromyces sp. CK8 among other yeast species in the

genus Kinyveromyces.

3.2 Fractional Factorial Design

The medium composition containing
yeast extract, lactose, (NH,),SO,, KH,PO,
and MgSO,.7H,O was analyzed to determine
the most important factors affecting
B-galactosidase production. According to
2% fractional factorial design matrix, total
16 different media were designated for
B-galactosidase production with 3 center
point treatments (Table 3). The enzyme
activity was assayed and the analysis was
performed by linear regression regarding
the first order model. It was revealed that
(NH,), SO, and KH,PO, were positive
factors while yeast extract was a negative
factor significantly influencing the enzyme
production at p<0.2 (Table 4). Therefore, these

three medium compositions were required
to determine their optimum level by the
central composite design (CCD). Lactose was
classified as a non-significant factor influenced
in the positive way (p<0.5602) on the enzyme
production in contrast to MgSO4 which was
indicated as a non-significant factor
(»p<0.8105) but influenced negatively.
Therefore, they were fixed at their high
(20 g/1llactose) and low level (0.1 g/1 MgSO4),
respectively, in further CCD experiment. The
positive effect of lactose for production of
the enzyme by K. marxianns CKS8 revealed that
the high concentration of lactose was not
required as it was classified as a non-significant
factor for enzyme production.
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Table 3. The treatments of each variable used in 2-Level fractional factorial design for

investigation of factors effecting on B-galactosidase production.

Trials ~ Yeast extract ~ Lactose (NH),SO, KH,PO, MgSO,7H,O [-gal activity
3/} @) @D @/) (3/) (U/m))
1 0.30 5.00 1.20 1.00 1.00 1.22
2 3.00 5.00 1.20 1.00 0.10 1.23
3 0.30 20.00 1.20 1.00 0.10 1.87
4 3.00 20.00 1.20 1.00 1.00 1.10
5 0.30 5.00 8.80 1.00 0.10 2.26
6 3.00 5.00 8.80 1.00 1.00 1.32
7 0.30 20.00 8.80 1.00 1.00 3.32
8 3.00 20.00 8.80 1.00 0.10 1.18
9 0.30 5.00 1.20 5.00 0.10 2.601
10 3.00 5.00 1.20 5.00 1.00 1.69
11 0.30 20.00 1.20 5.00 1.00 2.64
12 3.00 20.00 1.20 5.00 0.10 1.80
13 0.30 5.00 8.80 5.00 1.00 2.63
14 3.00 5.00 8.80 5.00 0.10 1.85
15 0.30 20.00 8.80 5.00 0.10 2.77
16 3.00 20.00 8.80 5.00 1.00 1.20
17 1.65 12.50 5.00 3.00 0.55 1.75
18 1.65 12.50 5.00 3.00 0.55 1.88
19 1.65 12.50 5.00 3.00 0.55 1.79

Table 4. The linear regression analysis of 2-Level fractional factorial design for screening of

parameters influencing enzyme production by Kiuyveronyees sp. isolate CKS8.

Variable Coefficient p-value
Yeast extract - 0.50 0.0005
Lactose 0.064 0.5602
(NH),SO, 0.15 0.1814
KH,PO, 0.23 0.0532
MgSO,.7TH,O - 0.026 0.8105
R?=0.7078

3.3 Central Composite Design (CCD)
To find the optimal quantities of the
significant compositions identified by the
fractional factorial design including yeast
extract, (NH,),SO, and KH,PO,, total 15
different media were created according

to design matrix of central composite
design for enzyme production (Table 5).
The enzyme activity was determined and
analyzed by multiple linear regressions.
The activity values were fitted to quadratic
model and the polynomial equation was



846

generated as equation 1.

B-galactosidase activity (U/ml) = -5.05436
+33.16760 (A)+1.03237 (B)+1.23944
(C)-0.40074 (A)(B)-0.18621 (A)(C)-0.021594
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(B)(C)-59.14882 (A?)-0.036370 (B*-0.061779
© (1)
Where A, Band Care yeast extract, (NH,) SO,
and KH,PO,, respectively.

Table 5. Central Composite designed experiments.

Code setting levels Actual levels Actual  Predicted
Trials A B C Yeast  (NH),SO, KH,PO, activity activity
extract (g/1) (g/1) (U/ml) (U/ml)
/)
1 -1 -1 -1 0.06 7.03 4.42 5.25 5.58
2 1 -1 -1 0.24 7.03 4.42 7.18 7.68
3 -1 1 -1 0.06 12.97 4.42 6.26 6.68
4 1 1 -1 0.24 12.97 4.42 8.31 8.36
5 -1 -1 1 0.06 7.03 8.58 6.34 6.72
6 1 -1 1 0.24 7.03 8.58 8.68 8.68
7 -1 1 1 0.06 12.97 8.58 7.36 7.29
8 1 1 1 0.24 12.97 8.58 8.73 8.82
9 -1.68 0 0 0 10 6.50 6.09 5.68
10 1.68 0 0 0.30 10 6.50 8.92 8.74
11 0 -1.68 0 0.15 5 6.50 7.62 7.10
12 0 1.68 0 0.15 15 6.50 8.23 8.15
13 0 0 -1.68 0.15 10 3 7.68 7.11
14 0 0 1.68 0.15 10 10 8.49 8.45
15 0 0 0 0.15 10 6.50 8.37 8.54
16 0 0 0 0.15 10 6.50 8.59 8.54
17 0 0 0 0.15 10 6.50 8.55 8.54

The results were presented as contour
and quadratic response surface plot as
shown in Figure 3 with ANOVA (Table 6).
The model was significant and reliable
with a p-value of 0.0041 and R? of
0.9211. It was found that yeast extract
(»=0.002), (NH,),SO, (»=0.0446) and
KH,PO, (»=0.0162) maintained their

significant impacts on B-galactosidase
the
(A, B and C) by enhancing the enzyme

production at optimum levels
activity. However, the higher concentration
of those components
diminished the enzyme activity at
»<0.1 (A% p<0.0121; B* p=0.0554;

C2, p=0.0977)

significantly
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Figure 3. Responses surface plot of b-galactosidase production by K. marxianus CK8 cultivated

at 37°C, 180 tpm for 18 h.

Table 6. The result of central composite design.

Term Coefficient p-value
Intercept 8.54 0.0041
A-Yeast extract 0.91 0.0002
B-(NH,),SO, 0.31 0.0446
C-KH,PO, 0.40 0.0162
AB -0.11 0.5431
AC -0.035 0.8412
BC -0.13 0.4481
A? -0.47 0.0121
B? -0.32 0.0554
C? -0.27 0.0977

The optimum medium composition
predicted by this equation was 0.23 g/1 yeast
extract, 9.64 g/1 NH,),SO,, 7 g/1 KH PO,,
20 g/1 lactose and 0.1 g/1 MgSO,.7H,0O
with the predicted B-galactosidase activity
of 8.94 U/ml The
B-galactosidase activity was higher compare

value culture.

to 5.33 U/ml culture obtained from the
cultivation in Yeast-Malt extract (YM) medium
containing 1% (w/v) lactose as the sole
carbon source at 37°C for 18 h. Consideration
on compositions of the optimal medium
obtained from this experiment, the newly
obtained medium was markedly cheaper
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compare to YM medium. This would be
advantageous for enzyme production in the
large scale.

3.4 Time Course Study of Enzyme
Production

The time course study of B-galactosidase
production by K. marxianus CK8 was
carried out to validate a maximum enzyme
production during 18 h cultivation.
The actual value of enzyme activity was
8.82 U/ml culture at 18 h cultivation
which calculated to be 98.66% of the
predicted value. Manera et al. (2008)
optimized culture medium for production
of B-galactosidase from K. marxianus
CCT 7082 and found that the optimum
concentrations (g/l) of constituents were
a lactose of 28.2, yeast extract 17.0, and
(NH,),SO, 8.8 at pH 6.0. Under these
conditions the enzyme activity from
K. marxianus CCT 7082 was 10.6 U/ml [15]
which was higher than the enzyme activity
obtained from K. marxianus CK8. This might
be due to not only the difference of yeast
strain, but the different enzyme preparation
method might be also influenced as our
experiment prepared the enzyme in form of
permeabilized cell while Manera et al. (2008)
used the enzyme extracted by glass bead
[14]. However, the concentration of yeast
extract in the optimal medium obtained
from our experiment was only 0.23 g/I
while 17 g/1 was included in the optimal
medium reported by Manera et al. [15].

4. CONCLUSION

A thermostolerant yeast strain,
Kluyveromyces sp. CK8 was identified to
be Kluyveromyces marxianus, based on
morphological, physiological characteristics

and the sequence analysis of the D1/D2

Chiang Mai J. Sci. 2015; 42(4)

domain on 26S rRNA gene. In addition,
the optimal medium composition for
B-galactosidase production by K. marxianus
CKS8 was determined to be yeast extract
0.23 g/1, NH,),SO, 9.64 g/1, KH,PO, 7 g/I,
lactose 20 g/1 and MgSO,.7H,0 0.1 g/l
The maximum enzyme production was
8.82 U/ml culture at 18 h cultivation.

ACKNOWLEDGEMENTS

This work was financial supported by
the Faculty of Agro-Industry and the
Graduate School, Chiang Mai University,
Chiang Mai, Thailand.

REFFERENCES

[1] Sako T., Matsumoto K. and Tanaka R.,
Int. Dairy J., 1999; 9: 69-80.

[2] GaurR., Pant H., Jain R. and Khare S.K.,
Food Chem., 2006; 97: 426-430.

[3] Husain Q., Crit. Rew. Biotechnol., 2010; 30:
41-62.

[4] Kosseva M.R., Panesar PS., Kaur G. and
Kennedy J.E, Int. Biol. Macromol., 2009; 45:
437-447.

[5] Panesar P.S., Panesar R., Singh R.S,,
Kennedy J.F. and Kumar H., J. Chem.
Technol. Biotechnol., 2006; 81: 530-543.

[6] Chen W., Chen H., Xia Y., Zhao ],
Tian F and Zhang H., |. Dairy Sez., 2008;
91: 1751-1758.

[7] Kim CS., Ji E.S. and Oh DK, J. Al
Microbiol,, 2004; 97(5): 1006-1014.

[8] Yarrow D., Methods for Isolation,
Maintenance and Identification of Yeasts;
in Kurtzman C.P. and Fell ].W,, eds., The
Yeasts: A Taxonomic Study, 4™ Edn.,
Elsevier, Amsterdam, 1998: 77-100.

[9] Sambrook J., Fritsch E.F. and Maniatis
T., Molecular Cloning: A Laboratory Manual,



Chiang Mai J. Sci. 2015; 42(4)

Cold Spring Harbor Laboratory Press,
New York, 1989.

[10] Libkind D., Brizzio S., Ruffini A.,
Gadanho M., van Broock M. and

Sampaio J.P., Antonie van Lecuwenhoek,
2003; 84: 313-322.

[11] Tamura K., Dudley J., Nei M. and
Kumar S., Mol. Evol., 2007; 24: 1596-1599.

[12] Miller J.H., Experiments in Molecular
Genetics, Cold Spring Harbor Laboratory
Press, New York, 1972.

849

[13] Panesar P.S., Panesar R., Singh R.S. and
Bera M.B., Res. J. Microbiol., 2007; 2:
34-41.

[14] Lachance M.A., Kluyveromyces van der
Walt emend. van der Walt; in Kurtzman
C.P. and Fell J.W., eds., The Yeasts:
A Taxonomic Study, 4™ Edn., Elsevier,
Amsterdam,1998: 227-247.

[15] Manera A.P., Ores J.C., Ribeiro V.A,,
Burkert C.A.V. and Kalil S.J., Food Technol.
Biotechnol., 2008; 46: 66-72.



