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Abstract 

A β-galactosidase-producing bacterium, strain KNOUC114 isolated from a hot spring was identified, and its 
gene of β-galactosidase and properties of the enzyme were studied. The strain KNOUC114 showed typical 
properties of genus Thermus with phenotypic characteristics of rod-shape (0.2x3.5μm), Gram negative, 
non-motile, endospore not observed, forming yellow-pigmented colonies, growing aerobically and optimally at 
68-70℃. The strain could grow at the temperature above 80℃, which is a typical characteristic of Thermus 
thermophilus. The main cellular fatty acids of KNOUC114 were isobranched-C17:00 and C15:00 fatty acids that are 
the predomonant acyl chains of the strains of genus Thermus. In pylogenetic analysis based on 16S rDNA 
sequence, the strain KNOUC114 was finally identified as Thermus thermophilus species, and named as Thermus 
thermophilus KNOUC114. The β-galactosidase gene of KNOUC114 (KNOUC114β-gal) was cloned and 
expressed in Eschericia coli. KNOUC114β-gal was composed of 1938bp encoding 645 a.a with deduced MW. of 
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72,784 dalton. The purified recombinant β-galactosidase of KNOUC114 (KNOUC114β-gal) reacted optimally at 
pH 5.7 and 85℃, possessed good activity at the pH of raw milk and the temperature of HTST for raw milk, and 
was stable at the temperature of HTST and at the pH of raw milk, meaning that KNOUC114β-gal is suitable to 
be used for hydrolyzation of lactose in raw milk during HTST pasteurization of raw milk. 

Keywords: β-galactosidase-producing bacterium, Thermus thermophilus, Gene of β-galactosidase 

1. Introduction 

Thermophilic bacteria can be used in industrial and biotechnological process owing to the production of 
thermozymes which are active and stable at high temperature. Since the discovery of Thermus aquaticus in 1969 
(Brock and Freeze 1969), thermophiles prosper at 60-80℃ and hyperthermophiles optimally growing at 
temperature higher than 80℃ were found in geothermal areas( Degryse et al. 1978) and deep sea hydrothermal 
vents (Stetter 1982). Thermus (Otsu et al. 1998), and Geobacillus (Soliman 2008) were widely investigated for 
the thermostable and thermophilic enzymes useful in industry, and archaea such as Pyrococcus (Wanarska et al. 
2005) and Sulfolobus (Pisani et al. 1990) were also studied. Thermozymes are industrially favorable due to long 
half life because of the high stability of its tertiary structure, high reaction rate, high solubility of substrate and 
hygienic safety(Vielle et al. 1996: Li et al. 2005), and thermozymes expressed in Esherichia coli can be purified 
easily by heat precipitation of host proteins (Vian et al. 1998). Thermophilic and thermostable β-galactosidase 
(EC. 3.2.1.23) is the one applicable in food industry. β-Galactosidase catalyzes the hydrolysis of 
β-D-1,4-galactopyranosides including lactose in milk. The enzyme functioning well at pasteurization 
temperature of raw milk has greater possibility to ensure the hygienically outstanding quality of lactose 
hydrolyzed milk useful for lactose intolerant persons prevalent in the world, especially in East Asia and Africa. 
An extremely thermostable β-galactosidase produced by a hyperthermophilic archaea of Pyrococcus woesei 
active up to 110℃ and optimally at 93℃ was reported (Dabrowski et al. 1998). Enzymes from 
hyperthermophiles have a strong advantage of excellent thermostability, however the utility of 
hyperthermophilic enzymes can be limited in industrial application due to their poor activity at temperature 
compatible with the stability of substrates, end products and industrial process. Therefore β-galactosidase highly 
resistant to heat but displaying lower optimum temperature is more useful for hydrolysis of lactose in milk than 
hyperthermophilic β-galactosidase. Some thermophilic β-galactosidases have been isolated from thermophilic 
bacteria of Saccharopolyspora rectivirgula (Nakao et al. 1994), Thermoanaerobater ethanolicus(Foknia and 
Velikodvorskaya (1997), Thermus sp.(Koyama et al. 1990; Ohtsu et al. 1998; Kang et al. 2005), Thermotoga 
maritima(Kim et al. 2004), Alicyclobacillus acidocaldarius (Gul-Guven et al. 2007) and Geobacillus 
stearothermophilus (Soliman 2008), however they have not been used in industry yet, and all of commercially 
available β-galactosidases are optimally active at temperature lower than pasteurization temperature. More 
studies are required to find β-galactosidases of different properties fit for diverse milk products such as raw milk, 
sweet whey, acid whey and butter milk.  

As an effort to find a suitable β-galactosidase fit for operation at pasteurization temperature in dairy industry, we 
isolated a thermophilic bacterium, strain KNOUC114 growing well at 70℃ and showing excellent 
β-galactosidase activity (Nam et al. 2004). In this study the strain was identified, and gene of β-galactosidase and 
properties of the enzyme were investigated. And the results are being reported. 

2. Materials and Methods 

2.1 Cultivation of bacteria 

Strain KNOUC114 isolated from a hot spring in the area of Golden springs in New Zealand (Nam et al. 2004) 
was cultivated in the liquid medium of ATCC1598 (Alfredsson et al. 1985) at 70℃ aerobically by shaking at 
200rpm, or at the solid medium of ATCC1598(Alfredsson et al. 1985) for identification or for preparation of 
chromosomal DNA. Escherichia coli JM109 and Escherichia coli JM109 (DE3) were cultured in Luria-Bertani 
(LB) medium at 37℃ aerobically by shaking at 200rpm for cloning and expression of gene respectively. 

2.2 Identification of strain KNOUC114 

2.2.1 Morphological and physiological properties 

The morphology of strain KNOUC114 was observed under scanning electron microscope (SEM). Physiological 
properties presented in Table 1 were examined following the methods of Santos et al. (1989) and Manaia and da 
Costa (1991). 
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2.2.2 Composition of cellular fatty acids 

Wet cell mass of KNOUC114 was harvested on solid medium, and cellular fatty acid methyl esters were 
obtained by saponification, methylation and extraction by the methods presented by Kuykendall et al. (1988). 
The fatty acids were analyzed by model 6890 GC system (Hewlett Packard, USA), and identified by the standard 
MIS Library generation Software (Microbial. ID INC. USA).  

2.2.3 16S rDNA sequence and phylogenetic analysis 

Chromosomal DNA from KNOUC114 was isolated, PCR amplification of 16S rDNA using chromosomal DNA 
as template was performed, and 16S rDNA sequencing was carried out by the method described by Rainey et al. 
(1996). Universal primers of fD1 (5'agagtttgatcctggctcag3') and rD1 (5'acggctaccttgttaccactt3') were used to 
amplify the 16S rDNA in PCR. The sequence of 16S rDNA was aligned against the previously determined 
sequences of genus Thermus available from the Ribosomal Data of GenBank. The evolutionary tree for the 
dataset was constructed using the neighbor-joining method (Saitou and Nei 1987).  

2.3 Cloning, sequencing β-galactosidase gene 

β-Galactosidase gene of strain KNOUC114 (KNOUC114β-gal) was amplified by PCR using chromosomal DNA 
of strain KNOUC114 as template and redundancy primers. Redundant primers were prepared on the basis of 
β-galactosidase gene structure of Thermus sp. A4 (Ohtsu et al. 1998) and Thermus sp. T2 (Vian et al. 1998). The 
nucleotide sequence of forward primer was 5'atgYtSggcgtttgYtaYtacc3', and the sequence of reverse primer was 
5'tcatgYctcctcccaSacg3'. The PCR product, purified by agarose electrophoresis and Geneclean Kit method 
(Bio101, USA), was ligated into pGEM-T Easy plasmid (Promega, USA) and transformed into Escherichia coli 
JM109. The transformed E. coli was cultured and screened on LB plate containing ampicilline at the 
concentration of 100μg/ml. The DNA sequence was determined using Big Dye Automatic sequencer AB1377 
band PE9600 Thermocycler (Perkin Elmer, USA). Amino acid sequence analysis based on DNA sequence, and 
homology search were performed using the World Wide Web server from BLAST search of NCBI.  

2.4 Recombinant expression of β-galactosidase gene and purification of the enzyme 

Vector for expression, constructed by inserting the cloned gene into pET-5b (Promega, USA) regulated by 
LacUV5 promoter, was transformed to E. coli JM109 (DE3), and cultured on LB solid medium containing 
ampicillin (100μg/ml) at 37℃. After heating colonies grown on the LB solid medium at 70℃ for 3 hr., Z-buffer 
(Ausubel et al. 1998) containing 1.4mg of X-gal/ml was poured over those colonies, and the colonies were 
incubated for 3hr. more at 70℃. The plasmid in the dead blue colony was transformed into Escherichia coli 
JM109 (DE3) and used to confirm the expression of β-galactosidase gene by SDS-polyacrylamide gel 
electrophoresis (PAGE) and X-gal hydrolysis in zymogram assay. E. coli JM109 (DE3) expressing 
KNOUCβ-gal was cultivated in LB broth containing ampicillin (100μg/ml) at 37℃ aerobically by shaking on 
200rpm for 18 hr. Cells were harvested by centrifugation at 8000g for 10min. at 4℃, washed 2 times with 
Na-phosphate buffer (0.02M, pH 7.0), suspended in the same buffer, and sonicated. Cell debris was eliminated 
by centrifugation at 12000g for 20min at 4℃. The cell free extracts was heated in a water bath of 70℃ for 
40min to denature host proteins, and the denatured proteins were removed by centrifugation at 14000g for 20 
min. at 4℃. The clarified supernatant was eluted through Superdex 200pg column (GE Healthcare, Sweden) for 
gel filtration by Na-phosphate buffer (20mM, pH 7.0, NaCl 0.15M). The fractions having activity of ONPG 
hydrolysis were pooled and loaded onto Resource Q column (GE Healthcare, Sweden) for ion exchange 
chromatography, and eluted with a linear gradient of 0-0.2M NaCl in Tris-HCl buffer (20mM, pH 8.2). The 
active pool from Resource Q column was added to HiTrap Phenyl HP column (GE Healthcare, Sweden) for 
hydrophobic interaction chromatography, and eluted using a linear gredient of 0.25-0 M ammonium sulfate in 
Na-phosphate buffer (50mM, pH 7.0). The active fractions from HiTrap Phenyl HP column were dialyzed to 
Na-Phosphate buffer (50mM, pH 6.8), and used for further study. 

2.5 Assay of enzyme activity and properties 

Activity of β-galactosidase was assayed by measuring hydrolysis of o-nitrophenyl-β-D- galactopyranoside (ONPG) 
(Miller 1972) in Na-phosphate buffer (0.05M, pH 6.8) at 75℃, unless described otherwise. Enzyme activity was 
tested in triplicate. One unit of enzyme activity was defined as the activity hydrolyzing 1μmole of ONPG per 
min. under the presented conditions. Effect of pH and temperature on β-galactosidase activity and 
thermostability were investigated. Effect of pH on enzyme activity was evaluated at the pH ranging from pH 4.3 
to 7.6. Na-citrate buffer (0.05M) was used for pH 4.3 to 6.3, and Na-phosphate buffer (0.05M) was used for pH 
6.0 to 7.6. To examine the effect of temperature on enzyme activity, activities were tested in Na-phosphate 
buffer (0.05M, pH 6.8) at the temperatures from 63℃ to 95℃. Thermostability of enzyme was determined by 
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measuring the residual activity during heating the enzyme (15μg/ml) in Na-phosphate buffer (0.05M, pH 6.8) for 
120 min. at the temperatures from 75℃ and 95℃. Effect of pH on thermostability of β-galactosidase was 
determined at pH from 4.7 to 7.7 by measuring the residual activity after heating the enzyme (15μg/ml) at 85℃ 
or 90℃ for 30 min. in the buffer of each pH. Na-citrate buffer (0.05M) was used for pH 4.7 to 6.3, and 
Na-phosphate buffer (0.05M) was used for pH 6.5 to 7.7. 

2.6 Protein and zymogram assay 

Protein concentration was decided by Bio-Rad DC protein assay (Bio-Rad, USA) with bovine serum albumin as 
standard. Purity of purified enzyme was confirmed by SDS-PAGE of 7.5% acrylamide and Experion automated 
electrophoresis system of Experion pro260 analysis kit(Bio-Rad, USA). For zymogram assay, native-PAGE gel 
of 7.5% acrylamide was soaked in Z-buffer (Ausbel et al. 1998) containing X-gal (1.4mg/ml) at 70℃ for 15min. 
SDS-PAGE and native-PAGE were performed by the method of Laemmli (1970). 

3. Results and Discussion 

3.1 Identification of bacterium 

Morphological and physiological properties of KNOUC114 are presented in Table 1. The strain KNOUC114 
was rod-shaped (0.2☓2-3.5μm), Gram negative, non-motile, endospore not observed, formed yellow-pigmented 
colonies, grew aerobically and optimally at 68-70℃. All those above properties of KNOUC114 are fit to the 
ones of genus Thermus (da Costa et al. 2001). Almost all species of Thermus formed yellow-pigmented colonies, 
and several carotenoids of thermozeaxanthins and thermobiszeaxanthins were identified in the yellow pigments 
of Thermus strain HB-27 (Yokoyama et al. 1995, 1996). The majority of Thermus strains have a maximum 
growth temperature slightly below 80℃ (Mania and da Costa 1991), however Degryse et al. (1978) suggested 
that strains of Thermus thermophilus could be distinguished from all other species of genus Thermus by their 
ability to grow at above 80℃, and Thermus thermophilus HB8 was capable of growth at above 80℃ (Manania 
et al. 1994). Strain KNOUC114 could grow at 85℃. Generally most of the strains of Thermus isolated in marine 
hot spring grew in the medium containing 3-4% NaCl, whereas the strains isolated from inland hydrothermal 
areas did not grow at the NaCl concentration above 1% (Manaia and da Costa 1991 ; Manaia et al. 1994). 
However Thermus thermophilus HB8 from inland hot spring in Japan was reported to grow in the medium of 3% 
NaCl (Manania et al. 1994), and strain KNOUC114 isolated from inland hot spring in New Zealand could also 
grow at salinity of 3%. Utilization of carbohydrates by strains of Thermus is diverse, however most strains were 
not able to assimilate pentose with the exception of some strains of Thermus thermophilus (Williams and da 
Costa 1992). As in Table 1 strain KNOUC KNOUC114 utilized pentoses of arabinose and xylose. Those above 
morphological and physiological characteristics are suggesting that the strain KNOUC114 would be presumably 
identified as Thermus thermophilus.  

To verify the close relation of KNOUC114 with genus Thermus and species Thermus thermophilus, composition 
of cellular fatty acids were analyzed. As in Table 2, the main fatty acids of KNOUC114 were isobranched-C17:00 
and C15:00 fatty acids reaching about 59.32% of total fatty acid, and anteiso-branched C15:00 and C17:00 fatty acids 
were found to be present in considerably high content of 20.42%. Nobre et al. (1996a) reported that iso and 
anteiso branched-C15:00 and C17:00 fatty acids are the predominant acyl chains of the strains of genus Thermus. 
And the major fatty acids of Thermus thermophilus HB8 (Chung et al. 2000) were isobranched-C15:00 and C17:00 
fatty acids, same with the fatty acid composition of strain KNOUC114, implying that strain KNOUC114 is 
chemotaxanomically close to Thermus thermophilus.  

To search the phylogenetic position, 16S rDNA sequence was determined and it was found to be composed of 
1379bp as in Figure 1. The structure of 16S rDNA was compared with sequences of the strains of genus Thermus 
in Ribosomal Database of NCBI, and the phylogenetic tree was constructed using the neighbor-joining method 
(Saito and Nei 1987) as in Figure 2. The phylogenetic tree is showing that the 16S rDNA of KNOUC114 is same 
with that of Thermus thermophilus AT-62 (GenBank Accession No. L09660) and has the similarity of 99.9% 
with that of Thermus thermophilus HB8 (GenBank Accession No. AB603517). The strain KNOUC114 was 
different in phenotypic characteristics on utilizing lactose, galactose, mellibiose, and fructose with Thermus 
thermophilus AT-62 (Manaia et al. 1994), and distinct from Thermus thermophilus HB8 (Manania and da Costa 
1991; Manania et al. 1994) in nitrate reduction and utilization of arabinose, galactose, lactose, raffinose, glycerol, 
malate and arginine. Therefore strain KNOUC114 is a strain independant from Thermus thermophilus AT-62 
and Thermus thermophilus HB8, though its 16S rDNA structure is same or highly similar with those of Thermus 
thermophilus AT-62 and Thermus thermophilus HB8. 

Accordingly, on the basis of morphological, physiological and 16S rDNA structure, strain KNOUC114 was 
identified as Thermus thermophilus and named as Thermus thermophilus KNOUC114. 
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3.2 Gene of β-galactosidase 

The β-galactosidase gene of KNOUC114 (KNOUC114β-gal; GenBank Accession No. DQ887182) was 
composed of 1938bp encoding 645 a.a, with deduced MW. of 72,784 dalton. The β-galactosidase of KNOUC114 
(KNOUC114β-gal) conserves two glutamic acid residues at 141st and 312nd amino acid in its polypeptide that 
were known to participate in the catalytic reaction of the β-galactosidase from Bacillus stearothermophilus 
(Henrissat et al. 1995), suggesting that KNOUC114β-gal can be classified to the family 42 of glycosyl 
hydrolases (Henrissat and Bairoch 1993; Ohtsu et al. 1998; Vian et al. 1998). Amino acid sequence of 
KNOUC114β-gal showed 99% and 77% identity with the β-galactosidases of Thermus sp. A4 (GenBank 
Accession No. D85027; Ohtsu et al. 1998) and Thermus sp. T2 (Genbank accession No. Z93773; Vian et al. 
1998) respectively whose genes were refered for preparation of the redundant primers used to amplify 
KNOUC114β-gal by PCR. KNOUC114β-gal has homology of 93% and 78% in amino acid sequence with those 
of Thermus sp. IB-21 (Genbank Accession No. AY130259; Kang et al. 2005) and Thermus brockianus strain 
IT1360(GenBank accession No. AF135398) respectively. All the β-galactosidase genes of Thermus strains 
presented above are composed of 1938bp encoding 645 a.a. However Thermus oshimai produced a 
β-galactosidase composed of 632 amino acids (GenBank Accession No. GQ404016). The β-galactosidases of 
Meiothermus silvanus DSM9946(Genbank accession No. CP002042) and Meiothermus ruber 
DSM1279(GenBank accession No. CP001743), that form a sister line of descent with the species of genus 
Thermus in pylogenetic analysis (Nobre et al. 1996b) with which strain KNOUC114 shares about 86% similarity 
in 16S rDNA sequence, have identities of 64% and 66% in amino acid sequence respectively with 
KNOUC114β-gal, and they are composed of 645 a.a and 646 a.a respectively. The β-galactosidase of 
Escherichia coli, a mesophilic bacteria, produced a β-galactosidase of 1,023 amino acids (GenBank Accession 
No. V00296) that is larger than KNOUC114β-gal. Pyrococcus woesei, a hyperthermophilic archaea, produced a 
β-galactosidase of 510 amino acids (GenBank Accession No. AF043283) that is smaller than KNOUC114β-gal. 
However a hyperthermophilic bacteria, Thermotoga maritime produced a β-galactosidase of large molecule 
composed of 1100 amino acids (Kim et al. 2004). 

3.3 Expression of gene and purification of recombinant β-galactosidase 

KNOUC114β-gal ligated in pET-5b was expressed intracellularly in Eschericia coli JM109 (DE3). In 
SDS-PAGE, cell free extracts of Eschericia coli JM109 (DE3) harboring KNOUC114β-gal in pET-5b showed a 
new band of about 73kDa corresponding to the deduced Mw. of KNOUC114β-gal (Figure 3a). And in 
zysmogram assay, it was found that KNOUC114β-gal was expressed as one active form(Figure 3b). Escherichia 
coli(Wickson and Huber 1970) and Kluyveromyces fragilis(Kulikova et al. 1972) produced their β-galactosidase 
as a form of tetramer, and Streptococcus lactis 7962 produced two active forms of monomer and dimer(Mcfeters 
et al. 1969).  

The recombinant KNOUC114β-gal produced in Eschericia coli JM109(DE3) was purified by heat precipitation 
of host protein, gel filtration, ion exchange chromatography and hydrophobic interaction chromatography. After 
the final step of hydrophobic interaction chromatography by HiTrap Phenyl HP column, the enzyme could be 
purified to 87.3 fold, and 20.9% of total activity in cell free extracts was recovered (data not shown). In Experion 
automated electrophoresis the purity of purified enzyme and Mw. of its subunit were confirmed to be 97.9%, and 
70.43 kDa respectively as presented in Figure 4(b).  

3.4 Characteristics of recombinant β-galactosidase 

Effects of pH and temperature on the activity of KNOUC114β-gal are presented in Figure 5. The enzyme 
showed good activity at pH 5.0 to 6.5. and highest activity at pH 5.7. At the pH of raw milk, it retained about 50% 
of optimum activity. At 85℃ the enzyme showed maximum activity. However, Arrhenius plot, as in Figure 5(c), 
is showing that the logarithmic value of enzyme activity increased linearly from 63℃ only to 80℃ meaning 
that there was denaturation on the enzyme at 85℃. Arrhenius activation energy of KNOUC114β-gal calculated 
by linear regression analysis from 63 to 80℃ was 40.8kJ/mol that is similar with those of thermophilic enzymes 
optimally active at temperature higher than 85℃ (Dion et al. 1999; Kengen et al. 1993). Around the 
temperatures of LTLT and HTST, KNOUC114β-gal displayed fairly good activity. β-Galactosidase of Thermus 
sp. A4 was optimally active at pH 6.5 and its activity increased as the temperature was raised to 90℃ (Ohtsu et 
al. 1998), that are much different with those of KNOUC114β-gal though their amino acid sequences are 99% 
homologous each other. Optimum pH and temperature for β-glacosidases of Thermus sp. T2 (Vian et al. 1998) 
and Thermus sp. IB-21 (Kang et al. 2005) were pH 5.0 and 90℃, and pH 5.0-6.0 and 90℃ respectively that are 
different a little with those of KNOUC114β-gal. Thermostability of KNOUC114β-gal was investigated at the 
temperature from 75 to 95℃ in Na-phosphate buffer (0.05M, pH 6.8) as in Figure 6(a). KNOUC114β-gal was 
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stable at 75℃. At 80℃ the enzyme retained its full activity in 30min. and 90% of initial activity in 2hr. At 90℃ 
the half life of KNOUC114β-gal was 2 hr. KNOUC114β-gal was more stable than the β-galactosidase of 
Thermus sp. T2 that lost 50% of activity in 1 hr. at 70℃ (Vian et al.,1998). The half life of β-galactosidase 
produced by Thermus sp. A4 was 1 hr. at 90℃ (Ohtus et al. 1998). Effect of pH on the thermostability of 
KNOUC114β-gal was examined by heating at 85℃ or 90℃ for 30min. in buffers of pH 4.7 to 7.7, and the 
results are presented in Figure 6(b). KNOUC114β-gal showed good stability at neutral pH of 6.3 to 7.0, and at 
the pH lower than 6.3 and higher than 7.0 the stability decreased. 

4. Conclusion  

Based on the morphological and physiological properties, cellular fatty acid composition and phylogenetic 
analysis, the β-galactosidase producing strain KNOUC114 isolated from a hot spring in the area of Golden 
springs in New Zealand was identified as a strain of Thermus thermophilus. By the results on the stability and 
activity profile of KNOUC114β-gal at different pH and temperatures, this enzyme is suitable for hydrolysis of 
lactose in raw milk and mildly acidic whey during pasteurization. 

Acknowledgement 

This study was supported by Korea National Open University research fund. 

References 

Alfredsson, G. A., Baldursson S. & Kristjansson, J. K. (1985). Nutritional diversity among Thermus ssp. isolated 
from icelandic hot springs. Syst. Appl. Microbiol, 6, 308-311. 

Ausbel, F. M., Brent, R., Kingston, R. E., Moor, D. D., Seidman, J. G., Smith, J. A. & Struhl, K. (1998). Current 
protocols in molecular biology. Wiley, New York. 

Brock,T. D. & Freeze, H. (1969). Themus aquaticus gen. n. and sp. n., a nonsporulating extreme thermophile. J. 
Bacteriol, 98, 289-297. 

Chung, A. P., Rainey, F. A., Valente, M., Nobre, M. F. & da Costa, M. S. (2000). Thermus igniterrae sp. nov. 
and Thermus antranikianii sp. nov., two new species from Iceland. Int. J.Syst. Evol. Microbiol, 50, 209-217. 
http://dx.doi.org/10.1099/00207713-50-1-209 

Da Costa, M. S., Nobre, F. M. & Rainey, F. A. (2001). Genus Ⅰ. Thermus. In Boon, D R, Castenholz, R W, 
Garrity, G M (ed.), Bergey's Manual of Systematic Bacteriology(2nd ed.), 1, 404-414. 

Dabrowski, S., Muciunska, J. & Synowiecki, J. (1998). Cloning and nucleotide sequence of the thermostable 
β-galactosidase gene from Pyrococcus woesei in Escherichia coli and some properties of the isolated enzyme. 
Mol. Biotechnol, 10, 217-22. http://dx.doi.org/10.1007/BF02740841 

Degryse, E. N., Glansdorff, N. & Pierard, A. (1978). A comparative analysis of extreme thermophilic bacteria 
belonging to the genus Thermus. Arch. Microbiol, 117, 189-196. http://dx.doi.org/10.1007/BF00402307 

Dion, M., Fourag, L., Hallet, J. N. & Colas, B. (1999). Cloning and expression of a β-glycosidase gene from 
Thermus thermophilus. Sequence and biochemical characterization of the encoded enzyme. Glycoconjugate J, 16, 
27-37. http://dx.doi.org/10.1023/A:1006997602727 

Fokina, N. A., Velikodvorskaya, G. A. (1997). Cloning and expression of the gene of thermostable 
β-galactosidase from Thermoanaerobacter ethanolicus in Escherichia coli cells. Purification and properties of 
the product. Mol. Gen. Microbiol. Virol, 2, 33-40. 

Gul-Guven, R., Guven, K., Poli, A. & Nicolaus, B. (2007). Purification and some properties of a β-galactosidase 
from the thermoacidophilic Alicyclobacillus acidocaldarius subsp. rittmannii isolated from Antarctica. Emzyme 
and Microbial .Technol, 40, 1570-1577. http://dx.doi.org/10.1016/j.enzmictec.2006.11.006 

Henrissat, B., Bairoch, A. (1993). New families in the classification of glycosyl hydrolases based on amino acid 
sequence similarities. Biochem. J, 293, 781-788.  

Henrissat, B., Callebaut, I., Fabrega, S., Lehn, P., Mornon, J. P. & Davies, G. (1995). Conserved catalytic 
machinery and the prediction of a common fold for several families of glycosyl hydrolase. Proc. Natl .Acad. Sci, 
USA, 92, 7090-7094. http://dx.doi.org/10.1073/pnas.92.15.7090 

Kang, S. K., Cho, K. K., Ahn, J. K., et al. (2005). Three forms of thermostable lactose-hydrolase from Thermus 
sp. IB-21: cloning, expression, and enzyme characterization. J .Biotechnol, 116, 337-346. 
http://dx.doi.org/10.1016/j.jbiotec.2004.07.019 



www.ccsenet.org/ijb                    International Journal of Biology                Vol. 4, No. 1; January 2012 

Published by Canadian Center of Science and Education 63

Kengen, S. W. M., Luesink, E. J., Stams, A. J. M. & Zehnder, A. J. B. (1993). Purification and characterization 
of an extremely thermostable β-glucosidase from the hyperthermophilic archaeon Pyrococcus furiosus. Eur. J. 
Biochem, 213(1), 305-312. http://dx.doi.org/10.1111/j.1432-1033.1993.tb17763.x 

Kim, C. S., Ji, E. S. & Oh, D. K. (2004). Characterization of a thermostable recombinant β-galactosidase from 
Thermotoga maritima. J. Appl. Microbiol, 97, 1006-1014. http://dx.doi.org/10.1111/j.1365-2672.2004.02377.x 

Koyama, Y., Okamato, S. & Furukawa, K. (1990). Cloning of α- and β -galactosidase gene from an extreme 
thermophile, Thermus strain T2, and their expression in Thermus thermophilus HB27. Appl. Environ. Microbiol, 
56(7), 2251-2254.  

Kulikova, A. K., Tikhomirova, A. S. & Feniksova, R. V. (1972). Purification and properties of Saccharomyces 
fragils β-galactosidase. Biokhimiya, 37(2), 405-419. 

Kuykendall, L.D,, Roy, M. A., O'Neil, J. J. & Devine, T. E. (1988). Fatty acids, antibiotic resistance, and 
deoxyribonucleic acid homology groups of Bradyrhizobium japonicum. Int. J. Syst. Bacterio, 38, 358-361. 
http://dx.doi.org/10.1099/00207713-38-4-358 

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage T4. 
Nature, 227, 680-685. http://dx.doi.org/10.1038/227680a0 

Li, W. F., Zhou, X. X. & Lu, P. (2005). Structural features of thermozymes. Biotecnol, Adv 23, 271-281. 
http://dx.doi.org/10.1016/j.biotechadv.2005.01.002 

Manania, C. M., da Costa & M. S. (1991). Characterization of halotolerant Thermus isolates from shallow 
marine hot springs on S. Miguel, Azores. J. Gen. Microbiol, 137, 2643-2648. 

Manania, C. M., Hoste, B., Gutierrez, M. C., Gillis, M., Ventosa, A., Kersters, A. & da Costa, M. S. (1994). 
Halotolerant Thermus strains from marine and terrestrial hot springs belong to Thermus thermophilus. Syst. Appl. 
Microbiol, 17, 526-532. http://dx.doi.org/10.1016/S0723-2020(11)80072-X 

Mcfeters, G. A., Andine, W. E., Becker, R. R. & Elliker, P. R. (1969). Some factors affecting 
association-dissociation of β-galactosidase from Streptococcus lactis 7962. Canadian J. Microbiol, 15, 105-110. 
http://dx.doi.org/10.1139/m69-016 

Miller, J. H. (1972). Experiments in molecular genetics. Cold Spring Harbor laboratory, Cold Spring Harber, 
NY. 

Nakao, M., Harada, M., Kodama, Y., Nakayama, T., Shibano, Y., Amachi, T. (1994). Purification and 
characterization of a thermostable β-galactosidase with high transgalactosylation activity from 
Saccharopolyspora rectivirgula. Appl. Microbiol. Biotechnol, 40, 657-663. 
http://dx.doi.org/10.1007/BF00173325 

Nam, E. S., Choi, J. W., Li, H. J., et al. (2004). β-Galactosidase gene of Thermus thermophilus KNOUC112 
isolated from hot springs of a volcanic area in New Zealand: Identification of the bacteria, cloning and 
expression of the gene in Escherichia coli. Asian-Aust. J. Anim. Sci, 17, 1591-1598. 

Nobre, M. F., Truper, H. G. & da Costa, M. S. (1996a). Fatty acid composition of the species of the genera 
Thermus and Meiothermus. Syst. Appl. Microbiol, 19, 303-311. 
http://dx.doi.org/10.1016/S0723-2020(96)80056-7 

Nobre, M. F., Truper, H. G. & da Costa, M. S. (1996b). Transfer of Thermus ruber(Loginova et al. 1984), 
Thermus silvanus(Tenreiro et al. 1995), and Thermus chliarophilus(Tenreiro et al. 1995) to Meiothermus gn. nov. 
as Meiothermus ruber comb. nov., Meiothermus silvanus com. nov, and Meiothermus chilarophilus comb. nov., 
respectively, and emendation of the genus Thermus. Int. J. Syst. Bacteriol, 46, 604-606. 
http://dx.doi.org/10.1099/00207713-46-2-604 

Ohtsu, N., Motoshima, H., Goto, K., Tsukasaki, F. & Matsuzawa, H. (1998). Thermostable β-galactosidase from 
a thermophile, Thermus sp. A4: Enzyme purification and characterization, and gene cloning and sequencing. 
Biosci. Biotechnol. Biochem, 62(8), 1539-1545. http://dx.doi.org/10.1271/bbb.62.1539 

Pisani, F. M., Rella, R., Raia, C. A., et al. (1990). Thermostable β-galactosidase from the archaebacterium 
Sulfolobus solfataricus. Purification and properties. Eur. J. Biochem, 187, 321-328. 
http://dx.doi.org/10.1111/j.1432-1033.1990.tb15308.x 

Rainey, F. A., Ward-Rainey, N., Kroppenstedt, R. M. & Stackebrandt, E. (1996). The genus Nocardiopsis 
represents a phylogenetically coherent taxon and a distinct actinomycete lineage: proposal of Nocardiopsaceae 
fam. nov. Int. J. Syst. Bacteriol, 46, 1088-1092. http://dx.doi.org/10.1099/00207713-46-4-1088 



www.ccsenet.org/ijb                    International Journal of Biology                Vol. 4, No. 1; January 2012 

                                                          ISSN 1916-9671   E-ISSN 1916-968X 64

Saitou, N., Nei, M. (1987). The neighbor-joining method: a new method for reconstruction of phylogenetic trees. 
Mol. Biol. Evol, 4, 406-425. 

Santos, M. A., Williams, R. A. D. & da Costa, M. S. (1989). Numerical taxonomy of Thermus isolated from hot 
springs in Portugal. Syst. Appl. Microbiol, 12, 310-315. 

Soliman, N. A. (2008). Coproduction of thermostable amylase and β-galactosidase enzymes by Geobacillus 
stearothermophilus SAB-40: Application of Plackett-Burman design to evaluate culture requirements affecting 
enzyme production. J. Microbiol. Biotechnol, 18(4), 695-703. 

Stetter, K. O. (1982). Ultrathin mycelia-forming organisms from submarine volcanic areas having an optimum 
growth temperature of 105 °C. Nature, 300(18), 258-260. http://dx.doi.org/10.1038/300258a0 

Vian, A., Carrascosa, A. V., Garcia, J. L. & Corted, E. (1998). Structure of β-galactosidase gene from Thermus 
sp. strain T2; Expression in Escherichia coli and purification in a single step of an active fusion protein. Appl. 
Environ. Microbiol, 64(6), 2187-2191. 

Vieille, C., Burdette, D. S. & Zeikus, G. J. (1996). Thermozymes. Biotecnol. Annu. Rev, 2, 1-83. 
http://dx.doi.org/10.1016/S1387-2656(08)70006-1 

Wanarska, M., Kur. J., Pladzyk, R., Turkiewicz, M. (2005). Thermostable Pyrococcus woesei β-D-galactosidase 
- high level expression, purification and biochemical properties. Acta Biochimica Polonica, 52(4), 781-787. 

Wickson, V. M. & Huber, R. E. (1970). The non simultaneous dissociation and loss of activity of β-galactosidase 
in urea. Biochem. Biophys. Acta. 207, 10-155. 

Williams, R. A. D., da Costa & M. S. (1992). The genus Thermus and related microorganisms. In Balows, 
Truper, Dworkin, Harder and Schleifer(ed.), The procaryotes: A Handbook of Bacteria: Ecophysiology, Isolation, 
Identification, Applications, 2nd Ed. Spring-Verlag, New York. pp. 3745-3753.  

Yokoyama, A., Sandmann, G., Hoshino, T., Adachi, K., Sakai, M. & Shizuri, Y.(1995). Thermozexanthins, new 
carotenoid-glycoside-esters from thermophilic eubacterium Thermus thermophilus. Tetrahedron Lett, 36, 
4901-4904. 

Yokoyama, A., Shizuri, Y., Hoshino, T. & Sandmann, G. (1996). Thermocryptoxanthins: novel intermediates in 
the caritenoid biosynthetic pathway of Thermus thermophilus. Arch. Microbiol, 165, 342-345. 
http://dx.doi.org/10.1007/s002030050336 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.ccsenet.org/ijb                    International Journal of Biology                Vol. 4, No. 1; January 2012 

Published by Canadian Center of Science and Education 65

Table 1. Phenotypic characteristics of strain KNOUC114 

Characteristics  KNOUC114 Characteristics KNOUC114 

Cell shape Rod Mannitol + 

Cell size 0.2☓2-3.5μm Inositol + 

Motility - Sorbitol + 

Spore - Rhamnose + 

Gram reaction - Sucrose + 

Color of colony Yellow Mellibiose + 

Optimum temperatures 68~70℃ Amygdalin + 

Optimum pH  7.0-7.2 Arabinose + 

Growth at/in   Galactose + 

80℃ + Saccharose - 

85℃ + Trehalose - 

1% NaCl + Lactose + 

3% NaCl + Fructose - 

5% NaCl - Xylose + 

Catalase + Mannose + 

Oxidase + Ducitol + 

Nitrate reduction + Adonitol + 

Voges-Proskauer reaction + Raffinose + 

Indol prodcution - Glycerol + 

Hydogen sulfide formation + Erythrol + 

Citrate utilization - Malate + 

Hydrolysis of  Citrate - 

Starch + Propionate + 

Casein + Pyruvate + 

Urease + Formate + 

Gelatin liquefaction + Glutamate + 

Hydrolysis of ONPG + Arginine + 

Oxidation-Fermentation Oxidation Lysine + 

Growth on nutrient plate - Ornithin + 

Utilization of Glucose + Tryptophane + 
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Figure 3. Expression of KNOUC114β-gal in Escherichia coli JM109(DE3) 

(a)SDS polyacrylamide gel electrophoresis of 7.5% acrylamide : M-molecular weight marker, 1-Cell free 
extracts of E. coli JM109(DE3) transformed with pET-5b, 2-Cell free extracts of E. coli JM109(DE3) 
transformed with pET-5b harboring KNOUC114β-gal. (b)Native polyacrylamide gel electrophoresis of 7.5% 
acrylamide and zymogram assay : M-Molecular weight marker, 1-Cell free extracts of E. coli JM109(DE3) 
transformed with pET-5b, 2-Cell free extracts of E. coli JM109(DE3) transformed with pET-5b harboring 
KNOUC114β-gal., 3-Zymogram assay for hydrolysis of X-gal by cell free extracts of E. coli JM109(DE3) 
transformed with pET-5b, 4-Zymogram assay for hydrolysis of X-gal by cell free extracts of E. coli JM109(DE3) 
transformed with pET-5b harboring KNOUC114β-gal. 

ู*: KNOUC114β-gal 

 

 

Figure 4. SDS polyacrylamide gel electrophoresis(a) and Experion electropherogram(b) of purified recombinant 
KNOUC 114β-galactosidase expressed in Escherichia coli JM109(DE3). 

(a)M-Molecular weight marker, 1-Cell free extracts of E. coli JM109(DE3) transformed with pET-5b, 2-Soluble 
fraction of cell free extracts after heating at 70℃ for 40min., 3-After gel filtration on Superdex 200pg, 4-After 
ion exchange chromatography on Resource Q, 5-After hydrophobic interaction chromatography on HiTrap 
Phenyl HP. (b)1-Purified KNOUC114β-gal after hydrophobic interaction chromatography on HiTrap Phenyl HP, 
2-Lower marker(1.2 kDa), 3-System marker, 4-Upper marker(260.0 kDa). 
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Figure 5. Effect of pH(a), temperature(b) and Arrhenius plot for the effect of temperature(c) on activity of 

recombinant KNOUC114 β-galactosidase expressed in Escherichia coli JM109(DE3) 

* Values are means of triplicates ± S.D. 

* Effect of pH on enzyme activity was evaluated at 75℃ in Na-citrate buffer(0.05M) of pH ranging from pH 4.3 
to 6.3 and in Na-phosphate buffer(0.05M) ranging from pH 6.0 to 7.6. 

* Effect of temperature on enzyme activity was tested in Na-phosphate buffer(0.05M, pH 6.8) at the 
temperatures from 63℃ to 95℃ 

 

 

Figure 6. Thermostability(a) and effect of pH on thermostability(b) of recombinant KNOUC114 β-galactosidase 
expressed in Escherichia coli JM109(DE3) 

* Values are means of triplicates ± S.D. 

* Thermostability of enzyme was determined by the residual activity during heating the enzyme(15μg/ml) in 
Na-phosphate buffer(0.05M, pH 6.8) for 120 min. at the temperatures from 75℃ and 95℃ 

* Stability of β-galactosidase at pH from 4.7 to 7.7 was determined by measuring the residual activity after 
heating the enzyme(15μg/ml) at 85℃ and 90℃ for 30 min. in the buffer of each pH. Na-citrate buffer(0.05M) 
was usde for pH 4.7 to 6.3, and Na-phosphate buffer(0.05M) was used for pH 6.5 to 7.7. 


