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Production of -Galactosidase Enzyme From Local Bacteria Isolated From Milk
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Abstract: Samples were collected from milk from Homs-Syria to isolate the bacteria producing -galactosidase
enzyme  and  diagnose  isolates  the  most  efficient  in  the  production  of  the  enzyme,  the effectiveness of

-galactosidase was estimated using spectrophotometer at a wavelength of 420nm. The isolate with the highest
activity for enzyme was selected. The morphological characterized, thermal, biochemical tests and 16S rDNA
sequencing were used for the confirmation of selected strain showed that it belonged to the bacterial genus
(Bacillus) and the specie Bacillus subtilis, when studying the optimum conditions of -galactosidase
production by this bacteria, the results revealed that the optimal temperature, pH and incubation period of
enzyme production were: 35°C, 7.5 and 60 hours respectively.
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INTRODUCTION they are Generally Regarded as Safe (GRAS). So, this

-Galactosidase(Lactase, -D-galacto hydrolase, [10]. - galactosidase can be categorized as either an
EC3.2.1.23) catalysis hydrolysis and transgalactosylation intracellular or an extracellular enzyme based on its origin.
reactions [1].As it can hydrolyse lactose into glucose and For example, those derived from lactic yeast, Aspergillus
galactose, this enzyme has important application in food niger, Aspergillus oryzae and Rhizopus oryzae, are
processing industry, especially in dairy industry that extracellular enzymes, whereas those derived from
approximately 80% of Asian people suffer from lactose Kluyveromyces fragilis and some bacteria are considered
intolerance, because they have low levels of intestinal as intracellular enzymes [1]. The activity of enzymes is
–galactosidase [2]. Lactose hydrolysis has several influenced by the cultivation conditions (temperature, pH,
advantages like rapid fermentation of glucose, more aeration, agitation, incubation time) and the growth
sweetness of the products in which lactose has been medium composition (particularly carbon and nitrogen
hydrolyzed [3]. It is also important for the utilization of sources) [11]. Also the origin of - galactosidase can
cheese whey, which would be an environmental pollutant cause great differences in its properties [12]. Generally
[4]. Also -galactosidase can be used in the biosynthesis speaking, most industrial enzymes have limited
of galacto-oligosaccharides (GOSs) which are known as application in the dairy industry due to low reaction
non-digestible oligosaccharides [5]. In recent years, GOSs temperatures and poor thermal stability. In contrast, a
have become established as functional components in heat-resistant -galactosidase has a good thermal stability
beneficial physiological effects for human [6]. The and is active at higher temperatures [13]. Thereby, it can
prebiotic, GOSs, have been used in human nutrition in be used to enhance the concentration of the substrate
significant quantities as active components or as side and reduce the chance for production of other
products of processed milk or milk products [7, 8]. microorganisms. -Galactosidases of microbial origin
–galactosidase can be obtained from various sources possess a wide range of optimal reaction temperatures.
such as plants, animals and microorganisms [9]. But They range from approximately 35°C for -galactosidases,
microorganisms are considered as a suitable source for derived from   yeasts,   to    50-60°C   for  mould-derived
industrial applications among bacteria; yeast and fungi -galactosidases and 65°C for those derived from Bacillus
and a large number of bacteria are most suitable because genus [14].

study was focused on bacterial production of enzyme
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The present study examined -galactosidase was incubated for 30 minutes at 37 °C. The reaction was
production from synthetic medium containing lactose. ended by adding 0.5 ml of 1 M Na CO . The  absorbance
Three factors (pH, temperature, and incubation time) was  read at 420 nm.   The   amount  of O-nitrophenol
considered to have significant impact on enzyme (ONP) was calculated from the standard curve and by the
production were selected as parameters for optimization equation described by Juajun [5]. One unit of enzyme
studies. In this study, we used response surface activity  was defined as the amount of enzyme that
methodology for the optimization of fermentation hydrolyzes 1 µ mol ONPG (o-Nitrophenyl -D-
parameters in -galactosidase production in shake flask galactopyranoside) / min at 37°C or as the amount of
cultures. enzyme that liberates 1 µ mol ONP per minute under assay

MATERIALS AND METHODS

Samples Collection: The milk samples were collected from taxonomic characteristics of the strain showing high
different areas in Homs-Syria and brought to the enzyme activity like grams reaction, spore formation and
laboratory under aseptic conditions in a sterile container. motility tests were examined [19].

Isolation of Bacteria Producing -Galactosidase: The Identification of Bacteria Using 16S rDNA Sequencing:
samples were serially diluted and plated on lactose The organism was identified by analysis of its 16S rDNA
medium (g/l) (Tryptone-15, NaCl-5, Agar-15 with 0.5% gene. The DNA from the bacteria was isolated by the
lactose as the sole carbon source) and incubated at 37 °C method described by Hosek et al. [20] and the 16S rDNA
for 24 hours [15] to select the colonies showing lactose was amplified in the thermocycler at conditions: 35 cycles
fermenting ability. One colony from each plate was added of 94°C for 1 min, 55°C for 1 min and 72°C for 2 min which
to the tube containing one ONPG (o-Nitrophenyl -D- amplifies the 16S rDNA sequences specifically by using
galactopyranoside) disc with 0.1 ml of sterile 0.85% (w/v) the primers Forward (16 F27): 5N-
sodium chloride solution and incubated at 35°C for an AGAGTTTGATCCTGGCTCAG-3N and Reverse (16
hour, the positive tubes were colored with yellow [15]. R1522):  5N-AAGGAGGTGATCCAGCCGCA-3N  [21].
The isolates producing -galactosidase were used to DNA sequencing was performed in a highly automated
measure the enzyme activity, and the strain showing high gene sequencer. These sequences were read in Gen bank
enzyme activity was selected and used for further databases (BLAST) and compared with the other
investigation. sequences to analyze the bacterial class and its

Enzyme Production: One loopful of overnight grown
bacterial culture(Lactose medium) was transferred to the Optimization of Culture Conditions For -Galactosidase
LB broth as prescribed by Robert et al.[16]and incubated Production: The culture conditions (incubation time, pH
for 18 hours at 37°C under shaken condition 200 rpm. In a and temperature) decide a crucial task in the fermentation
250 ml Erlenmeyer flask containing 100 ml of the liquid development process. Further, the same enzyme activity
production medium (g/L): lactose, 10; peptone, 5; yeast was determined. 
extract, 0.5; and sodium chloride, 1.5 [17]. 1 ml of 18 h The effect  of  incubation  period,  temperature and
broth culture of the organism was inoculated and pH  on -galactosidase  production   was   investigated
incubated  for  3  days  at 37 °C under shaken condition by  cultivating  the  organism  at   different  incubation
200 rpm. Crude enzyme preparation was obtained from the time (96-72-60-48-24  hours) and different temperatures
supernatant after centrifugation of the broth culture at (50-40-35-30-20 °C) and various pH (9-8-7.5-7-6). The
10.000 x g for 10 min. at 4°C [18]. organism was incubated, the -galactosidase activity was

Enzyme Assay: -Galactosidase activity was determined
by the method described by Akcan [11]. The culture RESULTS AND DISCUSSION
filtrate  was  centrifuged  at  10.000  x  g for  10  min  and
used as the crude enzyme. 200 µl of crude enzyme was Identification of -Galactosidase Producing Bacterium:
added with 500 µl of 6 mM ONPG using as a substrate The diluted  milk  samples  were  tested   with  ONPG
(Prepared by dissolving 4 mg/ml of ONPG in 0.1 M which resulted  20  yellow  colored  colonies  indicating
phosphate buffer, pH 6.5) [5] and  the  reaction  mixture the   ability    of -galactosidase   production   (Figure  1).

2 3

conditions.

Characterization of Organism: The morphological and

phylogeny.

determined.
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Fig. 1: ONPG test. positive result in right tube (Yellow), negative result in left tube(No color). ONPG discs are clears in
the tubes

Fig. 2: Enzyme activity of tested isolates. The best -galactosidase producing strain (No. 4) having maximum activity
(45.89 U/ml)

Table 1: Aerobic, An-aerobic and ability of growth at different temperatures tests of studied isolate
Growth at 7% NaCl Growth at 65 °C Growth at 45 °C An-aerobic Aerobic

Isolate (4) + - + - +

Table 2: Some biochemical test results of studied isolate
Vp Nit Cit starch Xylo Suc escu Cat Ox Mot
+ + + + +- + + + - +
Treh Sor raf malt Manni Lac inos Glyc Glu Cello
+- + + + + + + + +- +
mot: motility, ox: oxidase, cat:catalase, escul: esculine hydrolysis, Starch hydrolysis, cit: utilization of citrate, nit: reduction of nitrate, vp: voges proskauer,
fermentation of suger: suc: sucrose, cello: cellobiose, glu: glucose, glyc: glycerol, inos: inositol, lac: lactose, mannit: mannitol, raf: raffinose, sor: sorbitol,
treh: trehalose, xylo: xylose.

Fig. 2: Effect of temperature on -galactosidase production
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Fig. 3: Effect of pH on -galactosidase production

Fig. 4: Effect of Incubation Period on -galactosidase production

When the individual colonies were cultured in the - Figure  2.  indicated  that  the  optimum  temperature  for
galactosidase production media and enzyme activity was the  production  of -galactosidase  enzyme was 35°C.
determined, one best -galactosidase producing isolate The  optimum  temperature  results  for the production of
(No. 4) having maximum activity(45.89 U/ml) (Figure 2) -galactosidase were consistent with the findings of each
was selected and preceded for further investigations. of Chakraborti et al. [17] and Sarfaraz et al. [22] who

The microscopic appearance and the biochemical found that the highest enzyme production appeared at
tests showed that the strain was motile, Gram-positive, incubation at 35°C. Similar findings of Natrajan et al. [4]
rod-shaped, spore-forming and was able to hydrolyze reported that highest enzyme production at temperature
starch (Table 2) and to grow with high salinity rates of up of 35°C with Bacillus sp. [15] found the increased enzyme
to 7% and to its ability to grow at high temperatures up to activity was observed at the temperature range of 30°C
50°C and it was able to grow at 4°C, (Table 1). Tests and found as optimum temperature for -galactosidase
results showed that isolate belongs to genus Bacillus sp. production. Similarly, the temperature ranges of 28-30 °C
When they were compared with ABIS online were found as optimum for the -galactosidase
Encyclopedia program. production [13]. The enzyme production was steadily

Alignment  of  the 16S rDNA gene sequence of the increased with increasing temperature up to 35°C, and
isolated strain with the sequences available in the Gen later declined.
Bank databases using the BLAST program showed the
organism to have 100% identity with Bacillus subtilis str Effect of pH on -Galactosidase Production: The
168. hydrogen ion concentration of an environment has the

Effect of Temperature on -Galactosidase Production: production. The effect of different pH on the -
The temperature is one of the most important factors galactosidase  production  was analyzed. Figures 3.
affecting the activity of the enzyme, the results shown in shown  that  pH  7.5  was  the optimum for -galactosidase

maximum influence of the microbial growth and enzyme
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production (49.98 U/ml). According to Hin et al. [23] the 2. Melvin, B. and M.D. Heyman, 2014. Lactose
pH 7 was the optimum for -galactosidase production, Intolerance in Infants, Childrenand Adolescents,
where increase -galactosidase production up to a range Pediatrics. The official journal of the American
of 7.0, decrease in enzyme production in respect to Academy of Pediatrics, 118: 1297-1286.
increase in pH. Also Natrajan et al. [4] and Akcan [11] 3. Kim, Y.S., C.S. Park and D.K. Oh, 2006. Lactulose
reported that  lactase  production was optimum at pH 7. production from lactose and fructose by a
On the other hand, pH 5.5 has been observed as optimum Thermostable -galactosidase from Sulfolobus
for the -galactosidase production by Rojoka et al. [24]. solfataricus. Enzyme Microb Technol, 39: 903-908.
However, the maximum lactase production by 4. Natarajan, J., C. Christobel and K.D. Mukesh, 2012.
Lactobacillus  amylophilus GV 6 was at pH 6.5 as Isolation and Characterization of -galactosidase
reported by Mahalakshmi et al. [25]. In fact, lactase from Producing Bacillus sp. from Dairy Effluent. W. Appl.
L. delbrueckii spp. bulgaricus ATCC 11842 showed its Sci. J., 17: 1466-1474.
maximum activity at pH 6.8 was reported [26]. 5. Juajun, O., 2009. Characterization, Cloning,

Effect of Incubation Period on -Galactosidase Galactosidase. Suranaree University of Technology,
Production: The results showed that there was an pp: 165-175.
increase in enzyme production up to 60 h of incubation 6. Kunz,  C.  and  S. Rudloff, 1993. Biological functions
and there after it decreased (Figure 4). A decline in of  oligosaccharides  in  human milk. Acta Paediatr,
enzyme activity after 48 h of fermentation could be either 82: 903-912.
due to decrease in nutrient availability in the medium, or 7. Fooks, L.J., R. Fuller and G.R. Gibson, 1999.
catabolic repression of enzyme. On the contrary, it was Prebiotics, probiotics and human gut microbiology.
found that highest lactase activity shown at 48 h of International Dairy Journal, 9: 53-61.
incubation  period  [13].  Similar  observations on 8. Sako, T., K. Matsumoto and R. Tanaka, 1999. Recent
maximum -galactosidase production at 48 h incubation progress on research and applications of non-
period  by  Bacillus  sp.,  Lactobacillus acidophilus and digestible galacto-oligosaccharides. International
B. licheniformis was reported [27]. Maximum enzyme Dairy Journal, 9: 69-80.
production  was  at 48 h of incubation. It has been 9. Reuter, S., A.R. Nygaard and W. Zimmermann, 1999.
reported  that -galactosidase  synthesis from -Galacto-oligosacharide synthesis with -
Escherichia  coli  E  66  is  growth  associated and galactosidases from Sulfolobus solfataricus,
reaches in the optima near the stationary phase [28, 29]. Aspergillus oryzae and Escherichia coli. Enzyme
Sarfaraz et al. [22] reported that the enzyme production Microb Technol Journal, 25: 509-516.
gradually  increases  with the increasing period of 10. MacFaddin, J.F., 1985. Media for isolation-
incubation up to 72 h. Cultivation-identification- Manitenance of medical

CONCLUSIONS Wilkins.

A Bacillus subtilis strain 186. Isolated from milk and extracellular -galactosidase from Bacillus
characterized for - galactosidase. This strain showed that licheniformis ATCC-12759 in submerged
it is an important source for - galactosidase production fermentation. Afr. J. Microbiol. Res, 5: 4615-4621.
to hydrolysis of lactose in milk which can be used for 12. El-Shebawy, K., S. Saleh, A. Afify and O.H. El-Sayed,
lactose intolerant people. 2007. Production of -galactosidase from Local
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