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ACIDOPHILUS: STABILITY AND KINETIC STUDY 
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β-Galactosidase is the industrially important enzyme that catalyzes both, lactose 
hydrolysis and synthesis of different bioactive galactosides. In this study, optimal 
conditions (fermentation temperature, inoculum concentration and lactose concen-
tration) for accomplishing high yields of β-galactosidase activity from Lactobacillus 
acidophilus ATCC 4356, bacteria regarded as safe for human consumption, were 
investigated. Using the response surface methodology (RSM), it was concluded that 
the highest activity and specific activity were obtained by 2-day shake-flask culture 
fermentation at 28 °C, provided that the lactose content in the fermentation medium 
was 1.48%, and the inoculum concentration was 2.8%. The optimum temperature 
and pH for the obtained enzyme were 45 °C and 6.5, respectively. More importantly, 
these conditions simultaneously ensure a high enzyme stability. The Km and Vmax 
values were 0.44 mM and 25.64 mM/h (for o-nitrophenyl-β-D-galactopyranoside), 
and 3.79 mM and 3.10 mM/h (for lactose), and the substrate excess inhibition was 
not observed. On the other hand, the enzyme was inactivated in the presence of 
Ca2+, Ba2+, and Cu2+.  
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Introduction 

β-Galactosidase (EC 3.2.1.23), the enzyme respon-
sible for the hydrolysis of lactose and other structurally 
related compounds, is widely used in the dairy industry 
for lactose hydrolysis in milk and whey, resulting in the 
facilitation of digestibility and in the improvement of tech-
nological and sensorial characteristics in sweetened, con-
densed and frozen dairy products [1,2]. Besides, in food 
processing, β-galactosidase is a valuable biocatalyst for 
environmental biotechnology since it solves the problem 
of whey utilization and disposal [3]. Recently, much atten-
tion has been drawn to prospective uses of this enzyme to 
catalyze transgalactosylation reactions where galactose 
moiety is transferred to an acceptor that is not water, but 
another sugar, alcohol, or some aromatic glucoside, lead-
ing to the production of different bioactive galactosides 
[4-6]. The interest in galactosides and their synthesis has 
been considerably increased during the last decades, 
namely in the field of galacto-oligosaccharides (GOS) 
synthesis [7-10], due to their exceptional physicochemical 
and physiological characteristics [11-13]. GOS are non-
digestible oligosaccharides and are considered to be a 
prebiotic food, as it was found that they promote the growth 
and establishment of human intestinal microbiota, while si-
multaneously suppressing potentially harmful bacteria [13-
15]. Furthermore, the potential beneficial effect on the 
human host such as reduction of the cholesterol level in 

blood serum, colon cancer prevention and enhancement 
of mineral absorption assure its prosperous application 
in the pharmaceutical industry [16,17]. 

β-Galactosidase is a widespread enzyme that can 
be found in plants, animal organs and microorganisms. 
Amongst them, microbial sources are the most prefer-
able ones due to easy production, high activities and 
good stability of the enzyme. Enzymes from yeasts are 
prevalently used in milk lactose hydrolysis due to their 
neutral pH optimums, while fungal (mainly Aspergillus 
sp.) galactosidases with acidic pH optimums prevail in 
whey hydrolysis [1,2]. On the other hand, although nu-
merous bacteria synthesize this enzyme, the industrial 
usage of bacterial β-galactosidases is scarce due to the 
fact that a few bacteria are regarded as a safe source 
[18-20]. Therefore, in recent years, lactic acid bacteria 
(LAB) have attracted great interest mostly because of 
their GRAS (generally recognized as safe) status, which 
allows the use of crude enzyme extracts, without the ne-
cessity of performing tedious purification protocols [21]. 
Among LAB, significant attention is attributed to Lacto-
bacillus acidophilus since it has probiotic properties and, 
more importantly, produces a significant galactosidase 
activity [22-24]. The aim of this study was to increase the 
utilization of β-galactosidase activity of strain L. acidophi-
lus ATCC 4356 by the improvement of its fermentative 
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production and the examination of key properties of in-
terest for its industrial application. Hence, the initial ex-
perimental stage was focused on identifying the optimal 
culture conditions for β-galactosidase production using a 
response surface methodology (RSM). Further on, a de-
tailed characterization in terms of thermal/pH activity and 
stability, as well as kinetics parameters determination of 
the obtained enzyme was carried out.

Experimental

Materials
Throughout this study, L. acidophilus ATCC 4356 ob-

tained from the American Type Culture Collection (ATCC, 
Rockville, USA) was used for β-galactosidase produc-
tion. The components of cultivation media were pur-
chased from Torlak Institute of Immunology and Virology 
(Belgrade, Serbia). The substances used as enzyme 
substrates were o-nitrophenyl-β-D-galactopyranoside 
(o-NPG) and lactose (Sigma Aldrich, St. Louis, USA). 
For the determination of the glucose concentration, the 
GOD/POD assay kit purchased from Chronolab (Zug, 
Switzerland) was employed. Other chemicals were of 
analytical grade and purchased from Centrohem (Stara 
Pazova, Serbia), unless specified otherwise.

Optimization of fermentation conditions
Fermentations were performed as batch cultures in 

erlenmeyer flasks with modified de Man, Rogosa and 
Sharpe (MRS) culture medium, containing lactose in-
stead of glucose, under microaerophilic conditions for 2 
days. The experiments were conducted using a central 
composite rotatable design consisting of 14 experimen-
tal runs plus six replicates on the central point (Table 1). 
The experimental factors were analyzed in the following 
ranges: temperature (X1, 26.6-43.4 °C), inoculum con-
centration (X2, 2.8-11.2%) and lactose concentration 
(X3, 1.48-6.52%), and the factors and their ranges were 
chosen on the basis of preliminary conducted experi-
ments [22]. In our study, two response variables were 
measured: overall β-galactosidase activity (IU/ml) and 
specific β-galactosidase activity (IU/mg proteins). The 
data obtained were analyzed by a response surface 
method (RSM) to fit the second-order polynomial equa-
tion (Equation 1):

                                                                            .........(1)

where Y is the response variable (lactose conversion 
degree and product concentration), b0, bi, bii, bij, are the 
regression coefficients, and Xi and Xj are independent 
variables. The least-squares method was employed for 
the response function coefficient calculation and their 
statistical significance evaluation. Only the significant 
terms (p ≤ 0.05) were considered for the final reduced 
model. The adequacy of the obtained model was deter-
mined by the Fisher test. Student t-test was used to con-
firm the significance of the factor studied. MATLAB 7.0 

(Mathworks Inc., Natrick, USA) was used for this purpose. 
Extraction of intracellular β-galactosidase
In order to obtain β-galactosidase from L. acidophilus, 

after the fermentation microbial cells were harvested by 
centrifugation (Sigma® 2-16, SciQuip Ltd, Shropshire, UK) 
at 12000 rpm for 10 min. Then, after being washed twice 
with 0.1M sodium phosphate buffer (pH 6.8), they were 
re-suspended in the same buffer and subjected to vigor-
ous vortexing in the presence of quartz sand (150 μm) in 
order to achieve cell disruption [22]. The activity of the 
released β-galactosidase was measured after removing 
cell debris by centrifugation (12000 rpm for 5 min).

β-Galactosidase assays
To determine β-galactosidase activity 10 mM o-NPG 

in 0.1M phosphate buffer (pH 6.8) was used as a sub-
strate. The reaction was allowed to proceed at least 2 
minutes, while o-nitrophenol (o-NP) released in the re-
action was measured spectrophotometrically (Ultrospec 
3300 pro, Amersham Biosciences, Freiburg, Germany) 
each 30 seconds at 410 nm and the activity was deter-
mined from the slope of a constructed graph. One unit 
(IU) is defined as the amount of the enzyme that catalyz-
es the liberation of 1 µmol o-NP per min under the assay 
conditions. The molar extinction coefficient for o-NP was 
determined to be 1357 dm3·mol-1·cm-1). The concentra-
tion of proteins in cell extracts was determined according 
to the procedure of Bradford using bovine serum albu-
min as the standard protein [25]. 

Effects of temperature and pH on enzymatic activity 
and stability
The effect of temperature on β-galactosidase activity 

was examined by incubation of the enzyme and the sub-
strate (10 mM o-NPG in 0.1 M sodium phosphate buffer 
pH 6.8) at temperatures ranging from 30 to 60 °C. Also, 
the effect of pH was determined on 45 °C by varying 
buffers used for the substrate preparation. Sodium ac-
etate buffer (pH 4.0–5.5) and sodium phosphate buffer 
(pH 6–8) were used for this purpose. The enzyme ac-
tivity measurement was conducted in the previously de-
scribed manner.

On the other hand, in order to determine the thermal 
stability of the enzyme, the enzyme was incubated at 
different temperatures from 50 to 60 °C during several 
hours. Retained enzyme activity (%) was measured at 
appropriate time intervals using the previously described 
method. Similarly, the pH stability of the enzyme was ex-
amined by incubating the enzyme in different buffers (pH 
4-8) for several hours, and the retained enzyme activity 
was measured in appropriate time intervals.

Effects of different cations on β-galactosidase activity
The effect of various cations (Na+, K+, Mg2+, Ca2+, Ba2+, 

Cu+, Zn2+) on β-galactosidase activity was examined as 
previously described, provided that appropriate chloride 
salts were added to the substrate solution (10 mM o-NPG 
in 0.1 M sodium phosphate buffer pH 6.8) to reach final 
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concentrations of 1 mM, 10 mM, and 100 mM. The ob-
tained results are presented as relative activity (%), with 
regard to the enzyme activity without added salts. All 
experiments were performed in triplicate, and the mean 
values are presented graphically.

Determination of enzyme kinetic parameters 
In order to determine the kinetic parameters, two en-

zymatic reactions, namely lactose and o-NPG hydrolysis, 
were observed. These reactions were conducted under 
conditions similar to the previously described manner, 
using o-NPG (0-20 mM) and lactose (0-500 mM) as sub-
strates in 0.1 M sodium phosphate buffer (pH 6.8). The 
concentration of the released o-NP was calculated by 
the previously described method, while the released glu-
cose concentration was determined using the glucose 
oxidase/peroxidase (GOD/POD) assay kit. The observed 
results were fitted with linear regression to Lineweaver-
Burk equation in order to calculate Km and Vmax.
 

Results and discussion

Optimization of β-galactosidase production 
Experimental designs and RSM represent an impor-

tant tool that is nowadays widely used in defining optimal 
process conditions, since it shows numerous advantag-
es over conventional methods by being able to deter-
mine not just the effects of different factors on the en-
zyme production, but at the same time to give an insight 
into their mutual interactions [26]. In this study RSM was 
used to determine optimal values of relevant fermenta-
tion factors, namely temperature (X1), inoculum (X2) and 
the lactose  concentration (X3). These exact factors were 
chosen on the basis of our previous findings, highlight-
ing the importance of lactose in enzyme induction [22]. 
However, the optimization of the lactose concentration 
represents a rather difficult task, since lactose promotes 
the enzyme synthesis. Yet, high lactose concentrations 
and a significant production of glucose can cause the 
enzyme synthesis repression. Therefore, in view of max-
imizing the β-galactosidase production, the lactose con-
centration and relevant related factors (temperature and 
inoculum size) were examined, taking into consideration 
their individual and combined effects.

The experimental plan consisting of 20 randomly 
performed experiments (Table 1) was applied, and two 
output variables, namely β-galactosidase activity (IU/ml) 
and specific β-galactosidase activity (IU/mg proteins) 
were measured. At the beginning, in terms of deter-
mining the optimum conditions for achieving the high-
est β-galactosidase activity (IU/ml) yields, the results 
of these experiments were analyzed. The adequacy of 
fitting the obtained results with the second-order model 
(Equation 1) was analyzed using Fischer test. Since it 
was concluded that the model properly describes experi-
mental results (F=2.12), the Student test was performed 
in view of analyzing the significance of factors and their 
interactions. 

Table 1. Experimental plan for RSM (including coded and real 
values of variables) and experiment results.

After the subsequent elimination of insignificant coef-
ficients, following the regression model for the produced 
β-galactosidase activity was derived (Equation 2). 

                                                        .       ...........................(2)

As it can be clearly seen from the equation, all lin-
ear regression coefficients are significant, thus it can be 
concluded that all examined factors have the significant 
influence on the produced β-galactosidase activity. How-
ever, there is only one significant quadratic coefficient 
(β11=-0.220). Hence, the effect of temperature (X1) can 
be presented with quadratic function with maximum 
(Figure 1A), since the quadratic coefficient has a nega-
tive value. On the other hand, the effect of inoculum and 
lactose concentration are represented only with negative 
linear coefficients, leading to a continuous straight line 
decrease of the β-galactosidase activity yield with the 
increase of these two factors (Figure 1B).

Also, a positive interaction between the temperature 
and inoculum concentration can be observed (β12=0.203), 
causing a shift of the local temperature optimum towards 
lower values, with the decrease of the inoculum concen-
tration (Figure 1C). Namely, at lower inoculum concen-
trations, the temperature optimum, in respect to the pro-
duced overall activity, is around 28 °C. However, when 
the inoculum concentration increases, the optimum tem-
perature rises considerably. In view of this, the highest 
β-galactosidase activities are achieved when fermen-
tation is performed at 28 °C, with 1.48% lactose in the 
fermentation medium, and provided that the inoculum 
concentration is around 2.8%.    
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Figure 1A

Figure 1B

Figure 1C

Figure 1. The response surface plots: (A) Interactive effect of the lactose concentration and tem-
perature on the produced β-galactosidase activity. The inoculum concentration was fixed at: X2=0. (B) 
Interactive effect of lactose and inoculum concentration on the produced β-galactosidase activity. The 
temperature was fixed at: X1=0. (C) Interactive effect of inoculum concentration and the temperature on 
the produced β-galactosidase activity. The lactose concentration was fixed at: X3=0. 
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Since this microorganism produces a wide variety of 
different enzymes, the influence of the same experimen-
tal factors on the produced specific activity (IU/mg pro-
teins) was examined in the subsequent step. After un-
dertaking the same analysis, the significant regression 
model (F=1.76) for the other examined output variable 
was derived (Equation 3).

                                                              .............................(3)

Clearly, the obtained model demonstrates a similar 
trend with respect to the previously derived one, since all 
except one of the coefficients are present in both equa-
tions. The discrepancy between the models is in the pres-
ence of a positive interaction between the temperature 
and lactose concentration in the model considering spe-
cific β-galactosidase activity as the output (Figure 2A).

Therefore, in the model for a specific activity combined 
effect of two interactions (temperature and inoculum 
concentration and temperature and lactose concentra-
tion) caused an additional shift of temperature optimums 
towards even lower temperature values (around 25 °C) 
(Figure 2B). These results can be explained by the inten-
sive synthesis of other enzymes on higher temperatures, 
and therefore, the optimum values of examined param-

eters for accomplishing high overall β-galactosidase 
yields are: temperature 25 °C, а lactose concentration of 
1.48% and inoculum concentration of 2.8%. 

In order to evaluate the model prediction, the addi-
tional experiment was performed at optimum values for 
the overall produced β-galactosidase activity: tempera-
ture (25 °C), inoculum concentration (2.8%) and lactose 
concentration (1.48%). It was determined that the overall 

Figure 2A

Figure 2B

Figure 2. The response surface plots: (A) Interactive effect of the lactose concentration and tempera-
ture on the specific β-galactosidase activity. The inoculum concentration was fixed at: X2=0. (B) Inter-
active effect of inoculum concentration and the temperature on specific β-galactosidase activity. The 
lactose concentration was fixed at: X3=0. 
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produced activity and specific activity were 3.12 IU/ml 
and 2.64 IU/mg proteins. Bearing in mind that these re-
sults are within 5% deviation from the predicted values, 
it can be concluded that the model ensures a good pre-
diction.    

Interestingly, the observed optimum lactose (1.48%) 
and inoculum concentration (2.8%) are considerably 
lower than in previously reported optimization studies 
[27, 28]. This can be possibly explained by the fact that 
L. acidophilus is more susceptible to excess lactose, and 
consequently glucose repression than other tested mi-
croorganisms. Also, it can be ascribed to a more com-
plex approach in the experiment planning, recognizing 
the effects of all parameters and their interactions, hence 
low lactose optimum can also be due to the simultane-
ous low optimum inoculum concentration.  

Effect of Temperature and pH on Enzyme Activity and 
Stability
Enzyme characteristics can vary greatly depending 

on the source. For example, the majority of enzymes 
originating from lactic acid bacteria are mesophilic en-
zymes active at ambient temperatures and in the neu-
tral pH surroundings, yet, this may differ from strain 
to strain. The β-galactosidase from L. acidophilus ob-
tained in our study showed the highest activity at tem-
peratures around 45 °C and around pH values of 6.8. 
These results are consistent with the literature data for 
LAB β-galactosidases, bearing in mind that the reported 
optimal temperatures are in the range 40-55 °C [18, 27, 
29], and the optimal pH values are neutral (between 6.5 
and 7.5) [23, 24]. However, the optimal conditions with 
respect to their activity do not often coincide with the 
conditions ensuring long-lasting stability of the enzyme. 
Therefore, notable attention should be paid to this par-
ticular matter. 

                                     Figure 3A

                                    Figure 3B

Figure 3. Stability study of β-galactosidase from Lactobacillus 
acidophilus: (A) thermal stability, (B) pH stability

In terms of the temperature stability assessment, the 
obtained crude enzyme was incubated at elevated tem-
peratures (50-60 °C), and the residual relative activity 
was measured during the time course (Figure 3A). The 
rapid decrease in the enzyme stability can be noted with 
the temperature increment. More precisely, the enzyme 
shows the greatest stability when incubated at 50 °C, 
wherein after 12 hours the enzyme activity is almost un-
changed. On the other hand, the inactivation was more 
pronounced at higher temperatures, and a complete 
loss of the enzyme activity took place after only 2h at 
60 °C. From Figure 3, it can be observed that inactiva-
tion occurred in one step, indicating that no conforma-
tional changes within the enzyme took place during the 
observed period. Inactivation kinetics, therefore, can be 
well described with the exponential model, and inactiva-
tion parameters, namely inactivation constant (kd, 1/h) 
and enzyme half-lives (t1/2, h) on the tested tempera-
tures can be calculated. As it can be seen from Table 
2, the enzyme half-lives obtained at 50 °C, 55 °C and 
60 °C are 138.6h, 6.42h and 0.45h, respectively. These 
results are highly significant because they show that the 
enzyme obtained in this study remains active over a very 
long time period at its optimum temperature (45 °C), as 
opposed to the earlier isolated β-galactosidase from L. 
acidophilus with the 24 h half-life [24].

Table 2. Inactivation constants and half-lives of β-galactosidase 
from L. acidophilus at different temperatures 
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When the values of the obtained half-lives are com-
pared with literature values for other LAB β-galactosidases, 
it can be concluded that the obtained enzyme is inactivat-
ed much slower at elevated temperatures. For example, 
β-galactosidase from Lactobacillus bulgaricus is highly 
stable at 37 °C (half-life is around 147 h). However, at 
higher temperatures – 50 °C and 60 °C, it is significantly 
inactivated after a short period of time (half-lives 0.75 h 
and 0.045 h) under the same conditions [30]. Likewise, 
β-galactosidase from Lactobacillus reuteri is complete-
ly inactivated after 2 h incubation at 50 °C without any 
stabilizers [29]. Therefore, being able to retain stable at 
higher temperatures provides an important advantage 
over other LAB β-galactosidases in terms of potential 
applications. Namely, it provides a better contamina-
tion control, and it also enables the favorization of the 
transgalactosylation reaction, bearing in mind that at 
higher temperatures it increases the solubility of lactose 
which further has a positive effect on the transgalacto-
sylation yield.

Finally, in view of pH stability of the β-galactosidase 
from L. acidophilus, it can be observed (Figure 3B) that 
the optimum pH value is around 7, since after eight hours 
on 55 °C a relative activity is still above 50%. Interesting-
ly, this is matched to its optimal pH value from the aspect 
of activity. However, moderate stability can be observed 
at pH 6 (half-life around 4h), while the surroundings of 
pH 5 and pH 8 are not well suited for the implementa-
tion of this enzyme. Hence, it can be concluded that this 
enzyme can find its application in hydrolysis of milk and 
sweet whey, rather than acid whey. 
 

Determination of kinetic parameters
In terms of kinetic parameters determination, two ex-

periments featuring different enzyme substrates (o-NPG 
and lactose) were conducted. The initial reaction rates at 
different initial concentrations of the substrate are depict-
ed in Figure 4. From the shape of the curves, it can be 
seen that the reaction follows simple Michaelis-Menten 
kinetics. Hence, in order to determine the kinetic param-
eters (Km and Vmax) the double reciprocal (Lineweaver-
Burk) diagram is constructed. 

The numerical values of these parameters for the o-
NPG hydrolysis for β-galactosidase from L. acidophilus 
were 0.44 mM and 25.64 mM/h, respectively. In the case 
of lactose hydrolysis, the values of the kinetic param-
eters were 3.97 mM and 3.10 mM/h, respectively. Similar 
results for β-galactosidase from L. acidophilus, namely 
0.73 ± 0.07 mM (Km ) for o-NPG hydrolysis and 4.04 ± 
0,26 mM (Km) for lactose hydrolysis were previously re-
ported in the literature [24]. Based on these parameters, 
it can be concluded that the obtained β-galactosidase 
has a higher affinity towards o-NPG compared to lactose. 
However, it is important to emphasize that the Km values 
obtained for lactose hydrolysis are significantly lower in 
comparison to other LAB β-galactosidases (10-40 mM) 
[29-32], or other commercially available preparations 
such as Aspegillus oryzae (36-180 mM) [33], Klyvero-

myces fragilis (15-52 mM) [33] and Kluyveromyces lactis 
(35 mM) [33]. These results suggest that the obtained 
enzyme can have a significant application in the reaction 
lactose hydrolysis in order to achieve low concentrations 
of lactose, which is often impossible to achieve by us-
ing the existing commercial preparations. Furthermore, 
in both cases, it may be noted that there is no inhibi-
tion by excess substrate, which is often the case with 
β-galactosidase isolated from lactic acid bacteria.

                                    Figure 4A

                                    Figure 4B

Figure 4. Kinetic study of β-galactosidase from Lactobacillus 
acidophilus using o-NPG (A) and lactose (B) as substrates

Effects of different cations on β-galactosidase activity
Metal ions play an important role in the biological 

function of the enzyme. They provide many important 
protein functions such as modification of protein struc-
tures, the enhancement of the structural stability of pro-
teins in the conformation required for a biological func-
tion, or take part in the catalytic processes acting as the 
acceptor or an electron donor during the reaction [34]. 
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For some enzymes, the presence of metal ions is crucial 
for the activity. And, on the other hand, some metal ions 
have a negative effect on the enzyme activity and stabil-
ity. Therefore, various mono and divalent metal ions (Fig-
ure 5) were tested with respect to a possible stimulating 
or inhibitory effect on β-galactosidase activity. 

Figure 5. The effect of different metal ions on β-galactosidase 
activity

As it can be clearly seen, the monovalent cations Na+ 
and K+ show the negligible influence at lower concen-
trations (1 mM and 10 mM), while at higher concentra-
tions (100 mM) only K+ shows moderate inhibition. On 
the other hand, it can be noted that Ca2+, Ba2+ and Cu2+ 
have a pronounced inhibitory effect on the activity of 
β-galactosidase from L. acidophilus, particularly Cu2+ 

which leads to the complete inactivation of the enzyme 
at low concentrations (10 mM), while the others provide 
the inhibitory effect with increasing concentrations. On 
the other hand, low concentrations of Mg2+ lead to a 
slight activation of the enzyme. This behavior is not un-
common, given that the Mg2+ ion was previously identi-
fied within the active center of the LAB β-galactosidases, 
and its supposed function was binding of substrate, sub-
strate analogs and inhibitors [24].

Conclusions

In this paper, the use of L. acidophilus ATCC 4356 for 
β-galactosidase production was studied. The progress 
in utilization of L. acidophilus biocatalytic potential was 
achieved by the response surface methodology optimi-
zation of relevant cultivation factors (temperature, inocu-
lum concentration and lactose concentration) in view of 
β-galactosidase production. This method proved to be 
highly useful, since optimized conditions provided the 
produced activity of 3.12 IU/ml and the specific activity of 
2.64 IU/mg proteins. The obtained enzyme preparation 
was further characterized, and it was concluded that the 
optimum temperature and pH, from the view of both ac-
tivity and stability were 45 °C and 6.5, respectively. The 

insight into kinetic constants demonstrated the high po-
tential of the obtained enzyme in lactose hydrolysis, and 
consequently could be utilized as a valuable biocatalyst 
in the dairy industry. 
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PRODUKCIJA I KARAKTERIZACIJA β-GALAKTOZIDAZE IZ 
LACTOBACILLUS ACIDOPHILUS 

Milica B. Carević, Maja S. Vukađinović Sekulić, Katarina M. Banjanac, 
Ana D. Milivojević, Marija M. Ćorović, Dejan I. Bezbradica

Katedra za biohemijsko inženjerstvo i biotehnologiju, Tehnološko-metalurški fakultet, Univerzitet u Beogradu, Beograd, Srbija

β-Galaktozidaza je značajan industrijski enzim koji se tradicionalno koristi za katal-
izovanje  reakcije hidroloze laktoze, ali poslednjih godina nalazi i sve značajniju pri-
menu u reakcijama sinteze različitih bioaktivnih galaktozida. U ovoj studiji, ispitani 
su optimalni uslovi za postizanje visokih prinosa β-galaktozidaze iz Lactobacillus 
acidophilus ATCC 4356, bakterije mlečne kiseline koja se smatra bezbednom za 
korišćenje u prehrambenim proizvodima. Statističkim planiranjem eksperimenata 
i metodom odzivnih površina, zaključeno je da se najveća aktivnost i specifična 
aktivnost dobijaju nakon dvodnevne fermentacije na temperaturi od 28 °С, kada je 
koncentracija laktoze 1,48%, a koncentracija inokuluma 2,80%. Temperaturni i рН 
optimum dobijenog enzima iznose 45 °С i 6,8, redom, pri čemu ovi uslovi istovre-
meno omogućuju i izuzetnu stabilnost enzima. U kinetičkoj studiji određene su 
vrednosti kinetičkih parametara, Km и Vmax: 0,44 mM i 25,64 mM/h (za o-nitrofenil-
β-D-galaktopiranozid), odnosno 3,79 mM i 3,10 mM/h (za laktozu). Takođe, nije 
primećena inhibicija supstratom u višku, dok se enzim inaktivira u prisustvu jona 
Ca2+, Ba2+, i Cu2+.  

Ključne reči: β-galaktozidaza, Lactoba-
cillus acidophilus, proizvodnja enzima, 
metoda odzivnih površina 
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