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SUMMARY

The bacterial enzyme, f-D-galactosidase, catalyzes the breakdown of the complex sugar lactose into its
components - galactose and glucose- simple sugars. The glycolysis of lactose by p-D-galactosidase is a point
of attack for studies of the biochemical problem in disaccharide utilization and the genetic basis of enzyme
constitution B-D galactosidase. The aim of the present study was to focus on optimization of a rapid
enumeration method based on the enzymatic hydrolysis of 4-methylumbelliferyl-p-D-galactoside (MUGal) for
toxicity test using Escherichia coli (E. coli) ATCC 8739 as a model. This rapid assay is based on the
assumption that B-D-galactosidase is one marker for E. coli ATCC 8739. The enzymatic activity of E. coli
ATCC 8739 was measured in a 25-minute assay. The effects of pH, temperature, nutrition, and substrate
concentrations on enzyme activity were investigated. The enzyme B-D-galactosidase was shown to be induced
with the inducer isopropyl-beta-D-thiogalactopyranoside (IPTG). The high level of production of B-D-
galactosidase was found at bacteria incubated in tryptic soy broth without dextrose with IPTG. The optimum
pH and temperature for B-D-galactosidase activity of E. coli ATCC 8739 was found to be 6.8 and 44.5 °C,
respectively. The enzyme activity detected increased when raising the concentrations of the substrate (MUGal).
The good linear correlation between logarithms of enzyme activities and CFU showed following supported the
use of this method for toxicity experiments. Enzymatic methods and reference plate counts were significantly
correlated. This method is sensitive, simple to perform and can be used as an alternative for traditional methods

in detecting cell viability.
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INTRODUCTION

Indicators of pollution (e.g. coliform, fecal
coliforms, and Escherichia coli (E. coli)) are used
for monitoring the safety of water (Rompre et al.,
2002). Some rapid techniques for detection of fecal
coliforms and E. coli are based on enzymatic
hydrolysis of fluorogenic substrates for f-D-
galactosidase (Eaton et al., 1995; Manafi et al.,
1991). Rapid detection is the accuracy approach for
microbiological testing applications. These methods
were developed to protect the public health that can
bypass the need for time-consuming isolation
procedures prior to identification. The elapsed time
of assays is less than 6 h instead of 24 to 72 h for
culture-based methods (George ef al., 2000).

Rapid methods are based on one of the markers
for fecal coliforms and E. coli, B-D-galactosidase.
The p-D-galactosidase assays (whole cells) can
detect both the cultivable and non-cultivable
bacteria. Thus, the rapid assays can quantify bacteria

in situ for assessment of the bacterial viability. B-d-
galactosidase has been found in several
microorganisms, including Gram-negative bacteria
(e.g., strains belonging to the Enterobacteriaceae,
Vibrionaceae, Pseudomonadaceae, and
Neisseriaceae), several Gram-positive bacteria,
yeasts, protozoa, and fungi (Tryland, Fiksdal, 1998).
The B-D-galactosidase assays can apply in numerous
experimental purposes, e.g. toxicity tests. In this
study, the developed strategy is based on using the
compound 4-methylumbelliferyl p-D-galactoside
(MUGal), which is hydrolyzed rapidly by the action
of B-D-galactosidase enzyme of E. coli ATCC 8739
to yield a fluorogenic product that can be quantified
and directly related to the number of E. coli cells
present in water samples. E. coli ATCC 8739 has
also been used extensively in laboratories for over 70
years (Archer et al., 2011); more recently, it has
been used widely in toxicity test

The objective of this study was to optimize the
environmental aspects on the galactosidase enzyme
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assays of E. coli ATCC 8739. The fluorogenic
substrate chosen for this study was 4-
methylumbelliferyl- B-D-galactoside. Based on this
assay, the viability of bacterialcell can be detected
rapidly for toxicity tests or the others laboratorial
purposes.

MATERIALS AND METHODS

Materials

4-methylumbelliferyl-B-D-galactoside (MUGal),
isopropyl-beta-D-thiogalactopyranoside (IPTG), and
Xgal were purchased from Sigma Chemical
Company (MO, USA). E. coli ATCC 8739 strain
was obtained from the Global Bioresource Center
(American Type culture collection, VA, USA).

Methods
Enumeration of culturable E. coli ATCC 8739

The strain was plated onto nutrient agar and
incubated overnight at 37°C. A single colony from
the overnight incubation was used to prepare a liquid
culture for experiments. This liquid culture was
incubated overnight at 37°C with continuous orbital
shaking at 1500 rpm (Lab-line® orbit shaker 3590,
IL, USA) and was harvested at a stationary growth
phase (based on a predetermined growth curve). The
cell suspension was centrifuged at 4500 g for 15 min
and re-suspended in a phosphate buffered saline
(PBS) solution twice before use in experiments.

Galactosidase assay

The galactosidase enzymatic assay of whole cells
was modified from a protocol by Fiksdal et al. (1994).
The sample from the incubation experiment was
filtered through a 0.2 um pore-size, 47 mm diameter
polycarbonate filter (Millipore Isopore Polycarbonate
membrane filters, Fisher scientific, PA, USA). The
filter with retaining was placed in a 250 ml flask
containing 20 ml of a PBS solution supplemented with
MUGal, 0.2 g/l sodium dodecyl sulfate, and 0.1%
nutrient broth. The flask was incubated in a reciprocal
shaking bath (Thermo electron corporation 2879, OH,
USA). The fluorescence intensities of sample aliquots
(1,0 milliliter of sample and 40 ul of 10 M NaOH)
were measured every 5 minutes for 25 minutes with a
spectrophotometer (Synergy HT, Biotek, VT, USA) at
an excitation wavelength of 36020 nm (10 nm slit
width) and emission wavelength of 44020 nm (20
nm slit width).
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Construction of the standard curve

The fluorometer was calibrated by using 100%
of fluorescence intensity of methylumbelliferone
(MUF) concentration from 50 to 30000 nmol/l. The
measured fluorescence intensity was converted to
MUF concentration. The enzyme activity was
determined by a least-square linear regression of the
fluorescence versus time based on a plot between
MUF released per minute (George et al., 2000).

Effect of pH and temperature on [-galactosidase
enzymatic assay

Bacteria were inoculated in liquid culture and
harvested by filtering before testing the enzyme
activity. To find out the influence of temperature on
enzyme assay, 250ml flasks continuing 20ml PBS
supplemented with 0.5 g/l MUGal containing the
filter with retaining were incubated in a reciprocal
shaking bath at different temperatures: 22.5 (room
temperature), 37°C, and 44.5°C. The effect of pH on
the enzyme activity was determined by adjusting the
medium with different pH values ranging 5, 6, 6.5,
6.8, 7, 7.2, 8, and 8.5. A sample aliquot was
collected at 5, 10, 15, 20, and 25 minute intervals.

Influence of different MUGal concentrations

To determine effects of the substrate
concentrations on detecting enzyme assay activity, a
range of MUGal concentrations was prepared
including 50, 100, 200, 300, 500, 1000, and
1500mg/l. A control (no MUGal) was operated in
parallel. The flask was incubated at 44.5°C.

Influence of different culture on the galactosidase
production

To find out the suitability of culture for
galactosidase production, bacteria were inoculated in
three different media viz., tryptic soy broth, tryptic
soy broth without dextrose, and triptic soy broth
without dextrose supplemented with IPTG before
testing the enzyme activity. The enzyme activity was
measured at 5, 10, 15, 20 and 25-minute intervals for
enzyme production.

Comparision of viable plate count (VPC) and
galactosidase enzyme assay for bacterial viability

One colony of E. coli ATCC 8739 was
inoculated in liquid culture (tryptic soy broth without
dextrose supplemented with IPTG) at 37°C. The
sample aliquots were collected to determine cell
densities by serial dilution and spread-plate and
galactosidase enzyme assay at 0, 12, 24, 36, 48, 60,
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90, 120, 150, 180, 210, and 240 hour intervals. The
enzyme activity was correlated with the estimated
cell numbers.

Statistical analysis

Analysis of variance (ANOVA), #-test at 5%
significant level, Regression models, and Guassian
relation were performed for data analysis. The
PHStat Program of the Microsoft Excel version 12.0
and Graphpad Prism 5 were used for statistical
analysis.

RESULTS AND DISCUSSION

Optimization of the B-D-galactosidase assay was
carried out at various concentrations of MUGal,

temperatures, pH, and media formulations. In this
study, the B-D-galactosidase activities of E. coli
ATCC 8739 at 44.5°C, 37°C, and 22.5°C (room
temperature) were compared. In general, the B-D-
galactosidase activity depended on temperature
(Figure 1). The maximum activity was exhibited at
44.5°C. Consistent with the results of previous study
(Tryland, Fiksdal, 1998; Caruso et al., 2002),
enzyme activity rate increased when the temperature
was raised from 22.5°C (room temperature) to
44.5°C and showed stable enzyme activity at 44.5°C.
Additionally, enzyme activity was stable when
increasing temperature. It was the result of PBS
supplemented with NB that supported an enzyme
activator and enhanced thermal stability of (-D-
galactosidase (Tryland et al., 1998).
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Figure 1. Influence of different temperature on enzyme activities of E. coli ATCC 8739.
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Figure 2. Influence of different pH on enzyme activities of E. coli ATCC 8739.
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Enzyme activities were measured at various pH
levels (Figure 2). As expected, the Gauss curves
fitted to the data. Among the different pH levels
tested, pH 6.8 was found optimum for galactosidase
activity of E. coli ATCC 8739. It is provided that the
pH optimum for growing of this strain is 6.8 = 0.2.
Thus, the enzyme production reached maximum
when the cells were incubated in the proper pH level.
In Figure 2, it is clear that pH stability profile of
galactosidase ezyme is wide ranging from 6.4 to 7.3.
Further experiments were conducted at pH 6.8.
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When assessing the effect of MUGal
concentration on B-D-galactosidase activity, as
expected, Michaelis-Menten relationships  were
obtained. Enzyme activity was observed to increase
with the increase of the concentration of the substrate
up to 500 mg/l, with little increase in activity observed
at higher concentrations of substrate (Figure 3). A
routine substrate concentration of 500 mg/l was
therefore selected for further experiments. This
concentration allowed the measurement of enzyme
activity close to the maximum.
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Figure 3. Influence of MUGal concentrations on enzyme activities of E. coli ATCC 8739.
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Figure 4. Influence of different nutrient media components on the enzyme activities of E. coli ATCC 8739.
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Three nutrient media formulations were tested
to determine the optimum media to use in
experiments: these included tryptic soy broth,
tryptic soy broth without dextrose, and tryptic soy
broth with added IPTG but without dextrose. The
significant difference in enzymatic activity was
observed. The data (Figure 4) show that tryptic soy
broth with added IPTG without dextrose resulted in
the greatest enzyme activity. Additionally, B-D-
galactosidase is known as an inducible enzyme
(Herzenberg, 1959, Pardee, Prestidge, 1961). This
is obvious evident that $-D-galactosidase released
by E. coli ATCC 8739 was induced by IPTG.
Therefore, we continue using the media added
IPTG for incubating E. coli ATCC 8739.

Based on preliminary studies, bacteria
incubated in tryptic soy broth without dextrose
with added IPTG were harvested and washed
twice before testing. The concentration of MUGal
was adjusted to 500 mg/l. Enzyme activity was
measured at 44.5°C, pH 6.8. Using this approach,
a standard curve was constructed using varying
concentrations of E. coli (Log;o CFU/ml). Figure 5
shows that log-transformed enzymatic activities
and log-transformed plate counts were well
correlated. (Correlation coefficients of r = 0.903).
The good linear correlation between logarithms of
enzyme activities and CFU showed following
supported the use of this method for toxicity
experiments (Figure 5).
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Figure 5. Relationship between p-D-galactosidase activity and total bacteria (CFU) of E. coli ATCC 8739.
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Figure 6. Growth curves using 3-D-galactosidase activity and optical density (ODggo) of E. coli ATCC 8739.
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The growth profile of E. coli detected by the
plate count method, and enzyme assay showed in the
figure 6. The enzyme activity was observed to start
soon after beginning of incubation. The f-D-
galactosidase went along well with the result of
enumeration by plate count. The enzyme production
was greatest when the cell population accessed to the
stationary phase. This study reports, the enzyme
activity compared with the growth rate of E. coli, as
estimated by an optical measurement. It showed that
enzyme activity appeared to couple with growth.

CONCLUSIONS

The production of enzyme B-D-galactosidase in
coliform has been exploited in a multitude of new
test based on the detection of hydrolysis products of
fluorogenic substrates. These tests are sensitive,
simple, and rapid to perform. They are applied to
detect the microbial contamination in water. In this
study, we determined the optimum growth and
measurement parameter for detecting viability of E.
coli ATCC 8739 (whole cells) using for toxicity
tests. We have reported that ideal media for B-D-
galactosidase activity from E. coli ATCC 8739 was
tryptic soy broth without dextrose supplemented
with IPTG. Enzyme activity gained the maximum
rate at 44.5°C, pH 6.8, in a test using 500mg/l of
substrate, MUGal. The enzyme secretion is growth
associated with the cell population. This supports the
use of this method to access the cell viability in
toxicity tests.
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TOI UU HOA KY THUAT TEST NHANH ENZYME -D-GALACTOSIDASE SU DUNG VI

KHUAN ESCHERICHIA COLI ATCC 8739

Lé Thi Anh Ta™, Lé Ba Lé
Truong Pai hoc Da Lat

TOM TAT

B-D-galactosidase 1 enxyme xiic tac phan tmg thiy phén lién két B-1,4-galactoside. Day la mot enzyme co
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nhiéu tmg dung trong cong nghé thuc phim, sinh hoc, k¥ thudt va méi truong. Mot phwong phép test nhanh
dua trén qua trinh thiuy phan enzyme cua hop chét 4-methylumbelliferyl-B-D-galactoside (MUGal) da duoc ti
wu hoa trong nghién ciru nay nhiam ap dung vao cac thir nghiém doc hoc ¢6 sir dung vi khudn Escherichia coli
(E.coli) ATCC 8739 nhur mét dbi tuong nghién ciru. Phuong phap test nhanh nay dugc dwa trén gia dinh ring
B-D-galactosidase 12 mot biomarker cia vi khuén E. coli ATCC 8739. Hoat tinh enzyme cua vi khuin E. coli
ATCC 8739 dugc kiém tra trong cac thir nghiém kéo dai 25 phut. Trong bai bdo nay, ching t6i danh gia hoat
tinh cua enzyme, anh huong cua pH, nhiét do, dinh dudng, ndng do co chit. Enzym p-D-galactosidase dugc
xic tac boi chit cam Umg isopropyl-beta-D- thiogalactopyranoside (IPTG). Hoat dong cua enzym B-D-
galactosidase tir vi khuén E. coli ATCC 8739 dugc nudi ciy trong moi truong tryptic soy ma khong cod
dextrose nhung dugc bd sung IPTG 13 cao nhit. pH va nhiét do t6i wu cho hoat déng ciia enzym B-D-
galactosidase twong tng 13 6,8 va 44,5°C. Cac hoat déng ciia enzym ting 1én khi ting ndng do chat nén
(MUGal). Két qua ciing cho thiy c6 mdi twong quan tuyén tinh giira logarit cta hoat tinh enzyme va CFU. Day
1a dir liéu quan trong minh ching cho kha nang sir dung phuong phép nay cho cac thi nghiém doc hoc. Két qua
thu dugce tir ky thudt test nhanh enzyme va phuong phép co dién dé diéu tra mic d6 séng cua té bao vi khudn
¢6 mbi quan hé mat thiét voi nhau. Do d6, phuong phap nay c6 thé duoc sir dung nhu 1a mot phuong phap thay
thé cho cac phuong phép truyén théng dé xac dinh ty 18 sbng va sinh truong cia té bao vi khuan E. coli.

Tir khod: p-D-galactosidase, E. coli, ky thudt enzym, MUGal, IPTG, hoat tinh enzyme
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