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ABSTRACT

Investigation of B-galactosidase preduction by three yeasts and five bacterial
species of lactose-fermenting microorganisms during different incubation pericds was
carried out. K. fragilis and S. salivarius subsp. thermophilus, in shaken cultures,
proved to be the most potent and produced the highest p-galactosidase activity after
24 h incubation. Toluene was the mest effective solvent in releasing B-galactosidase
from the microbial cells. B-Glactosidase release was increased with the solvent
concentration il it reached its maximum activity at 2.0% (v/v). Higher concentrations
were correlated with a great decrease in B-galactosidase activity. Toluene released
-gatactosidase in higher vyield after 15 min. The higher contact time was correlated
with a great decrease in activity. Maximurn -galactosidase activity was extracted at
37°C during suspensicns of cells in 0.1-M phosphate bufier at pH 6.8 p-
Galactosidase release was increased with the increase of the exposure time for
sonication till it reached its maximum after 5 minutes. The maximum release of 3-
galactosidase was after 6 cycles of freezing and thawing of the cell peliets and cells in
buffer. Migher activity was cbtained when the peliets were used.

INTRODUCTION

p-D-Gaiactosidase enzyme is widely distributed in nature and can be
found in yeasts, fungi and bacteria {Shukla, 1975). The classical source of
bacterial lactase is Escherichia coli (Hu et al., 1959), strains of Streptococcus
factis 7982 (McFerters et al., 1967). A strain of Baciflus was used o produce
3-galactosidase enzyme by ikura and Horikas (1579). This strain produced B-
galactosidase inducibly and the induction of the enzyme was faster at pH
10.5 than at pH 7.2. At pH 8.5, intact cells exhibited higher enzyme activity
than toluenized cells. AL60°C, pH 10.2 grown cells exhibited higher enzyme
activity than pH 7.6 grown cells. Griffiths and Muir (1979) described the
properties of the intracellular p-galactosidase of a thermophilic Bacillus. In
1878, Ramana Rao and Dutta reviewed that 62 strains of yeasts, molds, and
bacteria were screened for p-galactosidase activity and they found that the
molds exhibited the lowest enzyme activity by highest cell yields, while
bacteria produced lowest cell yield and maximum enzyme activity. Crude §-
galactosidase was produced by lysis of cells of Strepfococcus thermophilus
grown on deproteinized whey by Greenberg and Mahoney (1982). The
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enzyme from this source has a neutral pH optimum, a temperature optimum
in buffer at 55°C and is more heat stable than the neutral-pH lactases from
yeasts, which are available commercially. Also Ramana Rao and Duita
(1977) reported on the production of p-galactosidase from bacteria grown in
deproteinized cheese whey. The activity of p-D-galactosidase was studied in
13 strains of Lacfobaciflus. Studies on the enzymes, which hydrolyze lactose
in some species of Lactobacilli done by Premi et al. (1972) came to the
conclusion that in eight strains of Lactobaciflus casei, no p-D-galactosidase
activity was present. De Macias ef al. {1983) reported that p-D-Galactosidase
has been isolated from Laciobacillus helveticus, strain isolated from natural
starters for the manufacture of Argentine hard cheese and its properties.
Lactobacillus acidophillus was studied by Nielsen {1987) for the isolation and
characterization of lactose hydrolyzing enzyme p-glactosidase. Lactase has
been also isolated from several bacterial sources.

The dairy yeast Kluyveromyces lactis was first described by
Beyerinck in 1889. Itis a well known dairy organism used in the production
of certain fermented milk preducts like kumiss and Kurung. The production of
biomass and p-galactosidase by the lactose-utilizing yeast Candida
pseudotropicalis in whey medium was studied by Gomez and Castillo in
1983.  According to Klup (1975) the best commercial sources of -
galactosidase include: Escherichia cofi, Aspergiflus niger and laciose
fermenting yeast (K. fragilis and K. factis). In 1978, Mahoney and Whitaker
provided detailed discussion on a f-galactosidase isolated from K. fragilis.
Also optimum conditions for B-galactosidase produced by K. fragilis were
studied by Sonawat et al., 1981, They found that enzyme production reached
the maximum after 8-12 h of incubation. Different heat treatments had no
effect. The fermentation of laclose was achieved by the yeast K. fragilis
using an immobilized-cell-tubular-reactor by Glanetto et al. (1988). The
hydrolysis of lactose solution by whole cells of K. bulgaricus and cell-free
extracts was compared 1o the hydrolysis of -nitrophenyl-p-galactoside by
Decieire et al. (1985). K. fragilis is one of the best known sources of [aclase
(Van Dam et al,, 1950; Young and Healey, 1957; Davies, 1964; Feniksova ef
al., 1971; Wondorff and Amundson, 1971; Uwajima et al., 1972; Kosikowski
and Wierzbicki, 1973; Guy and Bingham, 1978; Sanchez and Castillo, 1980;
Caputto ef al, 1984, Barbosa et al, 1985 and Champluvier ef al., 1988). 8-
Galactosidase was reported also in K. marxianus {Goncalves and Castillo,
1982; Champluvier et al., 1988 and Mahoney and Wilder, 1988). Recently,
the black yeast Aureobasidium pulflulans was reported as a new source of B-
galactosidase enzyme by Deshpande et al., 1989.

Various methods can be used to release intracellutar enzymes such
as p-galtactosidase depending on their localization inside the cell, intended
use, and stability (Engler, 1985 and Kula and Schutta, 1987). Of the several
methods reported for lhe extraction of B-galactosidase: buffer extraction of
dried yeast (Wendorff and Amundson, 1971), autolysis with chloroform (Van
Dam et al, 1950) and with toluene (Feniksova ef al., 1971) and mechanical
breakage of the cells with glass beads (Davies, 1964). Sired'ansty et al.
(1993) published an interesting study of p-galactosidae extraction from K.
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marxianus cells and pointed out the followings. Mechanical methods are
currently preferred for large-scale application, but they require high
investment and operational costs. In addition, rather small cell wall fragments
are produced, which introduces problems in following solid/liquid separation.
Autolysis is not suitable for p-galactosidase extraction from yeast celis
because high induction temperatures are used. Cell treatment with acids is
also not suitable for p-galactosidase extraction because of the low stability of
B-galactosidase. Enzymatic cell disruption is usually not cost-effective on
large-scale use and detergentis are difficult to remove from the enzyme
preparation. About 90% of B-galactosidase activity was released from cells of
K. marxianus to the extracellular space after 5 h treatment with 1% (v/v)
chloroform at 28°C and pH 7.5. Lower concentrations of chloroform were
insufficient for p-galactosidase extraction, and higher concentrations were
without any effect. About 93% of 8-galactosidase was released from cells of
K. marxianus at pH 10.5, and 0.1 M phosphate concentration in the second
hour of the procedure, even at pH 9.5 in 0.5 M phosphate after 1.5 h
treatment. Without any solvent addition, 85% of p-galactosidase activity was
released from cells of K marxianus after 24 h treatment with 0.5 M
phosphate buffer (pH 8.5) at 37°C. Maximal yields of p-galactosidase were
reached at 37 °C. At 40-45°C the initial extraction rate was higher, but the
yield of enzyme was lower because the total enzyme activity began to fall
after 1 h treatment. The extraction of p-galactosidase from cells of K
marxianus was higher at 0.5 M than 0.1 M phosphate buffer pH 7.5. A good
method for p-galactosidase extraction is solvent treatment. Solvent treatment
is a simple and inexpensive method suitable for large-scale application
{(Mahoney and Whitaker, 1978; Fenton, 1982; Goncalves and Castillo, 1982;

and Stred'ansky et al., 1993).
The objectives of this study were (1) {o select the best microbial

sources and conditions of B-galactosidase extraction which maximize -
galactosidase yield. :

MATERIALS AND METHODES

Microocrganisms:
Yeasts:

Kluyveromyces fragilis EMCC DSM 70292 and Kiuyveromyces kefyr
EMCC 75 were obtained from Microbiol. Resource Center, Cairo MIRCEN
(CAIM}), Ain Shams Univ., A.R.E. Kluyveromyces lactis was obtained from
Microbiol. Dept.,, Fac. of Agric, Mansoura Univ., Mansoura, Egypt. The
original cultures were maintained at 4°C with monthly transfers to medium
containing (wh): 0.3% malt extract (Difco); 0.5% peptone (Difco), 0.3% yeast
extract (Difco); 0.2% lactose (Sigma Chem. Co.) and 2% agar at pH 6.0.

Bacteria:

All cultures, namely, Lacfococcus lactis subsp. cremoris EMCC
10311, Lactococcus lactis subsp. factis, Lactococcus lactis subsp. lactis
biovar diacetilaclis EMCC 10510, Strepfococcus salivarius  subsp.
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thermophilus EMCC 10509 and Leuconostoc cremoris were obtained from
Microbiol. Resource Center, Cairo MIRCEN (CAIM), Ain Shams Univ., Egypt.
The original cultures were maintained at 4°C with monthly transfers to
medium containing (w/v): 0.5% yeast extract; 0.5% peptone; 0.5% NaCl;
1.0% glucose and 2.0% agar at pH 7.2-7.4.

Culture media for p-galactosidase production:

Unless otherwise specified, the lactose mediumn, Goncalves and
Castilio (1982), was used as a basal medium for p-galactosidase production.
The medium has the following composition {(g/L): lactose, 20.0; yeast extract,
3.0; peptone, 5.0 and malt exdract, 3.0. The pH was adjusted to 5.5.

Unless otherwise specified, the lactose medium, Goncalves and
Castillo (1982) was used as a basal medium for p-galactosidase production.
The medium has the fcllowing composition {g/L); yeast extract, 5.0; peptone,
10.0;lactose, 5.0 and NaCl, 5.0. The pH was adjusted to 7.0.

inoculum preparation: .

The maintained agar slanls were used as propagation for the test
organisms. Slants were inoculated with the organisms and after 24 hours
incubation at 30°C (yeaslt) or 37°C (bacteria), slants were stored in
refrigerator at 4°C or used directly as working cultures for preparation of
seeding mateniail.

Consequently, the growth on the agar slant was scrapped, using 5 mi
sterilized tap water then transferred to a 250 ml flask containing 30 mi sterile
liquid medium. The resulting cell suspension (after 18 h incubation at 30°C in
shaking incubator) were used for incculating the sterilized experimental
(fermentation) flasks.

Cultivation:

Uniess otherwise stated, cultivation was made in 300 ml Erdenmeyer
flasks each containing 45 mi of sterile medium {pH 6.0 for yeast and 7.0 for
bacteria). A 5 ml of an 18-h-old inoculum was transferred to the culture
medium. The flasks were incubated at 30°C {yeast) or 37°C (bacteria) with
agitation (120 strokes/min) in a reciprocating shaker bath. After incubation
for 48 hours, the culture broth from each flask was used for measuring pH
and growth. Cells were harvested by centrifugation at 10 000 rpm for 15 min
at 4°C.

Enzyme extraction:

The harvested cells were washed twice with 0.067 M potassium
phosphate buffer (pH 6.8). Washed cells were suspended in 25 ml of 0.067
M potassium phosphate buffer, pH 6.8, containing 0.1 mM manganese
chloride and 0.5 mM magnesium sulfate. 10 ml of the suspension were
treated with {oluene (2% -v/iv- al 37°C for 10 min). Broken cels wore
removed from the assay mixture by centrifugation at 15 000 rpm for 30 min at
4°C and the precipitated fraction was discarded. The supernatant was used
as enzyme source.
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In ultrasonic treaiment, the microbial cells suspended in buffer were
. sonicated by MSE ultrasonic disintegrator operated at 200 wat! at intervals
time period. The samples were kept in cold in an ice bath, the resulting
extracts were centrifuged at 10 000 rpm for 10 min at 4°C and the
supernatant was used for -galactosidase assay (Sanchez and Hardisson,
1979; Moldoveanu and Kluepfel, 1983 and El-Diwany et a/, 1986 and 1984).

in freezing and thawing treatment, the microbial cells in buffer were
frozen and thawed for 7 days (seven cycles), p-Galactosidase activity was
measured periodically in the solution. Cell pellets was also treated for seven
- cycies, followed by re-suspending in equal volume of the same buffer and -
galactosidase activity was measured (Decleire et. af 1987 and El-Diwany et.
al, 1994).

p-Galactosidase assay:

The assay mixture consisted of 2.8 ml of 50 mM sodium phosphate
buffer (pH 6.8) and 0.1 ml of 68 mM -nitrophenyl p-D-galactopyranoside
(ONPG), Sigma Chem. Co., USA, then 0.1 ml of enzyme source was added.
The assays were carried out at incubation temperature at 37°C (yeast) or 45°
C (bacteria). After 10 min, the reaction was stopped by addition of 3.0 ml of
ice-cold 0.5 M Na;COa.. o-nitropheny! liberated was estimated at 420 nm.
One unit of enzyme was defined as activity, which released! mol of -
nitrophenyl /mi/min, under the conditions specified above.

Growth measurement: _

Yeast and bacteria growth were measured as absorbance of cultures
at 650 nm. Before reading, the suspensions always were diluted to give
turbidity reading lower than 1.0 E.

Protein determination:
The protein contents of the enzyme extracts were determined by the
method of Lawry et al. {1951), with bovine serum albumin as standard.

RESULTS AND DISCUSSION

Screening of yeast and bacterial cuitures for the production of -
galactosidase:

The present experiment aims to investigate the ability of certain local
yeast and bacteria! species for the production of p-galatosidase. This may be
considered as a prelude for selecting the most potent yeast and bacterial
species for production of active p-galactosidase. For this purpose, p-
galaclosidase activities were investigated and evaluated for the yeast and
hacterial species listed in Tables 1 & 2. These yeast and bacterial species
were cultured using the shaken cullure technique. The species were cultured
on the basal media described earlier under shaking conditions. Fermentation
was lasted for 8, 12, 24, 48, 72 and 96 h. Three yeasts and five bacterial
species were investigated. Al the end of fermentation process, the growth
rate was measured al 650 nm. The culture broth was centrifuged to obtain |
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the cells and the cell free extract. p-Galactosidase activities and protein
concentrations were determined. The results in Table (1) showed that the
highest level of p-galactosidase production (12.15 U/ml, OD g5g py, 4.0) was

obtained by Kluyveromyces fragilis followed by K. kefyr (8.5 U/ml, OD g50 nm
3.7) and K. factis (7.0 U/ml, ©.D. gsq nm 0.9)-

It is also seen from Table (2)that Strepfococcus salivarius subsp.
thermophilus proved by far to be the most active producer for -galactosidase
followed by Lactococcus lactis subsp cremoris as -a highly active enzyme
producer. The corresponding B-galactosidase activities in U/ml were 37.3 and
15.2, respectively.

Table (1): B-Galactosidase activity of some yeast species.

Growth Enzyme activity
Yeast Cultivation Time | rate
) oo U/mi Uimg
Kluyveromyces fragilis EMCC DSM 70292 80 4.0 10.15 36
12 40 12.15 37
24 4.0 12.15 39
48 38 6.2 1.5
72 36 55 09
96 3.5 S50 0S
Kiuyveromyces kefyr EMCC 75 8.0 35 8.0 14
12 37 85 1.5
24 37 82 1.4
43 34 39 0.9
72 33 28 0.7
96 3.0 2.1 0.5
Kluyverornyces lactis 80 08 55 23
12 1.0 6.0 23
24 0o 7.0 25
48 08 55 15
72 03 38 1.0
96 0.7 1.0 0.3

Optimum B-galactosidase production, in lactose containing media,
was obtained by growing the test yeasts for 12 - 24 h. On the other hand,
optimum cultivation times observed for bacterial species excreting elevated
quantities of the enzyme in shaken cultures are 24h.

Large number of reperts in literature on p-galactosidase are
concerned with yeast and bacteria as major sources of enzyme, notably K.
fragifis and Sir. salivarius subsp. thermophilus (Mahonev et al., 1974
Ramana Rao and Dutta, 1977 &1979; Sonawat ef a/., 1981; Greenberg and
Mahoney, 1982; Caputto ef al, 1984 and Thomas ef al., 1984), also they
referred to relationship between the growth rate ~~d p-galactosidase
production.

Shortly, the efficient p-galactosidase producing strain is the first step
towards development of the production process. Suitable nutrients, including
an inducer, environmental conditions and process control strategy must also
be chosen. As stated before, the present work aims at studying the microbial

-galactosidase activity. The results of this part of the work indicated that K,
fragilis and Str. salivarius subsp. thermophilus in shaken cultures at 24 h
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incubation proved to be the potent organisms for producing active -
galactosidase. These results collectively justified the selection of the last-
named microbial species for succeeding work.

Table {2): p-Galactosidase activity of some bacterial species.

Bacteria Cultivation | Growth | Enzyme activity
Time (h)| rate Uml | Umg
OD B850 nm

8 1.5 11 26

i2 1.9 15 2.8

Lactococcus factis subsp. cremoris EMCC 10511 ig 1{ .995 15 ~02 ?g
72 1.7 45 0.59
96 1.55 4.0 0.15

8 1.5 48 1.5

12 1.65 5.0 1.9

. . 24 1.8 45 1.9

Lactococcus lactis subsp. lactis 48 18 23 10
72 186 1.1 0.75

96 1.35 0.9 0.5

8 16 6.9 1.6

12 1.8 121 2.1

Lactococcus lactis subsp. lactis  biovar; 24 1.9 14 207

diacetifactis EMCC 10510 48 1.84 8.2 1.4

72 1.6 2.9 0.9

96 1.42 0.2 0.4

Streptococcus salivarius subsp. thermophilus B 1.2 25 7

EMCC 10509 12 1.5 35 1.7
24 1.5 37.3 10.2

48 1.5 276 6.9

72 1.2 23 6.1

98 1.0 20.1 4.5

Leuccnostoc cremorns 8 1.2 50 2.3

12 1.3 8.2 45

24 15 g1 4.8

48 1.5 98 1.9

| 72 1.4 2.8 0.8

{66 1.2 15 0.3

-Galactosidase Extraction:

p-Galactosidase cannot be extracted from fresh cells of yeasts and
bacteria without proir rupluring the cell walls {(Mahoney et al., 1974).
Ruptures of the cell walls is carried out by several methods, e.g., solvent
autolysis and mechanical breakage of the cells (Gunsalus, 1955, Chan, 1971
and Wendorff and Amundson, 1971). In this experiment three treatments of
extraction were used to release p-galactosidase from the cells of K. fragilis
and Str. salivarius subsp. thermophilus. The used treatments are chemical
treatment (Solvent extraction), freezing and thawing treatment and ultrasonic
treatment,
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Chemical Treatment
Solvent 7
The effect of 1% (v/v) different organic solvents on p-galactosidase
extraction at 37°C for 10 min was studied. The results represented in Table
{3) show that the enzyme release varied with the solvent used. Tcluene was
the most favorable solvent for B-galactosidase release compared with other
solvents. Toluene was selected for further studies concerned with soivent
concentration,  Mahoney ef &l (1974) reported that toluene autolysis
produced more p-galactosidase activity (1.2 U/mg cells) than chloroform (0.45
U/mg cells). Fenton and Dennis (1981) and Fenton (1982) reported the use
of organic solvents for extraction of p-galactosidase from K. fragilis. They
stated that alcohois such as ethancl, methanol, t-butanol and isopropanol are
effective solvents in releasing p-galactosidase from yeast cells. They also
stated that these solvents prevents losses of i-galactosidase due to microbial
degradation, and seems alscto prevent proteolytic activity from hydrolyzing
B-galactosidase during the subsequent siow extraction with buffer. Several
workers used many organic solvents for extraction of p-galactosidase from
yeasts and bacteria. Of these workers Selim ef al. (1983) and Declinr ef al.
(1987) on yeasts and Ei-Diwany et &/. (1986} on bactena.

Table {3): Effect of different organic solvents on p-galactosidase
extraction from cells of K. fragilis and Str. salivarius subsp.

thermophilus.
~Galactosidase activity (U/mi) ’
Solvent K. fragilis Str. Salivarius subsp.
thermaophilus
Toiuene | 12.2% 37.30
Cloroform : 12.15 26.05
n-Butanol 5.05 28.50
Benzen 12.00 34.50
Ethanot 5.25 17.22
Methano! . 3.32 10.10
Isopropanol | 8.51 22.00
2-Mercaptoethanol 9.05 2511
Acetone 4.62 15.00

Microbial cells were treated with 1% {viv} of different organic solvents at ~ 37°C fer 10 min
in 0.5 M potassium phosphate buffer pH 6.8 containing 0.1 mM manganese chloride and
0.5 mM magnesium sulfate.

Solvent concentration

The effect of different concentrations of toluene on the release of
intracellular p-galactosidase at 37°C for 10 min was investigated. The results
represented in Table {4) indicate that the enzyme release was increased with
increasing solvert concentration till it reached its maximum aclivity at 2%
(v/v). The use of higher contact time was correlated with a significant
decrease in [-galactosidase zclivity. These results are in agreement with
Mahoney ef al. (1974) and Ei-Diwany et al. (1984). The first authors found
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that the best concentration of toluene was 2% (v/v) for extraction of -
galactosidase from K. fragilis.

Table {4): Effect of toluene concentrations on p-galactosidase extraction
from cells of K fragilis and Str. salivarius subsp.

thermophilus.

Solvent p-Galactosidase activity (U/ml)

Cornic, (viv) K. fragilis Str. salivarius subsp.
thermophilus

0.0 0.00 0.00
1.0 12.25 37.30
1.5 14.01 40.50
2.0 15.05 43.60
2.5 13.51 42.05
3.0 9.35 3595

Microbial cells were treated with different concentrations of toluene at ~ 37°C for 10 min in
0.6 M potassium phosphate buffer pH 6.8 containing 0.7 mM manganese chloride and 0.5
mM magnesium sulfate.

Contact Time

The effect of contact time on f-galaclosidase release, by 2% (viv)
toluene extraction at 37°C, frcm yeast and baclerial cells was studied. The
results presented in Table (5) show that toluene released p-galactosidase in
higher yield after 15 min (15.25 and 43.20 U/ml) in both K. fragilis and Str.
Salivariug subsp. thermophilus, respectively). The use of higher contact time
was correlated with a considerable decrease in (-galactosidase activity. The
results are in agreement with Goncalves and Castillo (1982), Stred ansky et
al. (1893) and El-Diwany ef al. (1994). The later authors reported that
toluene release (-gaiactosidase in higher yleld after 5 minutes.

Temperature

The effects of temperature on exiraction of p-galactosidase from
fresh yeast and bacterial celis are shown in Table (6). The results indicate
that maximum f{-galactosidase activity was exlracted after 15 min with 2%
toluene (v/v) at 37°C. The resulis arein line with those of Mahoney et al.
{1974), Goncalves and Castillc (15882) and Stred’ ansky (1983}. The first
authors found that the most rapid release of maximum p-galacicsidase
activity of K. fragilis was achieved with 2% toluene (v/v) at 37°C. The second
authors reported that maximal vields of p-galactosidase from K marxianus
were reached between 37°C and 40°C.

pH

The effect of pH of buffer on release of g-galactosidase from yeast
and bacterial cells by 2% (v/v) toluene autolysis is presented in Table (7). The
results obtained show thatthe best conditions for p-galactosidase extraction
from cells is at pH 6.8. These results confirm previous reports (Wendorff,
1969, Mahoney et al, 1974, Goncalves and Castillo, 1982) that the best

condition for -galactosidase extraction is at pH around 7.0. Contrary to the
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above results, Stred'ansky ef al. (1993) found that about 93% of -
galactosidase from K. marxianus was released at pH 9.5-10.5.

Table (5): Effect of extraction time on p-galactosidase extraction from
cells of K. fragilis and Str. salivarius subsp. thermophilus.

%f,f‘(’;?:) -Galactosidase activity (U/mi)
K. fragilis . Str. salivanius subsp.
thermophilus
0 0.00 0.00
] 12.80 37.20
10 15.05 43.60
15 15.25 43.80
20 14.51 41.90
30 13.98 40.50
60 873 23.95
90 598 20.30
120 5.50 18.00
12h 5.00 16.85
24h 4.50 15.05

Microbial cells were treated with 2% {v/v) of toluene at ~ 37°C for different tinjes in 0.5 M
potassium phosphate buffer pH 6.8 containing 0.1 mM manganese chloride and 0.5 mM
magnesium sulfate.

Table {6): Effect of temperature on p-galactosidase extraction from cells
of K. fragilis and Str. salivarius subsp. thermophilus.

-Galactosidase activity (U/mi}
Temperature (°C) K. fragilis _ Str. Salivarius subsp.
Thermophilus
25 11.85 13.25
30 1275 23.85
35 13.50 4295
37 15.25 43.90
40 11.85 41.59
45 805 36.80
50 6.01 n 33.05

Microbial cells were treated with 2% (v/v) of toluene at 25.50°C for 15 min in 0.5 M
potassium phosphate buffer pH 6.8 containing 0.1 mM manganese chloride and 0.5 mM
magnesium sulfate.
Buffer concentration

The effect of phosphate concentration of buffer on extraction of B-
galactosidase from fresh cells of K. fragilis and Str. salivarus subsp.
thermophilus is presented in Table (8). It is obvious from the resuits that the
best concentrations for extraction of p-galactosidase of fresh cells is in 0.1 M
phosphate buffer {(pH 6.8). These results confirm previous reports (Wendorff,
1969, Mahoney et al., 1974 and Stred’ ansky et af., 1993, The last authors
reported that under optimai conditions (37°C, pH 9.5-10.5) greater than 90%
of the p-galactosidase activity was reieased into 0.1-0.5 phosphate buifer.
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Table (7). Effect of pH on p-galactosidase extraction from cells of K.
fragilis and Str. salivarius subsp. thermophilus.

PH ___B-Galactosidase activity (U/mi)
of buffer K. fragilis Str. Salivarius subsp.
Thermophilus
57 11.25 24.05
6.0 12.30 30.12
6.5 13.50 40.43
6.8 15.25 43.90
70 14.50 43.90
75 13.50 42.05
8.0 10.03 36.50

Microbial cells were treated with 2% {viv) of toluene at -~ 37°C for 15 min in 0.5 M
polassium phosphate buffer pH 5.7-8.0 containing 0.1 mM manganese chloride and 0.5
mM magnesium sulfate.

Table (8): Effect of phosphate concentration of buffer on p-
galactosidase extraction from cells of K. fragilis and Str.
salivarius subsp. thermophilus.

Phosphate concentration B-Galactosidase activity (U/ml)
of buffer (M) K. fragills Str. salivarius subsp.
Thermophilus
0.001 5.80 19.93
0.01 12.32 39.42
0.05 15.25 43.91
0.1 18.30 48.40
0.5 14.25 42.49
1.0 8.00 35.05
5.0 8.85 24.15

Microbia! cells were treated with 2% (viv) of toluene at ~ 37°C for 15 min in 0.001-5.0 M
potassium phosphate buffer pH 6.8 containing 0.1 mM manganese chioride and 0.5 mM
magnesium sulfate.

Ultrasonic treatment

The effect of uitrasound on p-galactosidase release was studied.
The results represented in Table 9 show that p-galactosidase release was
increased with increase of the exposure time. p-Galactosidase reached its
maximum activity (12.95 U/ml} at 5 min and (38.98 U/ml) at 4 min in case of
K. fragilis and Str. salivarius subsp. thermophilus, respectively. Doulah (1978)
pointed out that cells disruption by using ultrasonic treatment is depended
upon the mechanical effect of gaseous cavitation in the suspending medium.
The mechanical stresses may arise from shock waves and from flows
generated by pulsating bubbles. Several investigators used the ultrasound
treatments with varicus power watt and exposure times for -galactosidase
extraction (Sanchez and Hardisson, 1979; Chatterjee and Vining, 1982
Moldoveanu and Kluepfel, 1983; El-Diwany et al., 1984; El-Diwany et al.,
1986 and Foda ef al., 1986).
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Table (9): Effect of sonication on p-galactosidase extraction from cells
of K. fragilis and Str, salivarius subsp. thermophilus.

_p-Gaiactosidase activity {U/ml)
Exposure Time (min) K. fragilis Str. salivarius subsp.
thermophilus
1 6.01 22.55
2 7.05 23.95
3 7.55 28.45
4 9.05 38.99
5 12.95 19.48
6 895 16.50
7 5.94 15.05
8 5.00 13.60
9 4.51 12.90
10 3.04 12.80
15 2.92 12.05
Physical treatment

The effect of freezing and thawing on p-galactosidase extraction was
studied. The results represented in Table (10) show that the maximum
release of p-galactosidase was obtained afler 7 cycles with the cell pellets
and cells in buffer. These results are in line with Decleire ef al. (1987) and El-
Diwany et al. (1994). The former authors worked on Kluyveromyces -
galactosidase and found a higher activity when the pellets were used, The
later authors worked on Candida pseudotropicalis and found that the
maximum release of p-galactosidase was obtained after 5 cycles of freezing
and thawing with the cell pellets.

Table (10): Effect of freezing and thawing on p-galactosidase extraction
from cells of K. fragilis and Str. salivarius subsp.

thermophilus.
Cycle - Galactosidase activity (U/ml)
Number Cell peliets Cells in buffer
K. fragilis Str. salivarius subsp. K. fragilis Str. salivarius subsp.
thermophilus thermophilus
1 7.55 20.95 7.0G 29.85
2 8.29 31.45 756 30.00
3 g11 331 7.70 305
4 10.50 34,50 8.2% 31.50
5 12.76 34,70 8.50 32,50
6 13.45 35.05 9.00 32.70
7 13.01 36.05 7.95 - 32.80
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