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Cells of K. fragilis and soluble B-galactosidase were immobilized on fibrous collagen and their properties were
compared with the soluble enzyme. There was a shift of pH optimum from 7.0 to 6.6 when the enzyme and the cells
were immobilized on collagen. Immobilization did not change the optimum temp. (35°C) requirement of the enzyme
but the thermal stability of the enzyme was increased. Mg?t, Mn*+ and Co** increased the enzyme activily whereas
Hg?+ and Cu?* completely inhibited it. Kinetic data for the free and bound enzyme were determined using lactose and
ONPG as substrate. Among the lactose containing substrates fried, the extent of lactose hydrolysis was maximum
The milk in which 34 % of lactose was hydrolysed was used for the preparation of yoghurt,
The characteristics and acceptability of yoghurt were not affected by the treatment of milk.

in lactose buffer solution.

variety of B-galactosidase have been extensi-
A vely studied for possible use in the preparation
of lactose reduced milk and milk products,
intended for use by lactose intolerant persons. But
the application of the enzyme on industrial scale
has been limited due to high cost of soluble enzyme.
Use of enzyme in an immobilized form could give
significant economic. advantages. The process can
be made more profitable by use of immobilized
microbial cells as an enzyme source. This will
eliminate the extraction and purification steps re-
quired for the utilization of the enzyme.
Immobilization of g-galactosidase of Escherichia
coli, Aspergillus niger and Saccharomyces lactis
have been reported-®. Although Kluveromyces
Jfragilis was reported to be the best B-galactosidase
producer for use in food industry4-8 very little work
has been done on the immobilization of p-ga-
lactosidase on collagen from the same organism.
We, therefore, report the immobilization of soluble
B- galactosidase and K. fragilis cells on fibrous
collagen. The kinetics and properties of soluble
and bound enzyme and immobilized whole cells
have been studied.

Materials and Methods

K. fragilis Y - 1109 was obtained from Northern
Regional Research Laboratory, USA. The com-
minuted hide collagen is a research product of
Eastern Regional Research  Centre, Philadelphia.
Yeast was maintained on Wendorff and Amundson?
medium, with the following composition (g/1):
lactose, 10; yeast extract, 5; K,HPO,, 3; (NH,),
SO, 1; and pH 5.5. The culture was incubated
at 30°C for 72 hr as a shake culture. The yeast
cells were harvested by filtration and washed in
phosphate buffer (0.244, pH7). The cell suspension
was employed for immobilization as early as possible.

Isolation of the enzyme — The yeast cells were
disrupted in a mortar with alumina and 10 ml of
toluene: acetone (9:1) mixture. Phosphate buffer
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(10ml) was then added and centrifuged at 10,000
for 15 min. The clear supernatant was used ast
crude enzyme. The crude extract was purified |
ammonium sulphate fractionation and column che
matography on Sephadex G-200. The purifl
enzyme having a sp. activity of 112 units was us
for immobilization. | |

Immobilizations — The yeast cells and free enzyilé
were immobilized on collagen fibres®. The
philized fibrous collagen was aliowed to swell I
phosphate — magnesium buffer containing the f§f
enzyme or microorganism for 3 hr at 4°C, C
taraldehyde was then added to give final gluf
Idehyde conc. of 0.5% and the cross linking allo
to continue for 15 min. The collagen enzyme or
complex was separated from supernatant by

enzyme or cell complex, 300 mg of cells/g of &
lagen or 1680 enzyme units/ g of collagen W

substrate. The amount of o-nitrophenyl relé

was determined spectrophotometrically at 420

by the procedure described by Lederberg?.
Effect of flow rate and repeat runs on lactose

mobilized whole cells. Lactose solution (57%)
passed through the column of immobilized Yo
and different flow rates from 20-100 ml/hr %init
tried. Two ml aliquots were analysed for ¢
content by the glucose oxidase — peroxidas
cedurel®,

To study the effect of repeat runs, 50 ml i
of 5% lactose solutions were passed througl
column of immobilized cells. The columns
given washing in between two runs using 23
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12 M phosphate buffer. Appropriate aliquots were
malysed for enzyme activity. The time for each

peat run was 2.5 hr.

Effect of various lactose containing substrates —
Four per cent lactose solution, whey, skim milk and
whole milk were incubated with a known amount
if immobilized whole cells at 37°C for 15 min and
fie reaction mixture was assayed for enzyme acti-
iity. The lactose content was estimated as per
& gravimetric method!.

Preparation of yoghurt — Lactose (34%) in milk
& hydrolysed by treatment with the immobilized
glls. The treated milk was then used for pre-
aration of yoghurt!e,

Relationship between amount of enzyme offered
wl enzyme bound — The purified enzyme solution
s added to give 2240, 3360, 4480 and 5600 units
er g f collagen for binding. The amounts of
yme bound increased with the increase in the
unt of the enzyme added, the maximum being
80 units per g collagen when 5600 units were ofi-
#l (Table 1). On the other hand, coupling effi-
ency which is an expression of the efficiency of
nding of enzyme to collagen, decreased with the
¢ in enzyme units added.
llagen — enzyme complex containing 1630
mvme units per g of collagen, was used in sub-
quent studies.
Bfiect of pH and temp. on enzyme activity — The
mum_activity for the free enzyme occurred at
|7 whereas the optima for collagen bound 8-
lintosidase and immobilized yeast cells were at
'6.5. Immobilization did not change the opti-
n temp. (35°C) requirement of the enzyme.
lhermal stability — The free and bound p-gala-
sidase and immobilized cells were incubated in
gphate buffer at different temp. (30°-35°C)
1) min. The residual activity was measured.
g immobilized B-galactosidase and cells were
® stable than the corresponding free enzyme
figher temp. (40°-55°C). They retained 100 per
it of initial activity at 40°C whereas the free
ume showed only 83% of the initial activity
g 1).
flect of metal ions — The free and bound @-
wosidase and immobilized cells were incubated
1°C for 15 min in ONPG solution containing
ous metal ions (Table 2). Heavy metal ions
& and Cu®t completely inhibited the enzyme

activity. Ca?t, Fe?* and Ba?" also caused slight
decrease in enzyme activity. The divalent cations
Mn?t, Mg?t and Co?t enhanced the enzyme
activity. However, the immobilized enzyme and
immobilized cells were found to be more sensitive
to the inhibitory action by various metal ions.

Enzyme kinetics — All the 3 enzyme preparations
obeyed Michaelis — Menton Kingtics  towards
ONPG and lactose. Line weaver — Burk plots
were drawn and K., values calculated. The ap-
parent Kp, values for the immobilized enzyme and
the immobilized cells were slightly higher than that
of the free enzyme (Table 3).

Effect of flow rate on lactose hydrolysis — Lactose
solutions (59) were passed through a column of
collagen X. fragilis cell complex. When flow rate
was 20 ml/hr, 689 of lactose was hydrolysed. It
decreased to 54,52 and 359 when the flow rate
was increased to 50,80 and 100 ml/hr, respectively.

Effect of repeat runs on lactose hydrolysis — The
steady limit activity was attained after the first re-
peat run (Fig. 2). The activity at steady state was
equivalent to 44 9/ of the initial activity.

Lffect of lactose containing substrates — Among
the lactose containing substrates tried, the extent
of lactose hydrolysis was maximum (54%) in the

TABLE 2 — EFrFeCcT OF Various MErTAL Jons ON B-GALACTO-
SIDASE ACTIVITY

Residual activity

Metal Conc. Free = Immobilized Immobilized
) enzyme enzyme cell
Control 0 1.00 1.00 1.00
Hg?+ 10 0.04 0.00 0.00
Mg+ 10—4 1.13 1.11 1.05
Ca 10—4 0.93 0.80 0.78
Cu?* 10-s 0.06 0.00 0.00
Ba?+ 10— 1.06 0.82 0.94
Mn?+ 105 1.66 1.53 1.55
Fe?t 103 0.83 0.82 0.72
Co?** 10—% 1.20 1.05 1.11

Substrate for assay, ONPG; Temp. 37°C

£ | — CourLING EFFICIENCY As FUNCTION OF Enzyme
d OFFERED

iy offered Units bound/g Coupling
il units) of collagen efficiency
941 42
1278 38
1568 35
1680 30

te for assay, ONPG; Temp., 28°C; Buffer, 0.2 M

e FREE B-GALACTOSIDASE
4— IMMOBILIZED CELLS
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1001

751

25r

RELATIVE ACTIVITY (PERCENT)

el

30 35 40 45 S0 55

0 A L n 1

TEMPERATURE ()

Fig. 1 — Thermal stability of B-galactosidase
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lactose buffer solution and least (32%) in the whole
milk (Table 4).

Preparation of yoghurt — Lactose (34%) in milk
was hydrolysed by passing milk through the column
of immobilized cells and the treated milk was used
for the preparation of yoghurt. Characteristics
of the yoghurt like titratable acidity and volatile
fatty acids were not affected by lactose hydrolysis.
On the other hand, the yoghurt showed slightly
improvement in these characteristics (Table 5). It
is spectacular to note that the new product possessed
highly acceptable flavour and taste.

Discussions

Comminuted hide collagen was reported to be
an excellent support for immobilized enzyme8. When
fibrous collagen is kept in buffered enzyme
or cell solution, non - covalent bonding of enzyme
or cell to collagen fibres occurs. But these bonds
are weak and can be easily washed away. The

TaBLE 3 — MiCHAELIS CONSTANTS FOR B-GALACTOSIDASE OF

K. fragilis
Lactose ONPG
Kn(107* M) Kn(107* M)
Free p-galactosidase 13.33 137
Immobilized-8-galactosidase  16.67 1.79
Immobilized cells 15.38 1.63

TABLE 5 — CHARACTERISTICS OF YOGHURT PREPARED Eil

MiLk TREATED WiTH IMMOBILIZED K. fragilis CELLS

Characteristic Yoghurt prepared  Yoghurt pi

from untreated pared
milk treated
(lactose hydzc
lysed 34%
Titratable acidity2 0.789 0.766
Volatile fatty acids» 0.042 0.044
Taste and flavour® + 44 4+
Acceptability® +++ 4+

sExpressed as per cent w/v
bResult of organoleptic tests by a panel of 5 judges.

TABLE 4 — INFLUENCE OF VARIOUS LACTOsE CONTAINING
SUBSTRATES ON THE RATE OF HYDROLYSIS OF LACTOSE

Substrates Initial lactose Lactose
content hydrolyzed®
(%) (%)
Lactose solution 4.0 54
Whey 3.6 37
Skim milk 4.0 34
Whole milk 4.2 32

spH of all substrates were adjusted to 6.5
bPer cent of lactose hydrolysed was calculated from the
amount of glucose produced

100
-
E 80F
(&)
[
w o
o.
> 6o
>
-
(&) ' .
L ¢ v
w &LOF
=
—
L
-
& 20t

0 L ' " =
2 4 € 8

NUMBER OF REFEAT RUNS

Fig. 2 — Effect of number of repeat runs on enzyme activity of
collagen cell complex
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cross linking agents, glutaraldehyde, ties down th
enzymes or cells which are already bound. In
present study, by using glutaraldehyde cross linkis
method, a collagen enzyme complex was obt:
which contained appreciable amount of en
activity (1680 units/g complex). The amo
enzyme bound was not proportional to the amous
of enzyme added.
The increased stability of the immobilized enzym
and cells at acidic pH values might be attribut
micro-environmental effects such as the pro
of the charged groups of the matrix. This she
that the matrix is positively charged. Husted d
al'3 attributed the upward shift in pH optimum
negatively charged matrix. The rate of the rea
was higher for the immobilized enzyme and et
than the free enzyme when the enzymic res
was carried out at high temp. (45°-55°C). Mor
over, the thermal stability of the immobilized
zyme was also found to be increased. This
be due to restrictions on conformational flexibili
of the enzyme by cross linking to a stable suppor
Immobilization may make the properties of
enzyme more similar to those in vivo state whe
the enzyme is in a highly confined and rest
environment and is greatly modified by de
and proximity of other macromolecules. Ohmi
et all* also reported that thermal stability ¢
the immobilized cells was slightly increased by
encapsulation in polyacrylamide gels. ‘
Divalent cations (Mg?", Mn2?* and Co
activated whereas the heavy metal ions inhibif
the enzyme activity (Table 2). The inhibitory acti
was more pronounced in case of the immobiliz
enzyme and cells and it needs further explorati
The high apparent Ky values for the im
lized B- galactosidase can be attributed to &
diffusion limitations of the substrate between fls
fibres. The substrate concentration in the mic
cavities was required for diffusion of more §
trate into these cavities. The active sites o
enzyme were not affected by immobilization
evident from comparable Ky, values. Anin
apparent Ky of about 1.9 times was rep
by Sharp et al.'5, who immobilized p-galact
on cellulose sheets. An immense correlation e
between the flow rate and the amount of lact
hydrolysed. The degree of lactose hydrolysis
creased considerably during the first and se



repeat runs. The decrease could be due to leaching
of loosely bound cells from the fibres. This has
partially corroborated the findings of Giacin e al.'¢
who got steady limit activity after S runs on colla-
gen - lactose complex. The type of lactose con-
faining substrates greatly influenced the extent of
lactose hydrolysis. It appeared that the non-
lactose solids in milk and whey had an inhibitory
effect on the enzyme activity. The present results
demonstrate the feasibility of employing a col-
lagens — K. fragilis cell complex to reduce lactose
content of milk for the use of lactose intolerant
persons.
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