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Lactobacilli are important organisms used in several lactic acid fermentations. Lactobacilli cultured in
milk perform activities like breaking down of lactose to simple sugars, proteolysis, lipolysis and lactic
acid production. Lactobacillus depends on proteolytic system for degradation of protein — casein in
milk from which they get their complex nutrient requirements for growth. This complex proteolytic
system consists of proteinases, peptidases and amino and peptide carriers. Yogurt fermented milk
having increased nutritive value, is more palatable, easily digestible and assimilable than milk. It has
been observed that many people are sensitive to milk and cannot digest it easily. In developing nations
this is an important cause for concern as such sensitive people suffers from protein-energy deficiency,
more so if they are from the economically weaker section of the society. In this study an attempt has
been made to understand the proteinase system from Lactobacillus plantarum NCIM 2083. The enzyme
was found to be cell wall bound. It was active optimally at 30°C at pH 7.0. The peptides obtained after
proteolysis were studied using SDS- PAGE, HPLC techniques and Liquid chromatography mass

spectrometry (LCMS).
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INTRODUCTION

Lactobacillus is a genus of gram-positive facultative ana-
erobic or microaerophilic bacteria belonging to the family
Bacillaceae (Sneath, 1994). They convert lactose and
other sugars to lactic acid. These are fastidious orga-
nisms as they require complex nutrients like amino acids,
peptides, vitamins for growth. Since the concentrations of
free amino acids and peptides are very low in milk, they
depend for growth in milk on a complex proteolytic sys-
tem, mostly cell wall bound and consisting of proteinases,
peptidases including proline specific peptidases (Geis et
al., 1985) and carriers of amino acids and peptides
(Tsakalidou et al., 1999) for degradation of milk protein
into peptides, a large part of the resulting peptides is
taken up via the oligopeptide transport system (Kunji et
al., 1996). Further degradation to amino acids is me-
diated by a set of peptidases (Christophe, 1997; Marrug
et al.,, 1995). Similar proteinases have been reported
from Lactococcus lactis ssp cremoris, Lactobacillus del-
brueckii ssp bulgaricus and Lactobacillus casei (Soda,
1986; Shin, 2004), L. bulgaricus (Courtin et al., 2002),
Lactobacillus rhamnosus (Pastar et al., 2003), lactobaci-
llus paracasei (Bintsis et al., 2003), Lactobacillus helveti-
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cus, L. delbrueckii (Oberg et al., 2002; Germond et al.,
2003), Lactobacillus brevis, Lactobacillus cellobiosus,
Lactobacillus fermentum and Lactobacillus plantarum
(Mugula et al., 2003).

Proteolytic system of Lactic Acid Bacteria (LAB) has
been mainly studied with reference to cheese technology,
as it plays an important role in the texture and flavor
development of cheese (Courtin et al., 2002; Wilkinson,
1995).

Lactobacillus is used in the dairy industry with other lactic
acid bacteria (LAB) to produce fermented milk, sour milk
and yogurt (Elvira et al., 2001). The demand for pro-
cessed dairy foods has increased considerably with
growing urbanization, especially for different cheese
varieties and low-lactose milk. Proteinase also helps to
reduce the allergic properties of milk and milk products
for infants which can lead to a severe nutritional problem
of protein-energy deficiency (Yuan, 2009). It has been
estimated that fermented milk products including yogurt
has increased nutritive value as compared to the market
milk (De, 2005). Casein is the principal protein fraction of
cattle milk along with lactalbumin and lacto globulins. These
account for more than 80% of the protein content and are
present in concentrations of 2.5 - 3.2% (De, 2005). It is the
most common and economically affordable source if pro-
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Figure 1. Growth curve of isolated Lactobacillus spp.
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Figure 2. Activity of proteinase enzyme at different pH values.

of protein for humans all over the world.

MATERIALS AND METHODS
Micro-organisms and culture conditions

Growth pattern of L. plantarum NCIM 2083 was studied in MRS
(Atlas, 2004) medium at room temperature and the results are as
shown in Figure 1.

Preparation of cell wall extract

The organism was grown in modified mineral based medium having
the following composition per litre: casein - 10 g, NaNOs - 3 g, Cells
were collected and washed two times with 50 mM phosphate buffer
(pH 7.0) containing 20 mM CaCl,, Washed cells KoHPOj - 1
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Figure 3. Activity of proteinase enzyme at different
temperatures.

g, MgSO4- 0.5 g, KCIl - 0.5 g, FeSO4 - 0.01 g and the final pH was
adjusted to 6.0.were resuspended in the same buffer but without
CaCl, and incubated for 2 - 3 h at 30°C. The supernatant obtained
after centrifugation at 8000 rpm at 4°C for 20 min was designated
as cell wall extract (Tsakalidou et al., 1999).

Assay of proteinase activity

Cell wall extract (100 pl) was incubated with 100 pl of casein
solution (4 mg/ml) for 24 h at 30°C in 200 pl of phosphate buffer (50
mM) of pH 7. The reaction was stopped by addition of 400 pl of
12% trichloroacetic acid (TCA) and further incubated for 10 min at
25°C. This was then centrifuged at 8000 rpm for 10 min to remove
all insoluble matter and it was assumed that the clear solution
would contain mostly soluble peptides and some amino acids only.
This supernatant was analyzed by Lowry method (Lowry et al.,
1951). One unit of proteinase activity was defined as the amount of
enzyme required to produce an increase of 0.1 in optical density at
660 nm under above mentioned conditions.

Effect of pH on proteinase activity

The above assay was carried out with buffers of different pH values
like 5, 6, 7 and 8. The results are as shown in Figure 2.

Effect of temperature on proteinase activity

The proteinase activity was similarly assayed at different tempe-

ratures of incubation ranging from 10 - 40°C. The results are as
shown In Figure 3.

Effect of divalent cations

Divalent cations like Cu™, Co**, Hg™, Zn**, Mn™ and Mg** at con-
centration of 1 mM were added separately to the assay mixture and
the activity was recorded. The results are as shown in Figure 4.

Polyacrylamide gel electrophoresis (PAGE) of the hydrolysate

Cell wall (1 ml) extract was incubated with 1 ml of casein solution
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Figure 4. Shows effect of divalent cations on Enzyme activity.

(0.5 mg/ml) for 4 h in 2 ml of 50 mM phosphate buffer (pH 7) at
30°C. The reaction was stopped by addition of 8 ml of 12% TCA.
Centrifugation was carried out at 8000 rpm for 10 min. The
supernatant obtained was concentrated by dialysis. This concen-
trate was mixed with sample buffer in 1:1 ratio and heated for about
5 min in boiling water bath and analyzed by polyacrylamide gel
electrophoresis (Laemmli, 1970). The results are as shown in
Figure 5.

High performance liquid chromatography (HPLC) analysis

Cell wall extract (0.5 ml) was incubated with 0.5 ml of casein (0.5
mg/ml) in phosphate buffer (50 mM) of pH 7.0 at 30°C for 4 h .The
reaction was stopped by addition of 12% TCA (1 ml). After 10 min
at 25°C, the sample was centrifuged (8000 rpm for 10 min).The
supernatant was concentrated and redissolved in methanol and
used for further analysis. The peptides were separated on Nucleosil
Cis column and detected by absorbance at 220 nm (Tsakalidou et
al., 1999). The results are as shown in Figure 6.

Peptide identification by Liquid Chromatography Mass
Spectrometry (LCMS)

Methanolic solutions of casein protein hydrolysates obtained as
mentioned above, after 4 and 24 h of incubation, were subjected to
Liquid chromatography mass spectrometry. The results are as
shown in Tables 1 and 2.

RESULTS AND DISCUSSION

It can be seen from Figure 1 that the exponential phase
of growth is between 3 - 12 h. However, the proteinase
activity was maximum at 10 h of incubation. The pH Fur-
ther confirmation was done by LCMS analysis where in it
can be seen that the protein were being degraded by 4 h
of incubation but is more prominent after 24 h of incu-
bation as seen by near multiples of MW 280.89. Optima
were at 7.0 and the optimum temperature for maximum
activity was at 30°C. The PAGE bands showed lot of
undegraded casein after 4 h of incubation but after
removing the undegraded casein the degraded products
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Figure 5. Polyacryamide Gel Electrophoresis:
Action of cell wall crude proteinase on casein (1)
after 4 h - shows hydrolysate where casein was not
separated out from free peptides. (2)Action of cell
wall crude proteinase on casein after 4 h, casein
was separated from peptides. Reaction mixtures
were incubated at 35°C and pH 7.0.

become more prominent. This is also confirmed on HPLC
where undegraded casein was removed before the ana-
lysis. It may be observed that depending on the break-
down products there is a steady gradient in the retention
time.

Conclusion

In our country a lot of yoghurt is consumed without any
added flavours of any type, but it is prepared at home
and rarely purchased from any dairy processing units.
The starter culture used in this fermentation is a small
amount of previously yogurt. Over a period of time the
fermentation has been observed to be mostly by hetero-
fermentative coliforms and not by Lactobacillus spp.
Therefore, the contents of fermentation of milk to yogurt
are not known and it varies from family to family. How-
ever, if a good yogurt has to be prepared with all the
nutritional values then it would be better if cultures of
Lactobacillus especially L. plantarum should be made
available for domestic use. We have also found out that
the method of curdling is well known (preheating of milk
and then adding the starter at around 40°C and holding it
for 12 - 18 h). Therefore, fermentation by lactobacilli
should be easily accepted by every household. Milk pro-
teins contain all essential amino-acids in fairly large
quantities. If people in developing country like ours can
make partially digested milk protein through yogurt, then
it will reduce the protein deficiencies and related meta-
bolic disorders.
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Figure 6. High performance liquid chromatography studies of peptides obtained after 4 h of

enzyme action on casein (0.5 mg/mL).

Table 1. Peptide Mass Identification by LCMS after
4 h of incubation of enzyme with casein (0.5mg/mL).

Sr. No. Molecular Weight (M+1)
1570.94
736.7
1187.96
590.92
1593.43
1163.3

1160.38

NOoO Ok~ WD =

Table 2. Peptide Mass Identification by LCMS after
24 h of incubation of enzyme with casein (0.5

mg/mL).
Sr. No. Molecular Weight(M+1)
1 1929.97
2 282.83
3 736.48
4 280.89
5 1442.05

biology of our university. We are very grateful to Profes-
sor S.P. Govindwar — Professor and Head, Department of
Biochemistry for providing all the laboratory facilities
towards successful completion of this work.
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