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ABSTRACT

An experiment was conducted in the Department of soil science and Agricultural
chemistry, College of Agriculture, Rajendranagar, Hyderabad. The aim of this research
work was to determine the kinetics of L-glutaminase in selected soil samples of
Rangareddy district, Telengana state in the year 2014. The results show that the soil L-

Keywords glutaminase activity increased sharply with increase in substrate concentration and almost
reached a plateau at substrate concentrate of around 30 mM. The maximum reaction

Kinetics, Soil, velocity of soil L-glutaminase (ug of NH," released g soil 2h™) varied from 12.65 to
wzyme, Telangana, | 5882 and fallowed the sequence of VS 2> VS 1>AS 2>AS 1 under Line weaver — Burk
e plot. Under Hanes —Wolf plot the values varied from 22.72 to 45.45 and followed the
Avrticle Info sequence of VS1> VS 2> AS 2> AS 1. In Eadie — Hofstee the values varied from 16.25 to
19.84 and followed the sequence of AS 2> VS 1> AS 1> VS 2. The Michaelis - Menten
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AvaiTgb??O(;rline' Michaelis - Menten constant expressed in mM and these values compared well with those
10 October 2017 obtained from Hanes-Wolf and Eadie - Hofstee plots. Under the present study, the K, and

Vmax Values for the Vertisols were high compared to Alfisols. Though the clay content of
Vertisols was observed to be low, the presence of montmorillonite type of clay which
absorbed the enzyme in its interlayer spaces. Hence it has expressed maximum enzyme
activity in these soils.

Introduction

enzymes enhance the reaction by several
orders of magnitude. Soil enzymes are largely

L-Glutaminase enzyme was an important
enzyme involved in the mineralization of

amide forms of nitrogen in the soils. The
characteristics of enzyme were determined by
these kinetics. The two most remarkable
properties of enzymes are their specificity and
catalytic efficiency, and it is these properties
that enzymes differ in their most strinkingly
from simple catalysts. When it is possible to
compare the enzymatic rates with their own
non - enzymatic counterparts, one finds that
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immobilized enzymes in soil colloidal particle
and hence are different from homogeneous
systems. Nevertheless, with small substrates,
the rate of reaction not expected to be very
much reduced as most of the diffusion
mobility residues with the substrates (Mc
laren, 1978). Theories and mathematical
analysis of enzyme reaction are based on the
concept that enzymes act by forming a
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complex or compound with substrate
presumably the complex of enzyme and
substrate is unstable and proceeds through
one or more steps or rearrangement to form
the product plus the original enzyme. This
theory of enzyme was proposed by Michaelis
and Menten (1913) and may be expressed by
following equation:

Where, S is the substrate, E is the enzyme, ES
is the intermediate enzyme - substrate
complex

P is the product of the reaction and K1, K and

Ks are the respective reaction velocity
constants or rate constant of the three
processes.

It can be shown with the soluble substrates in
excess, the rate of reaction that is the decrease
in concentration of the substrate with time or
the increase in concentration of the product is
given by:

_ dp

dt dt

ds

ks [ES]=Ks5 [ES] =

ky[Ells] vy lsl 1
g +[s]  x,+[s]
Where S and ES are the concentration of

substrates and enzyme- substrate complex
respectively, Ky, is Michaelis constant.

p— K:+K5
K==

VmaX: K3E (3)

Kn is equal to substrate concentration
(expressed in moles per litre) at

When K; greater than K3, K, may be set
equal to dissociation constant (K,/Kj) of
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enzyme — substrate complex and 1/ Ky, then
becomes the affinity constant. Although these
equations are basic, it must be kept in mind
pH, ionic strength, temperature and many
other factors influence the values of Ky, Ky,
Ks (Irving and Cosgrove, 1976).

For the experimental determination of V max
and Ky, linear forms of the Michaelis- Menten
equation are generally used.

1 1 Em_ 1 Lineweaver — Burk
L l:{"l"l.ﬂ.',‘: l:{"l"l.ﬂ.',‘:
transformation (4)
[l _ _Em 1 .[s] Hanes - Wolf
v Vmux ['{‘Tlﬂ.,‘.‘.'
transformation (5)
v=vmu—}<m.% Eadie —  Hofstee

transformation (6)

Plots of the variables of such relationship
normally give straight lines. The values of
slope and intercept are commonly used for
determination of constants from a set of
experimental data. Once the Ky, and Vi are
known for a particular enzymatic reaction
under a given set of conditions, the reaction
velocity, V can be calculated for any substrate
concentration. The Michaelis constant is the
most fundamental constant in enzyme
chemistry. It has the dimensions of
concentration (that is, moles per litre) and it is
constant for the enzyme only under rigidly
specified conditions. The Ky, value is useful
in estimating the substrate concentration
necessary to give a maximum velocity.

Frankenberger —and  Tabatabai (1991b)
reported that the Application of three linear
transformations of the Michaelis-Menten
equation showed that the K., values of L-
asparaginase in nine soils ranged from 2.6 to
10.0 (average 6.1) mM and the V. values
ranged from 9 to 131 ug NH,*-N released g™
soil 2 h. Generally, the Kp, and Vmax values
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were consistently higher in the following
order: Hanes-Woolf > Eadie-Hofsee >
Lineweaver-Burk method. Frankenberger and
Tabatabai  (1991c) reported that the
application of three linear transformations of
the Michaelis-Menten equation showed that
the K, values of L-glutaminase in nine soils
ranged from 8.2 to 38.6 (av = 21.7) mM and
the Vax values ranged from 43 to 854 g
NH,-N released g-'of soil 2 h. Zhang et al.,
(2010) reported that comparing with
conventional tillage, no tillage increased the
contents of soil total C, N, and S and available
N, the activities of test enzymes, and the
Vmax/Km Of soil urease, protease, and
phosphomonoesterase, but decreased the
activity of soil «-galactosidase and the
Vmax/Km of soil B-glucosidase significantly.
This was due to the long term no tillage for
the maize production enhanced the soil
nutrients storage and the turnover of soil N
and P. Hojjati and Nourbakhsh (2007)
reported that the maximum velocity (Vmax)
values of L-glutaminase ranged from 331 to
1,389 mg NH,"-N kg™' 2 h™'. Values of the
Michaelis constant (K,,) ranged from 35.1 to
71.7 mM in organically amended soils.

Organic C content of the soils were
significantly correlated with V. (r = 0.919)
and Ky (r = 0.763) values. These results
demonstrate the considerable influence that
solid waste application has on this enzymatic
reaction involved in N mineralization in soil.
Because Vmax Values are indicative of the
enzyme content in soil, the amount of enzyme
in soil has increased as a result of organic
amendment.

Materials and Methods
Determination of K, and Vax Values
For the determination of K., and Vnax values

the enzyme activity was determined at a series
of substrate concentrations.
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L-Glutaminase

The studies on the effect of substrate
concentration on the activity of L-glutaminase
were carried out in duplicates in two Vertisols
(VS 1 and VS 2) and two Alfisols (AS 1 and
AS 2). To 10 g of soil taken in 150 ml conical
flask, 20 ml of L-glutaminase solution
varying different concentration ranging from
2,4,6,8, 10, 20, 30, 40 mM were used. These
flask were incubated at 37 + 0.5 °C for 2
hours. After incubation, the activity of L-
glutaminase was terminated by the addition of
KCI-Ag,SO,. The enzyme activity was
determined by estimating the NH,4" released
by steam distillation method described in
3.2.1

Calculation of K, and Vnayx values

Km and Vnmax values were calculated using

Michaelis Menten equation, for enzyme
reactions (Eqn. 1)
K1 K2
S e >E+P(1)
K3
Where,

S= Substrate

E=Enzyme

ES= Enzyme Substrate complex
P= Product

K1, K2, K3 are velocity constants for
respective steps.

K3 [EIIS] _ Vipax[S]

V= K +[S] Ky +[s] @

Where,
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V = Velocity of reaction
Vmax = Kz [E]

Kn = Dissociation constant of the enzyme
substrate complex

The three linear forms of transformations of
the above equation given below were used to
determine Vi and Ky,

Lineweaver — Burk transformation

1
5

moax

K

I

v

max

1

5]

1

Intercept

Vmax Was calculated from and

slope

K from

1
of the plot Df; VS g

Intercept

Hanes- Wolf transformation

- 1
Vmax Was obtained from —— and
slope

Intercept

Km from of the plot of [vi] vs [s]

slope

Eadie- Hofstee transformation

Plot of Vsé gave Vmax as the intercept and

K as the slope.
Results and Discussion
Kinetics of soil enzymes

The two fundamental kinetic parameters of a
enzyme catalysed reaction are ‘Vpmax' which
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corresponds to the maximum potential of
enzyme present in soil and is reached when
all the active sites of the enzyme are fully
saturated with substrate and Michaelis
Menten constant, which is an index of
apparent affinity between the enzyme and its
substrate and gives the substrate concentration
at which reaction rate reaches half of its
maximum value i.e Vma/2. Ky IS @ measure
of dissociation constant of enzyme substrate
complex.

Vmax and Ky, for soil L-glutaminase

Vmax and Ky, were obtained by determining
the enzyme activity at a series of substrate
concentration ranging from 2 to 40 Mm. A
constant pH of 8 was maintained in all the
cases with 0.1 M THAM buffer. The soil L-
glutaminase activity increased sharply with
increase in substrate concentration and almost
reached a plateau at substrate concentrate of
around 30 mM. For all the four soils studied,
with further increase in concentration of
substrate a minimum increase in the enzyme
activity was observed. The results are
depicted in Figure 1. The Vyax and Ky, values
were determined for L-glutaminase using 3
linear transformations of Michaelis Menten
equation as described under materials and
methods, Lineweaver — Burk transformation
plot of 1/V vs 1/[S ], Hanes-Wolf
transformation plot of [S]/V vs [S] and Eadie
—Hofstee transformation plot of V vs V/[S]
for four selected soils are depicted in Figures
2, 3 and 4 respectively.

From the graph it was observed with all the
soils reasonably linear plots were obtained
under all the 3 transformations, the values of
Vmax and K, obtained from these plots are
presented in Table 1.

The maximum reaction velocity of soil L-
glutaminase (ug of NH," released g™ soil
2 h™) varied from 12.65 to 58.82 and fallowed
the sequence of VS 2> VS 1>AS 2>AS 1
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under Lineweaver — Burk plot. Under Hanes — 2> AS 2> AS 1. In Eadie — Hofstee the values
Wolf plot the values varied from 22.72 to  varied from 16.25 to 19.84 and followed the
45.45 and followed the sequence of VS1> VS  sequence of AS 2> VS 1> AS 1> VS 2.

Fig.1 Effect of Substrate Concentration on L-glutaminase activity
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Fig.3 Hanes —~Wolf plot of soil L-glutaminase activity
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Table.1 Maximum enzyme reaction velocity (Vmax) and Michaelis-Menten constant (Ky,) values
of soil L-glutaminase

Maximum enzyme reaction Velocity Michaelis Constant (K,) (mM)
(Vmax) (Ug of NH," released g™ soil 2h™)
Soils L.B.T HW.T EHT LB.T HW.T EHT
AS 1 12.65 22.72 16.39 8.23 21.75 12.25
AS 2 15.62 25.64 19.84 11.23 23.56 15.45
VS1 24.39 45.45 17.75 29.41 60.63 15.03
VS 2 58.82 35.71 16.25 82.41 44,71 12.46

L.B.T = Lineweaver-Burk Transformation

H.W.T = Hanes — Wolf Transformation

E.H.T = Eadie- Hofstee transformation

The Michaelis - Menten constant varied from
8.23 to 82.41 and follows the sequence VS 2>
VS 1> AS 2> AS 1. Michaelis - Menten
constant expressed in mM and these values
compared well with those obtained from
Hanes-Wolf and Eadie - Hofstee plots. Under
the present study, the Ky, and Vnax values for
the Vertisols were high compared to Alfisols.
Though the clay content of Vertisols was
observed to be low, the presence of
montmorillonite type of clay which absorbed
the enzyme in its interlayer spaces.

Hence it has expressed maximum enzyme
activity in these soils. Similar results were
reported by Frankenberger and Tabatabai
(1991b, c) for soil L-asparaginase and soil L-
glutaminase, and by Srinivas (1993) for soil
urease and Vandana (2012) for soil urease and
soil phosphatase. Similar to free enzymes soil
enzyme substrate affinity is increased with
increase in soil moisture content because of
enhanced dissolution and translocation of the
substrate. The K, values obtained for L-
glutaminase were found to be higher in our
soils than that obtained for this enzyme in
lowa soils (10mM) (Frankenberger and
Tabatabai, 1991c).

The K, values depend on condition of assay
like pH and temperature and also on the
manner in which the enzyme is localised in
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soils, on the organic matter or clay organic
matter complexes in soil system. K, values
denote the dissociation constant of the
enzyme substrate complex and irreversibly
related to the stability of enzyme substrate
complex. The higher values of K, as
compared to pure enzymes are probably due
to the rigid immobilization of the enzyme on
the soil colloidal complex which restricts its
interaction with the substrate.

Juan et al., (2010) found high K, values for
soil urease than observed from other studies
this is due to difference in soil physico-
chemical characteristics. Kujur et al., (2014)
also found that forest soil (FS) had shown
increased microbial activity and biomass due
to higher organic matter content, and
consequently exhibited higher maximum
reaction velocity (Vmax) as compared to fresh
mine spoil (FMS). Hojjati and Nourbakhsh
(2007) reported that the maximum velocity
(Vmax) values of L-glutaminase ranged from
331 to 1389 mg NH, *-N kg™ 2 h™". Values of
the Michaelis constant (K,) ranged from 35.1
to 71.7 mM in organically amended soil.

The soil L-glutaminase activity increased
sharply ~ with  increase in  substrate
concentration and almost reached a plateau at
substrate concentrate of around 30 mM. The
maximum reaction velocity of soil L-
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glutaminase (1g of NH," released g™ soil 2h”
1) varied from 12.65 to 58.82 and fallowed the
sequence of VS 2> VS 1>AS 2>AS 1 under
Lineweaver — Burk plot. Under Hanes —Wolf
plot the values varied from 22.72 to 45.45 and
followed the sequence of VS1> VS 2> AS 2>
AS 1.

In Eadie — Hofstee the values varied from
16.25 to 19.84 and followed the sequence of
AS 2> VS 1> AS 1> VS 2. The Michaelis -
Menten constant varied from 8.23 to 82.41
and The Michaelis - Menten constant
varied from 8.23 to 82.41 and follows the
sequence VS 2> VS 1> AS 2> AS 1
Michaelis - Menten constant expressed in mM
and these values compared well with those
obtained from Hanes-Wolf and Eadie -
Hofstee plots. Under the present study, the Ky,
and Vmax Values for the Vertisols were high
compared to Alfisols. Though the clay content
of Vertisols was observed to be low, the
presence of montmorillonite type of clay
which absorbed the enzyme in its interlayer
spaces. Hence it has expressed maximum
enzyme activity in these soils.
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