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ABSTRACT

Each enzyme deserves a specific Michaelis-Menten constant (Km), which is determined through the double
reciprocal plot, also recognized as Lineweaver-Burk plot. This constant of Michaelis-Menten (Km) is
concentration of substrate [S] and it avails the velocity (v) of reaction to proceed up to half of it’s maximal or
Vmax. The regular Lineweaver-Burk plot and it’s inverse form are designated as y1 and y2 lines respectively.
Present attempt is considering additional plots or the lines keeping the concept in regular Lineweaver-Burk
plot constant. These plots include: y3 and y. In slope and intercept form the lines y3 and y4 expressed as: y3= -
[(Km+Vmax)(X)] + [(km+1)+(Vmax)] and y+= -[(Vmax+Km)(X)] + [(Vmax -1)+(Km)]. In addition; ys = X + 0 and
ye = - X + 1 are the two reference lines are also considered in this attempt. The line ys intersect the reference
line ys at the point “A”, the x- co-ordinate and y- co-ordinate of which are equal to each other and correspond
to: [(Km+1)+(Vmax+Km)]. The line y1 intersect the reference line ys at the point “B”, the x- co-ordinate and y-
co-ordinate of which respectively correspond to: [(Vmax — 1) + (Vmax + Km)] and [(Km + 1) + (Vmax + Km)].
The point at which the reference line ys attains [(Vmax — 1) + (Vmax + Km)] is labeled as the point “C”. The X —
co-ordinate and Y — co-ordinate of the point “C” corresponds to: [(Vmax — 1) + (Vmax + Km)] [(Km + 1) +
(Vmax + Km)] respectively. The point of intersection of the line y2 and the reference line ys is labeled as the
point “D”. The X — co-ordinate and Y — co-ordinate of the point “D” corresponds to: [(Km + 1) + (Vmax + Km)]
and [(Vmax — 1) + (Vmax + Km)] respectively. The length of segment AB=BC=CD=DA and it correspond to:
[(Vmax - Km - 2) + (Vmax + Km)]. The point “A”; “B”; “C” and “D” constitute the vertices of square ABCD. The
resulting mathematical square, herewith labeled as: “Indian Square For Enzyme Kinetics”. Each of the four
vertices (corners) have known coordinates in terms of Vmax and Km, the key indices in enzyme kinetics.
Keywords : Indian Square, Enzyme Kinetics, Mathematical Approach

I. INTRODUCTION The diagonals of a square bisect each other and meet

at 90°. The diagonals of a square bisect its angles.

In geometry, a square is a regular quadrilateral, which
means that it has four equal sides and four equal
angles (90-degree angles, or (100-gradian angles or
right angles) ( Weisstein, Eric). It can also be defined
as a rectangle in which two adjacent sides have equal
length. A square with vertices ABCD would be
denoted O {\displaystyle \square } as “Square: ABCD”.
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Opposite sides of a square are both parallel and equal
in length. All four angles of a square are equal. Each is
360°/4 = 90°, so every angle of a square is a right angle.
All four sides of a square are equal. The diagonals of a
square are equal (Zalman Usiskin and Jennifer Griffin,
2008).
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The velocity (v) of biochemical reaction catalyzed by
the enzyme vary according to the status of factors
like: concentration of the substrate [S]; hydrogen ion
concentration; temperature; concentration of the
respective enzyme; activators and inhibitors. There is
no linear response of velocity (v) of biocatalyzed
reaction to the concentration of the substrate [s]. This
may be due to saturable nature of enzyme catalyzed
biochemical reactions. If the initial velocity (v) or rate
of the enzyme catalyzed biochemical reaction is
expressed in terms of substrate-concentration of [S], it
appears to increase. That is to say, initial velocity (v)
of the enzyme catalyzed biochemical reaction get
the the

concentration of substrate [S]. This tendency of

increase according to increase in
increase in initial velocity (v) of the enzyme catalyzed
biochemical reaction according to the increase in the
concentration of substrate [S] is observed up to
certain level of the concentration of substrate [S]. At
this substrate concentration [S], the enzyme exhibit
saturation and exert the initial velocity (v) of the
biocatalyzed reaction to achieve maximum velocity
(Vmax). Hans Lineweaver and Dean Burk (1934)
suggested the double reciprocal plot for presenting
the information in the form of readings or the data on
the concentration of substrate [S] and rate or velocity
(v) of the biocatalyzed reaction. In enzyme kinetics,
double reciprocal plot suggested by Hans Lineweaver
and Dean Burk is well esteemed graphical
presentation of the data on concentration of the
substrate [S] and velocity (v) of the biocatalyzed
reaction recognized as, the “Lineweaver—-Burk plot”.
This plot deserve wide applicability. The most
significant application of Lineweaver—Burk plot lies in
the determination of concentration of substrate [S]
which is responsible for achievement of the half the
maximum rate or the velocity (Vmax + 2) of the
biochemical reaction catalyzed by the enzymes. The
“Km” or Michaelis constant is the concentration of
substrate [S] responsible for yield of the reaction rate,
which is corresponding to exactly half the rate or

velocity of maximal (Vmax + 2) for enzyme involved
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biochemical reaction. For practical purposes, this
“Km” or Constant of Michaelis is the reading
pertaining [S] that allows velocity to achieve half
with reference to maximum rate or velocity (Vmax).
The affinity of enzymes for their substrate vary.
Generally, the enzyme with a higher Km value has
little bit lower affinity for its substrate. According to
Keith J. Laidler (1997), enzymes with lower affinity
for their substrate, requires a greater volume of
substrate or substrate concentration for the purpose to
achieve maximum rate or velocity of enzyme

involved biochemical reactions.

The wide range of applicability is the distinguishing
feature of Lineweaver—Burk plot. In the past, there
was no computer facilities as today. In such a critical
situation, the parameters of enzyme kinetics, Km and
Vmax served a lot through this Lineweaver-Burk plot
for fortified concept of enzyme kinetics. In this
the

maximum velocity of biocatalyzed reaction (1+ Vmax)

Lineweaver-Burk plot, reading inverse of
take the position of y-intercept (Fig.1). The negative
value of inverse of Km (1+Km) take the position of x-
intercept. The quick visual impression of the inverse
form of substrate concentration and rate or velocity of
reaction is one more advantage of Lineweaver-Burk
plot. And this feature help for understanding the
concept of inhibition.

enzyme Accordingly,

mathematical equation suggested by Lineweaver and

. 1 K 1
Dean Burk (1934) can be written as: — = =X -
V Vmax S
1
Vmax
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Fig. 1: Regular form of Linrweaver-Burk Plot (Double

: Km 1 1
Reciprocal Plot) yi= = XSt —
This  Lineweaver-Burk plot deserve  wide

applicability. It is useful for the determination of Kum ,
the most significant factor in enzyme kinetics. The
intercept on y — axis of “Lineweaver—Burk-Plot” is the
reciprocal of Vmax or (1/ Vmax ). And intercept on X —
axis of “Lineweaver—Burk-Plot” is the reciprocal of -
Km or (-1/Km ). Reciprocals of both, [S] and (v) are

utilized in the Lineweaver-Burk plot. That is to say,

this plot is pertaining % and % . Therefore,
“Lineweaver—Burk-Plot” is also termed as a double
reciprocal graph. This attempt through the

“Lineweaver-Burk-Plot”, is giving quick, concept or
idea of the biochemical reaction. It also allow to
understand the mechanism of activation of enzyme
and inhibition of enzyme. Researchers including
authors of present attempt designating the double
reciprocal plot as a Nobel Plot. Most of researchers
entertaining the enzyme kinetics through this double
reciprocal plot are non-mathematical academicians.
Present attempt is trying it’s best to minimize the
errors in understanding the concepts in enzyme
kinetics through modification in the “Lineweaver-
Burk-Plot”.

Each and every method is with positive and negative
points of advantages. According to Hayakawa, et al
(2006), there is distortion of error structure through
this double reciprocal plot of “Lineweaver-Burk-
Plot”. It is therefore, method of graphical presentation
of “Lineweaver—-Burk-Plot” (double-reciprocal-plot)
appears to attempt to minimize errors. This may yield
easier method of calculation of constants or
parameters of enzyme kinetics. On this line of
improvement of method of calculation of constants or
parameters of enzyme kinetics, much more work is
already exist. According to Hayakawa, et al (2006),
methods of improvement in the calculation of
constants or parameters of enzyme kinetics are under

the title, “non-linear regression or alternative linear
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forms of equations”. And they include: the plot of
“Hans-Woolf”; the plot of “Eadie-Hofste”; such and
the others (Greco and Hakala, 1979).

Dick (2011) explained type of inhibition of enzyme
activity or stoping the working of enzymes. Of course,
this discussion is based exclusively on “Lineweaver—
Burk-Plot” (reciprocals ob both the axes) is able to
group or classify the inhibitors of actions of enzymes.
Accordingly, the inhibitors of enzyme can basically
be grouped into the types like: The “Competitive
Inhibitors”;  “Non-competitive  inhibitors” and
“uncompetitive inhibitors”. The inhibitors of enzyme
of “Competitive” class deserve one and the same point
of intersection on the Y-axis. It clearly means,
inhibitors of enzyme of “Competitive” class are not
affecting on maximal rate or velocity of reaction
the

maximum velocity Vmax. They keep this maximum

(competitive inhibitors provide protection
velocity Vmax non-affected). But, slopes of equations
are not same. Slopes are different slopes. The
inhibitors of enzyme of “Non-competitive” class
deserve one and the same point of intersection on the
X-axis. It clearly means, inhibitors of enzyme of
“Non-competitive” class are not affecting on the Km,
the [S] for half the maximal rate or velocity of
reaction (Km is remains unaffected by non-
competitive inhibitors. The inverse of Km doesn't
change). The non-competitive inhibition produces
the (-1/Km ) as

uninhibited enzyme (Kn is unaffected) but different

plots with same x-intercept
slopes and y-intercepts. Uncompetitive inhibition
causes different intercepts on both the y- and x-axes
(Berg, et al, 2002). John E. Dowd and Douglas Briggs
(1965) reviewed the literature on “Estimates of
Michaelis — Menten kinetic constants through the use
of different linear transformation” and listed some
(double

reciprocal plot). Accordingly, Lineweaver—Burk plot

problems with Lineweaver—Burk plot

(double reciprocal graph) is appearing in most of the
new as well older books of biochemistry. It seems in

having prone to error. There may be mistake in
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understanding the expected for researchers. The
readings of inverse of “v” are on Y — axis. The
readings of inverse of “[S]” are on X — axis. The lower
values of both the readings ( inverse of “v” and
inverse of “[S]” ) are occupying higher (signifiacant)
position in graph. And... and... higher values of both

«_ »

the readings ( inverse of “v” and inverse of “[S]” ) are
occupying lower (non-significant) position in graph.

Both the conditions may be interpreted wrongly.

MATHEMATICAL PROPERTIES OF EQUATION
FOR INVERSE FORM OF ENZYME KINETICS:

(A). The

Lineweaver Burk plot is explaining binary relation

mathematical equation for regular

. . 1
between the inverse of substrate concentration and s

1 : _
and v of enzyme involved processes. It’s inverse form
of equation is making this mathematical association of

1 1 - .
S and y more fortified. It means, characters of inverse

form of mathematical equation for kinetics of enzyme

matches to the characters of converse associations.

(B). Theoretically, mathematical equation for regular
Lineweaver Burk plot for a given enzyme is with
unique inverse function. That is to say, for each
concentration of substrate, there is a unique value for
velocity of enzyme catalyzed biochemical reaction.
This proceed ahead since the inverse form of equation

must be the converse association.

Scale: 1=0.1 _ 4

' v _—
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Fig. 2: Regular form of Linrweaver-Burk Plot (Double

Reciprocal Plot) along with it’s Inverse form y»

(C). If the 1+S and 1+v for given enzyme catalyzed
biochemical reaction are inverses of each other, then
the domain of 1S is equal to the range of 1+v and the

range of 1+v is equal to the domain of 1+S.

(D). The 1+S and 1:v for given enzyme catalyzed
biochemical reaction deserve symmetry, then there is
a similar type symmetry in between the real form of

equation and it’s inverse form of equation.

(E).The co-ordinates of the point of intersection of

. Km 1 1 1
both the equations = = = and =
9 \'% Vmax S Vmax S
Vmax , 1 1 1
= ——X- — — correspon : —_—
Km " v Km COLIESpo d to: ( Vmax—-Km °’
—)
Vmax—Km 7°

(F). The 1+S and 1+v for given enzyme catalyzed
biochemical reaction may deserve “one-to-one”. Even
if a function 1+S is not one-to-one relation with 1+v ;
it is attainable for the purpose of definition of inverse
form of equation through limiting the areas or the

domain.

(G). The inverse form of equation in enzyme kinetics
is a function that reverses real form of mathematical
equation for regular Lineweaver Burk plot. If the
equation for (1+v), applied to input (1+ S), yields a
consequence or result of (1+v). After appertaining its
inverse equation (1+S) to (1+v) gives the outcome 1+,
and contrariwise.

(H). If ( Sl , vl) is a point on the graph of the original
equation of Lineweaver—Burk plot, then the point ( sl ,

1 . .
;) must be a point on the graph of the inverse

function of enzyme kinetics. The Lineweaver—Burk
plot and it’s inverse function are mirror images of

each other with respect to the line y=x.
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APPLICATIONS OF MATHEMATICAL INVERSE
FUNCTION (EQUATION) FOR ENZYME KINETICS:

Applications related to enzyme catalyzed processes
deserve ubiquitous nature. This ubiquitous nature is
both in natural alive condition and in laboratory
experimental conditions. Detailed study of kinetics of
enzyme catalyzed reactions remains controversial.
Michaelis-Menten equation expect reaching a non-
changing position of response for further side limit of
experimentation. At this condition of
experimentation, enzyme concentration far beyond
liable for

accessibility. It needs large amount of substrate.

molar concentration of sites that
Substantial study at laboratory level is going to prove
the concept in expectation of Michaelis-Menten
equation. This situation may be the limiting factor
applicability of the concept in expectation of
Michaelis-Menten equation. In such situation, it
become impossible  for

exclusively practical

accessibility of the concept in expectation of

Michaelis-Menten equation.

At the point of non-accessibility of the concept in
expectation of Michaelis-Menten equation, “inverse
function or equation for enzyme kinetics” deserve
applicability. Here it is essential to mention that,
“inverse function or equation for enzyme kinetics” is
giving contrivance for analysis of kinetics that are
involving enzymes. It may establish contrivance for
bridging the concept of kinetics of enzyme related
reactions reaching the steady or “Non-changing
Position” It reveals compactness of attack of enzyme
with it’s active site corresponding to the site of
the

equation for enzyme kinetics” explain “Species

substrate. More over, “inverse function or

Specific Nature of Enzymes”.

Intersection of the line y1 and line y2 (Fig. 2):

1 Km 1 1 1
The lin 1 (== —X=4+— nd y2 ( =
€ ey ( \'% Vmax S+Vmax ) and y ( S
Vmax , 1 1 . .
= —— —— ) are the mathematical inverse
Km v Km

functions for each other (Seema K. Dongare, et al,
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2018). Let us have a attempt to intersect the line y1
and y2 for obtaining the x- and y- co-ordinates for the

point of intersection.

yr=y2
Km 1 Vmax 1
Step - 1: VmaxX Vmax  Km X- Km
1 1 Vmax Km
Step - 2: Vmax = Km [ Km  Vmax I1X
. Vmax+Km  (Vmax—Km)(Vmax+Km)
Step —3: VmaxKm [ Km.Vmax 1X
(Vmax + Km) Km Vmax
Step — 4: =
Vmax.Km (Vmax—Km)(Vmax+Km)
St 5: S S— X
€p * (Vmax—Km)
. . . 1
The regular Michaelis-Menten equation ( =
Km 1 1 . .
v X5t v ) explains the influence of

concentration of substrate [S] on velocity of enzyme
catalyzed biochemical reaction. It’s inverse function
may explain the influence of velocity of enzyme
catalyzed biochemical reaction (v) on concentration

of substrate [S]. That is to say, inverse function of the

and (l

Michaelis—Menten s

Vmax , 1 1 . . .
= ~m X5~ xm ) is going to explain the role of

regular equation

product of enzyme catalyzed biochemical reaction in

the rate of reaction. The regular
1 Km _1 1.
V  Vmax“'s + ) 18

demonstrating the Km (Michaelis constant), the

controlling

Michaelis-Menten equation ( —

substrate concentration [S] at which the velocity (v)
of the enzyme catalyzed biochemical reaction attain

the

inverse function is demonstrating the [1+ (Vmax. —

half of it’s maximum (Vmax + 2). And ... and ...

Km)], (Baramati Constant), point on both, the regular

1 Km 1 1
Michaelis—Menten ion ( = = =
chaelis—-Menten equatio (V v Xs T v )
. . 1 Km 1 1
nd it’s inver: nction ( — = X-= . A
and it’s inverse functio (v Vmax S+Vmax) t

this point [1+ (Vmax. — Km)], (Baramati Constant),
both the equations are equal with each other. This

point [1+ (Vmax. — Km)], (Baramati Constant) is going
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to serve the saturation of enzyme molecules and the
substrate molecules in enzyme catalyzed biochemical
reaction. Through the reverse the mathematical steps
and to get inverse of substrate concentration (1+S)

say
respective velocity (1+v), it is necessary to carry out

back from some output value, inverse of
the steps exactly in opposite sequence. It means that,
it is prime need to subtract the inverse of maximum

velocity (1+Vmax) from inverse of respective velocity
(1+v) and then multiply the result by % This is

. . . 1
going to yield the equation correspond to: —

s
Vmax , 1 1 . .
= X — —(Fig.2). The 18 and 1+v for given

Km v m

enzyme catalyzed biochemical reaction deserve
symmetry. That is to say, the real form of
“Lineweaver-Burk-Plot” and it’s inverse form derived
in the present attempt, are exhibiting the symmetry.
The co-ordinates of the point of intersection of both

(Real form of Lineweaver Burk plot and it’ Inverse

form) the equations - Sm gl L and 2
q V = Vmax S Vmax S
_ Ymax 1 L correspond to: ( !
T Km v Km P ) Vmax-Km °’
1 . .
———— ). The inverse function of the regular
Vmax—Km
. . . 1 Vmax {1 1
ichaelis—Menten ionand (z=——X- — —
Michaelis—Menten equatio ad(S G Km)

is going to serve to understand the concept on role of
product in enzyme involved reaction. The [1+ (Vmax.

— Km)], (Baramati Constant), point on both, the

) . ) 1 Km (1
regular Michaelis—Menten equation ( = = =
gu q ( \" Vmax S
e . 1 Km 1 1
nd it’s inver: nction ( — = X-= .
Vmax)adts verse functio (V rr— S+Vmﬂx)

At this point [1+ (Vmax. — Km)], (Baramati Constant),
both the equations are equal with each other. This
point [1+ (Vmax. — Km)], (Baramati Constant) is going
to serve the saturation of enzyme molecules and the
substrate molecules in enzyme catalyzed biochemical
reaction. The attempt on the inverse function for
enzyme kinetics of present attempt may open a new
chapter to classify the enzymes on the basis of
mathematical approach (Seema K. Dongare, et al,
2018).
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ONE MORE ATTEMPT ON THE ESTABLISHMENT
OF THE EQUATIONS ( y3; y4 ; ys and ys) FOR THE
ENZYME KINETICS:

In this attempt, four new plots or the lines with their
respective equations are going to be considered. These

new lines include: y3; y4 ; ys and ye.

(I). Attempt for the line ys (Fig.3):
Let us first consider the line ys. The slope and

intercept on y- axis of this y3 line are considered as:

- Km Km+1 .
and respectively. Therefore, the
Vmax Vmax

mathematical equation in “Slope-intercept” form (in

the form of typical y= m x +c) of this line y3 can be

written as:

—Km Km+1
y3=

Vmax Vmax

«_»

If we replace the “x” by (1+ S) and substitute the Km =
[S (Vmax —v) + v ]; the mathematical equation for the

line ys is going to transform into:

_ —S(Vmax—v)
T vVmaxs

S(Vmax—-v)+v
v Vmax

Simplification will yields into

_ —(Vmax-v) = S(Vmax-v)+v

v Vmax

v Vmax

B S(Vmax—-v)+v—(Vmax— v)

vVmax

(Vmax—-v)(s—1)+v
B vVmax

It definitely means for plotting the ys3; it is necessary
to consider X = (1+ S) and

_ (Vmax-v)(s—1)+v
B v Vmax

Y

Through replacing the values of Vmax; V and S, it is
possible to calculate the respective values of Y. This is
going to serve the purpose of plotting this new line

(ys) along with y1 and ya.
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Scale: 1= 0.1 4
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y-1—1—
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Fig. 3: Regular form of Linrweaver-Burk Plot
(Double Reciprocal Plot) (yi1) along with it’s

Inverse form (y2) and (y3).

Limitations and Significance of the Line (ys3):

Line y3 is a line with a negative slope. This line is
trending downward from left to right. In other words,
the line's rise to run ratio is a negative value. Slope of
a line explains the pattern of change occurring in a
system. It also indicate the direction of change,
whether positive or negative. The lines y1 and y2 (Fig.
1 and 2) are with a positive slope. Both of them are
going up from left to right. While, the line ys (Fig. 3)
is with a negative slope. It is going down from left to

right.

The line ys is representing a negative correlation
between two variables [X = (1+ S) and Y =
(Vmax—v)(s—1)+v ]

v Vmax )

It means, that as X increases, the Y tends to decrease

and here in present attempt, it attains to it’s
Km+1
Km

represents a significant relationship between the

minimum, that is ( ). Negative correlation
variables x and y, which, depending on what they are
modeling, can be understood as input and output, or

cause and effect.

The ranges for X and Y for the line ys are zero to one
Km+1
Vmax

and (1+ Vmax) to and . Thus, the line ys3 is going

to help to imagine the maximum and minimum
values, both for X and Y.
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Intersection of the line ys3 and line y: (Fig. 3 ):

Km 1

. 1 .
The line y1 ( v X5 T Vmax ) and the line y
Vmax 1 — Km Km+1
(—Km — E) and y3 ( rr— E— ) are shown

in the figure 3. Let us have a attempt to intersect the
line y2 and ys for obtaining the x- and y- co-ordinates

for the point of intersection.

Yi=ys3
St _1 Km 1 1 _ — Km Km+1
€p ‘Vmax~ S Vmax  Vmax Vmax
1 Km+1 — Km —Km
Step -2 Vmax  Vmax _ [ Vmax  Vmax ] X
. 1-Km-1 (-2 Km)
Step 3: Vmax [ Vmax ] X
-K -2 K
Step — 4: . _ ((-2Km) 4

Vmax Vmax

Step _5. —Km Vmax -X

Vmax -2 Km

Step—6:21=X

Intersection of the line y3 and line y2 (Fig. 3 ):

1 —Km Km+1
X - m)andys(v

Vmax
Km

are shown in the figure 3. Let us have a attempt to

The lines y2 ( )

max Vmax

intersect the line y2 and ys for obtaining the x- and y-

co-ordinates for the point of intersection.

Y2=1ys3
Ste 1: Vmax 1 = Km Km+1
p " Km Km  Vmax Vmax
Km+1 1 Vmax Km
-2 — = [
Step Vmax Km [ Km Vmax ]
Km(Km+1)+ Vmax Vmax.Vmax+Km.Km
Step — 3; Xm(Km+1) i ) 1X
Vmax.Km Km.Vmax
Km(Km+1)+ Vmax Vmax.Km
Step — 4: ( ) =
Vmax.Km (Vmax.Vmax+Km.Km)
Km(Km+1)+ Vmax
Step - 5: ( )

(Vmax.Vmax+Km.Km) -
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(II). Attempt for the line y: (Fig. 4):

Scale: 1= 0.1 \v i

<
(9]

Fig. 4: Regular form of Linrweaver-Burk Plot (Double
Reciprocal Plot) (y1) along with it’s Inverse form (y2);

(y3) and (y4).

Let us consider the line ys. The slope and intercept on
- Vmax d

y- axis of this y4 line are considered as:

Vmax—1
Km

equation in “Slope-intercept” form (in the form of

respectively. Therefore, the mathematical

typical y= m x +c) of this line y4 can be written as:

- Vmax Vmax-1
Ysi= +

Km Km

«_»

If we replace the “x” by (1+ v) and substitute the Km =
[S(Vmax —v) + v]; the mathematical equation for the

line y4is going to transform into:

- vVmax v (Vmax—-1)

S(Vmax-v)

- S(Vmax-v) v
Simplification will yields into

_ - Vmax
T S(Vmax-v)

v (Vmax-1)

S(Vmax—-v)

v (Vmax—1)- Vmax
- S(Vmax-v)

v Vmax—v — Vmax
- S(Vmax—-v)

Vmax (v-1)-v
S(Vmax-v)
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It definitely means for plotting the y4; it is necessary
to consider X = (1+ v) and
Vmax (v—-1)—-v

Y =

S(Vmax—-v)

Through replacing the values of Vmax; V and S, it is
possible to calculate the respective values of Y. This is
going to serve the purpose of plotting this new line

(y4) along with y1; y2 and ys.

Limitations and Significance of the Line (ya):

Line y4 is a line with a negative slope. This line is
tending downward from left to right. In other words,
the line's rise to run ratio is a negative value. Slope of
a line explains the pattern of change occurring in a
system. It also indicate the direction of change,
whether positive or negative. The lines y: and y2 (Fig.
1 and 2) are with a positive slope. Both of them are
going up from left to right. While, the line yszand y4
(Fig. 4) are with a negative slope. Both the lines ysand
y4 going down from left to right.

The line ys is representing a negative correlation

between two variables [X = (1+ v) and
_ Vmax (v-1)-v ]
B S(Vmax-v)

It means, that as X increases, the Y tends to decrease

and here in present attempt, it attains to it’s minimum,
Vmax-1

Vmax
correlation

that is

Negative represents a significant
relationship between the variables x and y, which,
depending on what they are modeling, can be
understood as input and output, or cause and effect.
The range of values for X and Y for the line y4 are

Vmax—1 -1
zero to v

Vmax
and from to zero.

max

Thus, the line ys4 is going to help to imagine the
maximum and minimum values, both for X and Y.

More over, the line y is inverse form of the line ys.

[ 4 L




Vitthalrao Bhimasha Khyade et al. Int ] Sci Res Chemi. January-February-2019; 4 (1) : 39-56

Intersection of the line ys with line y: (Fig. 4 ):

— Vmax
Km

) Km 1 1
The line y1 ( VmaxXE + rr—

) and ys ( X +

Vmax—-1
Km

attempt to intersect the line y1 and ys for obtaining

) are shown in the figure 4. Let us have a

the x- and y- co-ordinates for the point of

intersection.
ya=y1
Step — 1: - Vmax Vmax—1 Km 1
p ' Km Km  Vmax Vmax
- Vmax Km 1 Vmax—1
Step — 2: - = -
p [ Km Vmax ] Vmax Km
— Vmax.Vmax — Km.Km Km—-Vmax(Vmax—1
Step—3: [ X = ( )
Km.Vmax Vmax.Km
— (Vmax.Vmax+Km.Km
Step—4: [ ( )]X=

Km.Vmax
—[Vmax(Vmax—1)—Km])
Vmax.Km
. v _ [Vmax(Vmax—1)-Km])
Step —5: X = (Vmax.Vmax+Km.Km)

Intersection of the line ys with line y2 (Fig. 4 ):

— Vmax
Km

Vmax
Km

The line y2 (
Vmax-1
Km
attempt to intersect the line y2 and ys for obtaining

1
X—E)and}m( X +

) are shown in the figure 4. Let us have a

the x- and y- co-ordinates for the point of

intersection.
y+=y2
Step — 1: - Vmax +Vmax—1_Vmax _ 1
p " Km Km ~  Km Km
Vmax—1 1 Vmax Vmax
Step — 2: e + Km—[ o + o 1X
Vmax—1+1 2Vmax
-3 = X
Step-3 o [ o ]
Vmax 2Vmax
Step — 4: =[——
p Km [ Km ]

Vmax Km

Step —5: =

Km 2Vmax
Step — 6: 21 =X
Intersection of the line ys with line ys3 (Fig. 4 ):

— Vmax
Km

. Km 1
The line y1 ( vmax Xs T Vmax

) and ys ( X +

Vmax—1
Km

attempt to intersect the line y: and ys for obtaining

) are shown in the figure 4. Let us have a

the x- and y- co-ordinates for the point of

intersection.

y+=ys
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- Vmax Vmax—-1 —Km Km+1
Step—1: =
Km Vmax Vmax
- Vmax.Vmax+Km.Km Km+1 Vmax-1
Step—2:[ 1X = -
Km.Vmax Vmax Km
— (Vmax.Vmax— Km.Km
Step-3: [ ( )]X=
Km.Vmax
Km (Km+1)— Vmax (Vmax—1)
Vmax.Km
— (Vmax.Vmax— Km.Km
Step—4: [ ( )]X=
Km.Vmax
—[Vmax (Vmax—1)— Km(Km+1)]
Vmax.Km

[Vmax (Vmax—1)— Km(Km+1)]
Vmax.Vmax—Km.Km

Step-5: X =

(III). Attempt for the lines ys (Fig. 5 ):

Let us first consider the line ys. The slope and
intercept on y- axis of this ys line are considered as:
one and zero respectively. Therefore, the
mathematical equation in “Slope-intercept” form (in
the form of typical y= m x +c) of this line ys can be

written as:

Ys=x+0

This ys is the only line in this present attempt
allowing to replace the X by any suitable parameter in
the enzyme kinetics.

This ys is the only line in this present attempt
allowing to replace the X by any suitable parameter in
the enzyme kinetics. The value for X is directly
proportional to the value of Y (With proportional
constant is equal to one). The minimum value for X
for the line ys is zero. There is no upper limit for this

line ys.

Scale: 1=0.1

W
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Fig. 5: Regular form of Linrweaver-Burk Plot
(Double Reciprocal Plot) (yi1) along with it’s
Inverse form (y2); (y3); (y4) and (ys).

Intersection of the line ys with other lines in the
attempt (Fig. 5 ):

The figure — 5 in the present is well explaining the
intersection of the line ys with the other lines. The
point of intersection of line ys with the line y:1 and y»
is one and the same. X — and Y - co-ordinates of the
point of intersection of line ys with the line y1 and y2
are same and correspond to: [(1+ (Vmax — Km)].

Now let us have a look on the intersection of the line

ys with the ys.
Ys=ys3
—Km Km+1
Step-1: X+ 0=
Vmax Vmax
1 Km Km+1
Step -2: [+ 1 X =
1 Vmax Vmax
Vmax+ Km Km+1
Step -3: [ 1X=
Vmax Vmax
Km+1 Vmax
Step -4: X =
Vmax Vmax+ Km
Km+1
Step -5: X = ——————
Vmax+ Km

Let us label this point of the intersection of the line ys
with the line ys3 as: “A”. Both, the X — co-ordinate and

Y — co-ordinate of the point correspond to : X =
Km+1
Vmax+ Km

Now let us have a look on the intersection of the line

ys with the ya.
Ys=y4
-V 1% -1
Step-1: X+ 0= bcd iaad
Km
1 vV 1% -1
Step -2: [+ max] X = 1%
1 Km Km
Step 3. [Vmax+ Km] _ Vmax—1
Km Km
1% -1 K
Step -4: X = 7 & =
Km Vmax+ Km
Vmax—1
Step -5: X = ———
Vmax+ Km

Let us label this point of the intersection of the line ys

with the line y4 as: “C”.
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Both, the X — co-ordinate; Y — co-ordinate of this

point (“C”) are one and same and correspond to: X =
Vmax—1
Vmax+ Km

(IV). Attempt for the lines ys (Fig. 6):

Let us first consider the line ys. The slope and
intercept on y- axis of this ys line are considered as:
the

mathematical equation in “Slope-intercept” form (in

one and one respectively. Therefore,
the form of typical y= m x +c) of this line ys can be
written as:

Yo=-x+1

This ys is the line in this present attempt allowing to
replace the X by suitable parameter in the enzyme
kinetics.

The value for X is directly proportional to the value of
Y (With proportional constant is equal to one). The
minimum value and maximum value for both, X and
Y for the line ys correspond to zero and one
respectively.

The line ys and line ys; both are the inverse form of

each other.
y = e ’ s
Scale: 1=0.1 y.6 -~ 4
~ / +
\\\\\\ | / _
R N
5 ) 4 > -
y \\ ///
/ //“// 3 ™
/ o \
S N)
.1 —17 =
= 5 \10
V.5 \2 y.4

Fig. 6: Regular form of Linrweaver-Burk Plot (Double
Reciprocal Plot) (y1) along with it’s Inverse form (y2);

(v3); (y4); (ys) and (ys).

[ L



Vitthalrao Bhimasha Khyade et al. Int ] Sci Res Chemi. January-February-2019; 4 (1) : 39-56

Intersection of the line ys with other lines in the
attempt (Fig. 6 ):

The figure — 6 in the present is well explaining the
intersection of the line ys with the other lines. The
point of intersection of line ys with the line y3 and ys
is one and the same. X — co-ordinate of the point of
intersection of line ys with the line ys and ys
correspond to: [1 - (1+ (Vmax — Km)] = [(Vmax — Km
-1) + (Vmax — Km)]. Y — co-ordinate of the point of
intersection of line ys with the line ys and ys

correspond to: [ (1+ (Vmax — Km)].

Now let us have a look on the intersection of the line

ye with the y1.
Yi=ys
Km
Step -1: =-X+1
Vmax Vmax
Km 1 1 1
Step 2 [ Vmax + 1 ] X_T " Vmax
Km+Vmax Vmax-1
Step -3: [ 1 X =
Vmax Vmax
Vmax-1 Vmax
Step -4: X = X
Vmax Vmax+Km
Vmax-1
Step -5: X = ————
Vmax+Km

Let us label this point of the intersection of the line ys
with the line y1 as: “B”. Both, the X — co-ordinate and

Y — co-ordinate of the this point “B” correspond to : X
_ Vmax—1
~ Vmax+Km

Now let us have a look on the intersection of the line

ye with the yo.
Y2=1ys
Step -1: V:{n::lx x—ﬁz—X+1
Vmax 1 1 1
Step—2. [ m + T]X:T H
Km+Vmax Km+1
Step -3: [ o 1 X = P
Step -4: X = Kmr1, o
Km Vmax+Km
Step -5: X = _Kmrl
Vmax+Km

Let us label this point of the intersection of the line ys

with the line y1 as: “D”. The X — co-ordinate of the
Km+ 1
Vmax+ Km

The Y — co-ordinate of the this point “D” correspond

this point “D” correspond to : X =

to:
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Km+1
Vmax+ Km

_ Vmax+Km— Km—1 _ Vmax-1

yoi_
1

Vmax+ Km " Vmax+ Km

(V). Attempt for the Indian Square For Enzyme
Kinetics (Fig. 7 and 8):

The present attempt tried it’s best to derive and to set
some new equations keeping the meaning and
concept expected by the well esteemed standard
Lineweaver-Burk plot, the double reciprocal plot for

the enzyme kinetics.

Let us refer (have a look) on the fig.7. This fig. 7 is
nothing but the result of the present attempt on
derivation of some new equations keeping the
meaning and concept expected by the well esteemed
standard Lineweaver-Burk plot, the double reciprocal
plot for the enzyme kinetics constant. The equations
in this attempt include: y3; ys ys and ys. The line y1
itself is the original Lineweaver-Burk Plot (Double
reciprocal plot). The line y2 is the inverse form of line
y1 ; the original Lineweaver-Burk Plot (Double
reciprocal plot). The point of intersection of the line
ys and ys is here, in the present attempt is labeled as,
“O”.

| 1=
Scale: 1= 0.1} 6
o
L
\;\3
- 5 o ///,-
= =) o W
.///
7 ] //‘ \\’\
}" . 1 i y.6
L 7 5 10
y.57 | y.2 y.4
/ / Indian Square For Enzyme Kinetics \

Fig. 7 : Indian Square For Enzyme Kinetics Through
The Linrweaver-Burk Plot (Double Reciprocal Plot)
(y1) and The Other Lines In the Present Attempt (y2;

y3; y4; ys and ye).

The attempt on the intersection of the line ys and ys is

yielding the point “A” as appearing in fig. 8. The
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attempt on the intersection of the line ys and y1 is
yielding the point “B” as appearing in fig. 8. The
attempt on the intersection of the line ys and ys is
yielding the point “C” as appearing in fig. 8. The
attempt on the intersection of the line ys and ys is

yielding the point “D” as appearing in fig. 8.

\ —

Scale: 1=0.1F +,

\“\3
S
Y11=

= 5 \1c

v.5 }2 y.4
= : Indian Square For Enzyme Kinetics A

Fig. 8 : Position of Indian Square For Enzyme Kinetics

in Linrweaver-Burk Plot (Double Reciprocal Plot).

The X- co-ordinates and Y- co-ordinates of the four
points (A,B,C,D) of the square obtained by the
intersection of various lines in the present attempt are

listed below:

The X — co-ordinate of the point “A” correspond to:
Km+1
Vmax+ Km

The Y — co-ordinate of the point “A” correspond to:
Km+1
Vmax+ Km

The X — co-ordinate of the point “B”
Vmax—1

correspond to:

Vmax+ Km

The Y — co-ordinate of the point “B”
Km+1
Vmax+ Km
The X — co-ordinate of the point “C” correspond to:
Vmax—1

correspond to:

Vmax+ Km

The Y — co-ordinate of the point “C”
Vmax—1

correspond to:

Vmax+ Km
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The X — co-ordinate of the point “D” correspond to:
Km+ 1

Vmax+Km

The Y — co-ordinate of the point “D” correspond to:
Vmax—1

Vmax+ Km

The distance between the point “A” and point “B”

(OR the length of segment AB) can be obtained by
subtraction of the X- co-ordinate of the point “A”
from the X — co-ordinate of the point “B”. Therefore,

the length of segment (AB) correspond to:

Km+1

T Vmax+Km  Vmax+Km
_ Vmax—1-Km-1

Vmax—1

Vmax+ Km
_ Vmax—Km-2

Vmax+ Km

The distance between the point “B” and point “C”
(OR the length of segment BC) can be obtained by
subtraction of the Y- co-ordinate of the point “B”
from the Y — co-ordinate of the point “C”. Therefore,

the length of segment (BC) correspond to:

Km+1

" Vmax+ Km  Vmax+ Km
Vmax— 1-Km-1

Vmax—1

Vmax+ Km
Vmax— Km-2

Vmax+ Km

The distance between the point “C” and point “D”
(OR the length of segment CD) can be obtained by
subtraction of the X- co-ordinate of the point “D”

from the X — co-ordinate of the p2oint “C”.

Therefore, the length of segment (CD) correspond to:

Km+1

~ Vmax+ Km Vmax+Km
_ Vmax— 1-Km-1

Vmax—1

Vmax+ Km
_ Vmax— Km-2

Vmax+ Km

The distance between the point “D” and point “A”
(OR the length of segment DA) can be obtained by
subtraction of the Y- co-ordinate of the point “A”

from the Y — co-ordinate of the point “D”.
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Therefore, the length of segment (DA) correspond to:
Km+1

- Vmax+ Km Vmax+ Km
_ Vmax— 1-Km-1

Vmax-1

Vmax+ Km
_ Vmax— Km-2

Vmax+ Km
From the above steps of attempts of obtaining the

distance between the points of intersection of various
lines or length of segment (AB; BC; CD and DA); all
the four sides of rectangle ABCD are equal and

correspond to:
_ Vmax— Km-2
"~ Vmax+Km

Therefore, rectangle ABCD is the square.

This square (ABCD) resulted from the intersection of
the line ysand line ys; line y1and line ys; line y+ and
ys; line y2and line ye; here, through this present is

designated as “Indian Square For Enzyme Kinetics”.

(VI). Properties and Significance of Indian Square For
Enzyme Kinetics:

1. The regular form of Lineweaver-Burk plot (the
(Km+Vmax) (1+S) +
(1+Vmax)] intersect the line ys (equation: - X + 1)

line y1 [equation: (1+v) =

at the point “B” of the proposed “Indian Square
For Enzyme Kinetics”. The X — co-ordinate and Y
— co-ordinate of this point “B” correspond to:
[(Vmax — 1) + (Vmax + Km)] and [(Km + 1) =
(Vmax + Km)] respectively.

2. Subtraction of Y- co-ordinate of the point “B”
from the X — co-ordinate of the point “B” is going
to yield the length of each side of the proposed
“Indian Square For Enzyme Kinetics”.

& [(Vmax — 1) + (Vmax + Km)] - [(Km + 1) +
(Vmax + Km)] = [(Vmax — Km - 2) + (Vmax +
Km)].

The length of each side of the proposed “Indian
Square For Enzyme Kinetics” correspond to:
[(Vmax — Km — 2) + (Vmax + Km)].

3. The length of segment AB; the segment BC; the
segment CD and the segment DA of the proposed

“Indian Square For Enzyme Kinetics” are equal
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5.

and correspond to: [(Vmax — Km — 2) + (Vmax +
Km)].

The point “A” of the proposed “Indian Square For
Enzyme Kinetics” is the point of intersection of
the line y3 and the line ys. The X — co-ordinate
and Y — co-ordinate of the point “A” of the
proposed “Indian Square For Enzyme Kinetics”
correspond to: [(Km +1) + (Vmax + Km)] and
[(Km +1) + (Vmax + Km)] respectively. (Both, the
X — co-ordinate and Y — co-ordinate of the point
“A” of the proposed “Indian Square For Enzyme
Kinetics” are equal to each other and correspond
to: [(Km +1) + (Vmax + Km)] ).

The point “C” of the proposed “Indian Square For
Enzyme Kinetics” is the point of intersection of
the line ys4 and the line ys. The X — co-ordinate
and Y — co-ordinate of the point “C” of the
proposed “Indian Square For Enzyme Kinetics”
correspond to: [(Vmax - 1) + (Vmax + Km)] and
[((Vmax - 1) + (Vmax + Km)] respectively. (Both,
the X — co-ordinate and Y — co-ordinate of the
point “C” of the proposed “Indian Square For
Enzyme Kinetics” are equal to each other and
correspond to: [(Vmax - 1) + (Vmax + Km)] ).

The point “D” of the proposed “Indian Square For
Enzyme Kinetics” is the point of intersection of
the line y2 and the line ys. The X — co-ordinate
and Y — co-ordinate of the point “D” of the
proposed “Indian Square For Enzyme Kinetics”
correspond to: [(Km + 1) + (Vmax + Km)] and
[(Vmax - 1) + (Vmax + Km)] respectively.

The length of segment AB=BC=CD=DA and it
correspond to: [(Vmax - Km - 2) + (Vmax + Km)].
The point “A”; “B”; “C” and “D” constitute the
vertices of square ABCD.

The resulting mathematical square, herewith
labeled as: “Indian Square For Enzyme Kinetics”.
Each of the four vertices (corners) have known
coordinates in terms of Vmax and Km, the key

indices in enzyme kinetics.
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9. The value of [(Km + 1) + (Vmax + Km)] is greater
than [(1+Vmax)] and less than [(1+2)]. This range
can be written as: [(1+Vmax)] < [(Km + 1) =
(Vmax + Km)] < [(1+2)].

10. The value of [(Vmax - 1) + (Vmax + Km)] is
greater than [(1+2)] and less than [(Vmax -1) +
Vmax)]. This range can be written as: [(1+2)] <
[(Vmax - 1) + (Vmax + Km)] < [(Vmax -1)
+Vmax)].

II. CONCLUSION

Each enzyme deserve a specific Michaelis-Menten
constant (Km), which is determined through the
double reciprocal plot, also recognized as Lineweaver-
Burk plot. This constant of Michaelis-Menten (Km) is
concentration of substrate [S] and it avails the
velocity (v) of reaction to proceed up to half of it’s
maximal or Vmax. The regular Lineweaver-Burk plot
and it’s inverse form are designated as y1 and y2 lines
respectively. Present attempt is considering additional
plots or the lines keeping the concept in regular
Lineweaver-Burk plot constant. These plots include:
y3 and ys. In slope and intercept form the lines y3 and
y= -[(Km+Vmax)(X)] +
[(km+1)+(Vmax)] and y4+= -[(Vmax+Km)(X)] + [(Vmax
-1)+(Km)]. In addition; ys =X + 0 and ys = - X + 1 are

the two reference lines are also considered in this

y4+ expressed as:

attempt. The line ys intersect the reference line ys at
the point “A”, the x- co-ordinate and y- co-ordinate
of which are equal to each other and correspond to:
[((Km+1)+(Vmax+Km)]. The line y1 intersect the
reference line ys at the point “B”, the x- co-ordinate
and y- co-ordinate of which respectively correspond
to: [(Vmax — 1) + (Vmax + Km)] and [(Km + 1) +
(Vmax + Km)]. The point at which the reference line
ys attains [(Vmax — 1) + (Vmax + Km)] is labeled as
the point “C”. The X — co-ordinate and Y — co-
ordinate of the point “C” correspond to: [(Vmax — 1) +
(Vmax + Km)] [(Km + 1) + (Vmax + Km)] respectively.
The point of intersection of the line y: and the
reference line ys is labeled as the point “D”. The X —

co-ordinate and Y - co-ordinate of the point “D”
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correspond to: [(Km + 1) + (Vmax + Km)] and [(Vmax
— 1) + (Vmax + Km)] respectively. The length of
segment AB=BC=CD=DA and it correspond to:
[(Vmax - Km - 2) + (Vmax + Km)]. The point “A”; “B”;
“C” and “D” constitute the vertices of square ABCD.
The value of [(Km + 1) + (Vmax + Km)] is greater than
[(1+Vmax)] and less than [(1+2)]. This range can be
written as: [(1+Vmax)] < [(Km + 1) + (Vmax + Km)] <
[(1+2)]. The value of [(Vmax - 1) + (Vmax + Km)] is
greater than [(1+2)] and less than [(Vmax -1) =+
Vmax)]. This range can be written as: [(1+2)] <
[(Vmax - 1) + (Vmax + Km)] < [(Vmax -1) +Vmax)].

The resulting mathematical square, herewith labeled
as: “Indian Square For Enzyme Kinetics”. Each of the
four vertices (corners) have known coordinates in
terms of Vmax and Km, the key indices in enzyme

kinetics.
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