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Abstract

Recently, a high-ranking scientist proposed the need for
direct estimation of the specificity constant, rather than
calculation based on the determination of maximum velocity
and the Michaelis—Menten constant (#w). The goal of this
work is to develop new formulas for the following: the
saturating substrate concentration (Is-1); the instantaneous
initial rate, also called the "burst phase-like" rate; the zero-
arbitrary determination of the pre-steady-state (PSS)
substrate concentration, which is suitable for PSS assays; the
direct estimation of the specificity constant (SC) in a PSS
scenario; and its corresponding [5tle (« £u). In order to show
the proposed equations' applicability and robustness, the
paper also aims to quantitatively evaluate them. The
research was theoretical as well as experimental. The
Bernfeld method of enzyme assay provides evidence for it.

For three distinct enzyme concentrations, the SC values
from the two most recent approaches range from 2,197.546
to 11,101.74 L/g. min using one way and from 2,185.649 to
13,860.014 L/g min using the other. For all three
concentrations, the SC's sub-FM values fall between
1,304.368 and 7,943 L/g min. The corresponding [5tle and
burst-phase-like initial rate (¥r) range from 0.171 to 3.752
g/L and 14.26 to 55.448 umol /min respectively. Lower
enzyme concentrations result in greater SC values; formulas
for directly computing SC under circumstances that validate
the reverse and conventional  quasi-steady-state
approximations could be developed. SC and -catalytic
efficiency are two quite distinct ideas. Computation cannot
be totally avoided.
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1. Introduction

Recent and past investigators have shown remarkable interest in Michaelian kinetics in light of the need to characterize the
putative enzyme being assayed either for the record or for industrial applications [ 2. A significant number of such
investigations concern the desire to optimize the production of precursors for biofuel based on the hydrolytic action of
specified enzymes. Most of the time, pre-steady-state (PSS) and steady-state (SS) assays are carried out 7). Burst phase, pre-
steady-state, and steady-state are distinct from zero-order kinetics, and they are expected to kinetically contribute to the
characterization of an enzyme whose application can be on the basis of an informed decision. These rate constants are
important for proper modeling, either for further experimental or industrial design. The challenge lies in the choice of suitable
substrate concentrations and the range of such concentrations. The waste-to-wealth concept is best achieved industrially upon
application of a kinetic model; thus, research has focused on how to best convert cellulose to the precursors of biofuels B!
and possibly solvents for other applications in the pharmaceutical and food industries. The control of diabetes has prompted
recent studies on the digestibility of recalcitrant starch and the inhibition mechanism of alpha-amylase 12151,

Regardless of the user's goal, whether it be saccharification and liquefaction as steps toward producing biofuels, polar solvents,
and biomass conversion before further degradation into simpler biomolecules such as trisaccharides and short oligosaccharides
or controlling simple sugar consumption during a meal, it is necessary to control the enzyme's catalytic efficiency. Research
has been conducted to better understand the mechanisms that lead to the catalytic efficiency of enzymes, as reported in the
literature ['®291, Catalytic efficiency can be defined as an enzyme's capacity to function at an optimal level with a small amount
of substrate. This appears to be a function of the Michaelis—Menten constant (#=:). Conversely, enzyme specificity is defined
as the enzyme's ability to selectively identify, exhibit preference for, and consistently binds to the same substrate, even in the
presence of other substances or substrate analogues.

The issue of proficiency arises. It is defined in several ways. One not-so-clear definition is that the enzyme’s proficiency
(Feat/Hyr)/Muncat (where Keat and Kuncat are the first-order catalytic rate constant and the equivalent rate constant without a
catalyst, respectively) is "the equilibrium constant for the conversion of the transition state (TS) of the uncatalyzed reaction in
water, and perhaps the enzyme-catalyzed reaction in water, into the TSE complex" ). Another definition is that it is "the
catalytic efficiency (a second-order rate constant = %cat/A1) divided by the first-order rate constant for the uncatalyzed reaction
in water" [, While catalytic proficiency is clearly defined, catalytic efficiency is used interchangeably with the specificity
constant (SC) I8 Some even suggest that *cst/FM quantifies enzyme specificity, efficiency, and proficiency 2%, despite the
exclusive definition of catalytic proficiency by other high-caliber scientists [17- 1],

Although acknowledging the potential applications of catalytic efficiency is important, concerns have recently emerged about
using the Vmax /KM ratio to measure enzyme performance, particularly when the enzyme is used as an industrial catalyst. The
parameter Vmax is the maximum rate of catalysis when the enzyme is saturated with substrate. Using it can result in
misinterpreting the performance index, which can be problematic when selecting different variants for industrial applications
211, Note that ¥mex/Ku should not be used as is, even if the biochemist understands that a variable is missing from the simple
expression given for SC. Vnax/Km should consistently be stated as Keat/Kn (or Vina /K [Er]), where [ET] is the molar
concentration of the enzyme).

The reciprocal of Ymax /K is obtained from the double reciprocal plot and yet may not address the concern of eminent scientist
201 who prefers direct information about Keat/XM without any form of calculation. Thus, this study aims to determine whether a
direct estimate of the specificity constant is possible or merely a fluke. Ultimately, this study presents pre-steady-state substrate
concentrations and the corresponding mathematical equations with which to examine such scenarios. The main objective of
this study is to develop a new formula for directly calculating SC without making any judgments. The other objectives are to:
1) determine the equations for SC in a PSS scenario with an instantaneous initial rate (also known as the "burst phase-like"
rate) and the corresponding [7]o; 2) find a zero-arbitrary PSS substrate concentration suitable for PSS tests; and 3) evaluate the
robustness and usefulness of the generated equations.

1.1 Significance
The study revealed that estimating the specificity constant requires calculations. However, separately estimating the maximum

velocity (ﬂnax) of catalytic action and the Michaelis—Menten constant () to find the ¥est/% ratio may not be necessary.
Nevertheless, a single-step calculation is required to determine SC using the derived equations. The original Lineweaver-Burk
equation and the modified forms derived in this study, particularly the equation for the pre-steady-state case, require only a

single-step calculation. When the starting rate is plotted versus substrate concentrations (which are below the s M, or when [ET]
is much greater), the pre-steady-state equation replaces an incorrect determination of SC, which, otherwise, is an aspect of
rQSSA (d[4T]/dt = 0). A straightforward formula for calculating what appears to be an instantaneous (or rather, a "burst phase-
like") starting rate and its matching substrate concentration has also been provided by the study. By examining the equation
derived in this study, pre-steady-state studies can avoid an arbitrary selection of substrate concentrations < 1.

2. Theory

In this section, two equations are to be derived; one is based on the approach in the literature ??. The other equation is based
on a new principle. This notwithstanding, the recent direct linear method for estimating kinetic parameters is quite fortunate. In
this case, no calculation is done; just the median of various points of intersection gives the direct estimate of V. and Ky. The
direct linear plot [?*! and the alternative variants 4 are graphical means of determining the kinetic parameters. The former
requires separate determination of the parameters followed by calculation, whereas the alternative variant gives a direct value
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for the SC after taking the reciprocal of the Ky-to-Ymax ratio if initial rates were accurately generated. Thus, the reciprocal
variant of the direct linear plot seems to be the first graphical approach for the determination of SC. In this study, a
mathematical approach and a new graphical method are to be investigated.

2.1 Derivation based on approach in the literature 2%

Most of the initial rate () is plotted versus the initial concentration [T] of the substrate, but a plot of " versus [ET] is not out
of the question. Similarly, a plot of 1/ ¥ versus 1/[ET] is not out of the question. Indeed, it is more appropriate to plot ¥ versus
[ET] as a prelude to any Michaelian investigation of any suitable enzyme. Based on the Michaelian principle, ¥ is not directly
proportional to [T] because there is the presence of the latter in the denominator in addition to the &m. In this regard, Matyska
and Kovaft % strongly acknowledged that the Michaelis-Menten equation is a nonlinear equation. Hence,

v o [Er] (1a)
Therefore,
v = kine [Ex] (1b)

Where ¥int is a first order rate constant for each concentration of the substrate (S).
This suggests that every enzyme concentration, ranging from 4 to 6, is tested for every substrate concentration, ranging from 6
to 10 or higher. Different [ET] values result in different Xint values.

[Sth < [St]2 < [Stls= [St)s < [S1]5 < [S1le= [St)r ... [S1ls < [S1lo < [St]10<[S7]a )

The different ¥int values for different values of [5T] are:

—1 —2 —3 —4 —5 —6 —7 —8 —9 —10 —n
kint <kint <Ikint <kint <kint <'I‘{int <kint .. 'kint <kint <kinl: <kiut (3)

The values in Eqs (2) and (3) can be subjected to the alternative variant of the direct linear plot such that the median can give
exactly kca/Km. This could be very tedious and less accurate if more than six different [St] values are used. Again, assaying for
different concentrations of E (up to 4 or more) can also be tedious and take a lot of time. If the values of 1/kiy are plotted
versus different values of 1/[St], the 1/slope gives the SC value. The equation is given as:

_ _dQ/kin)
kine = Graayisey + 1/ Keat

“)
Where (4(1/kint)/@(1/[Sr] is the slope, the equivalent of SC. The condition that satisfies standard quasi-steady-state (sQSSA)
must be guaranteed for each value of [ET] in order to be accurate. A short duration (30-40 seconds) of assay is advisable in

order to avoid significant substrate depletion; the concentration of the substrate at the lower part of the range may be several
folds (not < 4-fold) > the highest value of [Er]. The following is derived from Eq. (4):

_ 8(1/kin)
M= aaisr) ot (5a)
_ 1 /{0 king)
sc=1/ (au/[sm) (5b)

Thus, the concern for direct estimation of SC has been addressed by Eq. (5b), but the process leading to it can be tedious.
Furthermore, high precision is demanded, which makes the use of automated devices inevitable. It is also very necessary to
ensure that the substrate concentration regime is such that the lowest concentration of the substrate is >> the highest
concentration of the enzyme, strictly on a mole-mole basis. A very short duration of the assay is desirable.

2.2 Derivation based on an alternative principle, the variation of the reciprocal of initial rates with the product of the
ratios of substrate concentrations
To begin this section, the view in the literature " needs to be examined. Taking the equation in the literature given as:

ksp [ST]

- &)
(1+kspiely (6a)
Where F= is specificity constant. The issue with Eq. (6) is that the experimental variable ¥ is not clearly defined in light of the
meaning of Kcat. Based on the meaning of the latter, " 1 " should be a pseudo-first-order constant for product formation at the
initial stage. The author's comment that certain algebraic equations may be considered trivial is unnecessary because
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neglecting fundamentals can lead to flawed theses, even if they contain advanced mathematics that few in the same field can
understand, including junior-level professionals.

ksp[ST]
511
1+ksl]kcat (6b)

vps =

Where "p=is given as initial rate divided by the molar concentration of the enzyme.

Equation (6b) sets the standard for the subsequent derivations. But before then, a better impression regarding SC is as follows:
The impression about SC is that it provides a lower limit for the second-order rate constant for substrate binding, while ¥cat
provides a lower limit for each first-order rate constant following substrate binding. The notion of lower limit is best
interpreted in terms of the reciprocal of Keat, which gives the duration of the catalytic cycle; this, as observed in the literature
26,271 should be equal to the sum of the reciprocals of the first-order rate constants of the individual reaction steps. This means
that the individual first-order rate constant is greater than the overall catalytic rate constant, referred to as the lower limit 27,
There is a substrate concentration that may be lower than the lowest concentration in the range chosen for the enzyme assay.
This concentration is as follows:

[Stlo = boKm (7)

Where b, (this is < 1) is a dimensionless constant for a given substrate concentration range for a given concentration of E under
a defined condition of assay, temperature, pH, etc. The value of [*T]o is a specific substrate concentration that may be less than

Km. With other concentrations that are also less than [T]o, the initial rates are directly proportional to the substrate
concentrations. The following relationships are reasonable:

[Stli = BolStlo ®)

Where f3, is the number of times [5'?']1 is > [5'?']0
Substituting Eq. (7) into the equation gives:

[Sth = Bo bo Ky 9)

By the same line of argument, the relationship between other higher concentration of the substrate and Eq. (7) is given as
follows:

[‘S‘T]2 = Bl [ST}l - B1B0 bUKM (10)
[ST]3 = Bg [ST]Z = Bz Bllso bDKM (11)
[STJ4 = B3 [ST]3 = B3 Bz Blﬁo bOKM (12)

A general equation is given as:

[ST]H = Bn—l [ST]n—l = Bn—l Bn—Z Bn—3- .. BO boKm (13)

One can then write the Michaelian equation based on the above equations as follows.

v — Kcat[STIn

ps Km+[STln (148')
v — Kcat E’R—IBR—Z..‘ E’zﬁlﬁubOKM

P (Km+By_1Byz.. B2B1DoKM) (14b)

Linear transformation of Eq. (14b) gives:

1 1 1

Vps  kecatPp—1Pn-z. P2P1Pobo  Kcat (15)

A plot of the reciprocal of o5 versus the reciprocal of Bn-1 Bn-2 Bn-3... gives intercept whose reciprocal gives the catalytic rate
constant. Meanwhile, the slope (Sr) from such a plot gives:
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SL -
Kcat Bobo (16)

Recall that By b is given as [511:/Am, then Eq. (16) can be restated as:

K
S, =—
L kcat[Stl1 (17)
Then SC is given as:
SC = —
SplStla (18)

Equation (18) suggests that SC is dependent on the first and lowest substrate concentration in the range of substrate
concentrations chosen.

To set the record straight, recall the premise for the formulation of Eq. (15): despite the well-known double reciprocal
transformation of the Michaelian equation by Lineweaver and Burk (LB), there does not seem to be an equation for the direct
determination of the specificity constant 2%, The challenge in using LB is generating accurate initial rates. The plot of the
reciprocal of the initial rates versus the reciprocal of the substrate concentration implied by equation 2%, 1/v = (1/%=[57]) +
1/keat, needs to give way to the following equation.

1 Ky 1

kKint  Kcat[St]  Kcat (19)

Where int is already defined in Eq. (1b). Note that, in principle, Eq. (4) is similar to Eq. (19). The difference is that Eq. (4) is
derived from multiple enzyme concentration assays, whereas Eq. (19) applies to a single enzyme concentration. Both are
double reciprocal equations.

Selecting an appropriate substrate concentration range and assay time is crucial for PSS kinetic modeling. When selecting
distinct [37], it is important to avoid being arbitrary. The problem is that, unlike amylose or amylopectin, there is no definitive
value for the molar mass of a complete starch molecule, even after choosing an appropriate [>T]:[ £T] ratio that satisfies the
requirements of a standard quasi-steady-state approximation (sQSSA) at the most basic level (which requires knowledge of the
molar mass of the substrate, starch, and large-molecular-weight proteins). If the molar mass of the substrate is not known with
certainty, a nanoscale concentration of the enzyme with coefficients less than 5 is preferable (e.g., 1.5, 2, 2.5, 3, 3.5, 4, 4.5, or
Snmol/L). Avoid the mass-mass ratio; otherwise, a misleading result is inevitable. In deriving the simple equations, the
importance of the general equation, Eq. (13), becomes apparent in a different context. One can plot Vn-1/Vn versus
[5tla-1/[57]n to generate a straight-line equation under the premise that vs-:/% is directly proportional to [57]n-1/ [57]x and is
partly constant, yielding the following:

Yn-1 [ST]n 1
Sy
n [Stln T (20)

Where S, and y are the slope and intercept respectively. Equation (20) leads to the following:

[ST]G
Sy
”1 [ST]1 +tx (2])

Equation (21) can be rearranged to give:

1 [STlo X
— =T ¢ X
vy vo[ST]1 X + Vo (22)

The first plot establishes the values of Sy and y. Since Yo and [57]o are constants for a given substrate concentration range and
enzyme concentration for the assay, Eq. (2) allows us to determine the initial rate before the end of the assay duration, which
may be much less than three minutes. This timescale may be transient, like the initial rate. One can rewrite a general equation
for Eq. (22) as follows:

1 _ _[Stlo_ S, + =

vy volSthh Vo (22)

Equation (22) is a modified version of the Lineweaver-Burk equation ®! and can determine the initial rate that is not
measurable when the enzyme is added to the substrate, regardless of the effect of magnetic stirring. The unmeasurable initial
rate, Yo can be considered a "burst-like initial rate." The equation for ¥ is derived from Eq. (22) as follows:
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Vo

o_y

Vo = XVinax (24)
The equation for the corresponding concentration of the substrate ([ St]o) is derived as follows:

Km_ _ [Stlo Sx

Vinax Vo (25)

Km

S = v,

[Stlo 5 Vinas U0 (26a)
Substituting Eq. (24) into Eq. (26a) gives:

[Stlo = 2 x

0T 5y (26b)

It is clear that ¥o and [5tle are directly proportional. This direct proportionality should also be demonstrated for all values of
[51]c that are less than [57lo and ¥u. However, this cannot be extended infinitely because the ideal values are defined by values
smaller than [5tlo. Tt is plausible that ¥o/[5] is approximately equal to SC (slightly less than Ymsx/H1).

An important lesson from Eq. (26a) is that, when [T] is assumed to be much smaller than #M, the original Michaelian equation
should not be rewritten as ¥ = Ymax [¥T]/5M. Such an expression is reserved for a PSS and possibly a burst phase scenario in
which M cannot validly be defined as the substrate concentrat:ion at half the maximal velocity or rate of catalysis. Instead, the
correct equation is ¥ = [ST](PSS)/Kﬂ, where [5'.']<pss), K4, and Vinax are the PSS substrate concentration, the enzyme-substrate (ES)
dissociation constant, and the PSS maximum velocity, which is much smaller than the zero-order maximum velocity. The
literature has previously explained similar problems 26, Keep in mind that &3 is equivalent to & + &4, where & stands for
the Van Slyke and Cullen constants 2%, Consequently, there is no provision for & + &4 in either Ymax [ST)/Ku or [3T]pss)/d.
The issue of &3 misuse, which is frequently organized by the living giants of biochemistry, does not need to be addressed by
the giants of enzymology like Van Slyke-Cullen, Michaelis, and Menten. These giants appear to have an attitude that
"knowledge begins and ends with me" because of the enormous amount of knowledge they have amassed over the years.

Here we are again with issue arising from Eq. (26a); this is just about making v, subject of the formula as follows:

Vp = S}(Vmax[ST]O/KM (27a)

Equations 26 and 27a apply to all values of [T] that are greater than or equal to [3T]o and less than or equal to &1; they do not
apply only to [3T]o and Yo. However, d¥n/d[*T], must always equal VD/[ST]O. One of the main research questions is how to
independently determine the value of Yo/ [5To. Plotting ¥n values against [T], using equation 27b results in a linear curve
whose slope (SFSSX) should equal ~ SiVnex/Kut_1n other words, Yo/ [57]0 equals *#ssz. The equation is:

Un = S)(Vmax[ST]n/KM (27b)
The presence of a pre-determined slope (°x) allows the accurate estimation of Vinax /Ku from:
Vnax/Km = SPSSx/Sx (28)

Thus, SC can be given as:

SC = Spssx/sx [Ex] (29)

If it is equal to “D/[S'?‘]o, then equation (29) can be used to determine zero-order SC. Several approaches have been derived in
addition to the LW approach. None of them are without calculation. Assays must be conducted for different concentrations of
E before deriving Eq. (19). A single assay must be conducted if the LW approach is used. However, it is not without
calculation because the slope must be divided by [Er]. The most direct and minimal calculation is the alternative direct linear
approach, which immediately yields 1/Vmax/¥m (or l/'r"nat)/HM if [Er]/v is plotted versus [E?'][E'?]/V. However, this approach
still requires calculation because one must take the reciprocal of 1/%cat/Kum to quantify SC. This is in addition to the initial
calculation of ¥P (i.e., the initial rate divided by the molar concentration of the enzyme). Equation (29) requires information
about substrate concentrations that are much less than the A, Firstly, it should be noted that initial rates obtained from
substrate concentrations much greater than [E?] will produce a polynomial curve of the quadratic kind when plotted versus
[5’.']. Thus, a general equation for the estimation of PSS can be derived from a polynomial of the following kind:

y=—ax®+px+y (30)
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Differentiation with respect to x gives:
dy/dx = —2ax + p (€2))

If one recalls that v (which is y) = ke [ES], then,

dv = k., d[ES]/dx = —2ax + B (32)
Integrating yields:
k.A[ES] = —a x? + PAx (33)

Bearing in mind that under SS condition, (41E5] I’*:"f) may be = zero. Therefore,

—ax?+ PAx =0 (33)

Here, x refers to [5'?] and A x refers to A[¥T] (= molar mass (Marr) of product x 17 x duration (£) of assay). The equation for PSS
concentration of substrate is:

[Stlpss = V PMavt/a (34)

2.3 Another direct approach besides the alternative variant of direct linear plot

Another direct approach with generalizable attributes is based on an alternative method for determining kinetic parameters, as
described in the literature Y. The equation is derived as follows: The equations for maximum velocity in the pre-steady state,
the steady state, and the post-steady state (the zero-order scenario) and either the enzyme-substrate (ES) dissociation constant

(K d) or the Michaelis—Menten constant (K M), depending on the case, are as follows:

V — vﬂvn—l([ST]n_[ST]n—l)
max [Stln vn—1—[STln-1Vn (35)

Ky(or K;) = [STIn[STIn-1(Vn—Vn—1)

[Stln Prn-1— [STln-1vn (36)
Vmax — Unvﬂ—l{[ST]ﬂ_[ST]n—l)
Knm(Kq) [Stln[STIn-1(vn—vn-1) 37

Rearrangement of Eq. (37) gives:

Yn¥n-1 — [StlnlSTln-1 Vimax
Un=Vn—1 [STIn=[STln-1 KMm(o7 Kq) (38)
Vntn-1 [STIn[STln-1

A plot of Pn~?n-1 versus [Stln~[5TIn-1 gives directly a slope equal to the specificity constant, SC.
Preliminary calculations must be made, as shown by Eq. (38). Plotting the data yields the SC without additional calculations,
except for dividing by the molar concentration of the enzyme and, if necessary, multiplying by the molar mass of the substrate.

But keep in mind that Ky must be replaced by K4 if the beginning rates are directly proportional to the substrate concentrations
and if these concentrations are both less than XM and much less than the enzyme concentration, as previously said.

For a pre-steady-state scenario, one alternative approach is to consider that ¥i is directly proportional to the sub-Michaelian
substrate concentration and that the enzyme concentration is much greater than [5 T]. Note that, in such a scenario, the

regression coefficient must be > 0.999, and the maximum velocity should correspond to the pre-steady state with a Kz,
Similarly, "n could be 2 V-1, just as [5tln could be 2[5t]n-1.

Thus,
yPross
Vg = [Sq],_q 2Rex
n—1 [ T]n 1 Kq (39)
_ Vinax -
Up = [ST]n Ta (40)
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3. Materials and Methods

3.1 Materials

3.1.1 Chemicals

As in a previous study PY, Aspergillus oryzae alpha-amylase (EC 3.2.1.1) and potato starch were purchased from Sigma-
Aldrich, USA. Tris, 3, 5-dinitrosalicylic acid, maltose, and sodium potassium tartrate tetrahydrate were purchased from Kem
Light Laboratories in Mumbai, India. Hydrochloric acid, sodium hydroxide, and sodium chloride were purchased from BDH
Chemical Ltd., Poole, England. Distilled water was purchased from the local market. The molar mass of the enzyme is ~ 52
kDa [32, 33]'

3.1.2 Equipment

An electronic weighing machine was purchased from Wensar Weighing Scale Limited, and a 721/722 visible
spectrophotometer was purchased from Spectrum Instruments, China; a pH metre was purchased from Hanna Instruments,
Italy.

3.2 Methods

The enzyme was assayed according to the Bernfeld method B* using gelatinized potato starch; three different concentrations of
the enzyme were assayed. In this study, a mass concentration of 0.002 g/L. was explored, given a mass concentration range of
substrate equal to 0.3-3 g/L. The other concentrations of the enzyme that were assayed were 0.0005 and 0.0002 g/L, given a
mass concentration range of substrate equal to 5—10 g/L. Reducing sugar produced upon hydrolysis of the substrate at room
temperature using maltose as a standard was determined at 540 nm with an extinction coefficient equal to 181 L/mol-cm. The
duration of the assay was 3 minutes. A mass concentration of 2 mg/L of Aspergillus oryzae alpha-amylase was prepared in
Tris-HCI buffer at pH = 7. The assay was conducted at room temperature (21-23°C).

As explained in the literature P, the equation below can be used to determine the second-order rate constant provided that

[E'?'] is greater than most, if not all, of the substrate concentrations within the chosen range.
The equation is however, not suitable for the case in which [E?'] « [5'?].

In{[Ex]/([Ex] — [ESD} = (key + kead) [ St] (1 — exp. (—kt)/Kyk, (41)

The pseudo-first-order rate constant, ¥ for the hydrolysis of starch is generated as described in the literature ' 331, The

equation for the case in which [E?'] « [5'?] is being reviewed to simplify the derivation procedure for the manuscript under
preparation. The equation is given as follows:

M3 Vmax

1= [ET](g)KMMz_MB [Eijg) (42)

Where LET]iz) and Mz are the mass concentration of the enzyme and molar mass of the substrate, the insoluble potato starch,
respectively.

4. Results and Discussion

Although the issue of inconsistency in the applicable Michaelis—Menten constant has been acknowledged and supported in a
recent preprint publication, the starting point of this section is to reiterate the claim that the velocity (initial rates, Vi) equations
of the catalytic reaction have been used to determine kinetic parameters outside of the conditions for which they are valid. To
highlight this issue, an equation was derived for an arbitrary choice of substrate concentrations, as explained in Eq. (34). The
calculated values of [57], based on Eq. (34), were substituted into a polynomial equation to determine the corresponding sub-
KM, For clarity, sub-fM substrate concentrations are those that are much smaller than the initial rates. It should be noted that, as
stated in the literature 1, the polynomial must possess a negative coefficient of its leading term. However, this is strictly for
illustration purposes. Otherwise, after calculating the sub-M concentrations of the substrate, an assay of the same or higher
enzyme concentration needs to be conducted. A typical reverse quasi-steady-state approximation (rQSSA) is demonstrated by

plotting the initial rates versus the corresponding sub-AM substrate concentrations. Figures 1 and 2 illustrate this for enzyme
concentrations of 0.0002, 0.0005, and 0.002 g/L. The rQSSA relation is a linear curve with a coefficient of determination

typically > 0.999. This holds true as long as the concentration range is less than the putative &M value of the enzyme and,

better yet, less than [ET] 2337 In such a scenario, the zero-order SC cannot be inferred from data points that validate only
rQSSA, partially validate sQSSA, or validate both TQSSA and sQSSA B8 31
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Fig 1: Plot illustrating the non-Michaelian characteristics of initial rates which is directly proportional to the sub-Michaelis-Menten constant
concentration of the substrate where the concentrations of the enzyme are 0.0002 g/L (m) and 0.0005 g/L (). The SC for 0.0005 g/L is =
7223.84 L/g. min; SC for 0.0002 g/L is = 7943 L/g min
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Fig 2: Plot illustrating the non-Michaelian characteristics of initial rates which is directly proportional to the sub-Michaelis-Menten constant
concentration of the substrate where the concentration of the enzyme is 0.002 g/L. The SC value is 1304.368 L/g min

It was hypothesized that, for any given enzyme concentration assayed within an arbitrarily chosen substrate concentration
range, there is always a "burst-like" initial rate corresponding to the substrate concentration. Figures 3 and 4 illustrate this
concept for [E] = 0.002 g/L and [ET] = 0.0002 and 0.0005 g/L, respectively. The "burst-like" initial rate and its corresponding
[T]o are defined, respectively, by Equations (24) and (26b). The latter appears to be higher or lower than the calculated sub-fu
concentration of the substrate. With 0.0002 and 0.0005 g/L of enzyme, the sub-f1 concentration ranges are 1.2558-1.3332 g/L
and 1.278-1.438 g/L, respectively. At the relevant [ET] values (0.0002 and 0.0005 g/L), it is surprising that the corresponding
substrate concentrations ([°T]o = 3.752 and 2.457 g/L) for burst-like initial rates (2, Table 1) exceed the calculated sub-%u
values. Though these values are less than the substrate concentration range (5-10 g/L) chosen for the assay, they are
nevertheless greater than the corresponding &M values (Table 1). The situation is totally different when the enzyme
concentration is 0.002 g/L. The [5T]o value is less than the Michaelis-Menten-like £31. This implies that £ is better described
as an enzyme-substrate dissociation constant applicable when [Er] > [3T] or [3T] # [ET]. It is also possible that [5T] may be
approximately equal to [ET]. In any case, the burst-like initial rates of 55.448 and 43.78 mM/min at 0.0002 and 0.0005 g/L,
respectively, were greater than the calculated initial rates corresponding to the sub-KM concentration ranges of 49.367—49.599
and 39.856—40.794 mM/min (Table 1). Values reported for 0.002 g/L of the enzyme were calculated differently. The burst-like
initial rate of 14.26 mM/min is less than the initial rates of 29.447—54.572 mM/min corresponding to the sub-%m [57] value.
The situation might be different if the assay were carried out using sub-fu concentrations to generate rates rather than
calculations. An important finding is that a practical and theoretical guide exists for determining a lower substrate
concentration regime, which may be greater than or less than 1, depending on the enzyme concentration. This may imply the
need to define the condition(s) that should characterize the kinetic parameters. This characterization should be relevant to
either rQSSA or sQSSA.

Table 1: Kinetic parameters with emphasis on specificity constant

[Eryg/L 0.0002 0.0005 0.002
RVDLP
SC/L/g min. 13000 3687.943 2280.702
Vnax/ uM/min 78.125 104.167 166.667
KM (Ka)/g/L 1.5625 2.938 1.9
LWBP
SC/L/g min. 13800.425 3044.586 2196.688
Vinax/ yM/min 75.512 105.954 201.410
K (Ka)/g/L 1.423 3.693 2.384
Equations (15 & 18)
SC/L/g min. 13860.014 | 3045.531 2185.649
Equation (38)
SC/L/g min. 11101.74 3045.12 2197.546
Vo/uM/min 55.448 43.78 14.26
[P T]o/g/L 3.752 2457 0.171
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RVDLP and LWBP stand for reciprocal variant of direct linear plot and Lineweaver-Burk plot respectively; Yo stands for
“burst initial rate”. The corresponding substrate concentration is [5T]p.

1.2
1 y =0.9867x + 0.0708
R?=0.9952
0.8
£ 06
I 04
0.2
0 T T T T T 1
0 0.2 0.4 0.6 0.8 1
+[E]=0.002g/L
[Stln4/[S1]n

Fig 3: The ratio of initial rates as a function of the ratio of the corresponding concentration of the substrate, plotted versus the latter where
[Eﬂ'] =0.002 g/L. [S'T]n > [¥T]n-1 and ¥n-1< v, where ™ is the number of assays (or “population size”) for the initial rates, ¥, and
concentrations of the substrate
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Fig 4: The ratio of initial rates as a function of the ratio of the corresponding concentration of the substrate, plotted versus the latter where
[Eo] = 0.0002 g/L (#) and 0.0005 g/L (m)

Despite the surprising outcome of this study, it is important to note that the observed differences in [5 T]o and Ky (and Kﬂ, if
applicable) values are due to conditions such as [ET] being greater than most [3T] values, approximately equal to [37], and less
than [5T]. The much lower observed Michaelis-Menten-like, &1 value with an [Er] value of 0.002 g/L results from the
condition that validates rQSSA, in which a single turnover event characterizes the catalytic cycle. This implies that most

substrate molecules undergo enzymatic action with a higher K1 value. This also explains the literature 7! view that the
inequality cannot be sustained. It was observed that, with very high enzyme concentrations, KM is small. This study observed
Ky values of 2.384 and 1.9 g/L for [E?'] =0.0002 g/L, resulting from LWBP and RVDLP, respectively (Table 1). The reported

values for [E?] =0.0002 g/L are the lowest (Table 1).

The main objective of this study is to derive equations for directly estimating SC. For this purpose, Eq. (15) for the plot and
Eq. (18) for direct SC estimation with a single calculation become relevant. Figures 5 and 6 show the necessary slopes for [E7]
=0.0002, 0.0005, and 0.002 g/L. Dividing the slope by the first [>T] in the chosen concentration range gives the SC, as shown
in Table 1. The SC values compare as follows: 0.0002 > 0.0005 > 0.002 g/L. This is applicable to the max values. Note,
however, that four versions were provided. The oldest approach is the Lineweaver-Burk plot (LWBP), which produced values
similar to those of the direct linear plot's reciprocal variant (RVDLP) and one of the newest approaches, Eq. (18) in this
research. The second newest approach is represented by Eq. (38). Figures 7 and 8 were created to illustrate the latter approach;
in this case, only preliminary calculations need to be carried out. Figure 7 illustrates [Et] = 0.0002 g/L, and Figure 8 illustrates
[Er] = 0.0002 and 0.0005 g/L. The slope has a direct value of SC. The SC values for 0.0005 and 0.002 g/L are similar for all

versions, but not for 0.0002 g/L, perhaps due to measurement error. In all cases, however, the SC values with sub Ky [51], as
displayed in Figures 1 and 2, are in the following order: 0.0002 > 0.0005 > 0.002 g/L.
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Fig 5: The reciprocal of initial rates as a function of the product of the ratio of substrate concentrations where the concentrations of the
enzyme are 0.0005 g/L (m) and 0.0002 g/L (®). Bo-1 = [ST]o/[Sn-1]

The possibility of error in Figures 5 and 6 can be minimized or eliminated if a careful, stepwise approach is adopted for every
calculation to determine the product of substrate concentration ratios. It is important that the initial rates be free of substantial
error. This method is highly generalizable because it can be applied to conditions that validate either rQSSA or sQSSA. The
initial substrate concentration within the chosen concentration range is important because it is part of the equation for
calculating SC. Therefore, it must be accurately measured.
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Fig 6: The reciprocal of initial rates as a function of the product of the ratio of substrate concentrations where the concentrations of the

enzyme is 0.002 g/L. Note that taking the reciprocal of the slope (which is 'I"I:EI) divide by [*r]: (the first substrate concentration in the range)
and multiplying by the molar concentration of the enzyme gives ~ 8.41 exp. (—5) mol./g min
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Fig 7: Direct determination of SC by alternative graphical approach: The ratio of the product of different initial rates divided by their
difference to the corresponding product of different concentrations of substrate divided by their difference where the concentration of the
enzyme is 0.002 g/L
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Fig 8: Direct determination of SC by alternative graphical approach: The ratio of the product of different initial rates divided by their
difference to the corresponding product of different concentrations of substrate divided by their difference where the concentrations of the
enzyme are 0.0002 g/L (#) and 0.0005 g/L (m)

The purpose of most industrial enterprises is to optimize production, which requires effective control of the production process.
These products may be processed foods or drugs, including prescription and over-the-counter medications. Enzymes are
extremely important here because their ability to reduce the energy barrier (Arrhenius and Gibbs free energy of activation) can
drastically affect the efficiency of industrial processes. This may explain why renowned scholars and researchers emphasize
direct estimates of catalytic specificity. Even under normal assay conditions, some reactions may be enthalpically controlled,
while others may be entropically controlled. The possibility that an enzyme-catalyzed reaction is driven by both enthalpy and
entropy cannot be ruled out. There are many illustrations of energy curves and diagrams in the literature, including Wikipedia.
Nevertheless, Figures 9 and 10 are valuable for clarifying the issues in contention. When an enzyme identifies its substrate and
binds to it catalytically, both the substrate and the enzyme are in the correct configurational and conformational orientation
following effective binding. This reduces the energy barrier, which is the specificity question.

3 -

—o—\VEFF

> —E—EFF

NENIE

Energy/kl/mol
(3

0 5 10 15 20
Reaction path with time

Fig 9: The endothermic case (hypothetical)

The endothermic reactions are very peculiar with most enzyme-catalyzed reaction, notable of which is alpha-amylase
amylolysis of glucans, if in particular the reaction conditions falls outside the usual. The blue curve, expresses the fact that the
enzyme substantially reduced the activation, thereby becoming very efficient (VEFF), with the highest proficiency and
specificity; the red curve follows next as one that is efficient (EFF), while the green curve may illustrate a situation whereby
the enzyme is neither efficient nor inefficient (NENIE). The red doubled-headed arrow illustrates the energy barrier height; the
orange doubled-headed arrow illustrates the upper energy barrier height-either Arrhenius activation energy or the Gibbs free
energy of activation that must be added to the reactants for the reaction to proceed; the lower double-headed yellow arrow
illustrates the ground-state energy level of the reactants; while the blue, green, and oxblood horizontal lines mark off the higher
ground-state energy level of the products, for the very efficient, efficient and neither efficient nor inefficient enzyme
respectively. In these cases the product is less stable than the reactant.
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Fig 10: The exothermic case (Hypothetical)

Similar to the endothermic case, exothermic reactions are also peculiar to alpha-amylase amylolysis of glucans. The blue curve
shows that the enzyme substantially reduces activation, becoming highly efficient (VEFF) with the highest proficiency and
specificity. The green curve shows an efficient (EFF) enzyme, and the red curve shows an enzyme that is neither efficient nor
inefficient (NENIE). The red double-headed arrow illustrates the height of the energy barrier; the orange double-headed arrow
illustrates the upper energy barrier height, either the Arrhenius activation energy or the Gibbs free energy of activation that
must be added to the reactants for the reaction to proceed. The lower orange double-headed arrow illustrates the ground-state
energy level of the reactants, while the blue, green, and oxblood horizontal lines mark the much lower ground-state energy
level of the products for the very efficient, efficient, and neither efficient nor inefficient enzymes, respectively. In these cases,
the product is more stable than the reactant.

To the best of our knowledge, apart from the proposal by the esteemed scholar Johnson 2% in the field of biochemistry that a
direct estimate of SC is desirable, no one has attempted to derive new equations or quantify the values of SC in the past, as this
study has done. However, one could speculate that there is always motivation for such a desire, even if there is no evidence of
it. Chemical engineers, physical chemists, etc., may suggest benefits or the desirability of such equations. Nevertheless, the
two newest approaches are undeniably the most effective. This is because, when there are many data points, a direct linear plot
or its reciprocal variant can be unwieldy and prone to error if software is not applicable. Outliers are always likely with LWBP
given its imprecise initial rates.

The principle of efficiency is a fundamental concept in classical mechanics, both at the elementary and postdoctoral levels.
Thus, an enzyme's suitability for industrial applications can be evaluated based on its catalytic efficiency. Without information
about the reverse rate constant, the efficiency of a chosen enzyme can be quickly determined by multiplying the ratio of SC to
ki by 100. As shown in Table 2, lower enzyme concentrations under conditions that validate the Michaelian equation and
sQSSA exhibit the highest SC values, regardless of the direct approach. In this study, the enzyme concentrations are compared
as follows: 0.0002 > 0.0005 > 0.002 g/L. Besides other engineering and technical issues, a reactor's efficiency depends on the
enzyme's capacity to reduce the energy barrier. Thus, a higher catalytic rate and a lower reverse rate constant can result in a
very high SC and, consequently, a very high catalytic efficiency of 100 SC/ X1, One can undoubtedly conclude that SC is

different from catalytic efficiency. Unlike SC, information about the second-order rate constant ('["L) and SC is needed to
determine catalytic efficiency. The latter and SC should not be interchanged for any reason.

Table 2: Catalytic efficiency expressed as SC as a percentage of second order rate constant, k1 for the formation of enzyme-substrate

complex
[ET]/g/L 0.0002 0.0005 0.002
RVDLP 84.113 78.874 4.674
LWBP 89.292 65.115 4.501
Equations (15 & 18) 89.678 65.135 4.479
Equation (38) 71.831 65.126 4.503

The table of values is an out of the application of the equation: Ki= ('r"nat + R—L)/KM; K1 is a sum of two parts. Hence a fraction

of it contributed by SC (knat/HM) multiplied by 100 gives the percentage contribution which is equivalent to catalytic
efficiency, SC.

5. Summary
Two new equations were derived for the direct estimation of the specificity constant (SC). These equations are in addition to

those for a non-arbitrary choice of pre-steady-state (PSS) or sub-f2¢ concentrations of substrate, "burst phase-like" rates, and

their corresponding substrate concentrations [“T]o. SC values from the two newest methods, using three different enzyme
concentrations, range from 2,197.546 to 11,101.74 L/g min using one method and from 2,185.649 to 13,860.014 L/g min using

the other method. The sub-A# SC values for the three different enzyme concentrations range between 1,304.368 and 7,943 L/g.

min. The burst-phase-like initial rate (V') and the corresponding [5'?]0 range from 14.26 to 55.448 mM/min and from 0.171 to
3.752 g/L, respectively. In all cases, the enzyme with the lowest concentration possesses the highest parameter values. The
concept of SC differs greatly from that of catalytic efficiency.

611


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies www.multiresearchjournal.com

6. Conclusion

The pre-steady-state (PSS) substrate concentrations ([5'?‘]5) and the corresponding mathematical equations for examining such
scenarios were presented. Equations were presented for computing the specificity constant (SC) for the PSS scenario with an

instantaneous initial rate (also known as the "burst phase-like" rate), as well as the corresponding [57]0 («KM) for a non-
arbitrary choice of PSS or sub-Au substrate concentrations suitable for the PSS test and for the saturating [ST] scenario. In the
end, assessing the equations for usefulness and robustness demonstrated that directly predicting the SC is feasible and not a
coincidence. Future research will examine whether an original “n/[s T]o ratio can be generated by plotting initial rates versus
substrate concentrations below [5'?']0 while keeping the enzyme concentration constant. This approach can enhance the
determination of zero-order SC at substrate concentrations below the £,

7. Author Contribution
The sole author designed, analyzed, interpreted and prepared the manuscript.

8. Dedication

This study is dedicated to Delta State Governor Sheriff Oborevwori and the government officials who support citizens' rights.
It reflects the commitment of the former military governor of the defunct Mid-West State, Retired Brigadier General Samuel
Osaigbovo Ogbemudia, and his commissioner, Chief Edwine Kiagbodo Clark. They were recognized for their non-derisive and
non-divisive policies.

9. Disclaimer (Artificial Intelligence)
Author(s) hereby declare that no generative Al technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and
text-to-image generators have been used during the writing or editing of this manuscript. s of the article.

10. Disclaimer

The preprint document is available in these links:
https://doi.org/10.1101/2023.04.09.536186
https://www.researchgate.net/publication/369952471

11. Competing Interests

There are no known competing financial interests, non-financial interests, or personal ties that could have influenced the work
presented in this publication, according to the sole author's declaration. The only issue is the monthly pension, which is much
less than two USD per day and may not have been recommended by the World Bank or the IMF.

12. Acknowledgement
I am truly grateful to my siblings for their financial and in-kind support.

13. References

1. Hertadi R, Widhyastadi H. Effect of calcium ion to the activity and stability of lipase isolated from Chromohalobacter
Jjaponicus BK-AB18. Procedia Chem. 2015; 16:206-313. Doi: 10.10016/j.proche.2015.12057

2. Souza PM, Magalhdes PO. Application of microbial alpha amylase in industry-A review Braz J. Microbiol. 2010; 41:850-
861. Doi: 10.1590/S1517-83822010000400004

3. Morris GZ, Francis SH, Ke H, Wang H, Belknap B, Corbin JD, et al. Pre-Steady-State Kinetics of the Binding and
Hydrolysis of Mant-cGMP by Phosphodiesterase-5. Int. J. Biochem. Physiol. 2016; 1(1):1-12. Doi: 10.23880/1JBP-
16000102

4. Cruys-Bagger N, Elmerdahl J, Praestgaard E, Tatsumi H, Spodsberg N, Borch K, et al. Pre-steady- state kinetics for
hydrolysis of insoluble cellulose by cellobiohydrolase. J. Biol. Chem. 2012; 287(22):18451-18458. Doi:
10.1074/jbcM111.334946

5. Paumann-Page M, Katz R-S, Bellei M, Schwartz T, Sevcnikar B, et al. Pre-steady-state kinetics reveals the substrate
specificity and mechanism of halide oxidation of truncated human peroxidasin. J. Biol. Chem. 2017; 2921(11):4583-4592.
Doi: 10.1074/jbc.M117.775213

6. Olsen K, Svenssen B, Christensen U. Stopped flow fluorescence and steady-state kinetic studies of ligand-binding
reactions of glucoamylase from Aspergillus niger. Eur. J. Biochem. 1992; 209:777-784. Doi: 10.1111/.1432-
1033.1992.tb17348.x

7. Sassa A, Beard WA, Shock DD, Wilson SH. Steady-state, Pre-steady-state, and Single-turnover Kinetic Measurement for
DNA glycosylase Activity. J. Vis. Exp. 2013; 78:1-9. Doi: 10.3791/50695

8. Ashwar BA, Gani A, Wani IA, Shah A, Masoodi FA, Saxena DC. Production of resistant starch from rice by dual
autoclaving-retrogration treatment: /n vitro digestibility, thermal and structural characterization. J. Food. Hyd. 2016;
56:108-117. Doi: 10.1016/j.food.hyd.2015.12.004

9. Yeh AN, Huang Y-C, Chen SH. Effect of particle size on the rate of enzymatic hydrolysis of cellulose. Carbohyr. Poly,
2010, 192-199. Doi: 10.1016/j.carbpol.2009.07.049

10. Petrasek ZK, Eibinger M, Nidetzky B. Modeling the activity burst in the initial phase of cellulose hydrolysis by the
processive cellobiohydrolase Cel7A Biotechnol. Bioeng. 2019; 116:515-525. Doi: 10.1002/bit.26889

612


http://www.multiresearchjournal.com/
https://doi.org/10.1101/2023.04.09.536186
https://www.researchgate.net/publication/369952471

International Journal of Advanced Multidisciplinary Research and Studies www.multiresearchjournal.com

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

Ting CL, Makarov DE, Wang ZG. A kinetic model for the enzymatic action of cellulase. J. Phys. Chem. B. 2009;
113(14):4970-4977. Doi: 10.1021/jp810625k

Kuusk S, Morten Serlie M, Véljamé P. The predominant molecular state of bound enzyme determines the strength and
type of product inhibition in the hydrolysis of recalcitrant polysaccharides by processive enzymes. J. Biol. Chem. 2015;
290(18):11678-11691. Doi: 10.1074/jbc.M114.635631

Arp CG, Correa MJ, Ferrero C. Production and characterization of type III resistant starch from native wheat starch using
thermal and enzymatic modifications. Food Bioproc. Tech. 2020; 13:1181-1192. Doi: 10.107/s11947-20-02470-5

Kazeem MI, Adamson JO, Oguwande IA. Modes of inhibition of alpha-amylase and alpha-glucosidase by extract of
Morinda lucida Benth leaf Biomed. Res. Int, 2013, 1-6. Doi: 10.155/2013/527570

Ogunyemi OM, Gyebi GA, Saheed A, Paul J, Nwaneri-Chidozie V, Olorundare O, et al. Inhibition mechanism of alpha-
amylase, a diabetes target, by a steroidal pregnane and pregnane glycosides derived from Gongronema latifolium Benth
Front. Mol. Biosci, 2022, 1-19. Doi: 10.3389/fmolb.2022.866719

Hammes-Schiffer S. Catalytic efficiency of enzymes: A theoretical analysis. Biochemistry. 2013; 52(12):1-19. Doi:
10.1021/bi301515;j

Miller BG, Wolfenden R. Annu. Rev. Biochem. Catalytic proficiency: The unusual case of OMP Decarboxylase Annu.
Rev. Biochem. 2002; 71:847-885. Doi: 10.1146/annurev.biochem

Deng Z, Mao J, Wang Y, Zou H, Ye M. Enzyme kinetics for complex system enables accurate determination of specificity
constant of numerous substrate in a mixture by proteomics platform Mol. Cell Proteomics. 2017; 16(1):135-145. Doi:
10.1074/mcp.M116.062869

Zhang E, Houk KN. Why enzymes are proficient catalysts: Beyond the Pauli paradigm. Acct. Chem. Res. 2005;
38(5):379-385. Doi: 10.1021/ar040257s

Johnson KA. New standards for collecting and fitting steady-state kinetic data Beilstein. J. Org. Chem. 2019; 15:16-29.
Doi: 10.3762/bjoc.15.2

Fox RJ, Clay MD. Catalytic effectiveness, a measure of enzyme proficiency for industrial application. Trends Biotechnol.
2009; 21(3):137-140. Doi: 10.1016/j.tibtech.2008.12.001

Udema II. Rate constants are determinable outside the original Michaelis-Menten mathematical formalism wherein the
substrate concentration range is approximately 1.6 to 4.8 times enzyme concentration: A pre-steady-state scenario and
beyond. World J. Adv. Res. Rev. 2022; 16(1):350-367. Doi: 10.30574/wjarr.2022.16.1.0989

Schnell S, Maini PK. Enzyme Kinetics at High Enzyme Concentration. Bull. Math. Biol. 2000; 62:483-499. Doi:
10.1006/bulm.1999.0163

Baici A, Novinei M, Lenaci¢ B. Kinetics of the interaction of peptidases with substrate and modifiers. In Protease:
Structure and function (Brix K., Stocker W eds). Springer-Verlag Wien, 2013, 37-84. Doi: 10.1007/978-3-7091-0885-7
Matyska L, kovar J. Biochem. J. Comparison of several non-linear-regression methods for fitting the Michaelis-Menten
equation. 1985; 231:171-177. Doi: 10.1042/bj2310171

Udema II. Derivation of steady-state first-order rate constant equations for enzyme-substrate complex dissociation, as well
as zero-order rate constant equations in relation to background assumptions. GSCBiol. Pharm. Sci. 2022; 21(3):175-189.
Doi: 10.30574/gscbps. 2022.21.3.0482

Udema II. The life span of steps in the enzyme-catalyzed reaction, its implications, and matters of general interest.
BioRxiv preprint, 2023, 1-25. Doi: 10.1101/2023.01.08.523157

Lineweaver H, Burk D. The determination of enzyme dissociation constants. J. Am. Chem. Soc. 1934; 3:658-666. Doi:
10/1021/j2a01318a036

Van Slyke DD, Cullen GE. The mode of action of urease and of enzymes in general. J Biol Chem. 1914; 19:141-180. Doi:
10.3181/00379727-11-97

Udema II. Alternative equations and "pseudo-statistical" approache that enhance the precision of initial rates for the
determination of kinetic parameters. BioRxiv preprint, 2023, 1-32. Doi: 10.1101/2023.01.16.524223

Udema II. Where initial rates are directly proportional to substrate concentrations with application in molar-mass
determination, zero-order specificity constant is inappropriate. BioRxiv  preprint, 2023, 1-26. Doi:
10.1101/2023.04.06.535898

Udema II. Derivation of kinetic parameter dependent model for the quantification of the concentration and molar mass of
an enzyme in aqueous solution: A Case study on Aspergillus oryzae a-amylase. J. Sci. Res. Rep. 2016; 10(3):1-10. Doi:
10.9734/JSRR/2016/24321

Sugahara M, Takehira M, Yutani K. Effect of heavy atoms on the thermal stability of a-amylase from Aspergillus oryzae.
PLoS One. 2013; 8(2):¢57432. Doi: 10.1371/journal.pone.0057432

Bernfeld P. Amylases, alpha and beta. Methods. Enzymol. 1955; 1:149-152. Doi: 10.1016/0076-6879(55) 01021-5

Udema II, Onigbinde AO. The experimentally determined velocity of catalysis could be higher in the absence of
sequestration. Asian. J. Res. Biochem. 2019; 5(4):1-12. Doi: 10.9734/AJRB/2019/v5i430098

Schnell S, Maini PK. A Century of Enzyme Kinetics: Reliability of the Kyv and Viax estimates. Comments on Theoretical
Biology. 2003; 8:169-187. Doi: 10.1080/08948550302453

Borghans JAM, De Boer RJ, Segel LA. Extending the quasi-steady state approximation by changing variables Bull. Math.
Biol. 1996; 58:43-63. Doi: 10.1007/BF02458281

Tzafriri AR. Michaelis-Menten kinetics at high enzyme concentrations. Bull. Math. Biol. 2003; 65:1111-1129. Doi:
1016/50092-8240(03)00059-4

Tzafriri AR, Edelman ER. Quasi-steady-state kinetics at enzyme and substrate concentrations in excess of the Michaelis-
Menten constant. J. Theor. Biol. 2007; 245:737-748. Doi: 10.1016/].jtbi.200612.005

613


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies www.multiresearchjournal.com

40. Schnell S. Validity of the Michaelis-Menten equation-steady-state or reactant stationary assumption: That is the question.
FEBS J. 2014; 281:464-472. Doi: 10.1111/febs.12564.

614


http://www.multiresearchjournal.com/

