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ABSTRACT 28 

Background: There has been a concerted effort at establishing the best method for the measurement of 29 

initial rates for various purposes, including the calculation of kinetic parameters, the maximum velocity 30 

(Vmax), and the Michaelis-Menten constant (KM). 31 

Objectives: The objectives of this research are: 1) to derive equations without KM for the determination of 32 

the Vmax in particular and vice versa; 2) to determine the KM and Vmax with other equations other than the 33 

Michaelian equation; and 3) to subject the calculated and extrapolated kinetic parameters to pseudo-34 

statistical remediation where necessary as a test of their viability and usefulness.  35 

Methods: The study was experimental and theoretical. It is supported by the Bernfeld method of enzyme 36 

assay. 37 

Result: By graphical means, the Vmax and KM values for galactosidase respectively range between 163 38 

and 185 M/min and between 2.07 and 2.77 mg/L; the range by calculations is 177 and 214 M/min and 39 

2.45 and 3.311 mg/L, subject to pseudo-statistical remediation. Overall, the ranges of Vmax and KM values 40 

for alpha-amylase from both the graphical method and calculation are, respectively, 1.095 to 1.018 41 

mM/min and 18.15 to 20.554 g/L.  42 

Conclusion: The equations for the determination of the KM and Vmax, which are respectively invariant 43 

with respect to each other, were rederived. The initial rates must not be a mixture of both if the true KM 44 

and Vmax are of interest. The new pseudo-statistical method for the remediation of error in all 45 

measurements, if necessary, is viable, useful, and robust. 46 

Keywords: Aspergillus oryzae alpha-amylase (EC. 3.2.1.1); beta-galactosidase (EC.3.2.1.23); maximum 47 

velocity; Michaelis-Menten constant; correctional mathematical methods; pseudo-statistical Method.  48 
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 57 

  Graphical abstract  58 

                               59 
A:  Plots where conditions that validate a very high incidence of rQSSA are the case: [ET] is ≫ [ST].  Plot 60 
of v1 to v5 versus [ST]1 to [ST]5 gave equation of linear regression (double reciprocal plot (drp)) such as: y = (0.08x – 61 
0.0002) exp. (+3). A drp plot of all values of v versus all values of [ST] gave a linear regression equation such as: y = 62 
(0.08 x + 6 exp. (− 05)) exp. (+3). (∎) stands for a linear regression of v versus [ST] (y = 0.0125x); (◆) stands for a 63 
linear regression of 1/v versus 1/ [ST]. [ST]nvn−1 − [ST]n−1vn is = zero in all data points. The reciprocal of the intercept 64 
gives a very high value (over estimation of the maximum velocity, Vmax (16667 mM/min) and consequently an over 65 
estimated Michaelis-Menten constant, KM (KM value is = 106.668 g/L)). 66 
 67 

   68 
B:  Plots where conditions that neither totally validates an incidence of rQSSA nor sQSSA: Some v 69 
values are  [ST] while some are not. Plot of all v values versus all [ST] values gave equation of linear regression 70 
(double reciprocal plot (drp)) such as: y = (0.6179 x + 0.1973) exp. (+3); the resulting Vmax is = 5.068mM/min and the 71 
KM is = 3.132g/L. The linear regression of 1/v versus 1/[ST] gave: y = (0.6682x – 0.0164) exp. (+3) for the plot 72 
covering 1/v1 to 1/v5. (∎) stands for a “polynomial regression” of v versus [ST]; (◆) stands for a linear regression of 73 

1/v versus 1/ [ST]. [ST]nvn−1 − [ST]n−1vn is  zero where the v values covers v7 to v14; [ST]nvn−1 − [ST]n−1vn is = zero 74 
where the v values covers v1 to v6.  75 
 76 
 77 
 78 
 79 
 80 
 81 
 82 
 83 
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The plots illustrate an outcome of 
single turnover kinetics whereby 
the entire reactant substrate 
molecules participate in the 
catalytic action of the enzyme; the 
first-order rate constant of the 
exponential burst phase and the 
chemical step are studied without 
catalytic cycling. The substrate (S) 
is in quasi steady-state (QSS) with 
respect to enzyme-substrate 

complex (ES) whereupon, [ST]/t ≈ 

0. 
 

The plot illustrates a situation 
whereby, the ratio [ET]:[ST] does not 
exclusively validate either rQSSA or 
sQSSA. Hence, a polynomial with 
compulsory negative coefficient of 
the leading term is the case; this 
ensures sQSSA without invalidating 
rQSSA. However, the actual 
Michaelis-Menten (KM) and 
maximum velocity (Vmax) are not 
attained. The approximations, 

[ST]/t ≈ 0 and [ES]/t ≈ 0 are 
relevant. [ST] is not ≫ [ET]. 
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   84 
C: Plots where conditions that validate an incidence of either rQSSA or sQSSA may be the case: Such 85 
conditions are [ST] ≈ [ET]; [ET] < KM. The Vmax value and KM value expected from the regression equation (y = 86 
0.4495 x + 0.2921) exp. (+3) from the plot of 1/v versus 1/[ST] are respectively  3.423 mM/min and 1.54 g/L. (◆) 87 
stands for either linear or “polynomial” regression of v versus [ST]: Both plot show R2 that is = 0.9996; (∎) stands for a 88 
linear regression (drp) of 1/v versus 1/[ST].  89 
 90 

         91 

  92 
D: Plots where the condition that validate an incidence of sQSSA (or "Henri-Briggs-Haldane-Michaelis-93 

Menten" (HBHMM) equation) may be the case: Such condition is that [ST] is ≫ [ET]. The Vmax value and KM value 94 

expected from the regression equation (y = 0.0449x + 0.0295) exp. (+6) from the plot of 1/v versus 1/[ST] are 95 
respectively  33.898 M/min and 1.522 g/L. (◆) stands for a linear regression of 1/v versus 1/[ST]; (∎) stands for a 96 
linear regression of v versus [ST].  97 
 98 

 The summary presented in the graphical abstract is primarily intended to remind all and sundry, 99 

students and high-ranking scholars in the field, that the issue of QSSA must be reflected in the study of 100 

enzyme kinetics because the result of such a study has profound implications for scientific, engineering, 101 

and, in particular, medical applications. "To be as imposing as a titanic, does not mean that a titanic-like 102 

body is unsinkable". This implies that minor issues that are ignored can ultimately flaw a post-doctoral 103 

thesis by high-ranking researchers. Needless to give an example, but what needs to be taken home is 104 
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The plots illustrate a situation where 
[ST] is ≈ [ET]. The consequences are 
similar to the situation in which [ST] is 
not ≫ [ET]. In other words the E is not 
saturated with the S, though [ET] is < 
[ST]. Again, the approximations, 

[ST]/t ≈ 0 and [ES]/t ≈ 0 are 

relevant. [ST] is not ≫ [ET]. There is a 
compulsory evidence of a polynomial 
with a negative coefficient of the 
leading term as applicable to sQSSA 
or Michaelian kinetics. 

 

The plots illustrate a situation 
whereby [ST] is ≫ [ET]; the actual 
values of the KM and the Vmax are 
obtainable. The only approximation 

that is valid is [ES]/t ≈ 0; 
therefore, sQSSA and Michaelian 
equation are considered valid 
under such condition. A polynomial 
is vividly applicable. 
 Most studies involving 
enzyme kinetics ignore the issue of 
QSS such that any results seem to 
be relevant. This may flaw a huge 
thesis even if rich in postdoctoral 
mathematics and analysis; A 
preprint enables advanced scholars 
to find fault in any posted preprint. 
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that if an enzyme is very active with a given drug (and even food) to be activated, care should be taken to 105 

ensure that a low concentration of drug needs to be administered. In the management of diabetics, 106 

starchy foods containing resistant starches are recommended for the same reason. 107 

1. 0    INTRODUCTION 108 

 For more than a century, scientists, the biochemist in the subfield of enzymology, and allied 109 

subjects have devoted much attention to the issue of Michaelian kinetic parameter measurement, first 110 

executed through the linear transformation of the "Michaelis-Menten [1] equation. However, the latter 111 

notwithstanding, Briggs and Haldane [2] played a pivotal role. Also Michaelis-Menten recognised the role 112 

of Henri V [3]. To this end, it would have been proper to name the equation the "Henri-Briggs-Haldane-113 

Michaelis-Menten" (HBHMM) equation. A greater motivation for this coinage is reserved for the result and 114 

discussion sections. All the while, a hyperbolic curve relating the variation of initial rates with the 115 

corresponding concentrations of the substrate has been regularly observed. This implies that the HBHMM 116 

model is, ab initio, a nonlinear equation, and therefore, it is unwarranted to expect a linear transformation 117 

to yield a perfect linear curve even if the data were perfectly generated, i.e., the total absence of outliers 118 

being insinuated. Sometimes, either unknown to the researcher or due to indifference all or two (or more) 119 

[4], initial rates may be in a direct proportion to the concentration of the substrate such that the first initial 120 

rate (vi) and its corresponding concentration of the substrate [ST] are respectively half the next vi and the 121 

corresponding [ST]; any double reciprocal plot with the two or more vi must create a small negative 122 

intercept [5]. 123 

 According to Matyska and Ková [6], the concerns expressed by enzymologists and statisticians 124 

are that the variance 2 of raw experimental data is unknown in most enzymological practice since the 125 

experiments are conducted no more than twice, which is not sufficient for the determination of 2. It is 126 

therefore necessary to accept some assumptions about the value and structure of this variance in most 127 

real experiments. However, assumptions must be treated with strong reservation if applied science, 128 

medicine, or safety issues are involved. In a trial-and-error mode, a pseudo-weighting method was 129 

developed to bring the raw data much closer to perfection, given a set of rules in place. The concern for 130 

the elimination of error has expression in the use of equations such as: 131 

         𝑣i =  
𝑉max[𝑆I]i

𝐾M+[𝑆I]i
+ 𝑒i                          (1) 132 

Equation (1) is nothing but the HBHMM equation with an error function, where, as usual, vi, Vmax, KM, 133 

[ST], and ei are the initial reaction rates obtained from steady-state experiments, the maximum reaction 134 
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rate, the Michaelis-Menten (MM) constant, and random error components. It was not certain how ei can 135 

be measured. 136 

            The best methods of estimating kinetic parameters are, according to Matyska and Kovář [6], the 137 

jack-knife Marquardt methods, all of which require a step-by-step approach for adequate comprehension 138 

by less gifted scholars in statistics. While Vmax and KM can be calculated as intercept and slope from the 139 

straight line obtained in a plot of [P]/t vs. ln(1- [P]/[S]t)/t, the procedure cannot give statistically reliable 140 

values of the parameters because the errors associated with [P] appear in both the dependent and the 141 

independent variable [7]. Thus, most investigations by investigators many years ago [7, 8] were tailored 142 

towards the determination of statistical methods for estimating the MM kinetic parameters. The method of 143 

least squares gained acceptance with time but gave poor results in the absence of correct weighting, 144 

though "bi-weight" regression appeared to be a better option if applied to MM kinetics [9]. This was in 145 

response to the failure of almost every linear transformation model to give parameters that are 146 

substantially free from errors. This further gave rise to alternative linear transformations: the direct linear 147 

transformation model popularised by several researchers [9, 10] and the reciprocal variant [11]. 148 

 Most, if not all, statistical approaches need statistical packages with which to improve the quality 149 

of parameters. If they care, the users of such packages need to be aware of the statistical limitations or 150 

validity of the weighting routines incorporated into commercially available packages. Perhaps a good 151 

example is the R package by Aledo [4]. With the availability of software packages [4, 12], nonlinear 152 

regression took centre stage in all attempts to generate reliable Michaelian parameters. Whichever 153 

method, a number of substrate concentrations not less than six is required (eight and above is much 154 

better) for enzyme assay. This study is therefore, aimed at ways of achieving a higher precision of initial 155 

rates given a pseudo-statistical method. On account of the myriad of reservations expressed against 156 

various methods, linear transformation in particular, for the estimation of Michaelian kinetic parameters, 157 

the objectives of this research are: 1) to derive equations without KM for the determination of the Vmax in 158 

particular and vice versa; 2) to determine the KM and Vmax with other equations other than the HBHMM 159 

equation; and 3) to subject the calculated and extrapolated kinetic parameters to the pseudo-statistical 160 

remediation where necessary as a test of its viability and usefulness. 161 

 162 
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1.1 Significance of study 163 

 The subjecting of initial rates to a mathematical analysis in order to identify potential sources of 164 

errors that could compromise the quality of the result of the study is very useful; the errors such as direct 165 

proportionality between initial rates and the corresponding concentration of substrate leading to negative 166 

intercepts in double reciprocal plots suggest an incidence of conditions that justify reverse quasi-steady-167 

state approximation (QSSA), though the condition that validates standard QSSA (sQSSA) is the intention. 168 

Further progress demands correctional treatment in line with the methods enunciated in addition to the 169 

pseudo-statistical remediation method derived and applied in this research. Fewer replications with 170 

concomitant savings in time and material could be an added advantage. 171 

2.0 THEORY 172 

 Partial reviews of the derivation in a posted pre-print [13] and directly from the usual Michaelis-173 

Menten equation are, respectively: 174 

                            𝑣 =
𝑣max ([𝑆]𝐾M−[𝑆]2)

𝐾M 
2 − [𝑆]2              (2) 175 

                𝐾M =  
[𝑆]i[𝑆]j(𝑣j − 𝑣i)

[𝑆]j𝑣1 − [𝑆]i𝑣j
             (3) 176 

Equations (2) and (3) being general equations lead to the following: 177 

                𝐾M =  
[𝑆]i[𝑆]2(𝑣2− 𝑣i)

[𝑆]2𝑣i− [𝑆]i𝑣2
                      (4a) 178 

In Eq. (4a), i stands for the values of the initial rate and the corresponding concentration of the substrate 179 

between the first and the (n−1)th  sample. The second equation is:               180 

                   𝐾M =  
[𝑆]1[𝑆]n(𝑣n− 𝑣1)

[𝑆]n𝑣1− [𝑆]1𝑣n
                        (4b) 181 

where i in the former equation, Eq. (4b), is, in this case, always referring to the first (number 1) initial rate 182 

and the first concentration of the substrate, n (this could be between 2 and ∞) is always the number of the 183 

sample. 184 

       𝐾M
2 =

𝑣max[𝑆T]1𝐾M

𝑣1
−

𝑣max[𝑆T]1
2

𝑣1
+

𝑣1[𝑆T]1
2

𝑣1
           (5) 185 

                    𝐾M
2 =

𝑣max[𝑆T]2𝐾M

𝑣2
−

𝑣max[𝑆T]2
2

𝑣2
+

𝑣2[𝑆T]2
2

𝑣2
           (6) 186 

Equations (5) and (6) are the same, so, 187 
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𝑣max[𝑆T]2𝐾M

𝑣2
−

𝑣max[𝑆T]2
2

𝑣2
+

𝑣2[𝑆T]2
2

𝑣2
=

𝑣max𝐾M

𝑣1
−

𝑣max[𝑆T]1
2

𝑣1
+

𝑣1[𝑆T]1
2

𝑣1
                                  (7a) 188 

Rearrangement of Eq. (7) gives 189 

              
([𝑆T]2

2𝑣1− 𝑣2[𝑆T]1
2)𝑣max

𝑣2𝑣1
= 𝑣max𝐾M

[𝑆T]2𝑣1− [𝑆T]1𝑣2

𝑣1𝑣2
+ [𝑆T]2

2 − [𝑆T]1
2                    (7b) 190 

Rearrangement of Eq. (7b) gives: 191 

         𝑣max𝐾M =
([𝑆T]2

2𝑣1− 𝑣2[𝑆T]1
2) 𝑣max

[𝑆T]2𝑣1− [𝑆T]1𝑣2
−

𝑣2𝑣1([𝑆T]2
2−[𝑆T]1

2)

[𝑆T]2𝑣1−[𝑆T]1𝑣2
                     (7c) 192 

Equation (4) can now be substituted into Eq. (7c), to give after rearrangement the following: 193 

                 𝑉max
[𝑆]1[𝑆]2(𝑣2− 𝑣1)

[𝑆]2𝑣1− [𝑆]1𝑣2
=

([𝑆T]2
2𝑣1− 𝑣2[𝑆T]1

2) 𝑣max

[𝑆T]2𝑣1− [𝑆T]1𝑣2
−

𝑣2𝑣1([𝑆T]2
2− [𝑆T]1

2)

[𝑆T]2𝑣1− [𝑆T]1𝑣2
                              (8) 194 

Cancellation of common term or factor and rearrangement gives: 195 

               𝑉max =
𝑣2𝑣1( [𝑆T]1

2− [𝑆T]2
2)

[𝑆T]1[𝑆]2(𝑣2− 𝑣1) − [𝑆T]2
2𝑣1+ 𝑣2[𝑆T]1

2                           (9a) 196 

Equation (9a) clearly shows how the Vmax depends on a two-substrate concentration product in both the 197 

denominator and the nominator for its calculation. A general equation that should be applied after 198 

adjustment in the kinetic variables, following the appropriate equation (s) given in this research, is: 199 

        𝑉max =
𝑣n𝑣((n−1))( [𝑆T]((n−1))

2 − [𝑆T]n
2 )

[𝑆T]((n−1))[𝑆]n(𝑣n− 𝑣((n−1))) − [𝑆T]n
2 𝑣((n−1))+ 𝑣n[𝑆T]((n−1))

2                        (9b) 200 

The calculation should cover the variables, v1, v2 …, and vn−1 and the corresponding substrate 201 

concentrations, [S]1, [S]2 …, and [S]n−1. The nth variable should be used consistently till the nth−1 variable 202 

is reached. When the kinetic variables are almost perfectly generated or measured, using high precision 203 

equipment, any of the equations for Vmax can be used for its calculation. However preliminary 204 

investigation in this research has shown that it is better to adopt Eq. (9a) or equivalent equation in the 205 

literature [13] but stated herein shortly because, such enables the earlier disclosure of un-Michaelian 206 

trend whereby [ST]nvn-1 − [ST]n−1vn is either negative or zero. Since, in this research, details and a step-by-207 

step approach are matters of policy rather than haste and convenience, another general equation is 208 

hereby given as follows:       209 

      𝑉max =
𝑣i𝑣n ([𝑆]n− [𝑆]i)

[𝑆]n𝑣i− [𝑆]i𝑣n
                      (9c) 210 
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In Eq. (9c) i stands for the values of the initial rate and the corresponding concentration of the substrate 211 

between the first and the (n−1)th  sample. Equation (9c) needs to be used to check the first three data. 212 

The second equation can take the form: 213 

     𝑉max =
𝑣1𝑣n ([𝑆]n− [𝑆]1)

[𝑆]n𝑣1− [𝑆]1𝑣n
                      (9d) 214 

where i in the former equation, Eq. (9c) is, in this case, always refers to the first initial rate and the first 215 

concentration of the substrate; n (this could be between 2 and ∞) is always the number of sample.  216 

 The corresponding equation of KM is derived as follows. Given the equation in the literature [13], 217 

written as below, one can derive the corresponding equation of KM as follows: 218 

         𝑣max =
𝑣1𝑣2 ([𝑆]2− [𝑆]1)

[𝑆]2𝑣1− [𝑆]1𝑣2
                                     (10) 219 

Equation (10) can be substituted into Eq. (7c) to give: 220 

   
𝑣1𝑣2 ([𝑆]2− [𝑆]1)

[𝑆]2𝑣1− [𝑆]1𝑣2
𝐾M =

([𝑆T]2
2𝑣1− 𝑣2[𝑆T]1

2) 
𝑣1𝑣2 ([𝑆]2− [𝑆]1)

[𝑆]2𝑣1− [𝑆]1𝑣2

[𝑆T]2𝑣1− [𝑆T]1𝑣2
−

𝑣2𝑣1([𝑆T]2
2−[𝑆T]1

2)

[𝑆T]2𝑣1−[𝑆T]1𝑣2
                         (11a) 221 

Cancellation of common factors and rearrangement gives: 222 

           𝐾M =
([𝑆T]1[𝑆T]2

2− [𝑆T]2[𝑆T]1
2)(𝑣2− 𝑣1)

([𝑆T]2−[𝑆T]1)([𝑆T]2𝑣1− [𝑆T]1𝑣2)
                     (11b) 223 

Equation gives exactly the same results when fitted to kinetic variables and substrate concentrations as it 224 

is in earlier derivation in the literature [13]. Here the approach partially evaded the direct use of Michaelis-225 

Menten equation, but reaffirmed the procedural validity now and in the past [13]. Again, the general form 226 

of Eq. (11b) is given as: 227 

    𝐾M =
([𝑆T](1→(n−1))[𝑆T]𝑛

2 − [𝑆T]𝑛[𝑆T](1→(n−1))
2 )(𝑣n− 𝑣(1→(n−1)))

([𝑆T]n−[𝑆T](1→(n−1))1)([𝑆T]n𝑣(1→(n−1))− [𝑆T](1→(n−1))𝑣n)
                 (11c) 228 

The second possibility is that, if Eq. (9b) is substituted into original Michaelis-Menten equation one gets 229 

the equation for KM without Vmax given, after simple steps, as: 230 

    𝐾M =
𝑣2[𝑆T]1([𝑆T]2− [𝑆T]1) − [𝑆T]1([𝑆T]2𝑣1− [𝑆T]1𝑣2)

[𝑆T]2𝑣1− [𝑆T]1𝑣2
                    (12) 231 

            What must not be ignored is that, be it linear regression or nonlinear regression, the curve 232 

follows the line of best-fit in order to generate kinetic parameters in which the effect of outliers is 233 

minimised on the basis of compromise rather than rectification. Therefore, the parameter generated 234 

cannot be seen as being entirely dependent on the original experimental data laden with errors. If there 235 
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are reasons for the use of the experimental variables obtained from the experiment, then the parameters 236 

should be substituted into the original equation, the Michaelis-Menten equation, for instance, in order to 237 

calculate those variables, such as velocities corresponding to the measured substrate concentrations, 238 

assuming that the measurement was error-free. Alternatively, the substrate concentrations need to be 239 

calculated because, peradventure, there may have been inaccurate pipetting of the solution or a mixture 240 

of insoluble substrate and solvent. In all these cases, the pipetting of the enzyme solution may be 241 

considered error-free. At this juncture, there is a need to point out that something similar, but with a minor 242 

difference, in the overall "structure" of the equation is available in the literature, perhaps for the inhibition 243 

case [14]. There has always been criticism against any form of regression; surprisingly, nonlinear least 244 

squares fitting technique is included [12] despite the application of software. Indeed, software seems 245 

unable to correct errors. 246 

3.0 MATERIALS AND METHODS 247 

3.1 Materials 248 

3.1.1  Chemicals  249 

 Aspergillus oryzae alpha-amylase (EC 3.2.1.1) and insoluble potato starch were purchased from 250 

Sigma-Aldrich, USA. Tris 3, 5—dinitrosalicylic acid, maltose, and sodium potassium tartrate tetrahydrate 251 

were purchased from Kem Light Laboratories in Mumbai, India. Hydrochloric acid, sodium hydroxide, and 252 

sodium chloride were purchased from BDH Chemical Ltd., Poole, England. Distilled water was purchased 253 

from the local market. 254 

3.1.2 Equipment 255 

  An electronic weighing machine was purchased from Wenser Weighing Scale Limited and 256 

721/722 visible spectrophotometer was purchased from Spectrum Instruments, China; pH meter was 257 

purchased from Hanna Instruments, Italy. 258 

3.2 Methods 259 

3.2.1  Preparation of solution of reactants and assay.  260 

 The enzyme was assayed according to the Bernfeld method [15] using gelatinised potato starch. 261 

Reducing sugar produced upon hydrolysis of the substrate using maltose as a standard was determined 262 

at 540 nm with an extinction coefficient equal to 181 L/mol.cm. A concentration equal to 1 g/100 mL of 263 
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potato starch was gelatinised at 100 oC for 3 min and subjected to serial dilution after making up for the 264 

loss of moisture due to evaporation to give concentrations ranging between 4 and 10 g/L for the assay in 265 

which [ST] ≫ [ET]. A concentration of 0.01 g/100 mL of Aspergillus oryzae alpha-amylase was prepared 266 

by dissolving 0.01 g of the enzyme (as the stock) in 100 mL of Tris-HCl buffer at pH = 6.9. The assay of 267 

the enzyme was carried out with an enzyme concentration of 1 mg/L. The duration of the assay was 3 268 

minutes at 20 oC. 269 

3.2.2 Determination of KM and vmax by calculation and graphical method.  270 

 The determination of KM is according to Eqs (4, 13). The Vmax was obtained by fitting the Eq. (10) 271 

to the unweighted velocity data in this experiment and in the literature [4]. Equations (11b), (12), and (9) 272 

were left out because of a time constraint; otherwise, the same result is expected using either Eq. (4) or 273 

Eq. (10), as the case may be. 274 

            The equations (v1 → v3) [13] and those derived in this research (v4 → v9) used to correct the 275 

variables, the velocities (v1, v2, v3, v4, v5, v6, v7, v8, and v9) of enzymatic action, are: 276 

      𝑣1 =  
𝑣2𝑣3[𝑆T]1

2([𝑆T]3 − [𝑆T]2 ) 

[𝑆T]1[𝑆T]2[𝑆T]3(𝑣3− 𝑣2)+[𝑆T]1
2(𝑣2[𝑆T]3 − 𝑣3[𝑆T]2 ) 

                     (13) 277 

                  𝑣2 =
([𝑆T]1[𝑆T]2[𝑆T]3− [𝑆T]1

2[𝑆T]2 ) 𝑣1𝑣3

[𝑆T]1
2𝑣3([𝑆T]3 − [𝑆T]2 )+ 𝑣1([𝑆T]1[𝑆T]2[𝑆T]3− [𝑆T]1

2[𝑆T]3)
                    (14) 278 

 279 

                  𝑣3 =  
([𝑆T]1[𝑆T]2[𝑆T]3− [𝑆T]1

2[𝑆T]3 )𝑣1𝑣2

[𝑣1([𝑆T]1[𝑆T]2[𝑆T]3− [𝑆T]1
2[𝑆T]2) − [𝑆T]

1

2
𝑣2([𝑆T]3 − [𝑆T]2 ) 

                     (15) 280 

 281 

       𝑣4 =  
([𝑆T]1[𝑆T]4[𝑆T]5− [𝑆T]1

2[𝑆T]4) 𝑣1𝑣5

[𝑆T]1
2[𝑆T]5(𝑣5−𝑣1)+[𝑆T]1[𝑆T]4([𝑆T]5𝑣1− [𝑆T]1 𝑣5) 

                     (16) 282 

                   𝑣5 =  
([𝑆T]1

2[𝑆T]5− [𝑆T]1[𝑆T]4[𝑆T]5) 𝑣1𝑣4

[𝑆T]1
2([𝑆T]5− [𝑆T]4)𝑣4− ([𝑆T]1[𝑆T]4[𝑆T]5− [𝑆T]1

2[𝑆T]4)𝑣1 
               (17) 283 

       𝑣6 =  
([𝑆T]1

2[𝑆T]6− [𝑆T]1[𝑆T]5[𝑆T]6) 𝑣1𝑣5

[𝑆T]1
2([𝑆T]6−[𝑆T]5)𝑣5− ([𝑆T]1[𝑆T]5[𝑆T]6−[𝑆T]1

2[𝑆T]5)𝑣1 
                    (18) 284 

       𝑣7 =  
([𝑆T]1

2[𝑆T]7 − [𝑆T]1[𝑆T]6[𝑆T]7) 𝑣1𝑣6

[𝑆T]1
2([𝑆T]7 − [𝑆T]6) 𝑣6− ([𝑆T]1[𝑆T]6[𝑆T]7 − [𝑆T]1

2[𝑆T]6) 𝑣1 
                    (19) 285 

       𝑣8 =  
([𝑆T]1

2[𝑆T]8 − [𝑆T]1[𝑆T]7[𝑆T]8) 𝑣1𝑣7

[𝑆T]1
2([𝑆T]8 − [𝑆T]5) 𝑣7 − ([𝑆T]1[𝑆T]7[𝑆T]8 − [𝑆T]1

2[𝑆T]7) 𝑣1 
                    (20) 286 

       𝑣9 =  
([𝑆T]1

2[𝑆T]9− [𝑆T]1[𝑆T]8[𝑆T]9) 𝑣1𝑣8

[𝑆T]1
2([𝑆T]9− [𝑆T]5) 𝑣8− ([𝑆T]1[𝑆T]8[𝑆T]9− [𝑆T]1

2[𝑆T]8) 𝑣1 
                    (21) 287 
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The graphing approaches were a double reciprocal plot and a plot based on Eq. (4) for KM and on Eq. 288 

(10) for Vmax, where respectively, the x-axis is taken as f ([S], v) and the y-axis is taken as f ([S]2, v), and f 289 

([S], v) and f (v2, [S]). 290 

3.3 Statistics 291 

 Duplicate assays for each substrate were deliberately adopted in this research, not just to reduce 292 

time and cost but also to serve as a preliminary test of the mathematical equations derived so as to verify 293 

robustness and consistency. As in the previous publication [13], the pseudo-weighting factors for the 294 

products and substrates are given in a summarised version as follows: 295 

                
𝑝

≡
𝑣1

𝑣2
 +  

𝑣2

𝑣3
 + ⋯ + 

𝑣(𝑛−1)

𝑣𝑛
                     (22) 296 

The pseudo-weighting factor for the substrate is given as: 297 
 298 

               
𝒔

≡
[𝑆T]1

[𝑆T]2
+

[𝑆T]2

[𝑆T]3
+ ⋯ +

[𝑆T](𝑛−1)

[𝑆T]𝑛
                     (23) 299 

The coefficients, s and p, are taken to be a weighting factor for the fractional contribution of each 300 

substrate and each product to the excess (or, generally speaking, the error) observed in the summation 301 

results. The summation equations for the vmax and KM are: 302 

∑ 𝑉max
∗𝑛

2 =
𝑣2𝑣1([𝑆T]2− [𝑆T]1)

[𝑆T]2[𝑆T]1𝑣1−[𝑆T]1
2𝑣2

+
𝑣3𝑣1([𝑆T]3− [𝑆T]1)

[𝑆T]3[𝑆T]1𝑣1−[𝑆T]1
2𝑣3

… +
𝑣𝑛−1𝑣1([𝑆T]𝑛−1− [𝑆T]1)

[𝑆T]𝑛−1[𝑆T]1𝑣1− [𝑆T]1
2𝑣𝑛−1

                                   (24) 303 

∑ 𝐾M
∗𝑛

2 =
𝑣2[𝑆T]1([𝑆T]2− [𝑆T]1) − [𝑆T]1([𝑆T]2𝑣1− [𝑆T]1𝑣2)

[𝑆T]2𝑣1− [𝑆T]1𝑣2
+

𝑣3[𝑆T]1([𝑆T]3− [𝑆T]1) − [𝑆T]1([𝑆T]3𝑣1− [𝑆T]1𝑣3)

[𝑆T]3𝑣1− [𝑆T]1𝑣3
+ ⋯ +304 

𝑣𝑛−1[𝑆T]1([𝑆T]𝑛−1− [𝑆T]1) − [𝑆T]1([𝑆T]𝑛−1𝑣1− [𝑆T]1𝑣𝑛−1)

[𝑆T]𝑛−1𝑣1− [𝑆T]1𝑣𝑛−1
                        (25) 305 

The mathematically and pseudo-statistically determined Vmax, Vmax(p-stat), is [13]: 306 

    𝑉max(p−stat)
= ∑ 𝑉max

∗𝑛
2 (1− 

1

p[(𝑛−1)p]
1 (𝑛−1)⁄  ) (𝑛 − 1)⁄                                        (26) 307 

where, vi is the original velocity of enzymatic action without weighting or any treatment, and, n is the total 308 

number of different concentrations of the substrate. The corresponding KM is: 309 

      𝐾M(p−stat)
= ∑ 𝐾M

∗𝑛
2 (1− 

1

𝑠[(𝑛−1)s]
1 (𝑛−1)⁄  ) (𝑛 − 1)⁄                              (27) 310 

The arithmetic means (AV) are: 311 

    𝑉max(𝐴𝑉) = ∑ 𝑣max
∗𝑛

2 (𝑛 − 1)⁄                        (28) 312 

       𝐾M(𝐴𝑉) = ∑ 𝐾M
∗𝑛

2 (𝑛 − 1⁄ )                       (29) 313 
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            𝑉max(p−stat)
= ∑ 𝑉max

∗𝑛
1 (1− 

1

p[𝑛 p]
1 𝑛⁄  ) 𝑛⁄                                      (30) 314 

                 𝐾M(p−stat)
= ∑ 𝐾M

∗𝑛
1 (1− 

1

𝑠[𝑛 s]
1 𝑛⁄  ) 𝑛⁄                                   (31) 315 

     𝑉max(𝐴𝑉) = ∑ 𝑉max
∗𝑛

1 𝑛⁄                                    (32) 316 

        𝐾M(𝐴𝑉) = ∑ 𝐾M
∗𝑛

1 )/𝑛                                  (33) 317 

Standard deviations (SD) were calculated using Microsoft Excel with different sample numbers (n) for 318 

each parameter for different enzymes; values are reported as mean ± SD. 319 

4.0  RESULTS AND DISCUUSION 320 

 This section is best introduced with an overview of the equations derived in this research. 321 

Separate different equations for the calculation of KM and Vmax that give the same results are an 322 

expression of robustness and consistency, and most importantly, the validity of a procedural issue. To 323 

accomplish the goal of validity, the equations had to be evaluated by graphical means, beginning with the 324 

double reciprocal plot and then, ten plots based on some of the derived equations (figures 1 → 11). The 325 

double reciprocal plots, otherwise called Lineweaver-Burk plots (LWB) [16], using the un-weighted (UNW) 326 

and recalculated (RC) initial rates (Table 1), showed that the result in the literature [4], if mistakes are 327 

excluded, is far higher than the results shown in figure 1 and Table 2. 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 
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 341 

Table 1. Unweighted and recalculated initial rates or velocities 342 

Beta-galactosidase (EC.3.2.1.23) Aspergillus oryzae alpha amylase (EC. 3.2.1.1) 

UNW velocities data/M/min [4] 

 

RCV data/M/min  Data given as arithmetic mean 

of each UNW velocity /M/min 

RCV data/M/min 

3 

 

3.122449127 171.15 177.503376 

6 

 

6.181818182 219.05 215.108142 

17 

 

15 259.55 250.4857109 

48 

 

27.54545455 285.25 281.430301 

101 

 

90.3919266 311.85 311.862502 

121 

 

126.457077 329.45 355.606156 

139 

 

148.706315 - - 

152 

 

180.4739919 - - 

181 

 

189.4642622 - - 

UNW stands for un-weighted velocity. For the benefit of convenience, the substrate, o-nitrophenyl--D-galactopyranoside (ONPG) 343 
concentrations (mM) [4] are: 0.05, 0.1, 0.25, 0.5, 2.5, 5, 8, 20, and 30. Gelatinised insoluble potato starch concentrations (g/L) used 344 
for the assay are: 4, 5, 6, 7, 8, and 10. Mean of two determinations was the case for this research as applicable to A. oryzae alpha-345 
amylase. 346 
 347 
 The figures are deliberately included for immediate visual examination of issues observed or 348 

raised; hence, the tables remain complimentary rather than of procedural importance. With the LWB plot, 349 

the results (Table 2) were compared as follows: The literature on UNW initial rates [4] with partly RC initial 350 

rates plus UNW initial rates (this research) gave kinetic parameters that were greater than those given by 351 

fully RC initial rates (this research), with correlation coefficients, R, ranging between 0.998 and 1 (figure 352 

1). The reported results [4], based on software-assisted nonlinear regression, the Vmax and KM, were less 353 

than what was observed in this research, where values were generated graphically by LWB plots and 354 

other plots based on derived equations. The LWB plot for A. oryzae was not shown, but the results are 355 

shown in Table (2). 356 
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Table 2. Michaelian parameters determined according to Lineweaver-Burk method with data in the 357 

literature as applicable to EC.3.2.1.23 [4] and in this research (EC 3.2.1.1). 358 

Beta-galactosidase (EC.3.2.1.23) Aspergillus oryzae alpha amylase (EC. 3.2.1.1) 

Vmax using UNW/M/min 833.333 av vmax using UNW/mM/min 1.166 

(1.018) 

KM  using UNW/mM 13.75 av KM  using UNW/g/L 22.323 

(18.346) 

Vmax using RCV(v1 → v4) & 

UNW(v5 → v9)/M/min 

243.902 

(214.097) 

vmax using RCV(v1 → v6)/mm/min 1.164 

(1.016) 

KM  using RCV(v1 → v4) & UNW(v5 

→ v9)/mM  

4 

(3.311) 

KM  using RCV(v1 → v6)/g/L  22.090 

(18.154) 

Vmax using RCV (v1 → v9)/M/min 217.391 

(190.674) 

- - 

KM  using RCV (v1 → v9)/mM 3.435 

(2.844) 

- - 

UNW and RCV stand for unweighted and recalculated velocities of enzymatic action, respectively. The average of duplicate values 359 
of Vmax and the average of duplicate values of KM were taken from two plots. All values in brackets are outcomes of the pseudo-360 
statistical treatment of the kinetic parameters generated from both raw and recalculated or corrected initial rates. The pseudo-361 
statistical factors defined by Eqs (26) and (27) are 0.877791 and 0.8278, respectively, for beta-galactosidase, and 0.872989 and 362 
0.821833, respectively, for alpha-amylase. 363 

 364 

Figure 1: Double reciprocal plot, Lineweaver-Burk plot, using directly original (▲) data (unweighted) in the literature [4] for 365 
comparative and confirmation/validation purposes. Other legends are partially recalculated variables (◆), v1 → v4, and totally 366 
recalculated variables (∎), v1 → v9. Relevant equations in this research were fitted to the unweighted data for the purpose of 367 
recalculating each velocity, the initial rate, vi of enzymatic action as may be applicable. The Vmax and KM for the unweighted vi are 368 
respectively 833.333 M/min and 13.03 g/L; for the partly corrected vi the values are respectively 243.9 M/min and 4 g/L; for the 369 
totally corrected vi the values are respectively 217.391 M/min and 3.435 g/L. 370 
 371 
 Calculated kinetic parameters based on the derived equations are shown in Table 3. It needs to 372 

be made clear that those Michaelian parameters (to be emphatic), KM and Vmax, are functions of total 373 

substrate concentration [ST] and velocity, vi of enzymatic action. Hence, the much-discussed transient 374 
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assays must not only be in terms of time scale; they must also take into account the substrate 375 

concentration regime if Michaelian kinetics is in view. If [ST] range is ≪ KM and [ST] ≪ [ET] (total enzyme 376 

concentration), the Michaelian formalism (sQSSA) ceases to be relevant, becoming more of a case of 377 

rQSSA. In this case, the vi becomes directly proportional to [ST]. Under such circumstances, Eqs (4a), 378 

(9a), (10), (11b), (12), etc. become invalid if intended for the calculation of KM or Vmax, as the case may 379 

be. In a perfect direct proportionality, [ST]nvn -1 − [ST]n-1vn = 0, as observed with unweighted data in the 380 

literature (see footnote under Table 3); one can even insinuate that [ST]n vn -1 − [ST]n-1 vn < 0 is better than 381 

a zero outcome because at least a negative value of the kinetic parameter would have been achieved, as 382 

observed in this research and recorded under Table 3 as a footnote. Both are emphatically invalid. 383 

However, such a possibility cannot be ruled out if a single bond substrate is the case, as is applicable to 384 

disaccharides and perhaps o-nitrophenyl-b-D-galacto-pyranoside [12]. In general, this may be the case 385 

where [ST] is « [ET] and [ST] « KM such that vi remains directly proportional to [ST] for at least up to five 386 

different [ST]. In such situation, v/[ST] or [ST]/v for up to five different [ST] must be constant. But this 387 

situation may not be in line with Michaelian kinetics. 388 

Table 3. Michaelian parameters, determined by fitting relevant equations in this research to data in 389 

the literature (with respect to EC 3.2.1.23 [4]), and in this research (with respect to EC 3.2.1.1). 390 

Beta-galactosidase (EC 3.2.1.23) Aspergillus oryzae alpha amylase (EC 3.2.1.1) 

vmax-p-s (RCV)/M/min 177.133±30.565 vmax-p-s (RCV)M/min 1095.832±39.032 

Average (n = 8)/M/min 201.794±34.821 Average(n=5) /M/min 1255.270±44.711 

KM-p-s (RCV) /mM 2.446±0.438 KM-p-s (RCV)/g/L 20.554±2.318 

Average (n = 8)/mM 2.955±0.529 Average (n=5) /g/L 25.081±2.821 

The sample size, otherwise referred to as the number of different [ST] and consequently the number of different velocities (vs.), is 9 391 
for b-galactosidase and 6 for A. oryzae alpha amylase; the effective sample size is, however, 8 and 5, respectively, based on the 392 
number of times Vmax and KM were calculated as described. The total Vmax and KM were subjected to pseudo-statistical treatment and 393 
adjustment according to Eqs (17) and (18), respectively, which are intended to eliminate excess contributions to the kinetic 394 
parameters due to error(s), if there was/were any. With literature [4] values of 3 and 6 M/min per [ST]1 and [ST]2, respectively, [ST]2 395 
v1 − [ST]1 v2 = 0, while in this research, it is = 0.02045 mMg/min.L The subscript p-s is the abbreviated form of p-stat, the pseudo-396 
statistically adjusted parameter. 397 
 398 
 There is a very strong point in emphasising the need to examine the accuracy of the measured 399 

and the experimentally generated variables, v1, v2, and v3, in particular. To achieve this, more specific 400 

equations such as Eq. (4a), Eq. (9c), Eq. (12), and Eq. (10), can be used. In all, [ST]2v1 − [ST]1 v2 must not 401 

yield a negative or zero value. A better value must be greater than 1. The results as quantitative values 402 
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were obtained first by a double reciprocal plot (figure 1) using data from the literature [4]. Both the raw 403 

initial rate data and the corrected version in the literature [4] and in this research are shown in Table 1. All 404 

results show that the raw (unweighted) data overestimated kinetic parameters due to the doubling of vi 405 

with [ST]2, which is also twice the first substrate concentration, [ST]1. As noted elsewhere [5], the other 406 

initial rates that did not follow the same pattern were annulled by attenuation rather than total elimination, 407 

the effect of the negative intercept. But with partial correction of the initial rates (v1 → v4), the kinetic 408 

parameters, the KM and Vmax, are reduced in magnitude but the values are higher than those for the total 409 

corrections, covering the 9 initial rates. The values obtained after the pseudo-statistical treatment (this 410 

means multiplying the initial results by a decimal integer defined by Eqs (26) and (27) if necessary) were 411 

expectedly lower than the untreated (Table 2). The results, such as 190.7 micro M/min and 2.84 mg/L 412 

from the correction of all vi values and 214.1 micro M/min and 3.3 mg/L for the partly corrected vi values, 413 

are not widely different from the literature values of 180 micro M/min and 2.5 mg/L [4]. 414 

 The values that were overestimated due to the first two initial rates for galactosidase are also due 415 

to conditions that invalidate the Michaelis-Menten equation (re-christened in this research as the HBHMM 416 

equation) and the associated quasi-steady-state assumption such that [ST]nvn-1 − [ST]n−1vn should be equal 417 

to zero. Subjecting such overestimated kinetic parameters as 833.33 M/min and 13.75 g/L (Table 2) to a 418 

pseudo-statistical treatment is ruled out because it is of no value. However, such overestimation cannot 419 

be ruled out, assuming accurate values of initial rates, if Michaelian kinetics is out of the question in 420 

preference for single turnover kinetics [17]. In general, this may be the case where [ST] is ≪ [ET] and [ST] 421 

is ≪ KM such that v remains directly proportional to [ST] for at least up to five different [ST]. In such a 422 

situation, v/[ST] or [ST]/v for up to five different [ST] must be constant. But this situation may not be in line 423 

with Michaelian kinetics. 424 

   As a result, it was critical to evaluate the equations, by plotting f (v2, [ST]) versus f (v, [ST]) where 425 

the y-axis is equivalent to (vnvn−1([ST]n − [ST]n-1)) and x-axis is equivalent to ([ST]nvn-1 − vn[ST]n-1) and f 426 

([ST]2, v) versus f (v, [ST]) where the y-axis is equivalent to ([ST]n[ST]n−1(vn−vn-1)) and x-axis is equivalent to 427 

([ST]nvn-1 − vn[ST]n−1), to yield respectively the Vmax and KM. All results (equation of linear regression) 428 

observed were displayed as an inset and written as a footnote under each corresponding figure, namely, 429 

figures 2 and 3 for A. oryzae alpha amylase and figures (4 → 7) for beta-galactosidase. The results 430 
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(1.034 mM/min and 19.296 g/L) from Figures 2 and 3, based on Eqs (9a) and (11b), respectively, were 431 

similar to the values (1.016 mM/min and 18.154 g/L) yielded after subjecting the initial results (Table 2) 432 

from the LWB plot to a pseudo-statistical treatment. The magnitude of kinetic parameters obtained was < 433 

than that obtained by the LWB method. 434 

 435 
 436 
Fig. 2: Determination of maximum velocity of enzymatic action, Vmax by graphical method based on Eq. (9a). The ordinate, y, 437 
is = 𝑓(𝑣2, [𝑆]2)  ≡  𝑣𝑛𝑣1( [𝑆T]1

2 −  [𝑆T]2
2) and the abscissa, x, is =𝑓(𝑣,  [𝑆]2) ≡  [𝑆T]1[𝑆]2(𝑣2 − 𝑣1)  − [𝑆T]2

2𝑣1 +  𝑣2[𝑆T]1
2: The inset 438 

shows that Vmax is = 1.034 exp. (− 3) M/mL/min; R is  0.99. Data is from this research covering the assay on alpha-amylase. 439 
 440 

 441 
 442 
Fig. 3: Determination of MM constant, KM by graphical method based on Eq. (4/11b) 443 
The ordinate, y, is = 𝑓(𝑣, [𝑆𝑇]3)  ≡  [𝑆]1

2 𝑣𝑛([𝑆𝑇]𝑛 −  [𝑆𝑇]1) − [𝑆𝑇]1
2 ([𝑆𝑇]𝑛𝑣1 − [𝑆𝑇]1𝑣𝑛 ) and the abscissa, x, is = f (v, [ST]

2)  [ST]n [ST]1 444 
v1 − [𝑆𝑇]1

2 𝑣𝑛: The inset shows that KM is = 19.296 g/L; R is  0.99. Data is from this research. 445 
 446 

 The second set of plots (figures (8) → (11)) were plots of vnvi ([ST]n − [ST]i) versus [ST]n vi − [ST]ivn. 447 

Fitting the equations to the recalculated variables (the velocities) and then plotting gave magnitudes of 448 

values that were < those observed in LWB plots, with R values being perfectly = 1 in one instance. 449 

However, such values were not widely different from those obtained from weighted linear and nonlinear 450 

regression in the literature [4]. The results garnered from using partly corrected vi values (v1→v4) and fully 451 

corrected vi values are quite lower than the values garnered from a plot (LWB plot) using the raw data. 452 

The values of the parameters Vmax (figure 4 and Eq. (9c)) and KM (figure 5 and Eq. (4a) as percentages of 453 

inaccurate parameters are respectively 23.08 and 22.03 %; the pseudo-statistically remediated values are 454 

y = 1.0338 x + 0.0962
R² = 0.9904

0

0.5

1

1.5

2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

f 
(v

2
, [

s]
2 )

f ([ST]2, v )

y = 19.296 x + 2.1678
R² = 0.9861

0

10

20

30

40

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

f(
v,

[ S
]3

)

f (v, [ST]2) 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 16, 2023. ; https://doi.org/10.1101/2023.04.16.537023doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.16.537023
http://creativecommons.org/licenses/by-nc-nd/4.0/


* Corresponding author: Ikechukwu I. Udema; ORCID: orcid.org/0000-0001-5662-4232. GSM: +234 08037476970  

   19 
 

168.83 mM/min and 2.508 g/L, which correspond to the initial measurements of 192.33 M/min and  3.03 455 

g/L, respectively. Here, one sees that the initial measurements were not overestimates, even if they were 456 

> than those in the literature report. The literature report [4], however, reveals a burden of error in the 457 

initial rates, which may have been attenuated by the mechanism and assumptions of the nonlinear 458 

regression software package. One must, however, admit that only one of the eight replicates of the initial 459 

rates was made available in the literature. It was sufficiently useful for the illustration of the facts and 460 

principles advanced in this research. 461 

 462 

Figure 4: Determination of maximum velocity of enzymatic action, Vmax by graphical method based on Eq. (9c). The ordinate, 463 
y, is =𝑓(𝑣2, [𝑆])  ≡  𝑣𝑛𝑣𝑛−1([𝑆]𝑛 −  [𝑆]𝑛−1) and the abscissa, x, is =𝑓(𝑣, [𝑆]) ≡  [𝑆]𝑛𝑣𝑛−1 −  [𝑆]𝑛−1𝑣𝑛: The inset shows that Vmax is  464 
192.33 M/min (23.08 % of the inaccurate value); R is  0.99. The pseudo-statistically remediated value is 168.826 M/min. The 465 
original velocities, v1, v2, v3, and v4 were recalculated according to corresponding equations, Eq. (13) → Eq. (16). The original data 466 
explored is in the literature [4].   467 
 468 

 469 
 470 
Fig. 5: Determination of MM constant, KM by graphical method based on Eq. (4a). 471 
The ordinate, y, is = 𝑓(𝑣, [𝑆]2)  ≡  [𝑆T]𝑛[𝑆T]𝑛−1( 𝑣𝑛 − 𝑣𝑛−1) and the abscissa, x, is = f (v, [ST])  [ST]n vn−1 − [S]1vn−1 the inset shows 472 
that KM is  3.03 mM (22.04 % of inaccurate value); R is  0.99. The pseudo-statistically remediated value is 2.508g/L. The data 473 
explored is in the literature. The original velocities, v1, v2, v3, and v4 [4] were calculated according to corresponding equations, Eq. 474 
(13) → Eq. (16).  475 
 476 

 Using all corrected vi values, the values of the parameters garnered, KM (figure 6 and Eq. (4a)) 477 

and Vmax (figure 7 and Eq. (9c) as percentages of inaccurate parameters, are respectively 24.35 and 478 

22.35 %; the pseudo-statistically remediated values are 163.52 micro M/min and 2.508 g/L, which 479 

correspond to the initial measurement of 186.285 micro M/min and 3.348 g/L, respectively. Here, one 480 
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sees that the initial measurements were not overestimates, even if they were greater than those in the 481 

literature report. Using figure 8 and Eq. (9d) for Vmax and figure 9 and Eq. (4b) for KM, coupled with the 482 

use of all corrected initial rates, the values of the parameters as percentages of inaccurate parameters 483 

are, respectively, 25.28 and 24.20 %; the pseudo-statistically remediated values are 184.687 micro M/min 484 

and 2.755 g/L, which correspond to the initial measurements of 3.348 g/L and 186.285 micro M/min. 485 

 486 
 487 
Figure 6: Determination of MM constant, KM by graphical method based on Eq. (4a). 488 
The ordinate, y, is = 𝑓(𝑣, [𝑆T]2  ≡  [𝑆T]𝑛[𝑆T]1( 𝑣𝑛 − 𝑣1) and the abscissa, x, is = f (v, [ST])  [ST]n v1 − [ST]1vn: The inset shows that KM 489 
is  3.348 mM (22.04 % of the inaccurate value); R is  0.999. The data explored is in the literature. The pseudo-statistically 490 
remediated value is 2.772 g/L. The original velocities, v1, v2, v3, v4, v5, v6, v7, v8, and v9 [4] were recalculated according to 491 
corresponding equations, Eq. (13) → Eq. (21).  492 
 493 

 494 
 495 
Fig. 7: Determination of maximum velocity of enzymatic action, Vmax by graphical method based on Eq. (9c). The ordinate, y, 496 
is = 𝑓(𝑣2, [𝑆T])  ≡  𝑣𝑛𝑣1([𝑆T]𝑛 − [𝑆T]1) and the abscissa, x, is =𝑓(𝑣, [𝑆T]) ≡  [𝑆T]𝑛𝑣1 −  [𝑆T]1𝑣𝑛: The inset shows that Vmax is  212.22 497 
M/min (22.354 % of the inaccurate value); R is  0.999. The pseudo-statistically remediated value is 163.519 M/min. The original 498 
velocities, v1, v2, v3, v4, v5, v6, v7, v8, and v9 were recalculated according to corresponding equations, Eq. (13) → Eq. (21). The 499 
original data explored is in the literature [4].  500 
 501 

 502 
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 504 
 505 
Fig. 8: Determination of maximum velocity of enzymatic action, Vmax by graphical method based on Eq. (9d). The ordinate, y, 506 
is = 𝑓(𝑣2, [𝑆𝑇])  ≡  𝑣𝑛𝑣𝑖([𝑆𝑇]𝑛 −  [𝑆𝑇]𝑖) and the abscissa, x, is = 𝑓(𝑣, [𝑆𝑇]) ≡  [𝑆𝑇]𝑛𝑣𝑖  −  [𝑆𝑇]𝑖𝑣𝑛; i is always = 1. The inset shows that 507 
Vmax is  210.7 M/min (25.284 % of the inaccurate value); R is = 1. The pseudo-statistically remediated value is 184.687 M/min. 508 
The original velocities, v1, v2, v3, v4, v5, v6, v7, v8, and v9 were recalculated according to corresponding equations, Eq. (13) → Eq. 509 
(21). The original data explored is in the literature [4].  510 
 511 

 512 
 513 
Fig. 9: Determination of MM constant, KM by graphical method based on Eq. (4b). 514 
The ordinate, y, is = 𝑓(𝑣, [𝑆]2)  ≡  [𝑆T]𝑛[𝑆T]i( 𝑣𝑛 − 𝑣i) and the abscissa, x, is = f (v, [ST])  [ST]n vi − [ST]ivn: The inset shows KM  515 
3.3277 mM (23.528 % of inaccurate value); R is = 1. The pseudo-statistically remediated value is 2.755 g/L. The data explored is in 516 
the literature. The original velocities [4], v1, v2, v3, v4, v5, v6, v7, v8, and v9 were recalculated according to corresponding equations, 517 
Eq. (13) → Eq. (21). 518 
 519 
 Timing error does not just arise because of failure to terminate reactions consistently; it also 520 

arises if the duration of the assay is such that it totally depletes the substrate before the expiry of the time 521 

regime where the lower end of the concentration is the case, but if the upper range of the concentration is 522 

the case, the reaction continues until termination by the experimenter. This amounts to a timing error. It 523 

does not matter if the duration is on the millisecond time scale. The equations given in this research serve 524 

to correct such errors in kinetic variables for the first three assays at three different concentrations of the 525 

substrate, as noted in the literature [13]. It is not certain whether computer software can make such 526 

adjustments or corrections. Besides, the question is (though in a different context): "Is there anything left 527 
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to say on enzyme kinetic constants and quasi-steady state approximation?" [18], seems to be given a 528 

partial answer in this research. There may be more to say yet. 529 

 Surprisingly, fitting the equations to the unweighted data and plotting the results yielded values 530 

(2.498 mM and 196.07 mM/min) that are greater than those obtained using the recalculated velocity data, 531 

but with an abysmally low correlation coefficient, R (0.474) with respect to KM. The KM was, therefore, 532 

similar to the 2.5 mM obtained by weighted linear and nonlinear regression in the literature. This is a 533 

pointer to the efficacy of the equations. It must be emphasised again that the values do not represent the 534 

ultimate high precision value, but rather a substantial improvement. Thus, using Figure 10 and Eq. (9d) 535 

for Vmax and figure 11 and Eq. (4b) for KM, coupled with the use of all unweighted initial rates, the values 536 

of the parameters as percentages of inaccurate parameters are, respectively, 23.528 and 18.16 %; the 537 

pseudo-statistically remediated values are 172.108 mM/min and 2.067 g/L, which correspond to the initial 538 

measurements of 196.07 mM/min and 2.498 g/L, respectively. 539 

 540 

Figure 10: Determination of maximum velocity of enzymatic action, Vmax by graphical method based on Eq. (9d). The 541 
ordinate, y, is = 𝑓(𝑣2, [𝑆T])  ≡  𝑣𝑛𝑣𝑖([𝑆T]𝑛 − [𝑆T]𝑖) and the abscissa, x, is =𝑓(𝑣, [𝑆T]) ≡  [𝑆T]𝑛𝑣𝑖  −  [𝑆T]𝑖𝑣𝑛; i is always = 1. The inset 542 
shows that Vmax is = 196.07 M/min (23.528 % of the inaccurate value); R is = 1. The pseudo-statistically remediated value is 543 
172.108 M/min. The original velocities (unweighted), v1, v2, v3, v4, v5, v6, v7, v8, and v9 were used. The original data explored is in 544 
the literature [4].   545 
 546 
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 547 
 548 
Fig. 11: Determination of MM constant, KM by graphical method based on Eq. (4b). 549 
The ordinate, y, is = 𝑓(𝑣, [𝑆T]2)  ≡  [𝑆T]𝑛[𝑆T]𝑖( 𝑣𝑛 − 𝑣𝑖) and the abscissa, x, is = f (v, [ST])  [ST]n vi − [ST]ivn: The inset shows that KM 550 
is  2.498 mM (18.16% of inaccurate value); R is  0.474. The pseudo-statistically remediated value is 2.067 g/L. The data explored 551 
is in the literature. The original velocities (un-weighted), v1, v2, v3, v4, v5, v6, v7, v8, and v9 [4] were used. 552 
 553 

 The outcome of this study notwithstanding, one must bear in mind that if there is no error in all 554 

measurements (be it 8 or more replicates for each substrate) under conditions that justify the Michaelian 555 

equation and underlying assumptions, there cannot be any need for statistical remediation for generating 556 

kinetic parameters; thus, the requirement for statistical soundness and absence of any calculation is out 557 

of the question [9]. As opined in a recent preprint report [19], there may be calculations depending on the 558 

approach to the solution to any problem of interest. For instance, what has been regarded as the best 559 

form of the kinetic parameter, the specificity constant (SC), must be calculated given a single intersection 560 

in a reciprocal variant of the direct linear plot by taking the reciprocal of the ratio of KM to Vmax. But if errors 561 

are inevitable even with the use of high-tech devices, then the initial rates must be subjected to 562 

correctional treatment, which should ultimately reduce the number of intersections to a minimum. 563 

5. CONCLUSION 564 

 The equations for the determination of the KM and Vmax, which are respectively invariant with 565 

respect to each other, were rederived. These were in addition to other equations for the same purpose 566 

and for the correction of initial rates. The recalculated (or corrected) initial rates gave results for kinetic 567 

parameters by graphical means, the LWB method, linear regression based on derived equations, and 568 

calculations based on derived equations, which represent a remarkable improvement on the LWB-569 

generated results using unweighted results. The Vmax and KM values for galactosidase by graphical 570 

means respectively range between 163 and 185 mM/min and between 2.07 and 2.77 g/L; the ranges by 571 

calculations are 177 and 214 mM/min and 2.45 and 3.311 g/L, subject to pseudo-statistical remediation. 572 
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Overall, the ranges of Vmax and KM values for alpha-amylase from both the graphical method and 573 

calculation are, respectively, 1.095 to 1.018 mM/min and 18.15 to 20.554 g/L. Nonetheless, the 574 

underlying issue remains the conditions that validate Michaelian or non-Michaelian kinetics for the 575 

generation of kinetic parameters. The initial rates must not be a mixture of both if the true KM and Vmax are 576 

of interest. The new pseudo-statistical method for the remediation of error in all measurements, if 577 

necessary, is viable, useful, and robust. A future study should examine the effect of high-precision 578 

instrumentation for assay in conditions that validate specified QSSA so as to verify the desirability of any 579 

statistical approach for the remediation initial rates and kinetic parameters in particular. 580 
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