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28 ABSTRACT

29 Background: "High-ranking scientists" employ the initial rate (vi), expression without consideration for 

30 the conditions under which the vi expression can be used. The consequence is the suggestion that the vi 

31 is equal to the product of maximum velocity, Vmax, and substrate concentration [S0] divided by the 

32 Michaelis-Menten constant, KM.

33 Objectives: The main objectives are: 1) to show that vi is not equal to Vmax[S0]/KM; 2) to show that the 

34 equilibrium dissociation constant, Kd, is strictly proportional to the concentration ([E0]) of the enzyme; and 

35 3) to show that the two standard quasi-steady-state assumptions (sQSSA) and reverse QSSA (rQSSA) 

36 have a limited domain of validity. 

37 Methods: The study was experimental and theoretical, supported by the Bernfeld method of 

38 enzyme assay.

39 Result:  Kd is directly proportional to [E0], and vi is not equal to Vmax[S0]/KM.. A KM-like value that is 

40 greater than the putative Kd value, 2.482 g/L, is equal to 2.569 g/L. The KM-like values in other situations 

41 are 2.396 and 2.407 g/L; the corresponding equilibrium dissociation constant (Kd) values are, 

42 respectively, 2.288 and 2.299 g/L; the molar mass of insoluble potato starch ranges between 62.296 and 

43 65.616 exp. (+6) g/mol.

44 Conclusion: The equations that invalidate the assumption that vi is equal to Vmax[S0]/KM whenever [S0] 

45 is much less than KM were derived; the proposition that Kd is strictly proportional to [E0] was confirmed; 

46 the molar mass of starch could be calculated from the derived equation; and it was shown graphically and 

47 mathematically that both the sQSSA and rQSSA domains have a limit of validity; the equation with which 

48 to calculate the second order rate constant based on the conditions that validate the rQSSA is not 

49 applicable to the sQSSA. A KM-like value that is greater than the putative Kd value is possible.

50 Keywords: Aspergillus oryzae alpha-amylase; quasi-steady-state assumptions; Michaelis-Menten 

51 constant; enzyme-substrate complex dissociation constant; molar mass; insoluble potato starch. 
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55

56   GRAPHICAL ABSTRACT

57 The graphical abstract illustrates three zones: the zone in which the sQSSA is valid, the 
58 zone in which the rQSSA is valid, and the zone in which neither assumption is 
59 exclusively valid. The curved arrow (oxblood) pointing to the red line depicts a tendency 
60 towards conditions that validate the rQSSA if the assay is conducted with an 
61 appropriate [S0]/[E0] ratio (< 1 to ≪1) while the red curved arrow pointing to the blue line 
62 depicts a tendency towards conditions that validate the sQSSA if the assay is 
63 conducted with an appropriate [S0]/[E0] ratio (>1 to ≫1). The enzyme-substrate complex 
64 (ES) is in a quasi-steady state with respect to S as depicted by  [ES]/ t≈0, the sQSSA 
65 case, while in the rQSSA, it is the S that is in a quasi-steady state with respect to ES as 
66 depicted by [S0]/t≈0.The double-headed arrow merely shows, artistically, the limit of 
67 the data points.
68

69 1. INTRODUCTION

70 There are remarkable studies on the problem associated with the generation of valid kinetic 

71 parameters anchored on the conditions that validate certain assumptions; such assumptions are the well-

72 known constancy of the rate of product, P, formation, such that d[ES]/dt (or ∆[ES]/∆t) is  ≈ 0 and d[S0]/dt 

73 (or ∆[S0]/∆t) is ≈ 0, where [ES] and [S0] are the concentration of the enzyme-substrate complex and the 

74 initial concentration of the substrate. A question arising from studies is: Are there parameter domains 
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75 where instead of ES (i.e., the molar concentration of the enzyme, E, which formed a complex with the 

76 substrate, S) being in a quasi-steady state with respect to S, there is a "reverse quasi-steady-state 

77 (rQSSA)" in which S is in a quasi-steady state with respect to ES? [1] The question implies that there is 

78 unarguably the opposite assumption: the standard QSSA (sQSSA) that seems to have been originally 

79 credited to Briggs and Haldane [2] and Savageau [3]. The rQSSA is also regarded as an alternative 

80 definition of quasi-steady state [4], where, as above, d[S0]/dt ≈ 0; this was originally attributed to Segel 

81 and Slemrod [1]. Within this approximation at high enzyme concentration [E0], the conditions [4] whereby 

82 [Eo] is ≫ [S0] and [Eo] is ≫K (where K, the Van Slyke–Culen constant [5], is = kcat/k1, where kcat and k1 are 

83 the catalytic rate of product formation and the second order rate constant for the formation of ES, 

84 respectively), were used for the derivation of appropriate equations as originally attributed to Schnell and 

85 Maini [6]. This notwithstanding, there is a view that the condition whereby [S0] is ≫ [Eo] is unnecessarily 

86 restrictive [7]. As such, the Michaelis–Menten equation can be used even when [S0] is ≈ [E0] as long as 

87 the Michaelis–Menten constant, KM, is ≫ 1 or [E0] is ≪ KM [7]. Consequently, sQSS can also be valid 

88 without such restrictions. The argument in this research is that despite the conditions that minimise the 

89 restriction on the parameter domains for which sQSSA and the Michaelis-Menten equation remain valid, 

90 there is, after all, a limit to such domains.

91 Against the backdrop of the facts and principles enunciated above, it has become necessary to 

92 support the view that the velocity (initial rates, vi) equations of the catalytic reaction have been employed 

93 for the determination of kinetic parameters on a number of occasions outside of the conditions for which 

94 they are valid [8]. This implies that some kinetic parameters, including the specificity constants, may not 

95 have qualified as sQSSA, rQSSA, etc. As in an in vivo scenario, [E0] may be ≫ [S0], or the former may be 

96 approximately of the same order of magnitude as its substrate concentration [6]. The former scenario ([E0] 

97 ≫ [S0]) should be in line with rQSSA, while the latter ([E0] ≈ [S0]) scenario may be partially in line with 

98 sQSSA. The goal of the study is to show that it is the rQSSA that is applicable where initial rates are 

99 directly proportional to the concentration of the substrate, apart from the usual observation that [Eo] must 

100 be ≫ [S0]. Under such a condition, it is possible to show that the molar mass of the substrate, such as 

101 starch, can be determined. By so doing, one can reveal that where initial rates are directly proportional to 

102 substrate concentrations with application, in substrate molar-mass determination, zero-order specificity 
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103 constant is inappropriate. This can be accomplished with the following objectives: 1) to derive an equation 

104 that invalidates the assumption that whenever [S0] is ≪ KM (and in particular, when [E0] is ≫ [S0]), vi is 

105 always = Vmax [S0]/KM; 2) to derive an equation that shows that the ES equilibrium dissociation constant is 

106 strictly proportional to [E0); 3) to calculate, based on the derived equation, the Kd value compared with a 

107 graphical value; 4) to apply the rQSSA-based derived equation in the calculation of the molar mass of the 

108 polymer substrate; and 5) to illustrate graphically and mathematically, a limit to the extent of the 

109 parameter domain in which the QSS and Michaelian equation can be valid.

110 1.1 Significance

111 For the first time, compared to the best of the available pieces of information in the literature, the 

112 hidden un-Michaelian kinetics that reduces the accuracy of Michaelian kinetic parameters has been 

113 unraveled. The error stems from the fact that the first two to three (or more) initial rates may be directly 

114 proportional to the concentration of the substrate and, separately, can yield a negative intercept in a 

115 double reciprocal plot. Such negative intercepts contribute to the less accurate values of the kinetic 

116 parameters generated by whatever means—direct (or reciprocal variant) linear plot, double reciprocal 

117 plot, nonlinear regression analysis, etc. The derivations have enabled the determination of the ES 

118 dissociation constant and the molar mass of the substrate, starch, in this study based on a kinetic model.

119 2.0 THEORY

120 If the initial rates are directly proportional to the concentrations of the substrate, the coefficient of 

121 determination is very likely to be ≥ 0.999 (it could be =1); being < 0.999 may be as a result of error in 

122 measurement of initial rates, initial substrate concentration, timing, etc., leading to "outliers" as often 

123 referred to in the old literature [9, 10] and in papers [9, 11–13] devoted to how best to produce accurate 

124 initial rates (vi) or rather kinetic parameters following the assay of an enzyme. The notion that vi is directly 

125 proportional to [S0], where the proportionality constant is the ratio of the maximum velocity of enzymatic 

126 action to the Michaelis-Menten constant (or the zero-order specificity constant), can be found in many 

127 standard undergraduate text books and in high-ranking journals containing views about the in vivo 

128 concentration of the enzyme compared with the substrate [6, 8].

129 𝑣𝑖 =  𝑉max[𝑆0] 𝐾𝑀         (1)
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130 where Vmax and KM are the maximum velocity of catalytic action and Michaelis-Menten constant 

131 respectively. Equation (1) stems from the fact that, in certain situations, the concentrations of the 

132 substrate are ≪ KM and the concentration of the enzyme [E0] could be ≫ [S0] as is the case in an in vivo 

133 scenario [6, 8]. "One question that needs an answer is: does it mean that after the consumption of 4-6 

134 slices of bread, the concentration of the enzyme in the small intestine is > the overall concentration of a 

135 carbohydrate-rich diet"? Equation (1) originates from the Michaelis-Menten equation given below:

136 𝑣𝑖 = 𝑉max[𝑆0]
𝐾𝑀 + [𝑆0]         (2)

137 Thus, if, by conceptual and operational arguments, the enzyme-catalysed reaction cannot attain half its 

138 maximum rate of catalysis until substrate concentration equal to the KM is available, it should be 

139 inappropriate to convert Eq. (2) to Eq. (1).

140 It falls within the realm of common sense to observe that if [E0](1) is > [E0](2), KM for the former 

141 should be proportionately < the KM for the latter. It has been observed in the literature that a high-ranking 

142 biochemist [14], whose authority in the field is almost the kind no one dares question, has consistently 

143 called for the direct measurement of specificity constant (Vmax/KM); thus, dividing the latter obtained from 

144 the plot of vi versus [S0] by [E0] should translate into the direct measurement of specificity constant (SC), 

145 even if [S0] is < [E0]. This is definitely inappropriate. Arguments about the appropriateness of SC as 

146 defined in Eq. (1) will be subject to some aspects of the quasi-steady-state assumption in due course.

147             If, indeed, vi is directly proportional to [S0], then the following relationship should hold.

148

149
[𝑆0]

𝑀3([𝑆0]

𝑀3
+

[𝐸0]

𝑀2
) =

𝑣𝑖

𝑣𝑖 +  𝑉𝑝𝑟𝑠
max

      (3a)

150 where, M3, M2 are the pre-steady-state maximum velocity (PRSV), molar mass of substrate, and molar 

151 mass of the enzyme, respectively. Issues regarding PRSV have been investigated elsewhere [15] 

152 However, the choice of PRSV is purely a coincidence; otherwise, the equations being derived are equally 

153 applicable to any linear phase, including early steady-state (SS) [16].

154
[𝑆0]

([𝑆0] +
𝑀3 [𝐸0]

𝑀2
) =

𝑣𝑖

𝑣𝑖 + 𝑉𝑝𝑟𝑠
𝑚𝑎𝑥

      (3b)

155 Expanding Eq. (3b) gives:

.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 6, 2023. ; https://doi.org/10.1101/2023.04.06.535898doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.06.535898
http://creativecommons.org/licenses/by-nc-nd/4.0/


 * Corresponding author: Ikechukwu I. Udema; ORCID: orcid.org/0000-0001-5662-4232. GSM:+234 08037476970
                              7

156           𝑣𝑖(𝑀3 [𝐸0]
𝑀2

) + 𝑣𝑖[𝑆0] =  [𝑆0](𝑣𝑖 + 𝑉𝑝𝑟𝑠
max)            (3c)

157    𝑣𝑖(𝑀3 [𝐸0]
𝑀2

) =  𝑉𝑝𝑟𝑠
max[𝑆0]               (4)

158   𝑀3 =  𝑉𝑝𝑟𝑠
max[𝑆0]𝑀2

[𝐸0]𝑣𝑖
              (5)

159 An unbiased critical examination of Eq. (5) shows that, the equation can only be valid if vi is totally and 

160 directly proportional to [S0] and, expectedly, should be a constant for a given concentration of the 

161 enzyme, which in turn influences the magnitude of vi. The coefficient of determination (R2) could be = 1. 

162 Thus, Eq. (5) falls outside the realm of Michaelian kinetics or the quasi-steady-state approximation 

163 (QSSA). It should be applicable to reverse QSSA (rQSSA). This is the core reason why the PRSV or its 

164 SSV counterpart is a better choice because it is much lower than the zero-order (asymptotic) values of 

165 the actual maximum velocity.

166 The second equation is:

167      𝑣𝑖 =  𝑉𝑝𝑟𝑠
max[𝑆0]𝑀2

[𝐸0]𝑀3
        (6)

168 Equation (6) clearly shows that the proportionality constant, φ (or slope) is given as:

169       φ =  𝑉𝑝𝑟𝑠
max𝑀2

[𝐸0]𝑀3
        (7)

170 Either from Eq. (6) or Eq. (7), the most important observation is that, the reciprocal of the equilibrium 

171 dissociation constant (Kd), otherwise called the association constant (Ka), is given as:

172
1

𝐾𝑑
= 𝑀2

[𝐸0]𝑀3
       (8)

173 Based on Eq. (8), one can convincingly opine that like KM, Kd is directly proportional to [E0]. However, the 

174 enabling scenarios differ for KM and Kd; while the [S0] range for the former must fall between values < the 

175 KM and values ≫ KM, the [S0] range for the latter must be ≪ KM if known a priori. Most importantly, the [E0] 

176 value suitable for KM must be ≪ [S0] in line with expectations of standard QSSA (sQSSA), while, in 

177 addition, [E0] must be ≫ [S0] for the determination of Kd as expected in a reverse QSSA (rQSSA) 

178 scenario. It follows from Eq. (8) that if the values of M2 and M3 are known, the Kd for any enzyme of 

179 known concentration can be calculated and used to estimate the [S0] range that falls between values < Kd 

180 and values ≪ KM.

181
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182 With this background theory, it is clear that there are cogent reasons to rewrite Eq. (1), which 

183 becomes:

184  𝑣𝑖 ≠  𝑉𝑚𝑎𝑥[𝑆0] 𝐾𝑀         (9)

185 Thus, in place of Eqs (1) and (9), the following equation applies:

186   𝑣𝑖 =  𝑉𝑝𝑟𝑠
max[𝑆0]

𝐾𝑑
      (10)

187 There is hardly any one-substrate-one-enzyme reaction in which the reverse reaction and forward 

188 reaction may not occur. The difference lies in the magnitude of Vmax, which may be high if [ET] is high with 

189 either the correspondingly much higher values of [ST] for the sQSSA case or much lower [ST] values for 

190 the rQSSA case; thus the following may hold:

191          Kd + Vmax/[E0] = k1KM           (11)

192 Equation (11) is therefore, strictly speaking, not applicable to rQSSA, but rather it is applicable to sQSSA. 

193 Equation (11) is despite the view that where [E0] ≫  [ST], the following equation, which is very similar to 

194 the Michaelis-Menten equation, is applicable.

195               𝑣𝑖 =  𝑉𝑝𝑟𝑠
max[𝑆0]

𝐾𝑑 +  [𝑆0]       (12)

196 In this research, however, Eq. (12) is redesignated as one that is appropriate for a situation in 

197 which [E0] is ≈ [S0]. This is to imply that any plot of vi versus [S0] may not be far from Michaelian kinetics, 

198 but the zero-order (or asymptotic) value of the maximum velocity is not attainable under such a situation. 

199 This is in line with the view elsewhere [17] that "when both the sQSSA and rQSSA are invalid, the initial 

200 enzyme and substrate concentrations are comparable". A double reciprocal linearisation of Eq. (12) gives 

201 the slope as: 𝑉𝑝𝑟𝑠
max/Kd , yet, 𝑉𝑝𝑟𝑠

max  is < the magnitude appropriate for [E0] if assayed with a substrate 

202 concentration range that does not include saturating concentrations of the substrate. Because Eq. (11) is 

203 more relevant to the Michaelian equation, Eq. (12) can be intuitively related to Eq. (10) as follows: 

204  Kd + 𝑉𝑝𝑟𝑠
max / [E0] =  𝑘𝑝𝑟𝑠

1 𝐾𝑝𝑟𝑠
𝑀        (13)

205 Equation (13) is born out of a reasonable postulation to the effect that:

206         𝐾𝑑 + 𝑘𝑝𝑟𝑠
cat    𝑘𝑝𝑟𝑠

1 𝐾𝑝𝑟𝑠
𝑀          (14)
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207 where and are respectively the 2nd order rate constant, which is > the pre-steady-state value but < the 

208 zero-order value, and the Michaelis-Menten-like constant, which is > Kd but < KM. This simply means that 

209 Kd in Eq. (12) may be replaced by a parameter that is therefore neither the true Kd nor the true KM. Again, 

210 this implies that it is only a situation where the enzyme attains total saturation that guarantees the true 

211 value of a Kd, which may be equal to the value as defined by Eq. (8). Also, given different values of 

212 substrate concentration range, for the same concentration of the enzyme, different values of Kd are 

213 expected.

214  2.1 Validity of various QSSA vis-à-vis appropriate definitions and values of Kd and KM.

215 The goal of this section is to examine what validates various QSSA and relate such to the values 

216 of KM and Kd considering their definitions; this could enhance the validity of the kinetic constants that may 

217 be determined. Facts and principles justifying the preceding analysis and derivation are elucidated based 

218 on a research paper by [17] as follows: Beginning from the idea of a general equation of initial velocity 

219 [17], one writes

220 𝑣𝑖 = 𝑉max[𝑆0]

 +  [𝑆0]             (15)

221 where,  is given as:

222                = 𝐾𝑑 + 𝐾
1 +  d[𝐶] d[𝑆]                    (16)

223 First, one considers the condition that the sum of the initial substrate concentration ([S0]) and KM greatly 

224 exceeds the initial enzyme concentration ([E0]), that is (but [S0] alone could be ≫ [E0]),

225         
[𝐸0]

𝐾𝑀 + [𝑆0] ≪ 1       (17)

226 Setting d[ES]/dt ≈ 0 implies that d[ES]/d[S] → 0 and f = KM in the sQSSA velocity equation. This 

227 investigation presents an equation and the possibility that it is not in compliance with the conditions that 

228 validate sQSSA. Therefore, Eqs (8) and (10) bear no iota of conceptual relevance to the equation based 

229 on sQSSA. This is apparently the reason why Borghans et al. [18] admitted that inequality, In-Eq. (17), 

230 cannot hold having observed that with very high concentrations of the enzyme, "KM" is small; reference to 

231 KM is only as usual (as was the case in a very recent paper [15], though the general concept developed 

232 remains relevant]; otherwise it is appropriately the Kd (or under an exceptional circumstance to be looked 

233 into shortly, it may be considered as a special KM different from the usual KM).
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234 When Kd is the case, [E0] is ≫ [S0] ([E0]/[S0] 1), and the appropriate assumption is the rQSSA, 

235 otherwise known as the equilibrium approximation given as d[S0]/dt ≈ 0, the latter of which presupposes 

236 that  is = Kd. The view by Schnell and Maini [17] that "when both the sQSSA and rQSSA are invalid, the 

237 initial enzyme and substrate concentrations are comparable" is very instructive in that it goes to show that 

238 the equation derived in this study is very appropriate, being an equation in which [E0]/[S0] >1 and not 

239 when [E0] is ≈ [S0] or of comparable magnitude; this is with reference to Eqs (3a) through (10). On the 

240 other hand, there is no way zero-order kinetics (a non-saturating phenomenon) could be the case, even if 

241 sQSSA could have been valid if [E0] is ≈ [S0] even though current opinion seems to suggest something on 

242 the contrary [7] in support of the notion that with total substrate concentration ([Ś] = [S] + [ES]), the 

243 parameter domain for which it is permissible to employ the classical assumption (d[ES]/dt ≈ 0) can be 

244 extended. Much earlier view is that sQSSA can provide a good approximation even when [S0] ≈ [E0] as 

245 long as [E0] is small compared to KM [1]. 

246 To achieve the goal, total QSSA (tQSSA), based on the concept of total substrate concentration, 

247 is adopted. This is in addition to an unfamiliar singular perturbation method for the aggregated variable; 

248 this enables the derivation of velocity equations of substrate hydrolysis (e.g., amylolysis where applicable) 

249 and product formation [7]. For the purpose of comprehension, the total substrate concentration ([Ś]) is an 

250 aggregated or lumped variable [7]. Again, the equations are to enable core biochemists to determine 

251 kinetic parameters under conditions in which neither the sQSSA nor the rQSSA are valid [7]. The position 

252 taken in this study is that regardless of the criteria adopted that validate any of the QSSA, the foundation 

253 upon which the Michaelian concept rests cannot be jettisoned. One needs to be circumspect in ensuring 

254 that where [S0] needs to be ≫ [E0], the appropriate assumption must be inferred just as when [S0] ≪ [E0]; 

255 in other words, it is either sQSSA (d[ES]/dt ≈ 0) or, as in this study, rQSSA (d[S]/dt ≈ 0). It may not be 

256 impossible to encounter a situation in which d[ES]/d[S] is at least ≈ 1; such a situation needs to be 

257 investigated.            

258 Further to the problem of validity, one needs to analyse the bases of the claim in this study that 

259 the parameter domain in which QSS and the Michaelian equation are valid needs not be ad infinitum in 

260 favour of rQSSA. If vi is strictly proportional to [S0] for the first 2-3 data points, a double reciprocal plot can 

261 yield a small negative intercept and a larger slope. This can be illustrated in the result and discussion 
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262 sections: kinetic parameters obtained in such a situation cannot be valid, and where the 2-3 data points 

263 are part of a broader range of data points, the results—the kinetic parameters—may be less accurate. As 

264 explained in a pre-print [19], [S0]nvn−1 − [S0]n−1 vn is = zero (n is the number of assays according to different 

265 substrate concentrations), and consequently the equation below is expected to give an invalid result (i.e. 

266 an infinite maximum velocity and an infinite Michaelis-Menten constant). 

267 𝑉max =  
𝑣n 𝑣n―1([𝑆0]n ―  [𝑆0]𝑛―1)

[𝑆0]n 𝑣n―1 ―  [𝑆0]n―1𝑣n
      (18)

268 The equation for the Michaelis-Menten counterpart is:

269    𝐾M =  
[𝑆0]n [𝑆0]n―1(𝑣n ―  𝑣𝑛―1)

[𝑆0]n 𝑣n―1 ―  [𝑆0]n―1𝑣n
      (19)

270 Therefore, if [S0]nvn−1 − [S0]n−1 vn is = 0, the separate infinite values of Vmax and KM are summarily invalid, 

271 yet the specificity constant, SC, defined as Vmax/KM given below, seems valid due to the absence of an 

272 infinity clause.   
𝑉max

𝐾M
=

𝑣n 𝑣n―1([𝑆0]n ―  [𝑆0]𝑛―1)
[𝑆0]n [𝑆0]n―1(𝑣n ―  𝑣𝑛―1)       (20)

273 It needs to be made clear that, Eq. (20) is characteristically a general one because it is error 

274 sensitivity invariant. This is despite the fact that in the separate occurrence of the respective equations, 

275 Vmax and KM may not be valid thereby partially justifying the proposition by an imminent biochemist [14], 

276 that SC should be seen as a unique and singular kinetic parameter; it is however, very necessary to 

277 specify, the QSSA that is validly relevant to the SC generated with the assurance that substrate 

278 concentration regime (or range) matches the concentration of the enzyme in terms of either being 

279 approximately equal to, a little less than, much less than or much greater than [E0]; note that, the choice 

280 of substrate concentration range and the [E0] that validates sQSSA and Michaelian equation, does not 

281 necessarily imply that the zero-order kinetic parameters, KM, kcat or preferably, SC were attained. So, if vn 

282 is = 2 vn−1 and correspondingly, [S0]n is 2 [S0]n−1, Eq. (20) transforms into:

283                SC = vn/[S0]n (or vn−1/[S0]n−1 )         (21)

284 Hence, going by the definition of Vmax and KM, it stands out clearly that Vmax/KM is not equal to the 

285 ratio of the initial rate to the corresponding concentration of substrate, which could have been a 

286 characteristic of a single-turnover event. Hence, in circumstances in which the initial rate is consistently 

287 proportional to the concentration of the substrate (with the possibility that the coefficient of determination 

288 is ≥ 0.999), Eq. (21) represents SC for a scenario where rQSSA is valid (QED). Another equation in the 
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289 literature [20] that can redefine the limit of the parameter domain for which sQSSA and rQSSA are valid is 

290 given as follows:

291        I n
[𝐸0]

[𝐸0] ― [𝐸𝑆] =
(𝑘―1 + 𝑘cat)[𝑆0]

𝐾M𝑘 (1 ―  𝑒―𝑘 𝑡)        (22)

292 where k−1, kcat, k, and t are the reverse first-order rate constants for the dissociation of ES into free E and 

293 S, the catalytic first-order rate constant, the pseudo-first order rate constant for the utilisation of the 

294 substrate, and the duration of ES formation (or the life span) of ES.

295             While Eq. (22) represents a general principle in terms of what it represents, KM in the equation 

296 may not be the actual KM if, according to a recommendation in the literature [8], the agreement between 

297 the sQSSA solution and the numerical solution is quite good when [E0]  0.01[S0]. The simple issue is that 

298 some of the concentrations of the substrates must be about 40 to 100-fold higher than [E0]. Any substrate 

299 concentration range < 40 to 100-fold may not be in good agreement with "zero-order level" sQSSA. In 

300 such a scenario, rQSSA may be relevant and Eq. (22) may be applicable because in the equation given 

301 below (Eq. (23)), where 𝑘𝑝𝑟𝑠
―1 , 𝑘𝑝𝑟𝑠

cat  and Slope are the pre-steady-state-like reverse first-order rate constants 

302 for the dissociation of ES into free E and S, a catalytic first-order rate constant, and a slope from the plot 

303 of the left-hand side of Eq. (22) versus [S0](1− exp. (−k t))/k, 𝑘𝑝𝑟𝑠
cat  must be < 𝐾𝑝𝑟𝑠

M 𝑆lope otherwise, the 

304 originating initial rates are only likely to be relevant where sQSSA is valid (kcat > KMk1), 

305    (𝑘prs
―1 + 𝑘prs

cat ) =  𝐾prs
M 𝑆lope         (23)

306 Note, however, that the slope is actually the second-order rate constant for the formation of ES. The 

307 result section gives better insight into the issues. 

308 3. MATERIALS AND METHODS

309 3.1 Materials

310 3.1.1 Chemicals

311 Aspergillus oryzae alpha-amylase (EC 3.2.1.1) and potato starch were purchased from Sigma-

312 Aldrich, USA. Tris 3, 5—dinitrosalicylic acid, maltose, and sodium potassium tartrate tetrahydrate were 

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

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

315 from the local market. The molar mass of the enzyme is ~ 52 k Da [21, 22].
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316 3.2 Equipment

317 An electronic weighing machine was purchased from Wensar Weighing Scale Limited, and a 

318 721/722 visible spectrophotometer was purchased from Spectrum Instruments, China; a pH metre was 

319 purchased from Hanna Instruments, Italy.

320 3.2 Methods

321 The enzyme was assayed according to the Bernfeld method [23] using gelatinised potato starch, 

322 whose concentration range was 0.3–3 g/L. Reducing sugar produced upon hydrolysis of the substrate at 

323 room temperature using maltose as a standard was determined at 540 nm with an extinction coefficient 

324 equal to 181 L/mol.cm. The duration of the assay was 3 minutes. A mass concentration of 2 mg/L of 

325 Aspergillus oryzae alpha-amylase was prepared in Tris-HCl buffer at pH = 7.

326 3.2.1 Determination of pseudo-first order rate constant, k and second order rate constant, k1.

327 The determination of the pseudo-first order constant, k, for the utilisation of the substrate is as 

328 described elsewhere [24], with modification as follows: As in a manuscript under preparation, the result of 

329 the integration of a polynomial equation from the plot of initial rates vi versus [S0] was fitted to the values 

330 of the former to give substrate concentrations that were < both the initial concentrations of the substrate 

331 and either Kd or KM. The new, but lower substrate concentrations were substituted into the polynomial 

332 equation to generate the corresponding lower velocities that were then used, as described in the literature 

333 [24], for the calculation of different values of k. The k values were then substituted into an equation as 

334 described in the literature [20] for the determination of the life span (t) of ES. Again, the value of t is 

335 substituted into Eq. (22) for the calculation of as described in the literature [20].

336 3.2.2 Determination of ES dissociation constant, kd and molar mass, M3 of potato starch.

337 Equation (8) was applied in the determination of kd. The 2nd equation for the determination of M3 

338 is dependent on a reverse first-order rate constant for the dissociation of ES into free S and E. This is 

339 where Eq. (23) is relevant, and by being written as:

340
𝑘prs

―1

𝑘prs
1

= 𝐾prs
M ― 𝑘prs

cat

𝑘prs
1

    (24a)

341 where 𝑘prs
―1 𝑘prs

1  is = kd.

342            𝑘prs
―1 = (𝐾prs

M ― 𝑘prs
cat

𝑘prs
1

)𝑘prs
1      (24b)
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343 3.3 Statistical analysis

344 Assays were conducted in duplicate. The arithmetic mean of each initial rate was used to carry 

345 out double reciprocal plots and other plots. Micro-Soft Excel was explored for the determination of 

346 standard deviation (SD) where necessary.

347  4. RESULTS AND DISCUSSION

348 To begin with, it is imperative to note that whenever a plot of initial rates versus different substrate 

349 concentrations gives a negative coefficient of the leading term in a resulting polynomial, Michaelian 

350 kinetic characteristics are implicated; it may not be enough to guarantee the attainment of actual KM and 

351 Vmax at the asymptotic level if [S0] is not ≫ [E0]. The derived equation showed that if fitted to initial rates 

352 and plotted versus [S0] for an enzyme concentration of 2 mg/L, it gives a value that is < zero-order SC 

353 (Table 1). As Eq. (8) shows, the ES dissociation constant is directly proportional to the mass 

354 concentration, or molar concentration, if the molar mass of the enzyme is known, and to the molar mass 

355 of the substrate if it is known accurately. Thus, Kd is ipso facto, an established parameter. It is also 

356 amenable to experimental determination. The experimental values, obtained by a graphical approach 

357 (double reciprocal plot) and by calculation based on fitting a modified Michaelian equation (Eqs (18) and 

358 (19)) to initial rates at different [S0] and by Eq. (8), are, respectively, Kd ≈ 2.396 g/L and 𝑉𝑝𝑟𝑠
max=202.253 

359 M/min; Kd ≈ 2.407 g/L and 𝑉𝑝𝑟𝑠
max= 202.618 mM/min; and Kd = 2.48231 g/L.  

360 The polynomial equation, generated from the plot of the initial rate versus [S0], is given as:

361 𝑌 (𝑖.𝑒. 𝑣𝑖) =  ― 08606 𝑥2 +6.1207𝑥 (𝑖.𝑒.[𝑆0]) +0.6053: 𝑅2 = 0.9948       (25)

362 Equation (25) expresses a trend towards Michaelian kinetics due to the occurrence of a negative leading 

363 coefficient. This sQSSA relic contrasts with an almost perfect linear (R2 = 0.9993) relationship between 

364 calculated values of rate and calculated [S0] as described in Figure 1. This case is more characteristic of 

365 rQSSA. Further to this is the consideration of a situation in which the initial rate for [S0]n is twice the initial 

366 rate for [S0]n−1; thus, with [S0]1 = 0.3 g/L and v1 = 2.251359 exp. (−5) M/min; [S0]2 = 0.6 g/L and v2 = 2 

367 (2.251359) exp. (−5) M/min; [S0]3 = 0.9 g/L and v3 = 3 (2.251359) M/min exp. (−5) covering the first three 

368 data used for a plot, the unfolding result shows as expected, an equation of linear regression given as:

369                                                          𝑣𝑖 = 7.5045 exp.( ― 5) [𝑆0] (R2 =1)             (26)
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370 However, it is important to note that only the first initial rate is directly experimental while the other two are 

371 calculated by multiplying the first rate by [Sn]/[Sn−1] for the purpose of illustration, a process not too 

372 different from simulation as applicable to well-known "high-reputation advanced publishers, FEBs, 

373 Elsevier, publisher of PNAS, Beilstein Journal, Biochemistry Journal (Oxford/Jn.), etc.; this research 

374 should not be an exception given that it is more of an experimental study with substantial theory. Dividing 

375 the slope by the molar concentration of the enzyme gives an SC-like value of 1951.17 L /g. min, which is 

376 < 2194.732 L/ g. min and ≈ 2188.645 L/g. min calculated from the table of values of and Kd (rewritten as) 

377 (Table 1); these values are, however, > the value (1298.414/g. min) obtained from the slope in Figure 1, a 

378 typical "rQSSA plot".

379 As shown in this study, the Kd calculated on the basis of Eq. (24b) is different from the definite 

380 value obtained based on Eq. (8); this implies that it is not unlikely that different values of the experimental 

381 Kd can be obtained given different substrate concentration ranges for the same enzyme under the same 

382 assay condition. This is as long as the concentration range is < than the putative KM value of the enzyme, 

383 and better still, it should be ≪ [E0] [6, 18]. A very important observation is that the 2nd order rate constant 

384 k1 for the formation of the ES was determined and applied in the determination of the first-order rate 

385 constant for the dissociation of the ES into free E and S; different values (Table 1) are as a result of 

386 different values of 𝐾𝑝𝑟𝑠
M  explored. The most important deductions are, however, the observation that the 

387 zero-order SC cannot be inferred from data points—the initial rates in particular—that either validate only 

388 rQSSA or partially validate sQSSA or by extension of the parameter domain that validates both rQSSA 

389 and sQSSA [25, 26]. The value of 𝑉𝑝𝑟𝑠
max (≈124.198 mM/min) is based on the slope in Figure 1 and Eq. 

390 (10). This is a typical result that shows that the zero-order maximum velocity often inferred from Eq. (10) 

391 is inappropriate.

392

393

394

395

396

397
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398

399 Table 1: Experimental data-Independent and dependent variables

[S0]/g/L 0.3 0.6 0.9 1.2 1.5 1.8 2.0 3.0

vi/M/min 22.514 40.5 55.2 67.4 77.8 86.7 91.9 113.3

 𝐾𝑝𝑟𝑠
M  (LWB)/g/L 2.396

 𝐾𝑝𝑟𝑠
M  (Eqs (18 &19))/g/L 2.4070.08 (n=7)

 𝑉𝑝𝑟𝑠
max (LWB) /M/min 202.253

 𝑘𝑝𝑟𝑠
cat (LWB)/exp.(+3)min ≈ 5.259

 𝑉𝑝𝑟𝑠
max /M/min (Eqs (18/19)) 202.618 3.2 (n=7)

 𝑘𝑝𝑟𝑠
cat /exp.(+3)min Eqs.(18&19) ≈5.2680.083

Kd (Eq. (8))/g/L 2.482

k1/exp.(+4)L/g. min 4.88

k−1(LWB)/ exp. (+5) min (Eq. (24b)) ≈1.0975

k−1/ exp. (+5) min (Eqs (18&19)) ≈1.122

k−1/ exp. (+5) min (Eq.(8)) ≈1.2112

M3 (LWB)/exp. (6) g/mol. 62.296

M3 (Eqs (18 &19))/exp. (6) g/mol. 63.582

400 [S0], Kd, and 𝑉𝑝𝑟𝑠
max are the substrate concentration, ES dissociation constant, and pre-steady-state maximum velocity 

401 respectively;  𝑘𝑝𝑟𝑠
cat , 𝐾𝑝𝑟𝑠

M and M3 are the pre-steady-state-like catalytic rate, pre-steady-state-like Michaelis-Menten 
402 constant, and molar mass of the substrate respectively. Based on Eq. (24a), Kb is ≈ 2.288 g/L using KM-like ( 𝐾𝑝𝑟𝑠

M ) 
403 result from Lineweaver-Burk (LWB) plot [27]; the value is ≈ 2.299 g/L using 𝐾𝑝𝑟𝑠

M  based on Eqs (18&19).
404
405 While noting a situation in which [S0]nvn−1 − [S0]n−1vn is = 0, fitting a double reciprocal equation to 

406 such data gives a perfect straight line whose intercept is a small negative number while the slope is large; 

407 such a negative intercept does not show up if the three data points are part of the remaining five as 

408 shown below (Eq. (27d)). Table 1 shows the primary experimental data, the initial rates (average of 

409 duplicate studies, n = 2), and the corresponding concentrations of the substrate.

410 𝑦 = 13327 𝑥 ― 3.0242 (Expectedly, R2=1 for S/N, 1-3)     (27a)

411 𝑦 = 13301 𝑥 + 4185.9 (R2=0.9999 for S/N, 6-8)                                 (27b)

412 𝑦 = 11847 𝑥 + 4944.3 (R2=0.995 for S/N, 1-8)     (27c)
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413 𝑦 = 11684 𝑥 + 4180.8 (R2=0.9765 for S/N, 1-8)     (27d)

414 Equation (27d) is the outcome of the inclusion of the non-Michaelian initial rates (2 rates) that contributed 

415 to Eq. (26) in the double reciprocal plot. All plots, direct linear (or its reciprocal variant), and nonlinear 

416 regression, seem to mask the place and the role of the error introduced where the initial rates exhibit both 

417 rQSSA and a little bit of sQSSA validating attributes. In other words, where initial rates reproduce Eq. (26) 

418 and Figure 1 in any assay, nothing should be mentioned about sQSSA. Furthermore, Eqs (26) and (27a) 

419 are generally applicable where a single turnover event is desired, giving the impression that, in such a 

420 scenario, rQSSA is validly relevant because [E0] is ≫ the highest [S0] in the substrate concentration range 

421 chosen.

422

423 Figure 1: Experimental illustration of non-Michaelian linearised relation between calculated rates (vprs) from fitting 
424 polynomial equation to calculated [S0]prs based on [𝑆0]prs = 2  𝑀alt𝑣𝑡d 𝛼 (manuscript under parallel preparation) 
425 where Malt, v, td, α, and  are the molar mass of maltose, the product, velocity of hydrolysis, duration of assay, 
426 coefficient of the leading term, and coefficient of the term with unit power or exponent in the polynomial equation 
427 generated from the plot of initial rate versus [S0] (Eq. (24)).

428 This study is very helpful considering the desire of biochemists, biophysicists, biochemical 

429 engineers, etc. to characterise the individual events of the catalytic cycle in the active site of enzymes. In 

430 this regard, individual events at the active site are easily isolated and studied without catalytic cycling, if 

431 single-turnover conditions are adopted [28]. In such a scenario, the substrate is saturated with enzyme 

432 ([E0] ≫ [S0]) so that all of the substrate will participate in the 'single turnover' [28]. This is the reason why 

433 the initial rate should always be directly proportional to [S0], as orchestrated by Eq. (10), and the 

434 demonstration of the implication of Eq. (10), represented by Eq. (26). The obvious is that in a true single 
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435 turnover assay, the next higher initial rate will always be ([S0]n/[S0]n−1)-fold > than vn−1; this is the reason 

436 why in a real situation, apart from timing error and substrate depletion at the lower end of the substrate 

437 concentration range, there will be a small negative intercept (Eq. (27a)). This is clearly an expression of 

438 both Michaelian and sQSSA invalidity. This study used [S0] values, which are not very high compared to 

439 the [E0], though the latter is > all except 3 g/L of the insoluble gelatinised starch if the literature value of 

440 the molar mass of the insoluble potato starch is taken to be correct in the face of other values [29-31]. 

441 As depicted in Figure 2, there is a "far-right rQSSA" domain where it is impossible to infer any 

442 condition that validates the Michaelian equation and the associated sQSSA, as again illustrated by Eq. 

443 (26); this and Eqs (6 and 7) present the only means by which one can calculate the sub-zero-order 

444 maximum velocity, a peculiarity of a 'single turnover' catalytic activity whose conditions validate rQSSA. In 

445 this case, the molar masses of the substrate and enzyme, with known mass concentrations, must be 

446 known if the 𝑉𝑝𝑟𝑠
max is to be calculated; otherwise, the slope indicated in Eq. (26) remains only a SC-like 

447 value. The value of 𝑉𝑝𝑟𝑠
max is ≈186.2724 M/min. This value is clearly < than the values (Table 1) obtained 

448 from the LWB plot and Eqs (18 and 19). As shown in Figure 1 and Eq. (26), the values of 𝑉𝑝𝑟𝑠
max cannot be 

449 equal because of their different slopes; the result from Figure 1 is ≈ 123.964 M/min. The point that 

450 cannot be ignored is that Eq. (1) cannot be used to calculate the Vmax if the substrate concentration range 

451 is ≪ the known KM of the enzyme whose concentration is either ≫ all concentrations of the substrate or ≈ 

452 [S0] [6, 18]. Any claim to the contrary, that Vmax is known a priori for the determination of a mixed order 

453 (steady-state plus a near-zero-order state) KM, is invalid because all the [S0] values against which the pre-

454 steady-state initial rates were plotted are < than the putative KM value. 

455 A clearer picture is obtainable considering Figure 2, where, anticlockwise from A, the condition 

456 that validates rQSSA with a higher concentration of the enzyme is the case [6, 18]. This is also a trend 

457 towards "single turnover" catalytic activity [28]. Clockwise, beginning from B, there is a higher tendency 

458 for the condition that validates both the Michaelian equation and the sQSSA. However, the view that 

459 "when both the sQSSA and rQSSA are invalid, the initial enzyme and substrate concentrations are 

460 comparable" seems to contradict the notion that [S0] needs not be ≫ [E0] for sQSSA to be valid and the 

461 claim in the literature [7] that the Michaelian equation and QSSA can still be valid if [S0]≈[E0]. Also 

462 contradicted is the notion of total QSSA (tQSSA), which is intended to extend the parameter domain for 
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463 which both rQSSA and sQSSA could still be valid [25, 26]. In any case, what can be deduced from Figure 

464 2 is that, as [S0] and [E0] tend towards equality, anticlockwise direction from B and clockwise direction 

465 from A make respectively the sQSSA and rQSSA less valid, but the transformation of the Michaelis-

466 Menten equation can still be fitted to the initial rates as demonstrated with the experimentally generated 

467 equations, Eqs (27b-27d), unlike Eq. (27a).

468
469 Figure 2: Graphical illustration of the domain of validity of different QSSA with the characteristic 

470 mathematical expression. Only the first data point in plot A, is experimental (expt.) while in plot B all the data points 

471 are experimental. 

472     The plot (Figure 2) shows mathematically that either only sQSSA and the Michaelian equation 

473 (line B and other lines that can be below it (the d[ES]/dt≈0 case)) or rQSSA (line A and any other lines 

474 above it (the d[S]/dt≈0 case)) if the first initial rate is half the next initial rate, and the corresponding 

475 concentrations of the substrate are such that the first is also half the next higher concentration of the 

476 substrate, which is peculiar to a single-turnover kinetics. Under the prevailing conditions between lines A 

477 and B, neither rQSSA nor sQSSA is fully validated; a shift of CA towards B through the middle invalidates 

478 it, while a shift of CB towards A invalidates it. 

479 Figure 3 clearly demonstrates the strict relevance of rQSSA in this study, against the backdrop of 

480 the need to correctly specify the condition of the assay. This is apart from the physico-chemical aspects 

481 that influence the generated kinetic parameters. The linear regression of the initial rate, vi, versus the sub-

482 KM concentration of the substrates reflects one of such conditions that validate rQSSA and can only be 
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483 used to determine the pre-steady-state (or rather, rQSSA) maximum velocity which is ≈135.348 mM/min 

484 based on Eq. (7) derived from Eq. (6), and the SC-like value is = 1417.65 L/g min.; such a value is not 

485 necessarily an exact value applicable to either a rQSSA (Eq. (6)) or sQSSA equation (linearised 

486 Michaelis-Menten equation). On the other hand, the inset showing LWBP does not necessarily produce 

487 the exact values of the kinetic parameters applicable to strict sQSSA, whose primary condition is the one 

488 that requires [S0] to be ≫ [E0] without which a true maximum velocity cannot be attained. The figure 

489 seems to confirm the claim in the literature that the Michaelian equation can still be valid if [S0] is 

490 ≈  [E0], or at least the former may not be ≫ the latter.

491

492

493 Figure 3: Plot illustrating how two set of similar initial rates can display both Michaelian kinetics 
494 (Lineweaver-Burk plot, LWBP, without negative intercept (see the inset) or polynomial with negative 
495 coefficient of the leading term) or sQSSA and rQSSA (a linear regression with R2 ≥ 0.999; in this case R2 is = 
496 1). The KM-like value is ≈ 2.568 g/L; the Kd equivalent is = 2.5237 g/L and the molar mass of the starch based on Eq. 
497 (8) is ≈ 65.616 exp. (+6) g/mol.
498
499 The paper by Tzafriri and Edelman [26] exemplifies a scenario in which the rQSSA is applicable if 

500 the [E0] ≫ KM and if the former is also as large as [S0]-the implication of such is depicted in Figure 3; but it 

501 must be made clear that KM is [E0]-dependent. If the KM remains at the substrate concentration at half 

502 maximum velocity, then any two or more different concentrations of the same enzyme under the same 

503 conditions must possess different KM values, with the highest value referring to the highest concentration 
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504 of the enzyme. Thus, different concentrations of the same enzyme under the same condition require 

505 different concentrations of the substrate for the attainment of maximum velocity (or for the orchestration of 

506 saturation phenomena) and consequently different values of KM. It is therefore obvious that in this study, 

507 where [E0] is > [S0], the condition relevant to rQSSA was very much the case; however, this is not to imply 

508 that there is no relic of sQSSA given the experimentally generated polynomial with a negative coefficient 

509 of the leading term. This notwithstanding, "reverse quasi-steady-state (rQSSA)" in which S is in a quasi-

510 steady state with respect to ES [1] characterises the main results obtained in this study, and it represents 

511 one of the few instances where quantitative effect as opposed to qualitative and pure mathematical 

512 analysis is carried out.

513 The preceding issues are further buttressed in Figure 4 which illustrates the domain where 

514 rQSSA and sQSSA are strictly valid (or upheld), and the domain in which QSSA as either rQSSA or 

515 sQSSA may be applicable or valid and beyond which neither may be valid. Line A (blue) which illustrates 

516 the domain of rQSSA validity, can become increasing valid if the concentration of the enzyme is 

517 increased for the same concentrations of the substrate [6, 17] leading to upward adjustment of line A; the 

518 converse is the case if the substrate concentration is decreased for the same concentration of the 

519 enzyme; line C (red) which illustrates the domain of sQSSA validity, can become increasing valid if the 

520 concentration of the enzyme is decreased for the same concentrations of the substrate leading to 

521 downward adjustment of line C (note that there could be upward adjustment if the concentrations of 

522 substrate is increased while the concentration of the enzyme is either decreased or remain the same and 

523 ≪ [S0]); the converse is the case if the substrate concentration is decreased for the same concentration of 

524 the enzyme; line B (green) has a dual representation of either conditions that validate rQSSA or sQSSA. 

525 Any increase in the concentration of the enzyme invalidates completely, the sQSSA, while any decrease 

526 in the concentration of the enzyme invalidates the rQSSA.

527

528
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529
530 Figure 4: Experimental and simulational plots for illustrating the domain where strict rQSSA, strict sQSSA, 
531 and the domain in which QSSA as either rQSSA or sQSSA may be applicable or valid and beyond which 
532 neither may be valid. 
533
534 Other kinetic parameters that are indirectly determined according to Eq. (22) are a reflection of 

535 the limit of the validity domain of sQSSA in favour of rQSSA, which has cognate kinetic constants such as 

536 the second order rate, k1, (for the formation of ES), and the reverse first-order rate, k−1, determined first 

537 based on Eq. (22) for the determination of k1, and second based on Eq. (23) for the determination of k−1 

538 (see Table 1). This would have been impossible if the experimentally generated and simulated initial rates 

539 were applicable to sQSSA if the concentration of the enzyme was ≪ the concentration of the substrate. 

540 This has also made it possible to determine the molar mass of the insoluble potato starch if the label on 

541 the plastic container of starch purchased from Sigma is not faked by the distributor in the local major 

542 market. The molar mass is determinable given the following values (Table1): 62.296 exp. (+6) derived 

543 from LWB and 63.582 exp. (+6) g/mol. The calculated value based on Figure 3 (inset-LWB plot) is 65.616 

544 exp. (+6) g/mol. The values compare with the cited literature values of 64.54 exp. (6) g/mol. [29]; 

545 however, a higher value of 77.3 exp. (+6) g/L [30] was also reported by the same author [31].

546 5. CONCLUSION

547 The equations which invalidate the assumption that vi = Vmax [S0]/KM whenever [S0] is ≪ KM were 

548 derived; the proposition that the equilibrium dissociation constant, Kd, is strictly proportional to [E0] was 
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549 confirmed with a derived equation; the calculated Kd value based on a rQSSA-derived equation could be 

550 > than the value obtained by graphical method; the molar mass of starch could be calculated from the 

551 derived equation; and it was shown graphically and mathematically that both sQSSA and rQSSA domains 

552 have a limit to their validity. The equation with which to calculate the second-order rate constant based on 

553 the condition that validates the rQSSA is not applicable to the sQSSA; a KM-like value that may be < the 

554 putative Kd value is considered for the assay of any concentration of an enzyme if the substrate 

555 concentration is ≪ actual KM. However, an assay with a substrate concentration range that is ≪ actual KM 

556 may yield a KM-like value (≈2.569 g/L) that is > the putative Kd value of 2.482 g/L. The KM-like values in 

557 other situations are 2.396 and 2.407 g/L; the corresponding Kd values are, respectively, 2.288 and 2.299 

558 g/L. The molar mass of insoluble potato starch ranges between 62.296 and 65.616 exp. (+6) g/mol. 

559 Contrary to the observation in the literature, in this study, mainly experimental and theoretical, the 

560 velocity, the initial rate, and the equations of the catalytic reaction have been employed on a number of 

561 occasions within the conditions for which they are valid and with reason why sQSSA may not be valid 

562 (reason: kcat > KMk1 in such a scenario). A future study will explore the possibility of deriving a 

563 Lineweaver-Burk-like equation for the estimation of the molar mass of polymers like starch.
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