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This paper deals with the theoretical derivation of the modified Haldane model of the substrate inhibition in the microbial
growth processes. Based on the biological concepts of substrate-receptor complex working mechanisms, a new microbial ki-
netics of N-fold multiplex substrate inhibition and its generalization has been considered theoretically, which is natural ex-
pansion of the simple substrate inhibition mechanism in the enzyme reaction. As a result, the modified Haldane model of
the substrate inhibition turns out to be a well-designed four-parameter kinetic model with a biological constant of the total
substrate inhibition concentration.
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Figure 1. Schematic diagrams of the modified Haldane model of the
substrate inhibition. (a) Variation effects of K; on the graph shape, (b)
Variation effects of Kg on the graph shape.
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Figure 2. Comparisons of the best-fitting results of the experimental
data of Thatipamala et al.|7]. (a) original Haldane model, (b) modified
Haldane model.
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Table 1. Comparisons of Parameter Values and the Quality of Fit

Inhibition Experimental data Model Lo Ks K; S* ¢’
Thatipamala et al.[7] Saccharomyces cerevisiae Haldane 1.212 35.12 67.38 - 0.0112
Convex grown on glucose (Fig. 2) proposed  0.501 2438 0.301 3122 0.0060
pattern Pilat and Prokop[8] Candida boidinii IBH Haldane 0.198 0.198 3.705 - 0.0053
grown on methanol (Fig. 3) proposed 0.151 0.105 0.291 7.702 0.0011
Kortan et al.[9] Arthrobactor AK19 Haldane 0.427 0.021 0.240 - 0.0060
grown on butanol (Fig. 4) proposed 0.342 0.013 1.680 1.082 0.0024
Wayman and Tseng[10](1) Pseudomonas methanica Haldane 0358 1.158 9.616 - 0.0135
Linear grown on methanol proposed 0214 0.150 0.922 54.02 0.0051
pattern Wayman and Tseng[10](2) Candida utilus ATCC 8205 Haldane 2914 2.249 0.587 - 0.0625
grown on ethanol proposed 0.645 0.105 0.661 9.018 0.0084
Wayman and Tseng[10](3) Candida liplytical ATCC 8661 Haldane 1.077 8.587 5.498 - 0.0220
grown on ethanol proposed 0395 1276 0.994 51.36 0.0139
Concave Tseng and Wayman[11] Candida liplytical ATCC 8661 Haldane 0451 1.686 10.53 - 0.0028
pattern grown on ethyl-acetate (Fig. 5) proposed 0.385 1218 6.428 107.6 0.0028
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Figure 3. Comparisons of the best-fitting results of the experimental
data of Pilat and Prokop|8]. (a) original Haldane model, (b) modified
Haldane model.
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Figure 4. Comparisons of the best-fitting results of the experimental
data of Kortan ef al.[9]. (a) original Haldane model, (b) modified
Haldane model.
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Table 2. Comparisons of the Parameter Sensitivity Functions

Table 3. Evaluation of the Parameter Sensitivity Functions for the Ex-
perimental Data of Pilat and Prokop|8]

Model
Parametersensitivity — — Model
function Original Haldane Modified Haldane Parameter ode
model model sensitivity Original Haldane Modified Haldane
N function
ou(S model model
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alnKg T et S G ouls ) )
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Figure 5. Comparisons of the best-fitting results of the experimental
data of Tseng and Wayman[11]. (a) original Haldane model, (b) modi-
fied Haldane model.

A, adE AEReIA e £4 G wAYFOoRE delA] Sl 7]
A-783) o] &£ original Haldane E2 9] o] &2 A< a4 J%O]
<= 71 A WAYFe] B ARk, vl A3 Asl drdell

S (% viv)

o
o
Y

o
o
]

o

relative sensitivities

4
o
o
i

S (% viV)

Figure 6. Parameter sensitivity analysis results based on the experi-
mental data of Pilat and Prokop[8]. (a) original Haldane model, (b)
modified Haldane model.
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