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ABSTRACT

Introduction: Hypoxia can cause aberrant expression of transcription factors and genes,
resulting in which leads to abnormal biological functions such as altered energy
pathways in cancer cells. The Krebs cycle in glucose metabolism is an important part of
this phenomenon, which can lead to increased invasion and metastasis of cancer cells by
changes in the expression of metabolites and enzymes involved in this pathway,
including the accumulation of some metabolites such as succinate, as well as changes in
the composition of the tumor microenvironment, which under hypoxic conditions,
changes in the expression levels of metabolites and enzymes involved in this pathway,
including the accumulation of some metabolites such as succinate, as well as changes in
the composition of the tumor microenvironment, can lead to increased invasion and
metastasis of cancer cells. The present study was conducted for the first time using
computational modeling, aiming to investigate the effects of hypoxia (HIF-1) on the
functional expression levels of all enzymes and metabolites involved in the Krebs cycle.
Consequently, it is essential to determine the precise mechanism and investigate the
effect of changes in oxygen concentration on the Krebs cycle, which act in conjunction
with each other.

Method: In this study, for the first time, using computational modeling, the effects of
hypoxia (HIF-1) on the functional expression levels of all enzymes and metabolites
involved in the Krebs cycle have been investigated. For this purpose, a system of
equations consisting of 16 equations was designed that relates all components of the
Krebs cycle to each other and to hypoxia. The main objective The main goal of the
present study is to establish a quantitative relationship between the severity of hypoxia
and the levels of intracellular metabolites and identify key regulators of the Krebs cycle,
as well as to identify key regulators of the Krebs cycle. In fact, our goal is to quantify
the effect of changes in oxygen concentration on the Krebs cycle in the production of
succinate inside the cell from a molecular systems biology perspective. Also, the oxygen
reduction in the proposed model predicted that the enzyme succinate dehydrogenase
may play the most important role in regulating the Krebs cycle.

Result: The results of the study indicate a direct relationship between the severity of
hypoxia and increased succinate production, as an important factor driving metastasis.
Consequently, based on a sensitivity analysis study, Our proposed model predicts that
the succinate dehydrogenase enzyme probably plays the most important role in
regulating the Krebs cycle under hypoxia conditions.
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(uM)
[isocitrate]0 34 (Albe et al., 1990)
[fumarate]0 105 (Albe et al., 1990)
[succinate]0 33 (Albe et al., 1990)
[malate]0 290 (Albe et al., 1990)
[oxaloacetate]0 26 (Albe et al., 1990)
[acetylcoa]0 9.6 (Albe et al., 1990)
[pyruvate]0 180 (Albe et al., 1990)
[alphaketoglutarate]0 106.5 (Albe et al., 1990)
[succoal0 850 (Smith & Williamson, 1971)
[citrate]0 61.5 (Albe et al., 1990)
[sdh]0 15.6 (Albe et al., 1990)
[icdh]o 109 (Albe et al., 1990)
[fh]o 2000 (Kobayashi et al., 1981)
[akgdh]0 11.15 (Albe et al., 1990)
[mdh]o 154 (Albe et al., 1990)
[pc]o 21 (Jomain-Baum & Schramm, 1978)
[scs]0 17.3 (Albe et al., 1990)
[aco]0 25 (Zatta et al., 2000)
[pdh]0 25 (Karpova et al., 2004)
[cs]O 10.7 (Albe et al., 1990)
(uM)
Kmsdhl 550 (Maklashina et al., 2006)
Kmsdh2 20 (Maklashina et al., 2006)
Kmicdhl 220 (Matteo et al., 2017)
Kmicdh2 500 (Matteo et al., 2017)
Kmfhl 13 (Kobayashi et al., 1981)
Kmfh2 1900 (Bulku et al., 2018)
Kmakgdh 300 (McCORMACK & Denton, 1979)
Kmmdhl 190 (Yaoetal., 2011)
Kmmdh2 405 (Yao et al., 2011)
Kmpc 57 (Jomain-Baum & Schramm, 1978)
Kmscs 55 (Johnson et al., 1998)
Kmacol 5300 (Baothman et al., 2013)
Kmaco2 900 (Baothman et al., 2013)
Kmpdh 29300 (Karpova et al., 2004)
Kmg 40 (Simcock et al., 2011)
uM min?
VM spn 49 (Kita et al., 1988)
VM \coH 22 (Soundar et al., 2003)
Vm gy 650 (Behal & Oliver, 1997)
VM q.kepH 11.3 (McCORMACK & Denton, 1979)
VM vpH 10.8 (Pitson et al., 1999)
Vm pc 40 (Bartolucci et al., 1987)
Vm scs 111 (Simcock et al., 2011)
Vm aco 0.012 (Zatta et al., 2000)
VM ppH 11 (Karpova et al., 2004)
Vm cs 111 (Pitson et al., 1999)
min’
Kcatsgn 1782 (Maklashina et al., 2006)
Kcatsgny 278.4 (Maklashina et al., 2006)
Kcaticghy 5148 (Matteo et al., 2017)
Kcatieghz 1.2 (Matteo et al., 2017)
Kcatgy 20400 (Ajalla Aleixo et al., 2019)
Kcatgn, 9120 (Ajalla Aleixo et al., 2019)
Kcatagan 840 (Albe et al., 1990)
Kcatndny 504.56 (Albe et al., 1990)
Kcatmgnz 273132 (Dagani et al., 1984)
Kcatyc 7165.2 (Hsieh et al., 2006)
Kcatges 8400 (Albe et al., 1990)
Kcatyeor 318 (Baothman et al., 2013)
Kcataeoz 64.8 (Baothman et al., 2013)
Kcatygn 1105 (Martras et al., 2004)
Kcates 17000 (Albe et al., 1990)
Kdsan 0.0001 (Lee et al., 2018)
Kdican 0.091 (Herold et al., 2023)
Kdmdn 0.00018 (Weinberg & Utter, 1979)
Kdpe 0.0001 (Weinberg & Utter, 1979)
Kdaco 0.0096 (Gardner et al., 1995)
Kdpan 0.000056 (Weinberg & Utter, 1979)
Kdes 0.0001 (Weinberg & Utter, 1979)
Ksdhh 0.4 (Powell & Jackson, 2003)
Kicanh -15 (Liuetal., 2017)
Kindhh -0.03 (Takahashi et al., 1996)
Kpoen -0.033 (Van den Thillart & Smit, 1984)
Kacon -0.6 (Powell & Jackson, 2003)
Kodhh -0.04 (Le Moine et al., 2011)
Kesh -0.02 (Le Moine et al., 2011)
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