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Lactate Dehydrogenase enzyme kinetics 
Use of 	Michaelis-Menten and Lineweaver-Burk plot to determine the enzyme kinetics of the lactate dehydrogenase enzyme.
Introduction
Lactate dehydrogenase (LDH) is a key enzyme used in anaerobic metabolic processes and is an oxidoreductase member. According to (Farhana, 2020), the enzyme functions by catalyzing the conversion of lactate to pyruvate and back with the simultaneous conversion of NADH to NAD+ and back. There is a transfer of hydride from NADH in the forward reaction or addition to NAD+ in the reverse reaction. LDH is found in a vast number of organisms, both plants, and animals, and is usually present in almost all the tissues and the cells of the body, serving as a marker for DNA metabolism and gluconeogenesis. Due to its ubiquitous presence in the cells and tissues, the amounts of this enzyme usually increase when tissues are injured, like in heart attack, muscle traumas, liver damage, anemia, and fractures.
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LDH is a tetramer that is made up of four subunits, with two of these subunits being the most common, which are LDH-M and LDH-H (Farhana, 2020). The genes that encode the two subunits are LDHA and LDHB, respectively. LDH-M and LDH-H subunits usually mix in different combinations to produce five isoenzymes of the LDH: 4H, 4M, and the three mixed tetramers (3H1M, 2H2 1H3M).  The isoenzymes are structurally similar but are distributed in different tissues. For instance, there is a more significant proportion of LDH-5 (M4) in the skeletal muscle and liver, while the heart majorly has LDH-1 (H4). The other isoforms are distributed as follows: LDH-2 (3H1M in the reticuloendothelial system, LDH-3 (2H2M, in lungs, and LDH-4 (1H3M) in the kidneys and pancreas.
The difference in the metabolic rates of different tissues is the primary reason for the uneven distribution of the isoforms showing the ratio in the LDHA: LDHB genes in them. LDH is used by tissues to metabolize glucose in hypoxic states. During anaerobic metabolism, there is a disruption of ATP production by oxidative phosphorylation, leading to alternative metabolic pathways (Chovanová, 2020). As a result, LDH becomes upregulated to compensate the energy production. In anaerobic glycolysis, the enzyme prevents pyruvate buildup by converting lactate and regenerating NAD+ to continue substrate-level ATP production. LDH function is subject to substrate inhibition and feedback inhibition.
Background information on enzyme kinetics
Enzymes are catalysts that accelerate the rate of biochemical reactions in a biological system. They are proteins with high molecular weight and act on substrate molecules to produce the product. Each enzyme exhibits substrate specificity and selectivity such that one enzyme can catalyze the breakdown of only particular reagents and not others (Chovanová, 2020). Since they are catalysts, enzymes are never used up in the biochemical reaction. The enzyme kinetics can be determined using the Michaelis-Menten equation. Most enzymatic reactions rely on the principal mechanism of forming an intermediate enzyme-substrate, ES, a complex that decomposes to release the final product and the enzyme for another reaction. 
E+S⇌ES⇌E+P
At each instance, there are rate constants for the forward and the reverse reactions labeled as k1, k-1, k2, and k-2. From the rate constants, the rate law for response can be derived as; 
Rate =d[P]/dt=k2[ES]−k−2[E][P]. However, during the initial stages of the reaction, the concentration of the product [P] is always zero (0), and therefore, the reverse reaction is ignored, and the rate of reaction will be given by 
Rate =d[P]/dt=k2[ES]. 
Using steady state approximation the equation is rewritten in terms of reactants assuming that the ES concentration remains constant. Initially the rate at which the ES is formed
d[ES]/dt=k1[E][S]=k1([E]0−[ES])[S], will be equivalent to rate at which it decomposes 
−d[ES]/dt=k−1[ES]+k2[ES]
Equating the above two equations, 
	k1([E]0−[ES])[S]=k−1[ES]+k2[ES]
from the equation we can make the [ES] concentration the subject of the formula and get 
 	[ES] =([E]0[S])/(Km+[S]) where km which is the Michaelis constant = (k−1+k2)/k1
The final equation will be d[P]/dt=(k2[E]0[S])/(Km+[S]) which when plotted gives the graph below 
		[image: ]
The Lineweaver-Burk plot can be obtained by plotting the inverse of the reaction rate against the inverse of substrate concentration. This plot will help in analyzing the Michaelis- Menten equation graphically. 
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Results
Experiment 1 (no inhibitor)
	Time
	T1A
	T1B
	Ave
	T2A
	T2B
	Ave
	T3A
	T3B
	Ave
	T4A
	T4B
	Ave
	T5A
	T5B
	Ave
	T6A
	T6B
	Ave
	T7A

	0
	1.786
	1.788
	1.787
	1.690
	1.684
	1.687
	1.646
	1.629
	1.638
	1.623
	1.595
	1.609
	1.567
	1.595
	1.581
	1.580
	1.578
	1.579
	1.612

	10
	1.789
	1.788
	1.789
	1.649
	1.640
	1.645
	1.547
	1.546
	1.547
	1.418
	1.393
	1.406
	1.273
	1.309
	1.291
	1.290
	1.280
	1.285
	1.353

	20
	1.785
	1.781
	1.783
	1.637
	1.629
	1.633
	1.528
	1.530
	1.529
	1.345
	1.318
	1.332
	1.082
	1.124
	1.103
	1.099
	1.064
	1.082
	1.179

	30
	1.784
	1.786
	1.785
	1.636
	1.631
	1.634
	1.526
	1.525
	1.526
	1.319
	1.296
	1.308
	0.934
	0.974
	0.954
	0.904
	0.850
	0.877
	0.985

	40
	1.790
	1.784
	1.787
	1.634
	1.624
	1.629
	1.522
	1.524
	1.523
	1.308
	1.285
	1.297
	0.858
	0.878
	0.868
	0.686
	0.652
	0.669
	0.818

	50
	1.784
	1.788
	1.786
	1.632
	1.625
	1.629
	1.520
	1.523
	1.522
	1.303
	1.278
	1.291
	0.821
	0.835
	0.828
	0.511
	0.490
	0.501
	0.660

	60
	1.783
	1.785
	1.784
	1.631
	1.626
	1.629
	1.519
	1.518
	1.519
	1.299
	1.273
	1.286
	0.808
	0.817
	0.813
	0.353
	0.352
	0.353
	0.536

	70
	1.784
	1.786
	1.785
	1.632
	1.624
	1.628
	1.518
	1.518
	1.518
	1.296
	1.268
	1.282
	0.800
	0.808
	0.804
	0.226
	0.236
	0.231
	0.423

	80
	1.788
	1.781
	1.785
	1.633
	1.621
	1.627
	1.517
	1.513
	1.515
	1.293
	1.268
	1.281
	0.795
	0.802
	0.799
	0.138
	0.144
	0.141
	0.320

	90
	1.783
	1.783
	1.783
	1.631
	1.622
	1.627
	1.516
	1.516
	1.516
	1.293
	1.267
	1.280
	0.791
	0.797
	0.794
	0.087
	0.087
	0.087
	0.231

	100
	1.785
	1.779
	1.782
	1.632
	1.619
	1.626
	1.514
	1.515
	1.515
	1.293
	1.265
	1.279
	0.787
	0.793
	0.790
	0.060
	0.059
	0.060
	0.165

	110
	1.786
	1.789
	1.788
	1.633
	1.624
	1.629
	1.515
	1.515
	1.515
	1.291
	1.264
	1.278
	0.783
	0.791
	0.787
	0.046
	0.047
	0.047
	0.126

	120
	1.782
	1.788
	1.785
	1.630
	1.623
	1.627
	1.514
	1.514
	1.514
	1.291
	1.265
	1.278
	0.783
	0.789
	0.786
	0.041
	0.043
	0.042
	0.100



	Time
	 T1 Ave 
	T2 Ave
	T3 Ave
	T4 Ave
	T5 Ave
	T6 Ave
	T7 Ave

	0
	1.787
	1.687
	1.638
	1.609
	1.581
	1.579
	1.618

	10
	1.789
	1.645
	1.547
	1.406
	1.291
	1.285
	1.372

	20
	1.783
	1.633
	1.529
	1.332
	1.103
	1.082
	1.2

	30
	1.785
	1.634
	1.526
	1.308
	0.954
	0.877
	1.017

	40
	1.787
	1.629
	1.523
	1.297
	0.868
	0.669
	0.855

	50
	1.786
	1.629
	1.522
	1.291
	0.828
	0.501
	0.705

	60
	1.784
	1.629
	1.519
	1.286
	0.813
	0.353
	0.571

	70
	1.785
	1.628
	1.518
	1.282
	0.804
	0.231
	0.448

	80
	1.785
	1.627
	1.515
	1.281
	0.799
	0.141
	0.34

	90
	1.783
	1.627
	1.516
	1.28
	0.794
	0.087
	0.254

	100
	1.782
	1.626
	1.515
	1.279
	0.79
	0.06
	0.19

	110
	1.788
	1.629
	1.515
	1.278
	0.787
	0.047
	0.145

	120
	1.785
	1.627
	1.514
	1.278
	0.786
	0.042
	0.115



\

Experiment 2 (inhibitor)
	Time
	Ti1A
	Ti1B
	Ave
	Ti2A
	Ti2B
	Ave
	Ti3A
	Ti3B
	Ave
	Ti4A
	Ti4B
	Ave
	Ti5A
	Ti5B
	Ave
	Ti6A
	Ti6B
	Ave
	Ti7A

	0
	1.748
	1.709
	1.729
	1.727
	1.719
	1.723
	1.715
	1.712
	1.714
	1.725
	1.69
	1.708
	1.7
	1.706
	1.703
	1.706
	1.719
	1.713
	1.681

	10
	1.745
	1.707
	1.726
	1.681
	1.672
	1.677
	1.647
	1.638
	1.643
	1.637
	1.604
	1.621
	1.597
	1.616
	1.607
	1.604
	1.622
	1.613
	1.589

	20
	1.748
	1.707
	1.728
	1.662
	1.649
	1.656
	1.603
	1.595
	1.599
	1.576
	1.552
	1.564
	1.53
	1.548
	1.539
	1.539
	1.555
	1.547
	1.517

	30
	1.745
	1.703
	1.724
	1.65
	1.639
	1.645
	1.567
	1.561
	1.564
	1.521
	1.495
	1.508
	1.456
	1.476
	1.466
	1.459
	1.487
	1.473
	1.448

	40
	1.742
	1.705
	1.724
	1.643
	1.636
	1.640
	1.55
	1.542
	1.546
	1.466
	1.438
	1.452
	1.385
	1.41
	1.398
	1.38
	1.412
	1.396
	1.383

	50
	1.743
	1.705
	1.724
	1.643
	1.631
	1.637
	1.537
	1.532
	1.535
	1.414
	1.391
	1.403
	1.314
	1.349
	1.332
	1.299
	1.335
	1.317
	1.308

	60
	1.751
	1.706
	1.729
	1.64
	1.634
	1.637
	1.529
	1.525
	1.527
	1.375
	1.351
	1.363
	1.241
	1.273
	1.257
	1.213
	1.256
	1.235
	1.232

	70
	1.742
	1.707
	1.725
	1.636
	1.632
	1.634
	1.523
	1.524
	1.524
	1.348
	1.318
	1.333
	1.17
	1.204
	1.187
	1.128
	1.178
	1.153
	1.154

	80
	1.746
	1.706
	1.726
	1.634
	1.629
	1.632
	1.527
	1.52
	1.524
	1.334
	1.299
	1.317
	1.101
	1.134
	1.118
	1.042
	1.099
	1.071
	1.074

	90
	1.747
	1.705
	1.726
	1.637
	1.631
	1.634
	1.522
	1.519
	1.521
	1.327
	1.294
	1.311
	1.032
	1.07
	1.051
	0.962
	1.022
	0.992
	0.996

	100
	1.739
	1.703
	1.721
	1.633
	1.627
	1.630
	1.523
	1.519
	1.521
	1.322
	1.288
	1.305
	0.973
	1.01
	0.992
	0.888
	0.945
	0.917
	0.915

	110
	1.747
	1.704
	1.726
	1.638
	1.623
	1.631
	1.522
	1.519
	1.521
	1.319
	1.286
	1.303
	0.918
	0.955
	0.937
	0.82
	0.876
	0.848
	0.846

	120
	1.74
	1.709
	1.725
	1.636
	1.625
	1.631
	1.523
	1.516
	1.520
	1.316
	1.283
	1.300
	0.873
	0.911
	0.892
	0.755
	0.811
	0.783
	0.78




	Time
	T1 Ave
	T2 Ave
	T3 Ave
	T4 Ave
	T5 Ave
	T6 Ave
	T7 Ave

	0
	1.729
	1.723
	1.714
	1.708
	1.703
	1.713
	1.693

	10
	1.726
	1.677
	1.643
	1.621
	1.607
	1.613
	1.601

	20
	1.728
	1.656
	1.599
	1.564
	1.539
	1.547
	1.533

	30
	1.724
	1.645
	1.564
	1.508
	1.466
	1.473
	1.459

	40
	1.724
	1.64
	1.546
	1.452
	1.398
	1.396
	1.391

	50
	1.724
	1.637
	1.535
	1.403
	1.332
	1.317
	1.316

	60
	1.729
	1.637
	1.527
	1.363
	1.257
	1.235
	1.24

	70
	1.725
	1.634
	1.524
	1.333
	1.187
	1.153
	1.167

	80
	1.726
	1.632
	1.524
	1.317
	1.118
	1.071
	1.093

	90
	1.726
	1.634
	1.521
	1.311
	1.051
	0.992
	1.015

	100
	1.721
	1.63
	1.521
	1.305
	0.992
	0.917
	0.936

	110
	1.726
	1.631
	1.521
	1.303
	0.937
	0.848
	0.865

	120
	1.725
	1.631
	1.52
	1.3
	0.892
	0.783
	0.797






Discussions

The experiment enabled the determination of the enzymatic activity of LDH using a spectrophotometer. This activity was observed over a range of substrate concentrations. It was noted that the absorbance of the tube contents was decreasing over time, indicating that the NADH was being used up. An explanation for the NADH depletion is the presence of an enzymatic reaction under the influence of LDH. In this reaction, LDH catalyzes the conversion of pyruvate to lactate, whereas NADH is the cofactor that sources the hydride and, in turn, is converted to NAD+ (Farhana, 2020). Therefore, the absorbance will decrease because of the changing concentration of NADH, which is present in the mixture to absorb the light.
Comparing the graphs for experiment one and experiment two, there was a notable difference in the inclination of the lines. As observed, the inclination increased when the experiment was conducted in the presence of substrate only compared to when an inhibitor was added to the reaction. In the presence of the substrate only, the higher the concentration of sodium pyruvate, the faster the rate of the enzymatic reaction leading to a shift of equilibrium to the right. As a rule of thumb, when the substrate concentration is high, the reaction rate will increase because this provides more sites for the enzymes to bind (Kumar, 2018). It can be deduced that the activity of LDH is proportional to substrate concentration.
In the presence of an inhibitor, however, the inclination of the graphs decreased. Enzyme inhibitors reduce the rate of the reaction by different mechanisms. Competitive inhibitors of LDH will compete with pyruvate for the enzyme's active site, leading to fewer sites for binding the substrate (Chovanová, 2020). As a result, the rate of product formation is slowed, and the equilibrium may shift to the left. Non-competitive inhibitors, on the other hand, will bind to sites other than the active site and cause a conformational change to the enzyme to interfere with the binding of the substrate on the active site. Therefore, it can be concluded that the activity of LDH is indirectly proportional to the inhibitors.
Conclusion
From the experiment, it can be concluded that the rate of enzymatic activity of LDH is directly proportional to the concentration of the substrate and indirectly proportional to the presence of an inhibitor. The higher the concentration of pyruvate, the higher the reaction rate, leading to a faster decrease in NADH concentration to absorb light. In the presence of inhibitors, the reaction rate decreases, and the concentration of NADH changes slowly hence the slight effect on light absorbance. 























Endnotes
Farhana, A. and Lappin, S.L., 2020. Biochemistry, lactate dehydrogenase.
Feng, Y., Xiong, Y., Qiao, T., Li, X., Jia, L. and Han, Y., 2018. Lactate dehydrogenase A: A key player in carcinogenesis and potential target in cancer therapy. Cancer medicine, 7(12), pp.6124-6136.
Freyer, D. and Harms, C., 2017. Kinetic lactate dehydrogenase assay for detection of cell damage in primary neuronal cell cultures. Bio-protocol, 7(11), pp.e2308-e2308.
Klein, R., Nagy, O., Tóthová, C. and Chovanová, F., 2020. Clinical and diagnostic significance of lactate dehydrogenase and its isoenzymes in animals. Veterinary Medicine International, 2020.
Kumar, P., Nagarajan, A. and Uchil, P.D., 2018. Analysis of cell viability by the lactate dehydrogenase assay. Cold Spring Harbor Protocols, 2018(6), pp.pdb-prot095497.

Absorbance vs time (S) 

 T1 Ave 	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.787	1.789	1.783	1.785	1.787	1.786	1.784	1.785	1.785	1.783	1.782	1.788	1.785	T2 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.687	1.645	1.633	1.634	1.629	1.629	1.629	1.628	1.627	1.627	1.626	1.629	1.627	T3 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.638	1.547	1.529	1.526	1.523	1.522	1.519	1.518	1.515	1.516	1.515	1.515	1.514	T4 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.609	1.406	1.332	1.308	1.297	1.291	1.286	1.282	1.281	1.28	1.279	1.278	1.278	T5 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.581	1.291	1.103	0.954	0.868	0.828	0.813	0.804	0.799	0.794	0.79	0.787	0.786	T6 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.579	1.285	1.082	0.877	0.669	0.501	0.353	0.231	0.141	0.087	0.06	0.047	0.042	T7 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.618	1.372	1.2	1.017	0.855	0.705	0.571	0.448	0.34	0.254	0.19	0.145	0.115	Time (SECONDS)
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absorbance vs time (S)

T1 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.729	1.726	1.728	1.724	1.724	1.724	1.729	1.725	1.726	1.726	1.721	1.726	1.725	T2 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.723	1.677	1.656	1.645	1.64	1.637	1.637	1.634	1.632	1.634	1.63	1.631	1.631	T3 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.714	1.643	1.599	1.564	1.546	1.535	1.527	1.524	1.524	1.521	1.521	1.521	1.52	T4 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.708	1.621	1.564	1.508	1.452	1.403	1.363	1.333	1.317	1.311	1.305	1.303	1.3	T5 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.703	1.607	1.539	1.466	1.398	1.332	1.257	1.187	1.118	1.051	0.992	0.937	0.892	T6 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.713	1.613	1.547	1.473	1.396	1.317	1.235	1.153	1.071	0.992	0.917	0.848	0.783	T7 Ave	0.0	10.0	20.0	30.0	40.0	50.0	60.0	70.0	80.0	90.0	100.0	110.0	120.0	1.693	1.601	1.533	1.459	1.391	1.316	1.24	1.167	1.093	1.015	0.936	0.865	0.797	time (SECONDS)
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