Kinetic studies on the catalytic mechanism of F,,,-dependent glucose-6-phosphate
dehydrogenase

Alaa Aziz, Ravi Ramkissoon, Dr. Lindsay Davis, Dr. Ghader Bashiri®?, Dr. Edward N. Baker?, and Professor Kayunta Johnson-Winters
University of Texas at Arlington, Department of Chemistry and Biochemistry, Arlington, TX-76019
bSchool of Biological Sciences, University of Auckland, Auckland 1010, New Zealand

Abstract Updated Mechanism PH Dependence Studies

F,,o- dependent glucose-6-phosphate dehydrogenase (FGD) is an important enzyme found in Mycobacteria tuberculosis, the causative agent F 4200x G6P 0.4 " - i wtFGD?2 log K., VS pH log k./K,,, VS. pH
of tuberculosis disease. FGD catalyzes the conversion of glucose-6-phosphate (G6P) to 6-phosphogluconolactone, using F,,, cofactor as a \ = 00 wtFGD 7 -1.
hydride transfer acceptor. Understanding the FGD mechanism is vital to the design of new drugs for the treatment of multiple drug resistant and \ = FGD.E4:nO - = =10 FGD
. S . . - . = : X = FGD.F4,00x.G6P = 04 Eoa . pK pK pK pK
extreme drug resistant forms of tuberculosis disease. To this end, we have created a series of active site variants (H40A, H40Q, H260A , FGD = 420 - ( 420 & -fa o Variants : ’ ' ’
H260N, Glul3A, Glul3Q and Glul09A) and obtained the substrate binding affinities, determined the pre steady-state and steady state kinetic E, 0.8 7 ;” s awtFGD | 6.520.3 | 8.0x0.5 | 7.00£0.03 | 7.00 £0.03
: e : ) ) : - : & 45 2 28
parameters and studied the ordgr of sgbstratg addition along Wlth the pH ra’;e proflle§ for thGp and FGD variants. The plndlng studies F 4000x G6P = H260A 69+03 | 71+03 | 650 +0.08 | 7.50 + 0.08
suggest that these conserved amino acids are involved F,,, binding but are not involved in G6P binding. The steady-state experiments suggest :B -1.6 - 3.2 8 . : . .
that the studied residues are important in catalysis due to decreased catalytic activity. Based upon the inhibition studies we have determined F420red /\ <H H\ o Glu S - W - ? E13A 55+0.3 | 8.6+0.3 | 6.60+0.02 | 7.50 +0.02
that FGD follows a sequential mechanism in which F,,, binds first followed by G6P. The pH profiles along with the PROPKA calculations / N 109 Y 21 0.0 pH
suggest that Glu13 and His40 function as a catalytic dyad, with His40 donating a proton to Glul3. His40 can then act as an active site base, 6-Phosphogluconolactons HO 03 0 _ 14 H260A — H260A Curve fit equation (WtFGD)
abstracting a proton from G6P facilitating the reduction of the F,,, cofactor. The global analysis of the pre steady-state kinetic data suggest that N o) b 161 lE” -0.5 -
hydride transfer is not rate-limiting in catalysis, and that the mechanism follows a fast chemistry and slow product release with observable 5 ,H\ / % H/ =} :;'3 : = _ N
intermediates. HO A ! 0 S 5o X 104 log Y =log {Y, / (1+[H+] / K;) + K, /[[H*])}
— D 54 x
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Tuberculosis disease (TB) is considered one of the top 10 causes of deaths worldwide. According to the World Health Organization, a total F4200x pH ° ° FL ° ° K1 and K2 IS acid dissociation constants
of 1.6 million individuals die from TB between 2018-22 [WHO, 2022]. Mycobacterium tuberculosis is the causative agent of TB. Over time, _ 0.6 | : : :
patients can develop multiple-drug resistant (MDR) and extreme drug resistant (XDR) forms of TB disease, making it extremely difficult to H OH = 81 E13A T -0.8 E13A for the qscendlng and descendmg imbs
treat. FGD, present in this bacterium is targeted to develop therapeutics against these difficult cases. For example, Nitroimidazopyran N\R \ 0 42” . = 1.0 respectlvely
exhibits bactericidal activity against M. tuberculosis. This molecule is activated by a mechanism dependent on the reduced F,,, cofactor, FGD.E.nrRed o N\( % a8 ¢ g j'i: [H+] IS the pl’OtOﬂ concentration at each
which is produced during FGD catalysis. Therefore, our understanding of the FGD structure, mechanism, and role in the bacteria have great - T 420 25A o 19 < a6l pH
medical relevance and will add knowledge to the field of this lesser known cofactor. H o N, = 20 S -1.8
, = ~ -2.0 {
2.1 = . . . ' . : . . .
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o Yo “PQ residues are involved in catalysis
)\ H H O/ (o) aOyugi, M. A.; Bashiri, G.; Baker, E. N.; Johnson-Winters, K., Investigating the reaction mechanism of F,,,-dependent glucose-6-phosphate dehydrogenase from Mycobacterium tuberculosis: kinetic analysis of the wild-type and d I d d d d d
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