
















































































































































































































































































































































































Chapter 4: CYP125 P450 gene mapping and gene-cluster analysis in the genus Mycobacterium

MycrhN 0937

2-polyprenyl-6-methoxyphenol — MycrhN_0943 acetyl-CoA acetyltransferase —
hydroxylase-like oxidoreductase
Mycobacterium chubuense NBB4
cyp125; cytochrome | Mycch 4146 N/A N/A N/A N/A N/A
p450 Hycch_4143
Mycch_4145 pseudogene — Mycch_4147 tRNA-Leu; K14228 tRNA Leu — jcch_4142 Hycch_415
) Hycch_4145
Mycch_4144 hypothetical protein — Mycch 4148 pseudogene — /A4S <_|t
-4141 |Mycch_4146 Hycch_4
_ Hycch_4144 Hycch_41!
Mycch 4145 -polyprenyl-6-methoxyphenol hydroxylase- — Mycch 4149 hypothetical protein — Hycch_4147 Hy
like oxidoreductase I‘Igccl: 4148
Hycch_4149
Mycobacterium chubuense NBB4
cyp125;cytochrome Mycch 4512 N/A N/A N/A N/A N/A
p450
Hycch, 4512
Mycch 4511 K01945 phosphoribosylamine--glycine — Mycch 4513 transcriptional regulator — chch 4510 "gcch 413
ligase - -
Mycch 4510 hypothetical protein — Mycch 4514 hypothetical protein —
Mycch_4509 hypothetical protein — Mycch 4515 gamma-carboxymuconolactone —
decarboxylase subunit like
orotein, RO1607 Mycch.4509  Mycch.4514 Myc
Mycch.4511  Mycch.4515
Mycobacterium abscessus ATCC 19977
cyp125;cytochrome MAB _1211c N/A N/A N/A N/A N/A
p450
MAB 1210 Putative short chain — MAB 1212¢ hypothetical protein —
dehydrogenase/reductase
MAB_1209 Probable short-chain Z-isoprenyl — MAB_1213c Putative ferredoxin —

diphosphate synthetase
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MAB_1208 Conserved hypothetical protein — MAB_1214c Probable cytochrome P450; —
K05917 sterol 14-demethylase
Mycobacterium abscessus103
;i;;(l)ZS;cytochrome LA61 06055 N/A N/A N/A N/A N/A 5 LAG1_06645
LA61 06050 short-chain dehydrogenase — LA61 06060 hypothetical protein — 4
LA61_06045 farnesyl-diphosphate synthase; K12503 — LA61_06065 ferredoxin —
short-chain Z-isoprenyl diphosphate LAG1_06848 LAG1_B6060
synthase - -
LAG61,06658  LAG1_@
. . LA61_06655  LAG!
LA61 06040 membrane protein; K11068 hemolysin II1 — LA61 06070 cytochrome P450; K05917 — : LAGL_06065
sterol 14-demethylase Lﬂﬁf 86070
Mycobacterium abscessus subsp. bolletii MA 1948
125; h LA62 061 N/A N/A A A A
;ig() 5; cytochrome 62 06150 / / N/. N/ N/ LAG2_06140 L
LA62 06145 short-chain dehydrogenase — LA62 06155 hypothetical protein —
LA62 061140 famesyl—@lpho_sphate synt_hase; K12503 — LA62 06160 ferredoxin — LAG2_06135 LAG2_06155 LAG!
short-chain Z-isoprenyl diphosphate
synthase LA62,06145  LAG2.06170
LA62 061135 membrane protein; K11068 hemolysin II1 — LA62 06165 cytochrome P450; K05917 — LA62_06150 LA62_06!
sterol 14-demethylase = -
LA62_06166
LA62.66165
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Chapter 5

Conclusions and future perspectives

Cytochrome P450 monooxygenases (P450s/CYPs) are heme-thiolate proteins that are distributed
in species belong to different biological kingdoms. Since their identification, study on prokaryote
P450s especially genome wide annotation and evolutionary analysis has not been carried out.
This study address these two research gaps per se performing genome wide identification,
annotation and phylogenetic analysis of CYP125A1 P450, essential P450 needed for
Mycobacterium tuberculosis survival. Furthermore, also, genome mapping and gene-cluster

analysis of CYP125A1 is completed as part of this study.

Study results will pave the way to select one of CYP125 gene-clusters promoter and its
binding elements so that in future one can use them as novel drug target. If we can inhibit
CYPI125 expression means we can successfully kill the bacteria and the drugs developed based
on promoter and its binding elements may have no cross reaction with human P450s considering

eukaryote promoter and binding elements different compared to prokaryotes.

114 |Page

© Central University of Technology, Free State



Central University of
R N Technology, Free Siate
cocarvirvuputs

Research articles

www.nature.comlscientiﬁcreports

SCIE

OPEN

Received: 23 May 2016
Accepted: 19 August 2016

Published: 12 September 2016 : . .
vblishe eptember : Mohammad Parvez?, Lehlohonolo Benedict Ohanya‘, Ntsane Trevor Mthakathu‘,

Research outputs

NTIFIC REPg}RTS

Molecular evolutionary dynamics of
cytochrome P450 monooxygenases
across kingdoms: Special focus on
mycobacterial P450s

i Ipeleng Kopano Rosinah Kgosiemang?, Hans Denis Bamal’, Nataraj Sekhar Pagadala?,

¢ Ting Xie?, HaoranYang*, Hengye Chen*, Chrispian William TheronS, Richie Monyaki?,

: Seiso Caiphus Rasel nel, Vuyani Salewe?, Bogadi Lorato Mongale?,

Retshedisitswe Godfrey Matowane?!, Sara Mohamed Hasaan Abdalla®, Wool Isaac Booi?,

' Marivan Wyk?*, Dedré Olivier?, Charlotte E. Boucher®, David R. Nelson®, Jack A. Tuszynski’,
Jonathan Michael Blackburn®, Jae-Hyuk Yu?, Samson Sitheni Mashele?, Wanping Chen* &

i Khajamohiddin Syed*

www.nature.comlscientificreports

SCIENTIFIC REPQRTS

OPEN

Received: 19 March 2015
Accepted: 27 May 2015
Published: o1 July 2015

Diversity and evolution of
cytochrome P450 monooxygenases
in Oomycetes

Mopeli Marshal Sello*, Norventia Jafta*, David R Nelson?, Wanping Chen?3, Jae-

Hyuk Yu*, Mohammad Parvez?, Ipeleng Kopano Rosinah Kgosiemang?, Richie Monyaki*,
Seiso Caiphus Raselemane?, Lehlohonolo Benedict Qhanya*, Ntsane Trevor Mthakathi®,
Samson Sitheni Mashele* & Khajamohiddin Syed*

© Central University of Technology, Free State

115|Page



Central University of
Technology, Free State
Rescarlir’vicputs

Conference Attendance

13" International Symposium on
Cytochrome P450 Blodlversn:y and
Biotechnology

22-26 July, 2016
Vancouver, B.C., Canada

Program and
Abstracts

P 79-S2
Genome mapping of essential P450 CYP125 in mycobacteria

Monyaki, Richie; Mashele, Samson Sitheni; Syed, Khajamohiddin

Unit for Drug Discovery Research, Department of Health Sciences, Faculty of Health and
Environmental Sciences, Central University of Technology, Bloemfontein 9301, South Africa.
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Tuberculosis (TB) is a leading cause of death worldwide caused by Mycobacterium
tuberculosis. Genome-wide screening for genes essential for the survival of M. tuberculosis has
revealed that CYP125A1 is critical for M. tuberculosis survival. CYP125A1 play key role in
oxidation of cholesterol and help M. tuberculosis to utilize cholesterol as carbon source during
its inhabitant in host organism. Structural analysis of CYP125A has been elucidated. In this
study, genome-mapping of CYP125A1 has been carried out to assess its conservation across
sixty mycobacterial species belong to six different categories includes, M. tuberculosis complex
(MTBC) (27 species); M. chelonae-abscessus complex (MCAC) (6 species); M. avium complex
(MAC) (8 species); Mycobacteria causing Leprosy (MCL) (2 species); Nontuberculous
mycobacteria (NTM) (6 species) and Saprophytes (SAP) (11 species). Analysis of genome-
mapping revealed conservation of CYP125A1 as per the categories suggesting after speciation
CYPI125A1 has been conserved both at gene- and protein-level. Furthermore, study also
revealed presence of three different ortholog CYP125 P450s that originated before speciation.
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Structural analysis of essential P450 CYP125 in ecologically diverse mycobacterial
species

R. Monyaki, 5.5. Mashele and K. Syed
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Environmental Sciences, Central University of Technology, Bloemfontein 9300, Free State,
South Africa

Tuberculosis (TB) is a leading cause of death worldwide. Genome-wide screening for genes
essential for the survival of Mycobacterium tuberculosis (Mtb), has revealed that CYP125A1
is critical for Mib survival. In the previous study we performed comparative structural
analysis of CYP125 from mycobacterial strains living in diverse environments [0 assess if
this P450 can serve as a common drug target against all mycobacterial strains. 3D models of
three CYP125A P450s from M. avium, M. marinumand M. vanbaalenii were generated using
CYP125A of Mrb H37Rv as a template. 3D models of CYP125A showed all the
characteristic P450 helices and sheets and overall they had a similar structure. 3D models
were validated using different software programs and validation programs favoured the
deduced 3D models, suggesting the models are in good quality. Numerous amino acids were
found to be in contact with heme and these residues pretty much conserved across the
CYP125A P450s analysed in this study. A large number of amino acid residues were found to
be part of the active site in CYP125A P450s. Secondary structure alignment of CYP125A
P450s and mapping of the residues suggested that the residues lining the active site are highly
conserved. It was determined that CYP125A1 is conserved across different mycobacterial
species and can serve as a universal drug target.
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