Molecular underpinnings of resistance to the new drugs e
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Molecular diagnostics

All use M. tuberculosis genome sequence to identify drug resistance mutations

These are associated with phenotypic resistance

Rapid molecular tests
- Xpert MTB/RIF
- Line probe assays

Targeted (next generation) sequencing

Whole genome sequencing
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Next Generation Sequencing
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Sample: Sputum / culture Sample: Culture
Cost: Most cost-effective

Depth: >500X Depth: >30X

Target DNA

Hybridisation
leads to
fluorescence

Cost: Most expensive




Resistance mechanisms to key drugs pre-2010 e

RIFAMPICIN
* Blocks RNA polymerase - rpoB gene

e Essential

a poB codons 426-504

— I

Rifampicin resistance determining region :TC

MTB' codon position 6 447 448 449 450 451 452 453 454 455
Sequence 5-TTCTTC GGCACCAGC CAGCTGAGCCAA TTCATGGAC CAGAACAAC CCGCTG TCG GGG TTGACC CAC AAG CGC CGA CTG TCGGCG CTGGGG CCC GGC GGT CTG-3
Amino acid G T § aL 5 @ F MDD QNNWPIL S5 GLTHZKTZ RIRBRILS AL
mol  3'-gctgG CaG TGGTCGGTC GACTCGGTT Aaa TAC CoG ccage-5'
Uhtra prob Tpo2 3-ccgege ARG TAC CTGGTC TTG TTGGGC GAC AGC aCC ARgegcgg-5'
rpa3 -gegeegC AGCCCCAat TGGETGTT GACAGC CGgege-5'
rpod 3-gcgege TTCagG GCT GACAaC CaCGRCCCCGEGCCGCgege-5'

Most mutations in 81 base pair region

Image: Nimmo FCIM 2022
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FLUOROQUINOLONES
» Block DNA gyrase - gyrA and gyrB genes

e Essential

gyrA - 18 base pairs
gyrB - 123 base pairs

*Xpert MTB/XDR covers 52 base pairs



Resistance mechanisms to newer drugs e
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BEDAQUILINE NITRIMADAZOLES (DELAMANID/PRETOMANID)
Effluxed by MmpL5 pump, controlled by » Generates reactive oxygen intermediates
mmpR5 regulator and acts against mycolic acid synthesis
Non-essential, no/minimal fitness cost » Activated by Ddn nitroreductase
S s ol * Involves Fgd1 co-enzyme
fm A A 0 0 0 * Requires F420 - synthesised by FbiA/B/C/D
e ° °
S 8 | * ddn, fgd1, fbiA/B/C/D all non-essential
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Red lines indicate resistance mutations -> mutations over 7000 base pairs

Mutations throughout 498 base pair gene

Image: Ismail Lancet Microbe 2021



