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Supplementary Methods
Cryo-EM grid preparation

The purified Mtb cyt-bcc:aasz was concentrated to 9 mg/ml with a 100 kDa centricon
(Millipore; Burlington, WA, USA). 4 pl of sample were applied to a holey carbon grid
(Quantifoil® 300 mesh R1.2/1.3 holey carbon grid; Quantifoil Micro Tools GmbH, Germany)
that was glow-discharged in air for 1 min. Grids were blotted twice with the FEI Vitrobot
(ThermoFisher Scientific; Waltham, MA, USA) for 3.5 s at 4 °C and 100% humidity before

plunge-freezing in liquid ethane.

Data collection

Cryo-EM images of the Mtb cyt-bcc:aas were recorded with a FEI Titan 300 kV TEM
electron microscope (ThermoFisher Scientific; Waltham, MA, USA) equipped with a Gatan
K2 direct electron detector (Gatan; Pleasanton, CA, USA). Data collection was performed
automatically with the in-built EPU software. 4,635 super-resolution movies with 40 exposure
frames were recorded at a magnification of 130,000 x, yielding a pixel size of 0.53 A/pixel.

The camera exposure rate and total exposure were 6.6 e- per pixel per second and 40 e- per A2,

Image analysis

Image analysis for the Mth cyt-bcc:aasz was performed with CryoSPARC and RELION
v3.1.1 2 MotionCor2 was used to correct local beam-induced motion and alignment of frames
with a 5 x 5 patches. 3Defocus and astigmatism were estimated with CTFFIND4.* An
automated particle picking was performed which resulted in 206,495 particles. The particles
were binned by a factor of two and subjected to multiple rounds of 2D- and 3D classifications,
producing a final dataset of 73,909 particles. Next, particles were re-extracted at full resolution

and subjected to 3D non-uniform refinement. The final map was post-processed with a soft-
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edge mask, yielding a resolution of 4.63 A. The map was then transferred to RELION v3.1 to
utilize the Bayesian polishing function to improve the resolution further. This resulted in a final

map with a resolution of 4.52 A which was then used for model building.

Model building and refinement

The cryo-EM structure of the hybrid Mtb cyt-bcc and M. smegmatis cyt-aas (PDB 7E1V)®
was rigidly fitted into the density maps using UCSF ChimeraX.® Model of M.tb cyt-bcc:aa3
was built from the EM maps with Coot and Phenix.” 8 Manual adjustments and refinements
were performed using Coot and further real-space refinements were performed in Phenix.” 8
Multiple cycles of refinements were performed to optimize the models. The quality of the final
models was evaluated with MolProbity. ° Visualizations, generation of figures and/or movies
were performed with UCSF ChimeraX, UCSF Chimera, and open-sourced PyMOL v2.4

(Schrodinger 2017; New York, USA).>1011

Homology modelling

The Mycobacterium tuberculosis (Mtb) QcrC model was generated using homology
modelling online tool - SWISS-MODEL server. The 3D model of the Mtb QcrC was generated
using the M. smegmatis cryo-EM structure (PDB ID: 6HWH, resolved at 3.4 A) as a template.
The heme groups were modelled in to the Mth QcrC complex based on the M. smegmatis

structure. The quality of the homology model was evaluated using procheck algorithm. %13

Protein Preparation
The Mtb QcrA/C subunit assembly model was prepared by fixing the bond orders of
the cofactors—porphyrin rings, heme atoms and the ligated histidine residues. The substrate

(MQ?9) and other heteroatoms other than Co-factors of QcrA/C molecules were removed during
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the refine step of protein preparation. The refined protein was energy minimized until the heavy
atoms converged to 0.3 A r.m.s.d. using OPLS force field in protein preparation wizard and

Macromodel modules in Schrédinger suite of programs. 141°

Ligand preparation
Enamine discovery collection of more than two million molecules was employed for virtual
screening studies. Using default settings with ligand preparation and energy minimization

tools, the 2D library was converted into 3D and energy minimized.

Grid preparation and docking

The mycobacterial specific a3-helix was used to define the site point for grid generation using
default settings in glide. The Enamine 3D library was run through high-throughput virtual
screening (HTVS) mode, the standard precision (SP) mode, and extra precision (XP) mode
using default settings. The hits thus characterized were also further assessed for their fitness by
docking into the experimentally determined Mtb QcrAC subunits of cyt-bcc cryo-EM structure

from this study. All molecular modelling simulations were performed on a Linux workstation.

DMNQH: reaction Kinetics assay
2,3-Dimethyl-1,4-naphthoguinone (DMNHQ) was purchased from Enamine, USA. 20 mM
of DMNQ was prepared in 1 ml ethanol containing 6 mM HCI. The DMNQ solution was
reduced with a few grains of sodium borohydride (NaBH4) in an ice bath. 10 ul of 12 N HCI
was used to quench the reaction. This reaction resulted in the formation of DMNQH:.
Purified Mtb cyt-bcc:aas was resuspended in 500 pl reaction buffer (20 mM MOPS, pH 7.4,
100 mM NaCl, 0.01% DDM) to a final concentration of 65 nM. DMNQH: was serially diluted

from a starting concentration of 200 uM and used to initiate respiration respectively. This
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initiated respiration within the supercomplex, was monitored by a Clark-type oxygen electrode
(Oxytherm®, Hansatech, Pentney, United Kingdom). The oxygen consumption curve was

plotted using GraphPad Prime 8.0 software.

cytMyccl inhibitor Kinetics assay

2,3-Dimethyl-1,4-naphthoquinone and cytMyccl were purchased from Enamine, USA. 20
mM of DMNQ was prepared in 1 ml ethanol containing 6 mM HCI. The DMNQ solution was
reduced with a few grains of sodium borohydride (NaBH4) in an ice bath. 10 ul of 12 N HCI
was used to quench the reaction. This reaction resulted in the formation of DMNQH..

Purified Mtb cyt-bcc:aas was resuspended in 500 pl reaction buffer (20 mM MOPS, pH 7.4,
100 mM NacCl, 0.01% DDM) to a final concentration of 65 nM. cytMyccl was serially diluted
from a starting concentration of 250 uM and incubated with the resuspended supercomplex
respectively at 4 °C for 1 hour. 5 pl of DMNQH2 was added to the mixture to yield a final
concentration of 100 uM. This initiated respiration within the supercomplex, was monitored
by a Clark-type oxygen electrode (Oxytherm®*, Hansatech). The oxygen consumption curve

was plotted using GraphPad Prime 8.0 software.*®
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Supplementary Figure S1. Local resolution estimation of Mtb sodC. The
dark red regions indicate a 7.5 A resolution while the dark blue region
denotes a 4 A resolution. sodC was shown to have a high resolution of 7.5 A.



Supplementary Figure S2. Cryo-EM map and model fit analysis of
individual subunit backbone and side chain residues of the Mtb cyt-bcc:aa,
structure.
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Supplementary Figure S2A. Structures of the resolved Mtb cyt-bcc subunits. The cyt-bcc complex consists of subunits QcrC (A), QcrA (B) and QcrB (C).
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Supplementary Figure S2B. Derived structures of the Mtb cyt-aa; subunits CtaC (A), CtaD (B) and CtaE (C).
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Supplementary Figure S2C. Structures of the Mtb cyt-aa; assembly subunits CtaF (A), Ctal (B) and CtaJ C).
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Supplementary Figure 3. Cryo-EM map and model fit analysis of reaction centers in resolved Mth cyt-bcc:aa, structure.
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Supplementary Figure 4. Proposed oxygen diffusion pathway in the Mtb cyt-bcc:aa,. The diffusion of oxygen to heme a; has a Y-
shaped channel, including two entry points. The first entrance is flanked by A223 and L219 (blue) and the second one is flanked by
F543 and L554 (purple). The two channels converge at F275 to continue to 1270 via the red channel and finally reach heme a,.
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Supplementary Figure 5. A virtual screening campaign to identify novel chemical entities.
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Supplementary Figure 6. Activity of cytMyccl whole cell assays (A) Effect of cytMyccl (blue circles) on the intracellular ATP levels in M. bovis BCG wildtype (WT) strain. The
bacteria were treated with a dose-range of cytMyccl and bedaquiline (BDQ); black circles) for 15 hours before quantification of intracellular ATP levels. All experiments were
performed in triplicate and repeated at least once. The data are expressed as the mean + SDs of triplicates for each condition. (B) Growth inhibitory activity of cytMyccl (blue
circles) against WT M. bovis BCG. The bacteria were treated with a dose-range of cytMyccl and BDQ (black circles) for 5 days before growth inhibitory potency of the compounds
were recorded. All experiments were performed in triplicate and repeated at least once. The data are expressed as the mean + SDs of triplicates for each condition. (C) Growth
inhibitory activity of cytMyccl (blue circles) against WT M. smegmatis. The bacteria were treated with a dose-range of cytMyccl and BDQ (black circles) for 48 hours before
growth inhibitory potency of the compounds were recorded. All experiments were performed in triplicates and repeated at least once. The data are expressed as the mean + SDs of

triplicates for each condition.
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Supplementary Figure 7. Reaction kinetics of cytMyccl against Mth cyt-bcc:aa, in an oxygen consumption assay. The recombinant protein was
incubated with a dose-range of cytMyccl (black circles) for 1 hour before determining the effect on oxygen reduction in the presence of 100 uM of
2,3-dimethyl[1,4]naphthohydroquinone. A dose-response relationship was observed with 250 uM of cytMyccl causing 4-fold reduction in rate of
oxygen consumption after subtracting background activity.
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Supplementary Figure 8. Activity of cytMyccl in E. coli wildtype inverted membrane vesicles (IMVs). The IMVs were treated with a dose-range of
cytMyccl (blue circles) and potassium cyanide (KCN; red squares) for 50 min before quantification of ATP levels. All experiments were performed in
triplicate.
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