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Introduction

Oxidative phosphorylation has been an important target for the development of ant-tuberculosis drugs, since M. tuberculosis relies upon oxidative phosphorylation for its viability, unlike many bacteria that use substrate-level phosphorylation for ATP synthesis and growth. During oxidative phosphorylation, electrons are produced from central metabolic pathways, and then injected into the electron transport chain (ETC) through reduction of menaquinone. The quinones are later reoxidized. The transport of electrons between membrane-bound primary dehydrogenase and terminal reductase is coupled to the generation of the proton motive force (PMF). The energy generated as PMF from this process is utilized by ATP synthase in the production of ATP. [START_REF] Ik Iqbal | Bioenergetics of Mycobacterium: An Emerging Landscape for Drug Discovery[END_REF][START_REF] Cook | Drug Discovery & Development: State-of-the-Art and Future Directions" on the topic of "Targets": OXPHOS as a target space for tuberculosis: success, caution, and future directions[END_REF][START_REF] Ej Hasenoehrl | Bioenergetic Inhibitors: Antibiotic Efficacy and Mechanisms of Action in Mycobacterium tuberculosis[END_REF] In bacteria, the ejection of protons by the ETC results in an electrochemical gradient of protons, the PMF, which is generated across the cell membrane, and is critical to bacterial survival. The components of the electron transport chain are membrane-bound and spread across the membrane to achieve net consumption of protons from the cytoplasm and net release of protons on the outside the cell. The PMF is the sum of two gradients, (i) the electric potential (ΔΨ m ) due to the charge separation across the membrane (positive outside/negative inside) and (ii) the transmembrane proton gradient (ΔpH) (acidic outside/alkaline inside). PMF = Δψ m -ZΔpH where Z is 2.303RT/F where R is the gas constant, T is temperature (K), and F is the Faraday constant. At neutral pH, the PMF is dominated ΔΨ m , but as the external pH drops, the ΔpH increases, and the ΔΨ decreases to maintain a constant PMF. Dissipation of the PMF leads to a rapid loss of cell viability and cell death. Mycobacteria usually grow at neutral pH and produce a PMF of ca. -180 mV, but under hypoxia, M. tuberculosis produces a total PMF of -113 mV, (-73 mV of Δψ m and -41 mV of ΔpH). In aerobic M. tuberculosis, the production of PMF is controlled primarily by the proton-pumping components of the electron transport chain. [START_REF] Cook | Drug Discovery & Development: State-of-the-Art and Future Directions" on the topic of "Targets": OXPHOS as a target space for tuberculosis: success, caution, and future directions[END_REF] Broadly there are three kinds of cellular membrane potentials: the surface potentials, (ΔΨ s ), between the membrane surface and bulk solvent, resulting from the accumulation of charges at the membrane surfaces; the transmembrane potential, (ΔΨ m ), across the membrane, from one surface to the other, and determined by imbalance of charge in the aqueous solutions; and the dipole potential, (ΔΨ d ), a membrane-internal potential from the dipolar components of the phospholipids and interface water, which creates a much larger electric field that is highly localized to the interface between the hydrophobic and hydrophilic layers. The dipole potential is much larger than the surface and transmembrane potentials. The absorption of drugs into the lipophilic membrane can alter the ΔΨ d the membrane dipole potential by distorting the membrane and affecting conformations. ΔΨ m is considered to be the driving force of voltage gated ion transitions.

By depolarizing the membrane potential, bacteria can enter a persister state which can be more resistant to antibiotics. Persisters control the homeostasis of pH by proton pumps, therby maintaining the PMF, and so is dependent on the membrane potential. The persistence of M. tuberculosis during prolonged chemotherapy is a major obstacle for the treatment of tuberculosis. The intracellular concentration of ATP is five to six times lower in hypoxic non-replicating M. tuberculosis cells compared with aerobic replicating bacteria. Also the anaerobic electron transport chain was demonstrated to be necessary for the generation of the PMF. [START_REF] Sps Rao | The protonmotive force is required for maintaining ATP homeostasis and viability of hypoxic, nonreplicating Mycobacterium tuberculosis[END_REF] The active extrusion of drugs from the cell is critical for drug efficacy because it reduces the amount of drug reaching its target. M. tuberculosis encodes a wide range of multidrug transporters, many of which are dependent on the PMF or the availability of ATP. Energy metabolism and ATP production through the PMF, are critical in determining the drug susceptibility of M. tuberculosis. [START_REF] Black | Energy Metabolism and Drug Efflux in Mycobacterium tuberculosis[END_REF] The targeting of bacterial membranes particularly in M. tuberculosis has been pursued as a potent therapeutic strategy against infectious diseases. The rationale is that a functionally intact cell membrane is vital for both actively replicating and persister or dormant bacteria. Cationic amphiphilicity is one of the characteristics of such drugs. [START_REF] Chen | The Mycobacterial Membrane: A Novel Target Space for Anti-tubercular Drugs[END_REF] There are many studies of antituberculosis drugs which target the PMF either by affecting ΔΨ m or ΔpH. Highly lipophilic (logP ∼5.7) drugs are likely to partition into hydrophobic membranes, inhibiting membrane proteins, in addition to collapsing the PMF (uncouplers). It is thought that drugs that act both as uncouplers and inhibit enzymes (such as prenyl synthases) are likely to be effective against M. tuberculosis. [START_REF] Feng | Antiinfectives targeting enzymes and the proton motive force[END_REF] It is also likely that the steric size of anti-tuberculosis drugs when absorbed into the lipophilic bacterial membrane could perturb ΔΨ d by deforming the membrane structure and consequently perturbing ΔΨ m . [START_REF] Mares | Identification of Electric-Field-Dependent Steps in the Na + , K + -Pump Cycle[END_REF] K + is essential for many cellular functions, including the maintenance of intracellular pH and the transmembrane potential (ΔΨ m ). [START_REF] Ep Bakker | Interconversion of components of the bacterial proton motive force by electrogenic potassium transport[END_REF][START_REF] Castaneda-Garcia | The K + uptake regulator TrkA controls membrane potential, pH homeostasis and multidrug susceptibility in Mycobacterium smegmatis[END_REF][START_REF] Mc Cholo | Effects of clofazimine on potassium uptake by a Trk-deletion mutant of Mycobacterium tuberculosis[END_REF] M. tuberculosis is subjected to different K + intracellular and extracellular concentrations during infection. Persister formation is correlated with ATP levels which can be regulated by K + transport. [START_REF] Liu | The potassium transporter KdpA affects persister formation by regulating ATP levels in Mycobacterium marinum[END_REF] Ionophores are molecules that facilitate the transport of ions across biological membranes. They are classified into carrier ionophores or channel-forming ionophores. Carrier ionophores such as valinomycin, nigericin, monensin bind to specific ions and form a reversible lipid soluble complex. These complexes diffuse across the hydrophobic membrane and release the ions. Channel-forming ionophores such as nystatin introduce a hydrophilic pore in the membrane which allows ions to pass through the pore without coming in contact with the hydrophobic interior of the membrane. Ionophores alter the electrochemical gradient and change the physiological state of the cell such as oxidative phosphorylation, osmotic balance, etc. Ionophore-antibiotics include valinomycin, nigericin, and monensin, which kill cells by altering ionic gradients. Valinomycin specifically transports potassium. Nigericin removes ΔpH across a membrane by equalizing the K + and H + concentration gradients.

It has been shown that the ionophores nigericin (MIC 1.25 μg/mL), salinomycin (MIC 10 μg/mL and A23187 (calcimycin) (MIC 1.25 μg/mL) are active in vitro against replicating cells of M. tuberculosis and other mycobacterial species. [START_REF] Huang | Ionophore A23187 shows anti-tuberculosis activity and synergy with tebipenem[END_REF] A23187 is a divalent metal (Ca ++ or Mg ++ ) ionophore, nigericin a K + ionophore, and salinomycin interferes with K + transport. There were previous reports that ionophores nigericin and salinomycin had anti-tuberculosis activity only under non-replicating conditions. [START_REF] Sala | Simple model for testing drugs against nonreplicating Mycobacterium tuberculosis[END_REF] Valinomycin is known to be active against M. tuberculosis in vitro.

Human-ether-a-go-go-related channel (hERG) is a voltage gated potassium channel (K v 11.1) abundantly expressed in heart and brain tissues. hERG is notorious for its propensity to interact with various medications. Drug-induced blockage of K + currents across hERG channel are strongly associated with dysrhythmic conditions collectively known as drug-induced long-QTsyndrome. Specifically, lipids and lipid derivatives such as polyunsaturated fatty acids (PUFAs), ceramides and steroids have been shown to directly interact with the lipid facing amino acids in various K v channels including hERG. Lipophilic pathways of hERG activators and blockers have been well studied. [START_REF] Kudaibergenova | Lipid roles in hERG function and interactions with drugs[END_REF] It is standard practice when designing targeted drugs such as antituberculosis drugs to ensure that the unwanted anti-target outcomes such as hERG inhibition are not accidentally induced.

We have previously identified a predictive quantum mechanical TD DFT method which can describe the time dependent behaviour of inhibitors of voltage gated ion channels. It was found that the key determinants are the excitation energy of the first excited state of the inhibitor, the ground state (HOMO-LUMO) gap, the lipophilicity and molecular volume of the inhibitor that govern the dynamic binding between the inhibitor and the protein target. The method was applied to the anti-tuberculosis inhibition by ionophores and {ionophore-metal} complexes and the inhibition of the E protein ion channel of SARS-CoV-2. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF][START_REF] Fong | Inhibition of SARS-CoV-2 envelope ion channel and the relationship with the membrane dipole potential[END_REF]17] Time-dependent density-functional theory (TDDFT) is a quantum mechanical theory which can describe the properties and dynamics of molecular systems in the presence of time-dependent potentials, such as electric or magnetic fields. The excitation energies of molecular systems such as the influence of chemical inhibitors on the electrical fields in voltage gated ion channels offer potential to describe such behaviour as a function of varying structural properties of such inhibitors. Similarly the dynamics of drug-membrane interaction affected by the PMF can also be studied by TD DFT. The time dependencies involved are (a) the dynamic inhibition equilibrium of ion channels or membrane by chemical species, (b) the electrical field imposed on the particular inhibitor-ion channel or inhibitor-membrane interaction, and the dynamics of the PMF affecting the membrane potential.

The TDDFT method has been shown to usefully describe the relationship between changes in the dipole potential of lipid bilayer membranes caused by the adsorption of some flavonoids, xanthenes dyes, alkaloids and other drugs. The excitation energies and ground state HOMO-LUMO gaps of these drugs in n-octanol were strongly correlated with their changes in membrane dipole potentials. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF][START_REF] Fong | Inhibition of SARS-CoV-2 envelope ion channel and the relationship with the membrane dipole potential[END_REF][17] Octanol was chosen as it is known to be a good surrogate for lipophilic behaviour of cell membranes, with mainly hydrophobic properties balanced with some hydrophilic behaviour. We have previously shown that octanol better represents a cell membrane environment where some water interaction can occur, whereas octane is a better representative of a more hydrophobic environment found in deep pockets where drug-protein environments exists with very little water interaction. [START_REF] Fong | Permeability of the blood-brain barrier: molecular mechanism of transport of drugs and physiologically important compounds[END_REF][START_REF] Fong | The extravascular penetration of tirapazamine into tumours: a predictive model of the transport and efficacy of hypoxia specific cytotoxic analogues and the potential use of cucurbiturils to facilitate delivery[END_REF] Previously Efimova found the octanol/water partition coefficient log P o/w (or logD o/w for the ionized species) was strongly correlated with the maximum dipole potential at the 0.75 level. [START_REF] Ss Efimova | Alkaloids Modulate the Functioning of Ion Channels Produced by Antimicrobial Agents via an Influence on the Lipid Host[END_REF] We have previously studied various anti-tuberculosis drugs which target the outer membrane channel proteins, acting as ion channel blockers. The use of cucurbit [START_REF] Mares | Identification of Electric-Field-Dependent Steps in the Na + , K + -Pump Cycle[END_REF]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium tuberculosis was also studied. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF] 

Study Objectives

To assess the roles of (a) the bacterial membrane potential and particularly the proton motive force, (b) ionophores, and (c) the lipophilicity in anti-tuberculosis drugs.

To assess whether such anti-tuberculosis drugs could cause unwanted hERG based drug-induced long-QT-syndrome

Results

(a) Anti-tuberculosis drugs: Linear Free Energy Relationships (LFER)

Sutherland et al [START_REF] Hs Sutherland | 3,5-Dialkoxypyridine analogues of bedaquiline are potent antituberculosis agents with minimal inhibition of the hERG channel[END_REF] examined second-generation analogues of bedaquiline, a new antituberculosis drug effective against drug resistant tuberculosis. The objectives were to (a) lower the very high lipophilicity (clogP 7.25) of bedaquiline, which possibly contributes to its long terminal elimination half-life and tissue accumulation at high doses, and (b) to attenuate its inhibition (IC 50 1.6μM) of the cardiac potassium channel protein coded by the hERG. Table 1 shows 22 bedaquiline analogues (plus bedaquiline) that were evaluated (MIC 90 values) against M. tuberculosis (strain H37Rv) under both replicating (MABA assay) and non-replicating (LORA assay) conditions. When tested against the first excitation energy, the HOMO-LUMO ground state gap, the lipophilicity and molecular volume, the following best fit LFERs were observed. Eqs 1(a) and (b) show a clear distinction between the molecular specifiers which drive inhibition of actively replicating and non-replicating M. tuberculosis. The dynamic dependence on the excitation energy for inhibition of the actively replicating bacteria is significant suggesting the PMF and oxidative phosphorylation is more important for active bacterial growth (eq 1(a)) than it is for non-growing species, as per eq 1(b), as expected from first principles. It has been shown that bedaquiline collapses the Δψ but not ΔpH in live M. smegmatis [START_REF] Ab Jeon | 2-aminoimidazoles collapse mycobacterial proton motive force and block the electron transport chain[END_REF] and interferes with the ETC of M. tuberculosis [START_REF] Da Lamprecht | Turning the respiratory flexibility of Mycobacterium tuberculosis against itself[END_REF] which is consistent with eq 1(a) and the dependence on excitation energy. M. smegmatis is often used as a non-pathogenic model for M. tuberculosis.

Rao [START_REF] Sps Rao | The protonmotive force is required for maintaining ATP homeostasis and viability of hypoxic, nonreplicating Mycobacterium tuberculosis[END_REF] has determined the minimum bactericidal concentration MBC 90 that kills 90% of an exponentially growing population) and the WCC 90 concentrations that kill 90% of a quiescent population were determined for a wide range of anti-tuberculosis drugs, including rifampicin, streptomycin, izoniazid, ethionamide, bedaquiline, moxifloxacin, and the ionophores nigericin and valinomycin (Table 2). We have tested the cidal data for 15 of the drugs for the neutral and ionized species (experimental pH 6.6 indicates that mainly neutral or zwitterionic species would be present, but some charged species would also be present in lower concentrations) against the first excitation energy, the HOMO-LUMO ground state gap, the lipophilicity and molecular volume, the following best fit LFERs were observed. Where R 2 = 0.634, SEE = 13.30, SE(HOMO-LUMO) = 2.68, SE(MolVol) = 2.37, F=10.39, Significance= 0.0024. P-values: HOMO-LUMO = 0.008, MolVol=0.008; MolVol coeff. normalized by 100x for direct comparability with HOMO-LUMO coefficient.

Eq 2(a) shows that drug penetration of the lipophilic membrane of M. tuberculosis largely determines bacteriocidal activity for exponential growth, whereas eq 2(b) indicates that the reactivity of the absorbed drug and its molecular volume (which can affect the membrane dipole potential via drug-phospholipid interaction) determine the killing of quiescent M. tuberculosis.

Feng [START_REF] Feng | Antiinfectives targeting enzymes and the proton motive force[END_REF] has studied anti-tuberculosis drugs which target the PMF either by collapsing ΔΨ or ΔpH in bacterial inverted membrane vesicles (IMV) of E. coli and M. smegmatis. Highly lipophilic (logP ∼5.7) drugs are likely to partition into hydrophobic membranes, inhibiting membrane proteins, in addition to collapsing the PMF (uncouplers) (see Table 3). LFER analysis yields eqs 3(a) -3(c): Li et al [START_REF] Li | Multitarget Drug Discovery for Tuberculosis and Other Infectious Diseases[END_REF] have shown that SQ109, which contains the adamantyl moiety, and a series of analogs (see Table 4) target enzymes involved in menaquinone biosynthesis and electron transport, inhibits respiration and ATP biosynthesis. They are also uncouplers, collapsing the pH gradient and membrane potential used to power transporters, and are potent inhibitors of tuberculosis cell growth. A LFER analysis yields the eqs 4(a) -4(c): Where R 2 = 0.402, SEE = 2309.4, SE(ΔG lipo,CDS ) = 459.8, F=12.12, Significance= 0.0026. P-values: ΔG lipo,CDS = 0.0026 Eqs 4(a) -4(c) for the inhibition and ΔΨ collapse of M. tuberculosis and M. smegmatis shows strong dependency on the lipophilicity ΔG lipo,CDS only, with no dependencies on the excitation energy, HOMO-LUMO gap, or molecular volumes of SQ109 and its close analogs (in both neutral and charged forms). For comparison purposes, this is very different to the ΔpH for the E. coli IMV result in eq 4(d) which shows dependencies on excitation energy, HOMO-LUMO gap, or molecular volumes. This finding is in accord with the penetration of SQ109 and its analogs into the lipophilic bacterial membrane as the predominant factor in determining inhibition of growth and the PMF. Clearly M. tuberculosis and M. smegmatis behave very differently to E. coli when interacting with these SQ109 analogs, which can be largely attributed to the differences in the bacterial membranes.

Eq 4(c) describing the collapse of ΔΨ for M. smegmatis shows only a dependency on the lipophilicity, but no dependency on the excitation energy as might be expected, presumably because the lipophilicity dominates over any excited state effects (which are found in eqs 3(a) and 4(d) for E. coli).

It is noteworthy that the inhibition of respiration of M. smegmatis (eq 4(e)) shows a strong dependency on lipophilicity only (like eq 4(b)), which is consistent with the inhibitors having to permeate through the lipophilic membrane to enter the cell as the dominant factor influencing oxidative phosphorylation.

(b) hERG inhibitors: LFER

Since the hERG is notorious for its anti-target propensity to interact with various medications, the inhibition of hERG is examined. hERG is a voltage gated potassium channel abundantly expressed in heart and brain tissues. Sutherland [START_REF] Hs Sutherland | 3,5-Dialkoxypyridine analogues of bedaquiline are potent antituberculosis agents with minimal inhibition of the hERG channel[END_REF] examined a wide range of bedaquiline analogues for inhibition of hERG, Table 1. Fluoroquinolones are widely used as anti-tuberculosis drugs. Some fluoroquinolones have been shown to induce QT prolongation have been reported to adversely affect the hERG K + channel and causing a delay in the cardiac repolarization, prolonging the APD of myocardia and consequently prolonging the QT interval. Hagikawa [START_REF] Hagiwara | A comparative study of the fluoroquinolone antibacterial agents on the action potential duration in guinea pig ventricular myocardial[END_REF] measured the inhibition by a series of fluoroquinolones (Table 5) on cardiac repolarization by the action potential duration (APD 90 100 μM) recorded from isolated guinea pig ventricular myocardia at pH 7.4. LFER analysis of the zwitterions and neutral species which dominate at pH 7.4 gives eq 6(a) and 6(b). Eq 6(a) for the zwitterions shows that APD is dominantly influenced by the inherent reactivity (HOMO-LUMO) gap, with a minor dependency on the molecular volume, but if treated as the neutral species, the dominant determinant is the lipophilicity of the fluoroquinolones. Under physiological conditions, both species would be present, but the contribution by the zwitterions would be expected to dominate. Eq 6(a) indicates that it is the inherent reactivity (HOMO-LUMO) gap which largely determines the APD 90 . Figure 1 shows the electrostatic surface potential of sparfloxacin in the zwitterionic and neutral forms, which are consistent with eq 6(a) being dominated by the reactivity, and 6(b) the neutral species being dominated by the lipophilicity.

At physiological pH fluoroquinolones exist as zwitterions, in which both of the respective anionic and cationic groups are charged. It is at the isoelectric point (near the physiological pH) that fluoroquinolones are the most lipophilic and capable of diffusing across lipid membranes. [START_REF] Takács-Novák | Lipophilicity of Antibacterial Fluoroquinolones[END_REF][START_REF] Martinez | Pharmacology of the fluoroquinolones: A perspective for the use in domestic animals[END_REF] Mazak [START_REF] Ss Efimova | Alkaloids Modulate the Functioning of Ion Channels Produced by Antimicrobial Agents via an Influence on the Lipid Host[END_REF] found that the non-charged microspecies of the some amphoteric species were far more lipophilic than the zwitterionic equivalents, but owing to the overwhelming dominance of the zwitterionic form, its contribution to the overall lipophilicity exceeds 5-8 times that of the non-charged form for the neutral species with respect to membrane penetration.

(c) Ionophores

We have examined several ionophores that have been shown to be effective anti-tuberculosis drugs, possible acting as ion carriers as shown in eqs 2(a) and 2(b). In Table 6 are assembled a number of {ionophore-metal}complexes which are known to have anti-tuberculosis properties which affect the PMF. The availability of the excitation energies, lipophilicities, (HOMO-LUMO) gaps and molecular volumes for {ionophore-metal}complexes can be used to predict which metal ion carrier ionophores might show anti-tuberculosis behaviour based on work from this study and a previous study. Bacterial ion homeostatis (particularly K + and Ca ++ ) is a critical factor for M. tuberculosis viability. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF][START_REF] Fong | Inhibition of SARS-CoV-2 envelope ion channel and the relationship with the membrane dipole potential[END_REF][17] Since the lipophilicity of anti-tuberculosis drugs is a critical factor in drug efficacy, we have used n-octanol as a surrogate for the M. tuberculosis membrane. Also the effective charge on these {ionophore-metal ion} complexes will also be a critical factor in deciding the lipophilicity of such complexes, along with their inherent hydrophobic properties. Figure 2 shows the electrostatic surface potential of {valinomycin-K} + , {Valinomycin-K + -ClO4 -} ion pair, {boromycin-K} 0 , and {dicalcimycin-Ca} 0 in n-octanol as examples of how the surface potential varies with charge on the {ionopore-metal} complex. It is noted that only {valinomycin-K} + carries a positive charge, whereas nigericin, monensin, salinomycin, boromycin, enniatin etc can form neutral {ionophore-K} 0 complexes, and {dicalcimycin-Ca} 0 also forms a neutral complex by virtue of Ca ++ complexing two calcimycin ionophores.

Discussion (a) Anti-tuberculosis drugs

Energy metabolism and ATP production through the PMF, are critical in determining the drug susceptibility of M. tuberculosis. [START_REF] Black | Energy Metabolism and Drug Efflux in Mycobacterium tuberculosis[END_REF] The PMF in aerobically growing and hypoxic non-growing M. tuberculosis H37Rv are ΔΨ (66-73 mV) and ΔpH (45-41mV) for the two states. Valinomycin dissipates ΔΨ m but not ΔpH, nigericin dissipates ΔpH but not ΔΨ m , and rifampicin (which is thought to target RNA polymerase) having no dissipating effect on either ΔpH or ΔΨ m . This shows that the membrane of non-replicating bacilli is energized and that an energy source (the PMF) is required for ATP production and survival of the bacilli. [START_REF] Sps Rao | The protonmotive force is required for maintaining ATP homeostasis and viability of hypoxic, nonreplicating Mycobacterium tuberculosis[END_REF] The membrane of M. tuberculosis is an accessible target for anti-tuberculosis drugs.

The application of the LFER model distinguishes between the inhibition of actively growing and quiescent M. tuberculosis (and M. smegmatis) as shown in eqs 1-4 for a wide and diverse range of ant-tuberculosis drugs. Generally dependencies on the excitation energy and the ground state lipophilicity, (HOMO-LUMO) gap and the molecular volume of the anti-tuberculosis drugs are found with variations particular to the classes of drugs and targets examined. The lipophilicity is particularly important, which is consistent with the dominance of the bacterial membrane in inhibitory or cidal efficacy of various classes of drugs in this study.

It has been shown that inhibition of respiration of M. smegmatis (eq 4(e)) shows a strong dependency on lipophilicity only, showing that the SQ109 analogues need to permeate through the lipophilic membrane to enter the cell to inhibit oxidative phosphorylation.

(b) hERG inhibitors

The LFER model also is shown to apply to the inhibition of the hERG ion channel by a series of bedaquiline analogues and fluoroquinolones as per eqs 5-6, showing dependencies on the excitation energy, (HOMO-LUMO) gap, lipophilicity and molecular volumes. We have previously shown that the same LFER approach applies to some ionophore anti-tuberculosis drugs and the E channel of the SARS-CoV-2 coronavirus. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF][START_REF] Fong | Inhibition of SARS-CoV-2 envelope ion channel and the relationship with the membrane dipole potential[END_REF][17] 

(c) Ionophores

It has been shown in eq 2(a) and 2(b) that describe the killing exponentially growing M. tuberculosis H37Rv and the killing quiescent M. tuberculosis H37Rv respectively, that the ionophores valinomycin and nigericin are included in these LFERs. Nigericin is linear in the free form, but in the membrane, the molecule cyclizes to form a structure similar to that of valinomycin, with the oxygen atoms forming a hydrophobic interior. Unlike valinomycin, nigericin deprotonates when it binds a cation such as K + , forming a neutral complex that can more easily diffuse across the membrane. Nigericin is also mobile in its protonated noncomplexed form, with the result that the ionophore can catalyse the overall electroneutral exchange of K + for H + . Monensin catalyses a similar electroneutral exchange but has a slight preference for Na + over K + . Nigericin removes ΔpH across a membrane by equalizing the K + and H + concentration gradients. [START_REF] Dg Nicholls | Ion Transport Across Energy-Conserving Membranes, Bioenergetics[END_REF] Monensin inhibits both a virulent M. tuberculosis strain (ATCC 25177) and BCG. [START_REF] Rj Greenstein | Unanticipated Mycobacterium tuberculosis complex culture inhibition by immune modulators, immune suppressants, a growth enhancer, and vitamins A and D: clinical implications[END_REF][START_REF] Lowicki | Structure and Antimicrobial Properties of Monensin A and Its Derivatives: Summary of the Achievements[END_REF] Boromycin is a potent inhibitor of mycobacterial growth with strong bactericidal activity against growing and non-growing drug tolerant persister bacilli. Exposure to boromycin resulted in a rapid loss of membrane potential, reduction of the intracellular ATP level and leakage of cytoplasmic protein. Boromycin acts as a potassium ionophore. [START_REF] Moreira | Boromycin Kills Mycobacterial Persisters without Detectable Resistance[END_REF] Wang [START_REF] Wang | A Natural Compound with Bactericidal Activity against Mycobacterium tuberculosis In Vitro[END_REF] has shown that enniatinA1 also significantly decreased the membrane potential and intracellular ATP levels of M. tuberculosis. Enniatin A1 is an ionophore which binds to the cell membranes to form a cation-selective pore, and can complex with monovalent metal cations to disrupt the transmembrane transport of ions.

Table 6 shows the electroneutral {ionophore-M} 0 complexes are available for most ionophores, but valinomycin cannot form such an electroneutral complex, instead forming the {valinomycin-K} + complex. However valinomycin can form electroneutral tight ion pairs such as {valinomycin-K-ClO 4 } 0 or {valinomycin-K-Cl} 0 . These ion pairs are shown with arbitrarily chosen 3.373Å and 5.945Å distances between the K + and the counter anion. The {valinomycin-K-Cl} 0 complex has an increased lipophilicity over that of the {valinomycin-K-ClO 4 } 0 suggesting a greater ability to penetrate the lipophilic membrane of M. tuberculosis. It is interesting to note that lipophilicity of the {valinomycin-K} + complex is similar to that of the {valinomycin-K-Cl} 0 complex. Also the neutral valinomycin ionophore has a lower lipophilicity than the {valinomycin-K} + complex probably due to the high electron density of the C=O moiety of the inwardly facing amido moieties in the ionophore, which is offset by the K + in the {valinomycin-K} + complex.

The choice of ionophores that can act as metal ion carrier ionophores is best predicted by the lipophilicity of the complexes, followed by the excitation energy that affects the PMF and ion channel behaviour and homeostasis, as well as the (HOMO-LUMO) gap which determines the ground state reactivity of the complex. The molecular volume is probably a secondary factor behind the other three molecular specifiers. Table 6 lists the molecular specifiers for {Valinomycin-K} + , {Nigericin-K} 0 , {Dicalcimycin-Ca} 0 , {Salinomycin-K} 0 , {Boromycin-K} 0 , {Enniatin-K} 0 , and {Monensin-K} 0 all of which known to affect the PMF of M. tuberculosis. Also included in Table 6 are {Indanomycin-K} 0 , {Lasalocid-K} 0 , {Narasin-K} 0 , {Nanchangmycin-K} 0 , {Maduramycin-K} 0 , {X-206-K} 0 , {Ionomycin-Ca} 0 which to date have not been examined for anti-tuberculosis efficacy.

Conclusions

It has been shown that our LFER model which tests the unconstrained application of the excitation energy, (HOMO-LUMO) gap, lipophilicity and molecular volume to describe the antituberculosis efficacy of a diverse range of drugs against replicating and non-replicating M. tuberculosis strains can distinguish between behaviours based on changes to the membrane properties. These behaviours are consistent with alterations to the PMF caused by changes to the bacterial membrane potential particularly as reflected in the excitation energy which measures changes in membrane dipole potential. Also lipophilicity and the (HOMO-LUMO) gap measure how well the drugs can penetrate the bacterial membrane and their inherent reactivities. Oxidative phosphorylation and disruption of the electron transport chain of these drugs is also shown to be related to how well the drugs penetrate the bacterial membrane.

The same LFER model also is shown to apply to the inhibition of the hERG ion channel by a series of bedaquiline analogues and fluoroquinolones. We have previously shown that the same LFER approach applies to some ionophore anti-tuberculosis drugs and the E channel of the SARS-CoV-2 coronavirus. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF][START_REF] Fong | Inhibition of SARS-CoV-2 envelope ion channel and the relationship with the membrane dipole potential[END_REF][17] Since certain ionophores are known to inhibit the PMF of M. tuberculosis, and that ion (particularly K + and Ca ++ ) homeostasis also governs inhibition, we have examined the molecular properties of {Valinomycin-K} + , {Nigericin-K} 0 , {Dicalcimycin-Ca} 0 , {Salinomycin-K} 0 , {Boromycin-K} 0 , {Enniatin-K} 0 , and {Monensin-K} 0 all of which known to affect the PMF of M. tuberculosis. The choice of ionophores that can act as metal ion carrier ionophores is best predicted by the lipophilicity of the complexes, followed by the excitation energy that affects the PMF and ion channel behaviour and homeostasis, as well as the (HOMO-LUMO) which determines the ground state reactivity of the complex. The molecular volume is probably a secondary factor behind the other three molecular specifiers.

Materials and methods

All calculations were carried out using the Gaussian 09 package. Energy optimizations were at the DFT/B3LYP/6-31G(d) (6d, 7f) level of theory for all atoms in water, with the empirical dispersion correction GD3BJ. Selected optimizations at the DFT/B3LYP/6-31++G(d,p) (6d, 7f) with the empirical dispersion correction GD3BJ level of theory gave very similar results to those at the lower level. Energy calculations B3LYP/6-31G(d,p) GD3BJ were conducted using the IEFPCM/SMD solvent model in water and n-octanol. With the 6-31G(d) basis set, the SMD model achieves mean unsigned errors of 0.6 -1.0 kcal/mol in the solvation free energies of tested neutrals and mean unsigned errors of 4 kcal/mol on average for ions. [START_REF] Av Marenich | Universal Solvation Model Based on Solute Electron Density and on a Continuum Model of the Solvent Defined by the Bulk Dielectric Constant and Atomic Surface Tensions[END_REF] The 6-31G(d,p) basis set has been used to calculate absolute free energies of solvation and compare these data with experimental results for more than 500 neutral and charged compounds. The calculated values were in good agreement with experimental results across a wide range of compounds. [START_REF] Rayne | Accuracy of computational solvation free energies for neutral and ionic compounds: Dependence on level of theory and solvent model[END_REF][START_REF] Rizzo | Estimation of Absolute Free Energies of Hydration Using Continuum Methods: Accuracy of Partial Charge Models and Optimization of Nonpolar Contributions[END_REF] Adding diffuse functions to the 6-31G(d) basis set (ie 6-31+G(d,p)) had no significant effect on the solvation energies with a difference of less than 1% observed in solvents, which is within the literature error range for the IEFPCM/SMD solvent model.

Molecular specifiers for the {ionophore-M} 0 and related inclusion complexes were calculated using the DFT/B3LYP/6-31G(d,p) (6d, 7f) with the empirical dispersion correction GD3BJ in noctanol and water. It is noted that the particular configurations shown in Figures 12and in Table 6 are not unique as other configurations are possible with respect to how the metal ions are orientated within the ionophore cavity, and how deeply the ions are placed into the cavity. The solvent also impacts the particular configurations of the complexes as occurs with the dynamic equilibia amongst the metal ions, ionophores and solvent species.

It is noted that high computational accuracy for each species in different environments is not the focus of this study, but comparative differences between various species is the aim of the study. Experimental errors in inhibitory studies are substantially higher than those for calculated molecular specifiers. The LFER methodology has been previously described. [START_REF] Fong | Anti-tuberculosis drugs: targeting outer membrane channel proteins, ion channel blockers and the use of cucurbit[7]uril as an excipient to improve oral drug delivery and efficacy against resistant Mycobacterium Tuberculosis, hal archives[END_REF][START_REF] Fong | Inhibition of SARS-CoV-2 envelope ion channel and the relationship with the membrane dipole potential[END_REF][17][START_REF] Fong | Permeability of the blood-brain barrier: molecular mechanism of transport of drugs and physiologically important compounds[END_REF][START_REF] Fong | The extravascular penetration of tirapazamine into tumours: a predictive model of the transport and efficacy of hypoxia specific cytotoxic analogues and the potential use of cucurbiturils to facilitate delivery[END_REF] 

Eq 1 (

 1 a) Sutherland 22 bedaquiline analogues inhibiting replicating M. tuberculosis H37Rv MIC 90 = -0.691ExcitEn + 0.556 HOMO-LUMO + 0.264 Where R 2 = 0.388, SEE = 0.025, SE(ExcitEn) = 0.30, SE(HOMO-LUMO)= 0.281, F=5.708, Significance= 0.012. P-values: ExcitEn = 0.035, HOMO-LUMO= 0.064 Eq 1(b) Sutherland 22 bedaquiline analogues inhibiting non-replicating M. tuberculosis H37Rv MIC 90 = -0.122 HOMO-LUMO -0.057 MolecVol + 0.805 Where R 2 = 0.313, SEE = 0.052, SE(HOMO-LUMO) = 0.07, SE(MolecVol)= 0.024, F=4.102, Significance= 0.034. P-values: HOMO-LUMO = 0.099, MolecVol= 0.028. MolVol normalized by 100x for direct comparability with HOMO-LUMO coefficient.

Eq 2 (

 2 a) Rao 14 drugs killing exponentially growing M.tuberculosis H37Rv MBC 90 = -0.295 ΔG lipo,CDS + 1.497 Where R 2 = 0.695, SEE = 1.72, SE(ΔG lipo,CDS ) = 0.056, F=27.32, Significance= 0.0002. P-values: ΔG lipo,CDS = 0.0002 Eq 2(b) Rao 15 drugs killing quiescent M.tuberculosis H37Rv WCC 90 = 8.489 HOMO-LUMO -7.59 MolVol + 1.63

  Eq 3(a) Feng 19 drugs causing collapse of ΔΨ in EcIMV MIC 90 = 14.20 ExcitEn -8.18 HOMO-LUMO -8.96 Where R 2 = 0.463, SEE = 7.70, SE(ExcitEn) = 4.11, SE(HOMO-LUMO)= 2.21, F=6.89, Significance= 0.007. P-values: ExcitEn = 0.003, HOMO-LUMO= 0.037 Eq 3(b) Feng 16 drugs causing collapse of ΔpH MsIMV EC 50 = 8.03 HOMO-LUMO -29.73 Where R 2 = 0.429, SEE = 7.74, SE(HOMO-LUMO)= 2.21, F=13.18, Significance= 0.0027. P-values: HOMO-LUMO= 0.027 Eq 3(c) Feng 16 drugs causing collapse of ΔpH EcIMV EC 50 = 6.13 HOMO-LUMO -22.82 Where R 2 = 0.429, SEE = 7.74, SE(HOMO-LUMO)= 1.82, F=11.29, Significance= 0.0043. P-values: HOMO-LUMO= 0.043 Eqs 3(a) -(c) show that drugs which show inhibitory activity in E. coli and M. smegmatis can affect the PMF by collapsing ΔΨ and ΔpH. Only the excitation energy affects the collapse of ΔΨ as expected, and has no influence on ΔpH which is dominated by ground state reactivity of the drugs in solution. Eqs 3(b) and 3(c) are very similar for the MsIMV and EcIMV.

Eq 4 (

 4 a) Li 21 analogs SQ109 inhibition of M.tuberculosis MIC = 5.043 ΔG lipo,CDS + 28.639 Where R 2 = 0.401, SEE = 8.70, SE(ΔG lipo,CDS ) = 1.413, F=12.74, Significance= 0.002. P-values: ΔG lipo,CDS = 0.002 Eq 4(b) Li 21 analogs SQ109 inhibition of M. smegmatis MIC = 16.70 ΔG lipo,CDS + 100.91 Where R 2 = 0.401, SEE = 8.70, SE(ΔG lipo,CDS ) = 8.51, F=3.85, Significance= 0.064. P-values: ΔG lipo,CDS = 0.064 Eq 4(c) Li 20 analogs SQ109 collapse of ΔΨ for M. smegmatis IC 50 μM IC 50 = 35.05 ΔG lipo,CDS + 28.639 Where R 2 = 0.663, SEE = 29.59, SE(ΔG lipo,CDS ) = 5.89, F=35.38, Significance= 0.00001. P-values: ΔG lipo,CDS = 0.000001 Eq 4(d) Li 20 analogs SQ109 collapse of ΔpH for E. coli IMV IC 50 μM IC 50 = -13.16 ExcitEn + 10.34 HOMO-LUMO + 1.72 ΔG lipo,CDS + 3.15 MolVol + 2.485 Where R 2 = 0.388, SEE = 0.025, SE(ExcitEn) = 6.06, SE(HOMO-LUMO)= 5.89, SE(ΔG lipo,CDS ) = 0.80, SE(MolVol)=1.20, F=6.34, Significance= 0.0034. P-values: ExcitEn = 0.047, HOMO-LUMO= 0.099, ΔG lipo,CDS =0.048, MolVol=0.020; MolVol coeff. normalized by 50x for direct comparability with other coefficients. Eq 4(e) Li 20 analogs SQ109 respiration for M. smegmatis IC 50 μM IC 50 = 1600.6 ΔG lipo,CDS + 7749.2

Eq 5 (

 5 a) Sutherland 19 bedaquiline analogues inhibiting hERG MIC 90 = 23.353 ExcitEn -79.12 Where R 2 = 0.369, SEE = 3.582, SE(ExcitEn) = 7.409, F=9.935, Significance= 0.0058. P-values: ExcitEn = 0.0058 Eq 5(b) Sutherland 19 bedaquiline analogues inhibiting hERG MIC 90 = 23.213 HOMO-LUMO -89.56 Where R 2 = 0.396, SEE = 3.504, SE(HOMO-LUMO) = 6.953, F=11.146, Significance= 0.0038. P-values: ExcitEn = 0.0038 Eq 5(a) and (b) both are strong linear correlations showing that the excited state and the inherent ground state reactivity of inhibitors determine HERG inhibition. Eq 5(c) shows the dependency on the combination of excitation energy and (HOMO-LUMO). Eq 5(c) is a statistically weaker correlation than eq 5(a) or 5(b) and is indicative only. Eq 5(c) Sutherland 19 bedaquiline analogues inhibiting hERG MIC 90 = -78.078 ExcitEn + 97.76 HOMO-LUMO -111.9 Where R 2 = 0.435, SEE = 3.495, SE(ExcitEn) = 74.70, SE(HOMO-LUMO) = 71.66, F=6.15, Significance= 0.010. P-values: ExcitEn = 0.311, HOMO-LUMO=0.191

Eq 6 (

 6 a) Hagikawa 10 zwitterionic fluoroquinolones Action Potential Duration pig myocardia APD 90 = 76.61 HOMO-LUMO -1.56 MolVol -279.2 Where R 2 = 0.965, SEE = 2.92, SE(HOMO-LUMO) = 9.42, SE(MolVol) = 0.28, F=81.24, Significance= 0.00004. P-values: HOMO-LUMO = 0.0002, MolVol=0.0014; MolVol coeff. normalized by 20x for direct comparability with (HOMO-LUMO) coefficient. Eq 6(b) Hagikawa 10 neutral fluoroquinolones Action Potential Duration pig myocardia APD 90 = -7.40 ΔG lipo,CDS + 3.28 MolVol -27.41 Where R 2 = 0.668, SEE = 2.92, SE(ΔG lipo,CDS ) = 6.27, SE(MolVol) = 1.40, F=6.03, Significance= 0.037. P-values: ΔG lipo,CDS = 0.056, MolVol=0.058; MolVol coeff. normalized by 20x for direct comparability with HOMO-LUMO coefficient.

Figure 1 .

 1 Figure 1. Electrostatic potential surfaces of Sparfloxacin

Figure 2 .

 2 Figure 2. Electrostatic potential surfaces of {Ionophore-M n+ } 0 complexes for Valinomycin, Boromycin, Dicalcimycin

Table 1 . Bedaquiline analogues MIC 90 values inhibiting M. tuberculosis (strain H37Rv) under both replicating (MABA assay) and non-replicating (LORA assay) conditions and inhibition of hERG by the analogues (from Sutherland ref 21) with calculated molecular specifiers of the bedaquiline analogues
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	Bedaquiline	Bedaquiline		MABA	LORA	hERG	Excitation	HOMO-	Lipophilicity	Molec
	Analogues	Analogues* X Y Substituents	* Sub Z	MIC 90 μg/mL	MIC 90 μg/mL	IC 50 μM	Energy eV	LUMO eV	kcal/mol	Volume cm 3 /mol
	Bedaquiline			0.04	0.08	1.6	3.466	3.934	-12.22	374
	8 Br 2-F, 3-OMe	Me	0.006 na	13	3.753	4.238	0.45	326
	3 CN 2,3-(CH2)3-	Me	0.02	0.02	4.5	3.59	4.063	3.84	405
	8 Br 2-F, 3-OMe	Me	na	na	13	3.753	4.238	0.45	326
	10 Br 2-F, 3-OMe	Et	0.02	0.08	10	3.748	4.233	-1.39	403
	12 Br 2, 3-diOMe	Me	na	Na	2.2	3.518	3.992	0.1	375
	14 Br 2,3-diOMe	Et	Na	na	5.5	3.511	3.986	-1.56	457
	16 CN 2,3-	Me na	na	1.6	3.643	4.1	4.92	413
		OCH2O-								
	18 CN 2,3-	Me	0.02	0.02	4.4	3.719	4.187	3.88	424
		O(CH2)2O-								
	19 Br 2,3-	Et	0.07	0.13	13.3	3.874	4.366	-1.42	369
		O(CH2)2O-								
	20 CN 2,3-	Et	0.03	0.03	4.5	3.722	4.186	2.02	515
		O(CH2)2O-								
	23 CN 3-aza,	Me	0.04	0.25	1.7	3.619	4.069	3.68	396
		2-OMe								
	25 Br 3-aza,	Me	0.003	0.008	9.9	3.708	4.172	-1.84	436
		4-NEt2								
	27 Br 3-aza,	Me na	na	2.2	3.614	4.092	1.34	427
		2,5-diOMe								
	28 CN 3-aza,	Me	0.02	0.04	3.1	3.605	4.054	5.2	392
		2,5-diOMe								
	30 CN 3-aza,	Me na	na	2.4	3.593	4.069	0.39	462
		2-OMe, 5-OiPr								
	31 Br 3-aza,	Me na	na	5.9	3.406	3.877	2.21	401
		2,4,5-triOMe								
	33 Br 4-aza,	Me na	na	0.7	3.633	4.121	0.86	411
		2,3-diOMe								
	41 CN 4-aza,	Me	0.01	0.01	10.6	3.61	4.073	5.06	417
		3-OMe, 5-OiPr								
	48 CN 4-aza, 3-	Me	0.03	0.09	9.4	3.125	3.587	4.01	449
		OMe, 5-NMe2								

Table 2 . MBC 90 minimal concentration of antibiotics that killed 90% of exponentially growing M. tuberculosis (strain H37Rv) and Wayne Cidal Concentration WCC 90 that kills quiescent H37Rv (from Rao ref 4) and calculated molecular specifiers
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		MBC 90	WCC 90	Excitation	HOMO-	Lipophilicity	Molec
		μM	μM	Energy	LUMO	kcal/mol	Volume
				eV	eV		cm 3 /mol
	Rifampicin	0.01	0.5	2.417	2.95	0.43	489
	Rifampicin Ion	0.01	0.5	2.24	2.712	4.34	543
	Streptomycin	0.125	5	3.507	3.909	2.72	358
	Streptomycin	0.125	5	4.087	5.642	3.48	403
	3Ion						
	Moxifloxacin	0.125	6	3.396	3.908	-0.08	284
	Nigericin	1.25	0.5	4.641	4.984	0.54	472
	Nigericin Anion	1.25	0.5	5.642	6.845	1.07	534
	Valinomycin	1	0.5	4.186	5.447	7.86	778
	Bedaquiline	5	2.5	3.466	3.934	-12.22	374
	Bedaquiline Ion	5	2.5	3.655	4.131	-12.46	391
	R217910	5	2.5	3.63	4.169	-4.58	374
	Moxifloxacin	0.125	6	2.436	3.286	-0.08	251
	ZW						
	Thioridazine	40	20	3.712	4.572	-5.1	301
	Thioridazine Ion	40	20	3.769	4.618	-4.28	261
	DCCD	>500 na	80	5.949	7.395	-4.77	

Table 3 . Anti-tuberculosis drugs target the PMF either by collapsing ΔΨ or ΔpH in bacterial inverted membrane vesicles (IMV) of E. coli and M. smegmatis (from Feng ref 24) and calculated molecular specifiers
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		ΔpH	ΔpH	ΔΨ	Excitation	HOMO-	Lipophilicity	Molec
		EC 50	EC 50	Collapse	Energy	LUMO	kcal/mol	Volume
		μM	μM	1 μM	eV	eV		cm 3 /mol
		EcIMV	MsIMV	EcIMV				
	Clofazimine*	0.14	0.27	30	2.579	2.848	-4.5	328
	Amiodarone	0.17	0.44	16	3.283	3.672	-0.67	368
	Amiodarone Ion	0.17	0.44	16	3.393	3.978	-0.21	321
	Bedaquiline	0.46	0.9	2.1	3.466	3.934	-12.22	374
	Bedaquiline Ion	0.46	0.9	2.1	3.655	4.131	-12.46	391
	BPH1463	2.2	10	4.2	3.954	4.477	-0.2	283
	Tamoxifen	0.45	1.1	11	3.964	4.535	-3.36	278
	Tamoxifen Ion	0.45	1.1	11	3.969	4.539	-2.44	263
	HydroxyTamoxifen	1.5	2.6	8.2	3.928	4.494	-2.45	327
	HydroxyTamoxifen	1.5	2.6	8.2	3.921	4.487	-1.54	319
	Ion							
	SQ109	0.094	0.66	35	5.885	6.545	-5.76	245
	SQ109 DiIon	0.094	0.66	35	5.555	4.19	-4.95	301
	NSC13316	12	11	14	3.541	4.065	-4.31	259
	NSC13316 Ion	12	11	14	3.839	4.28	-3.8	275
	BAM15	1.3	0.4	17	3.12	3.488	-0.01	263
	D2	40	51	17	5.949	7.395	-2.32	170
	Clomiphene	1.2 na		3.745	4.331	-4.21	297
	Trimethoprim	77 na	0.7	4.63	5.269	1.57	201
	Trimethoprim Ion	77 na	0.7	4.114	4.685	1.63	184
	AU1235	3.9	1.3	10	4.931	5.688	-1.6	218
	BPH1276	30	38	3.5	3.359	3.897	-0.01	320
	Footnote: Clofazimine* was an outlier in eqs 3(a) -(c)					

Table 4 . Inhibition of M. tuberculosis and M. smegmatis by SQ109 and analogues (from Li ref 25) and calculated molecular specifiers
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		MIC	MIC	M.sm	E coli	Respir-	Excitat	HOMO-	Lipo-	Molec
		μM	μM	ΔΨ	ΔpH	ation	Energy	LUMO	philicity	Vol
		M.tb	M.sm	Collapse	Collapse	Inhib	eV	eV	kcal/mol	cm	3 /mol
						μM				
	SQ109 2	9.8	4.9 na	na	na	7.126	8.089	-1.63		201
	SQ109 2	9.8	4.9 na	na	na	7.156	7.898	-1.15		169
	Ion									

Footnotes: SQ109 5* was an outlier in eqs 4(a)-(e). Structures of SQ109 analogues 1-13 are given in ref 25, Chart 1

Table 5 . Fluoroquinolone antibacterial effect on the action potential duration in guinea pig ventricular myocardial (from Hagikawa ref 26) and calculated molecular specifiers
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		Action	Excitat	HOMO-	Lipo-	Molec
		Potl	Energy	LUMO	philicity	Vol
		Delay	eV	eV	kcal/mol	cm 3 /mol
	Ofloxacin neut	na	3.33	3.874	0.59	264
	Ofloxacin ZW	na	3.311	4.17	2.09	230
	Moxifloxacin neut*	25.1	3.388	3.898	-0.12	269
	Moxifloxacin	25.1	2.436	3.286	0.71	251
	ZW*					
	Grepafloxacin	23.8	3.629	4.175	-0.4	279
	Neut					
	Grepafloxacin ZW	23.8	3.26	4.156	0.78	244
	Sparfloxacin Neut	40.8	3.298	3.951	0.83	261

Footnote: Moxifloxacin* was an outlier in eqs 6(a) and (b)

Table 6 . Molecular specifiers for {ionophore-M n+ } 0 complexes {Ionophore-M n+ } 0 Complexes
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		Excitation	(HOMO-	Lipophilicity	Molecular
		Energy	LUMO)	kcal/mol	Volume
		eV	eV		cm 3 /mol
	{Valinomycin-K-ClO 4 }(0) 5.945Å	0.724	2.354	4.90	905
	{Valinomycin-K-Cl}(0) 5.945Å	4.119	4.503	1.96	789
	{Valinomycin-K-Cl}(0) 3.373Å	0.227	0.648	2.10	892
	{Valinomycin-K}(1)	4.371	5.089	2.28	816
	{Valinomycin}(0)	4.313	5.457	6.64	757
	{Nigericin-K}(0)	4.65	5.052	-0.85	609
	{Monensin-K}(0)	5.429	6.4	-0.66	528
	{Salinomycin-K}(0)	3.974	4.577	-1.32	525
	{Boromycin-K}(0) 2.560Å	4.213	4.752	-0.11	734
	{Boromycin-K}(0) 2.341Å	3.858	4.496	-0.92	682
	{Enniatin-K}(0)	4.078	5.410	0.86	542
	{Dicalcimycin-Ca}(0)	2.803	3.226	1.6	705
	{Indanomycin-K}(0)	3.488	4.185	-2.12	380
	{Lasalocid-K}(0)	4.105	4.609	-1.25	559
	{Narasin-K}(0)	3.974	4.550	-1.41	592
	{Nanchangmycin-K}(0)	3.858	4.775	-0.18	673
	{Maduramycin-K}(0)	2.575	3.605	1.54	634
	{X-206-K}(0)	5.202	5.696	-2.74	634
	{Ionomycin-Ca}(0)	4.035	4.989	-2.47	533