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to (one of the primary line antibiotic) or multi-drug resistant TB (where the bacteria 

become resistant to more than one primary line antibiotic).  Currently rifampicin is 

administered as one of the primary line antibiotic against TB and the rate of resistance 

against rifampicin is 1X108.  Rifampicin resistance arises due to mutation (point 

mutation, deletion, insertion) in the rpoB gene.  In TB treatment to diminish the chance of 

emergence of drug-resistant TB combination therapy used, in which more than one 

antibiotic drug is prescribed at a given time, it is essential for the antibiotics to not exhibit 

cross-resistance.  Hence, it is desirable that AAP target on RNAP does not overlap with 

rifampicin binding target and also, both the bacterial RNAP inhibitor does not exhibit 

cross-resistance. 

To determine the level of Rifampicin cross-resistance, rifampicin MIC was 

determined for AAP1-resistant M. smegmatis mutant derivatives using broth dilution 

method.  As a control experiment the MIC of wild-type M. smegmatis was determined 

and the MIC value was observed to be 3.125 µg/ml.  The level of resistance was 

calculated as the ratio of observed MIC of AAP-resistant mutant over  MIC  of wild-type 

M. smegmatis. 

Based on the result from the above experiments, none of the mutants were found 

to exhibit cross-resistance to rifampin (Table 13).  In fact, some AAP1 resistant mutants 

were found to be hypersensitive to rifampin (Table 13). 
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Table 13: Level of rifampicin cross-resistance in AAP1-resistant mutant: 

Mycobacterium smegmatis 

amino acid 
substitution 

  
cross-resistance level 

(MIC/MIC
wild-type

) 

      

rpoB (RNAP  subunit)    

     

468 proSer   1 

470 HisArg    0.5 

477 IlePhe   1 

553 ArgCys   0.5 

553 ArgGly   1 

553 ArgPro   1 

557 GlySer   1 

559 ValGly   1 

571 AspGly   0.5 

576 GlnArg   0.5 

    
 

rpoC (RNAP ’ subunit)   
 

    
 

833 ArgGly   1 

850 IleSer   0.5 

     

 

4.2.7.2: AAP1 cross-resistance level of rifampicin-resistant mutants: 

Mycobacterium smegmatis 

 

To confirm the fact that AAP1 and rifampicin does not exhibit cross-resistance reciprocal 

experiment was also performed in which AAP1 cross-resistance level was determined 

for isolated Rifampicin-resistant M. smegmatis mutants. 
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More than 70% of the rifampicin-resistant clinical isolates contain mutation at three 

locations in RNAP β-subunit (E. coli residue) 516 D, 526 H and 531 S [135] .  We 

isolated two rifampicin-resistant mutant 442H→T (526) and 447S→L (531) in M. 

smegmatis (characterized by sequencing rpoB gene).  AAP1 MIC was determined for 

the rifampin-resistant M. smegmatis mutants by broth dilution method.  As a control 

experiment the AAP1 MIC value was determined for wild-type M. smegmatis the 

observed AAP1 MIC value for wild-type M. smegmatis was observed to be 0.39 µg/ml.  

The level of cross-resistance was calculated as the ratio of observed AAP1 MIC value of 

rifampicin-resistant mutant over the AAP1 MIC value for wild-type M. smegmatis. 

Based on the result from the above experiment none of the rifampin-resistant 

mutants were found to exhibit cross-resistance to AAP1 (Table 14). In fact one of the 

rifampin-resistant mutants was observed to be hypersensitive to AAP1 (Table 14).   

 

Table 14: Level of AAP-cross-resistance in rifampicin-resistant mutants: 

Mycobacterium smegmatis 

amino acid substitution cross-resistance level (MIC/MICwild-type) 

rpoB (RNAP β subunit)  
442 His→Tyr(=526 in E. coli) 1 

447 Ser→leu(=531 in E. coli) 0.5 

 

The observed absence of cross-resistance between rifampicin and AAP1, and the 

reciprocal absence of cross-resistance between rifampin and AAP1, are consistent with 

the absence of overlap between the AAP1 target and the rifampin target (Figure 11). 

 



67 
  

4.2.7.3: Rifampicin, myxopyronin, lipiarmycin cross-resistance level of AAP-

resistant mutants: Mycobacterium tuberculosis: 

 

To confirm the absence of cross-resistance between rifampicin and AAP1 in the 

causative agent of TB, we have determined the level of rifampicin cross-resistance in 

AAP-resistant M. tuberculosis mutants.  Additionally we have also determined the cross-

resistance level of two other RNAP inhibitors myxopyronin and lipiarmycin, they are both 

bacterial RNAP inhibitor with distinct binding target on bacterial RNAP than AAP1 or 

rifampicin.  Myxopyronin binding target on bacterial RNAP is the switch region, and is 

distinct from Rifampicin and AAP1 binding target. lipiarmycin binding target is SWI/SW2 

sub-region and it interferes with the RPo formation.  We performed MABA-MIC assays to 

test the level of cross-resistance between AAP-resistant M. tuberculosis H37Rv mc26230 

and rifampicin, myxopyronin and lipiarmycin.  As a control experiment the MIC value for 

each of the inhibitors against wild-type M. tuberculosis H37Rv mc26230 was determined 

and the level of cross-resistance was calculated based on the ratio of observed MIC 

value of mutant derivative over wild-type.  The MIC values for the wild-type M. 

tuberculosis H37Rv mc26230 for rifampicin, lipiarmycin, myxopyronin were observed to 

be 0.012 µg/ml, 3.12 µg/ml, 25 µg/ml respectively.  The results from the MABA-MIC 

assays indicate that none of the AAP-resistant mutant derivative exhibit cross-resistance 

to Tb drug rifampicin and other RNAP inhibitors, myxopyronin and lipiarmycin.  In fact, 

one of the AAP-resistant mutants exhibited hypersensitivity to rifampicin.  The result is 

consistent with the fact that the AAP-target does not overlap with binding target of 

rifampicin, lipiarmycin and myxopyronin (Table 15).  The result is also consistent with the 

result from AAP-resistant mutant M. smegmatis derivative. 



68 
  

Table 15: Level of RNAP inhibitor-cross-resistance in AAP-resistant mutants: M. 

tuberculosis 

amino acid substitution cross-resistance level (MIC/MIC
wild-type

) 

rifampicin myxopyronin lipiarmycin 

rpoB (RNAP β subunit)    

473 ProThr 1 1 1 

558 ArgGly 0.5 1 1 

558 ArgSer 1 1 1 

581 GlnArg 0.12 1 1 
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5. Mechanism of inhibition: AAPs 

 

Since AAP target on RNAP does not overlap with the active center, we determined the 

mechanism of inhibition of AAPs. We assessed the effect of AAPs on different step of 

transcription (initiation and elongation). 

In an identical experiment we compared the effect of AAPs and Rifampicin on the 

mechanism of transcription inhibition 

Also, since AAP and CBR703 target are identical we examined the effect of CBR703 on 

M. tuberculosis RNAP and vice versa. 

 

5.1 Materials and methods: 

 

5.1.1 De-novo transcription initiation assay: radiochemical in-vitro transcription 

assay 

Reaction mixtures (9.3 µl) contained: 40 nM M. tuberculosis RNAP core and σA  

(incubated on ice for 10 minutes to form holoenzyme), 10 nM N25, 10 µM, 40 µM of 

AAP1 and AAP12 respectively and 0.2 µM rifampicin, 40 mM Tris (pH 8.0), 75 mM NaCl, 

5 mM MgCl2, 2.5 mM DTT,12.5 % glycerol Reaction components other than DNA were 

incubated for 10 min at 37 °C prior to addition of DNA.  Following 10 min at 37 °C, 0.5 µl 

2 mM ATP and 0.2 µl [α-32P]UTP 40mCi/ml were added, and, following a further 10 min 

at 37 °C, reaction mixtures were supplemented with 5 μl loading buffer (10 mM EDTA, 

0.02% bromophenol blue, 0.02% xylene cyanol, and 80% formamide), and boiled for 3 

min at 95 ℃. Samples were applied to 24% polyacrylamide gels (19:1 
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acrylamide:bisacrylamide), electrophoresed in 90 mM Tris-borate (pH 8.0) and 2 mM 

EDTA, and analysed by storage-phosphor scanning (Typhoon; GE Healthcare, Inc.). 

5.1.2 Primer-dependent transcription initiation assay: radiochemical in-vitro 

transcription assay. 

Reaction mixtures (8.1 ml) contained 40 nM M. tuberculosis. RNAP core and 120 nM σA 

(incubated on ice for 10 mines to form holoenzyme), either none or one of antibiotics (10 

mM and 40 µM of AAP1 and AAP12 respectively, 0.2 mM rifampicin, 40 mM CBR703), 

40 mM Tris (pH 8.0), 75 mM NaCl, 5 mM MgCl2, 2.5 mM DTT,12.5 % glycerol.  Reaction 

mixtures were incubated at 37 °C for 10 minutes, supplemented with 0.5 ml 0.2 mM 

LacUV5-ICAP DNA, and incubated at 37 °C for 10 minutes. Reactions were initiated with 

0.9 ml NTP subset (125 mM UTP, 0.1 µl of [α-32P]UTP 40mCi/ml, 5.6 mM 

ribodinucleotide ApA), and allowed at 37 °C for 10 minutes.  Reactions mixtures were 

subsequently supplemented with 10 μl loading buffer (10 mM EDTA, 0.02% 

bromophenol blue, 0.02% xylene cyanol, and 80% formamide),  and boiled for 4 min at 

95 °C Samples were applied to 15% polyacrylamide gels (19:1 

acrylamide:bisacrylamide), electrophoresed in 90 mM Tris-borate (pH 8.0) and 2 mM 

EDTA, and analyzed by storage-phosphor scanning (Typhoon; GE Healthcare, Inc.). 

5.1.3 Transcription elongation: radiochemical in-vitro transcription assay 

Reactions mixture (10.5 ml) contained 40 nM M. tuberculosis. RNAP core and 120 nM 

σA (incubated in ice for 10 minutes to form holoenzyme), 10 nM N25-100-tR2 DNA 

template, 40 mM Tris (pH 8.0), 75 mM NaCl, 5 mM MgCl2, 2.5 mM DTT,12.5 % glycerol.  

Reaction mixtures were incubated at  37 °C for 10 minutes Reactions were initiated with 

2.2 µl NTP subset without CTP (34 mM GTP,  34 mM UTP, 34 mM ATP and 0.2 µl [α-

32P]UTP 40mCi/ml, and allowed at 37 °C for 2.5 minutes.  The transcription reaction 
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was expected to halt at G29 position.  The reaction mixtures were then incubated with 

0.75 ml DMSO or one of inhibitors (10 µM and 40 µM of AAP1 and AAP12 respectively, 

and 0.2 µM of rifampicin) for 5 minutes at 37 °C.  The reactions were restarted with 0.75 

ml 100 mM CTP, and allowed at 37 °C for 2.5 min. Reactions mixtures were 

subsequently supplemented with 10 μl loading buffer (10 mM EDTA, 0.02% 

bromophenol blue, 0.02% xylene cyanol, and 80% formamide), and boiled for 4 min at 

95 ℃. Samples were applied to 15% polyacrylamide gels (19:1 

acrylamide:bisacrylamide), electrophoresed in 90 mM Tris-borate (pH 8.0) and 2 mM 

EDTA, and analyzed by storage-phosphor scanning (Typhoon; GE Healthcare, Inc.). 

 

5.2 Results and conclusion: Mechanism of AAPs inhibition: 

 

To determine the effect of AAPs on transcription initiation, we have performed 1) de-

novo initiation and 2) primer dependent transcription initiation assays. 

5.2.1 Effect of AAPs on transcription: de-novo initiation: 

 

To assess the effect of AAPs on de-novo transcription initiation, we have performed 

radiochemical transcription assay.  We used N25 promoter DNA (Figure 12), and 

examined the formation of ApU (dinucleotide product) by using ATP and radioactive [α-

32P]-UTP.  The dinucleotide product ApU* was electrophoresed and resolved on a 24% 

denaturing sequencing gel.  We examined the effect of AAPs (AAP1 and AAP12) and 

rifampicin (inhibits transcription by sterically blocking formation of RNA product more 

than 2 or 3 nt) in the transcription elongation experiment 
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5’-GAGGGAAATCATAAAAAATTTATTTGCTTTCAGGAAAATTTTTCTGTATAATAGATTCATAAATTTGAGAGAGGAGTTTAAAT-3’ 

3’-CTCCCTTTAGTATTTTTTAAATAAACGAAAGTCCTTTTAAAAAGACATATTATCTAAGTATTTAAACTCTCTCCTCAAATTTA-5’ 

 

 

 

 

We observed that AAP1 and AAP12 inhibits the formation of ApU dinucleotide (Figure 

14A) at concentration 10 µM and 40 µM, whereas in the same experiment rifampicin at 

concentration 0.2 µM does not inhibit the formation of ApU. 

 

5.2.2 Effect of AAPs on primer-dependent transcription initiation 

 

To determine the effect of AAPs on primer dependent transcription initiation, we 

performed a radiochemical transcription assay.  For this experiment we used lacUV5 

promoter DNA (Figure 13) and ApA primer, which upon addition of UTP forms two 

products trinucleotide (ApApU) and tetranucleotide (ApApUpU).  In this experiment the 

enzyme was first incubated with inhibitors, followed by addition of promoter DNA and 

finally transcription reaction was initiated by addition of ApA primer and UTP.  We 

resolved the trinucleotide and tetranucleotide product on a 15% sequencing denaturing 

gel.  We examined the effect of both AAPs and rifampicin on primer dependent 

transcription initiation.  Rifampicin in the same experiment is known to inhibit the 

Figure 12: N25 promoter DNA 

Part of the N25 promoter DNA. The start site (ApU RNA product) is in red and 

the upstream -10 and -35 regions are shaded. 
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formation of tetranucleotide transcription initiation transcription product but does not 

affect formation of trinucleotude product. 

 

 

 

 

 

 

 

3’-TCACATTTTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACA-5’ 

5’-AGTGTAAAATCCGTGGGGTCCGAAATGTGAAATACGAAGGCCGAGCATATTACACACCTTAACACTCGCCTATTGT-3’ 

 

 

 

 

We observed that both AAP1 and AAP12 inhibit the formation of both trinuleotide and 

tetranuleotide products at concentration of 10 µM and 40 µM each, in the identical 

experiment rifamipcin at concentration 0.2 µM inhibits the formation of tetranucleotide 

but not the trinucleotide.  

The results indicate that AAPs can inhibit transcription initiation by 

Mycobacterium tuberculosis RNAP in both de novo and primer extension reaction.  The 

result also indicates that AAPs and rifampicin mode of transcription inhibition is not 

identical.  Based on these observations we can propose that AAPs are inhibitors of 

Mycobacterium tuberculosis RNAP inhibiting transcription at the stage of initiation and 

the mechanism of transcription initiation inhibition by AAPs and the TB drug rifampicin 

differs from each other  

 

 

Figure 13: LacUV5 promoter DNA  

Fragment of promoter DNA. The start site (ApA RNA product) is in red 

and the upstream -10 and -35 regions are shaded. 
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Figure 14: Effect of AAPs on transcription initiation: 

Mycobacterium tuberculosis RNAP 

A) de-novo synthesis assay 
Product resolved on 24% denaturing sequencing PAGE 
In de-novo synthesis assay no inhibitor lane contains + 
control and shows the dinucleotide product. 
AAP1 and AAP12 contains inhibitors at 10 and 40 µM and 
exhibit inhibition of formation of dinucleotide product 
whereas rifampicin at 0.2 µM does not inhibit the formation 
of dinucleotide product 
 

B) Primer-dependent initiation assay 
Product resolved on 15% denaturing sequencing PAGE 
+ control contains no inhibitor and shows the formation of 
trinucleotide and tetranuceotide products.  
AAP1 and AAP12 at concentration of 10 and 40 µM inhibit 
the formation of any transcription product. 
Rifampicin at 0.2 µM in the experiment inhibits the formation 
of tetranucleotide but not trinucleotide product. 
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5.2.3 Effect of AAPs on transcription elongation 

 

After determining the effect of AAPs on transcription initiation we probed the effect of 

these inhibitors on the next step of transcription which is elongation.  To do so we have 

performed a radiochemical transcription assay and in the assay we used N25 tr-100 

promoter DNA (Figure 15), which forms a 29 nt (G29) halt product when CTP is not 

included in the transcription reaction. In the reaction we added enzyme, promoter DNA 

and all NTPs without CTP, after incubating the reaction for appropriate time inhibitors 

were added, after incubation with the Inhibitors we resumed the transcription reaction by 

addition of CTP to form the full length 100 nucleotide run-off transcript.  We resolved the 

G29 product from the run-off 100 nt product by electrophoresing the transcription 

reaction on a 15% denaturing sequencing gel.  We examined the effect of AAP1, AAP12 

and rifampicin on transcription elongation and compared the observed result of each 

inhibitor.  Rifampicin is known to sterically block the formation of nascent RNA formation 

of 2-3 nucleotide and does not affect RNAP after it enters elongation complex, hence in 

this experiment we do not expect to observe any inhibitory effect from rifampicin. 

 

5’-GAGGGAAATCATAAAAAATTTATTTGCTTTCAGGAAAATTTTTCTGTATAATAGATTCATAAATTTGAGAGAGGAGTTTAAATA 

3’-CTCCCTTTAGTATTTTTTAAATAAACGAAAGTCCTTTTAAAAAGACATATTATCTAAGTATTTAAACTCTCTCCTCAAATTTAT 

 

 

 

TGGCTGGTTCTCGATCGAGGAGTTTAAATATGGCTGGTTCTCGCGAGAATTCCGAATAGCCATCCCAATCGATA-3’ 

ACCGACCAAGAGCTAGCTCCTCAAATTTATACCGACCAAGAGCGCTCTTAAGGCTTATCGGTAGGGTTAGCTAT-5’ 

 

 

 

 

Figure 15: N25-tr2-100 promoter DNA 

The G29 nucleotide transcript is in yellow, upstream promoter binding region -35 

and -10 are shaded in shaded in gray. 
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In the above reaction we observed that both AAP1 and AAP12 at concentration 

40 µM inhibited the elongation of G29 nucleotide. Rifampicin in the same experiment did 

not have any effect on transcription elongation (as expected based on the known 

mechanism) (Figure 16).  Based on this observation we can infer that AAPs can inhibit 

transcription by Mycobacterium tuberculosis RNAP in transcription elongation reaction 

and that the mechanistic effect of AAP differs from that of rifampicin.  Hence we propose 

that AAPs are inhibitors of Mycobacterium tuberculosis RNAP and can inhibit 

transcription at the stage of elongation and the mechanism of inhibition varies from that 

of the TB drug rifampicin.  Since, AAPs can inhibit both transcription initiation and 

elongation and the effect of AAPs is analogous with the effect of CBR703 on E. coli 

RNAP, and also based on the fact that the binding target of CBR703 and AAPs are 

identical, we can propose that AAPs inhibits mycobacterial RNAP with identical 

mechanism as CBR703 inhibits E. coli RNAP [106].  The mechanism of transcription 

inhibition of CBR703 is determined and it is proposed that CBR703 interfere with the 

RNAP nucleotide addition cycle.  Thus, we can propose that AAPs inhibits or interferes 

with the nucleotide addition cycle of Mycobacterium tuberculosis RNAP and hence, 

inhibits transcription at both initiation and elongation stage.  Also, the mechanism of 

transcription inhibition by AAPs is different than the known RNAP inhibitor rifampicin and 

this observation is consistent with the fact that the binding target of AAPs and rifampicin 

does not overlap and also consistent with the fact that AAPs and rifampicin does not 

exhibit any cross-resistance. 
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Figure 16: Effect of AAPs on transcription elongation: Mycobacterium 

tuberculosis RNAP 

Product resolved on 15% denaturing sequencing PAGE 

- CTP Control contains no CTP and no inhibitors in the reaction mixture 

and shows G29 product 

+CTP contains no inhibitors and shows the 100 nt full-length run-off 
transcript 
 
+Rif contains rifampicin at 0.2 µM concentration and shows no 
inhibition of elongation from G29 to 100 nt 
 
AAP1 and AAP12 at concentration of 40 µM inhibits the formation of 
elongation of G29 product 
 
CBR703 at 40µM concentration does not inhibit the formation of 
elongation product. 
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Discussion: 

 

Tuberculosis despite being an ancient disease still remains the second largest cause of 

mortality from infection.  Resurgence of TB epidemic has emerged due to HIV infection 

and persistence of drug-resistance TB.  The disease was declared a global health 

emergency in 1993, and requires urgent attention in terms of its treatment and cure. In 

2006 a high-throughput screening was performed to identify compounds with 

antimycobacterial characteristics.  Out of 114,260 compounds screened five compounds 

were identified as top hit.  Out of the five compounds two of them had the same scaffold 

of AAPs and AAP1. 

In this work we demonstrate the functional cellular target of AAPs as bacterial 

RNAP, and also identify the binding target of AAPs within the bacterial RNAP. 

 

AAPs stereo-selectively inhibit Mycobacteria: 

In the current study we have determined the species specificity and stereo-specificity of 

a compound isolated through high-throughput screening against mycobacterial RNAP.  

We have assessed the effect of AAPs in in-vitro transcription assays performed against 

purified M. tuberculosis, E. coli and S. aureus RNAP.  The result indicates that AAPs 

exhibit potent activity against only mycobacterial RNAP and that AAPs exhibit poor or no 

activity against RNAP from other non-bacterial species.  We determined the antibacterial 

activity of AAPs against M. tuberculosis, M. smegmatis, E. coli, S. aureus and various 

other fast-growing thermophilic mycobacteria and observed that AAPs exhibits the same 

trend as observed in in-vitro transcription assays.  Based on the results from these 
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assays we propose that AAPs are species specific inhibitor of mycobacteria (with 

enhanced potency). 

Since, AAPs possesses a chiral center, we determined the stereo-specific activity 

of AAP1 by assessing the effect of D-AAP1, L-AAP1 and D/L-AAP1 on the inhibition of 

mycobacterial RNAP and on inhibition of mycobacterial growth.  Based on the result, we 

observed that D-AAP1 was >100 fold more active than L-AAP1.in transcription assay, 

this trend was also observed in mycobacterial growth inhibition assay where D-AAP1 

exhibited >100 fold activity (Mycobacterium smegmatis).  Hence, we propose that the 

antimycobacterial action of AAP1 is stereoisomer specific and that “D-AAP1” is the 

isomer responsible for exhibiting antimycobacterial activity. 

AAP target and property: 

We have determined and identified the functional cellular target of AAPs as the bacterial 

RNAP by the isolation of spontaneous resistant mutants.  We have also determined the 

binding target of AAPs on bacterial RNAP by mapping the amino acid residues 

responsible for conferring AAP resistance on the three-dimensional structure of bacterial 

RNAP.  We determined that the target of AAP within bacterial RNAP is a site, adjacent 

to the active center, but not overlapping with the active center residues.  This proposed 

AAP binding target does not overlap with RNAP’s nucleic acid binding determinant, 

sigma binding determinant or the catalytic center and is located at the base of β-lobe 

and the N-terminal of β’ bridge helix.  This binding site of AAPs in mycobacterial RNAP 

is essentially identical to the binding site of CBR703 (Gram-negative ligand specific 

inhibitor) on E. coli RNAP.  

Our results show that the AAP binding target is located adjacent to the rifampicin 

binding target but does not overlap.  This is consistent with the fact that the AAP-
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resistant mutant does not exhibit any cross-resistance to the current TB drug rifampicin 

and vice versa.  We have also determined the rate of resistance for AAP in mycobacteria 

and observed that the rate of mutation is similar to that of rifampicin. 

AAPs mechanism of inhibition: 

We have probed AAPs’ mechanism of mycobacterial RNAP inhibition and determined 

that AAPs inhibits transcription at stage of initiation (de novo and primer dependent) and 

elongation.  We have shown that AAPs’ mechanism of mycobacterial RNAP inhibition 

differs from that of rifampicin’s mechanism of RNAP inhibition (consistent with the 

difference in binding site).  We have also established that CBR703 an E. coli RNAP 

specific inhibitor with identical target as AAPs does not inhibit mycobacterium RNAP in 

the transcription initiation assay and vice-versa but their mechanism of inhibition is 

identical for their respective target [106]. 

Based on the location of AAPs’ target within bacterial RNAP and the mechanism 

of inhibition we propose that AAPs are allosteric inhibitor of mycobacterial RNAP.  Since, 

bridge helix is known to participate in nucleotide addition cycle and undergoes 

conformation change during the nucleotide addition cycle.  We propose that AAPs 

function by interfering with the bridge helix conformational dynamics and hence affecting 

the nucleotide addition cycle.  Possibly, AAPs hold the bridge helix in a straight 

conformation by binding at the bridge helix N-terminal subsite (mechanism identical to 

CBR703). 

Introduction of rifampicin in the course of TB treatment has proven to be a 

breakthrough in terms of reduction in the length of treatment and sterilizing effect on the 

persisters.  In the current scenario, emergence of rifampicin-resistant TB has threatened 

the clinical utility of rifamycin class of compounds.  Also, due to rifampicin’s limitations in 

Figure 10: Species specific effect of AAPs andCBR703 on 

bacterial RNAP 
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the treatment of in HIV-TB and scarcity of sterilizing drugs in TB treatment demands for 

the urgent need to explore new RNAP inhibitor [124].  

In this study we introduce a new class of mycobacterial RNAP inhibitors, which 

act on mycobacterial RNAP at a different target than rifampicin, functions through a 

different mechanism than rifampicin and also exhibit similar or less susceptibility to grow 

resistant mutants than rifampicin.  In collaborative work with Dr. Nancy Connell and Dr. 

Meliza Talaue at Rutgers Newark we have observed that AAPs exhibit potent sterilizing 

activity against non-replicative mycobacteria) and on rifampicin-resistant non-replicative 

mycobacteria (Hu coates model III).  Also, in the collaborative work with Dr. Janasy 

Sarathy and Dr. Veronique Dartois at Rutgers Newark we have observed that AAPs 

exhibit greater intracellular accumulation in rifampicin-resistant non-replicating 

mycobacteria, which accounts for the enhanced sterilizing effect of AAPs. 

AAPs have potential drug like properties, which is it does not exhibit any liability 

in in-vitro ADME studies and also excellent result in preliminary pharmacokinetic study 

(enhanced half-life in rat PK iv and oral) 

All these properties, together with the fact that AAPs are bacterial RNAP-specific 

inhibitors (do not affect eukaryotic RNAP in transcription assays and do not inhibit 

eukaryotic cell growth), make AAPs promising candidates for developing AAPs as drugs 

in TB treatment or in treating mycobacterial infection. 

In future, introduction of another RNAP inhibitor (besides rifampicin) that can be 

co-administered with rifampicin for the treatment of TB, could enhance the sterilizing 

effect on the persisters leading to overall enhancement of potency and ultimately 

decreasing the treatment duration.  Also, AAPs’ and rifampicin co-administration could 

diminish the chance of emergence of spontaneous resistant-mutants to either drugs and 
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at the same time exhibit additive or superadditive effects on Mycobacterium tuberculosis 

growth inhibition.  Additionally, since AAPs exhibit sterilizing activity against rifampicin-

resistant Mycobacterium tuberculosis it could be used as a drug in treating MDR-TB and 

XDR-TB, which is highly desirable. 

Since, AAPs have modular structure (consist of three rings A, B and C) and can 

be synthesized in a single step reaction, lead optimization using the single substitution 

walk method can be performed in the three rings (A, B and C) in facile manner.  In our 

current work using the approach of “systematic lead optimization”, we have tested more 

than 400 AAP1 analogs, and successfully identified compounds with >8 fold higher 

potency against Mycobacterium tuberculosis in in-vitro transcription assays and growth 

inhibition assays.  The goal is to combine the desirable property of each substitution to 

achieve greater potency and efficacy.  Additionally, we are focusing on improving the 

physical and pharmacological properties of AAPs, and also identifying compounds 

suitable for evaluation in animal models of tuberculosis. 

In current study we are also performing experiments to determine the effect of 

the synthesized analogs of AAPs against RNAP from E. coli and S. aureus to identify a 

ligand that can inhibit either Gram-negative, Gram-positive or both bacterial species.  

The idea is to identify and develop broad-spectrum bacterial inhibitor thereby increasing 

the scope of activity and utility of AAPs. 
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List of primers 

 

Name Sequence 

B1 5’-ATG GTG TTG GCA GAT TCC CGC CA-3’ 

B2 5’-TTC ATC AAC  AAC AAC ACC GGT G-3’ 

B3 5’-GAG GCG CTG TTG GAC ATC TAC CG-3’ 

B4 5’-ACC ACC CAG GAC GTG GAG GCG AT-3’ 

B5 5’-GCC ACG TGG TGG CAC AGG CCA ATT-3’ 

B6 5’-GGA TGC GCA AGT TTG CCC GGT CCA-3’ 

B7 5’-CAA GGT CAC CCC GAA GGG TGA GA-3’ 

B8 5’-TTG GTG TGC CCA CAG CGG CTG GA-3’ 

B9 5’-GAT GGA GTG CTG GGC CAT GCA GG-3’ 

C1 5’-GTG CTC GAC GTC AAC TTC TTC GA-3’ 

C2 5’-CGT GAT CAC CTC GGT CGA CGA GG-3’ 

C3 5’-GAA CTT CGA CAT CGA CGC CGA AG-3’ 

C4 5’-CAA GTC GCT TTC CGA TCT GCT CA-3’ 

C5 5’-CAA TGC CGA CTT CGA CGG TGA CC-3’ 

C6 5’-ACC ACG CTG GGC CGG GTG ATG TT-3’ 

C7 5’-GAT CAT CAC CAT CGT CGA CTC CG-3’ 

C8 5’-GAG GCC GGC AAC GTC ATC GTC GAG-3’ 

C9 5’-CAT CGT TCC TGA CGA CGG CGG TGA-3’ 

C10 5’-GTG AGC CCG CGG CCG GCC GTC CGG-3’ 

SB1 5’-GTG  CTG GAA GGA  TGC ATC TT-3’ 

SB2 5’-CAG ATC GTG GAG CGC TTC-3’ 

SB3 5’-AGA ACC AGA TCC GCG TG-3’ 

SB4 5’-AAC CCG TTC GGC TTC AT-3’ 

SB5 5’-TGG GTA CCG GTA TGG AAC T-3’ 

SB6 5’-TGC TCA CCT CGA TCC ACA T-3’ 

SB7 5’-GAG CTG GTC CGC GTC TA-3’ 

SB8 5’-GGT CTG CTC GGC TCG AC-3’ 

SB9 5’-CGC TTC GGT GAG ATG GAA-3’ 

SC1 5’-GTG CTA GAC GTC AAC TTC TTC GA-3’ 

SC2 5’-GCC CCG AAG GAT CTG GAA AA -3’ 

SC3 5’-ATC AAG AAG CTC ATC GAG AAC-3’ 

SC4 5’-ATC TGC TCA AGG GCA AGC A-3’ 

SC5 5’-AGA TGG CCG TGC ACC TT-3’ 

SC6 5’-CGT TCG TCA ACG AGC AGA T-3’ 

SC7 5’-GGT CTG GTG ACC AAC CCG AGG-3’ 

SC8 5’-GTC CGC TCG GTG CTG ACC TGC-3’ 

SC9 5’-TGG CTG TCG GCG GCG TCG TTC-3’ 

SC10 5’-CTC TCG AAG CGT CAG CGT CTG-3’ 

 

 


