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Figure 11: SDS-PAGE Analysis of the Affinity Purification of the CarD N-terminal Domain

Lane 1: Prestained protein marker; Lane 2: Full-cell sample prior to induction with IPTG; Lane 3: Full-cell
sample 16 h after induction; Lane 4: Soluble fraction; Lane 5: Urea-solubilized insoluble fraction; Lane 6: GS
beads after protein coupling; Lanes 7 and 8: Wash fractions after washing GS beads with 20 mL PBS pH 7.4.
Lane 9 and 11: GS beads before and after coupling CarD™; Lane 10: GST remaining attached to beads after
cleavage %nd elution of CarD"; Lanes 12-15: Eluted CarD". Yellow and red boxes and arrows mark GST-CarD"
and CarD".

GST-CarD", like GST-CarD is a highly soluble fusion protein of ~35 kDa (Figure 11, Lane 5
but not visible in lane 6, insoluble fraction). Proteolytic cleavage of GST-CarD" fusion
protein is significantly faster than that of CarD (Figure 11, lane 10). CarD™ was stable for
more than 20 days in PBS pH 7.4. Eluted CarD" was, however, not as pure as CarD (Figure 9

lanes 12 and 13). The total yield of CarD (Figure 11, lanes 12 — 15) was 3.2 mg.
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As described for full-length CarD above, purification of CarD" by anion exchange
chromatography (Figure 12A) allowed for the binding and specific elution of the protein from
the column. However, again the protein was rapidly degraded such that no protein bands were

visible in the SDS-PAGE analysis as indicated in Figure 12B below.
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Figure 12: Anion Exchange Chromatography of CarD"

A) Anion exchange chromatogram for CarD (blue). An absorption peak is observed that presumably corresponds
to eluting CarDN at a buffer B concentration of ~13%. Absorbance (y-axis) is in milli absorbance units (mAU).
The x-axis corresponds to the NaCl concentration (in mM).

B) A 15 % SDS-PAGE analysis of fractions corresponding to the peak in A. Surprisingly, no protein bands at
about size 7 kDa (red arrow) are visible implying that protein is rapidly degraded after elution.

3.4 Production and Purification of RNAP p1

Despite the successful cloning of Mtb rnaP [1 gene and the transformation of the plasmids
into BL21+ and Rosetta 2 cells, induction of recombinant protein production by IPTG did not
result in observable production of the Mtb RNAP B1. The results for expression trials in

BL21+ cells are documented in Figure 13.
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Figure 13: Expression Tests for Mtb rnaP gene in BL21+ Cells

A) Lane 1: Unstained protein marker; Lane 2-5: Soluble fractions respectively 0, 3, 10 and 16 h after induction
with 0.1 mM IPTG; Lane 6: Insoluble fraction prior to induction; Lanes 7-9: Insoluble fractions respectively 3,
10 and 16 h after induction. The red arrow marks the expected size of the GST-RNAP 1 fusion protein at 70
kDa. B) Lanes 1 and 2: GS beads before and after addition of the soluble fraction; 3: Clean GS beads.
Unfortunately, Mtb RNAP B1 was not produced after inducing with 0.1 mM IPTG as samples
from soluble and insoluble protein fractions 3, 10 and 16 h after induction indicate no increase
in a band at the expected size (red arrow in Figure 13 A). Occasionally production levels of
proteins can be too low to be visible on Coomassie stained SDS-PAGE. In such cases,
produced proteins can be enriched using affinity chromatography to reveal residual protein
production. The content of lysed cells 18 h after induction was therefore incubated with GS
beads, eluted and the beads washed. However, samples of the beads do not indicate any fusion
protein bound to the column (Figure 13 B), implying that.

Nevertheless, Tag RNAP B1™ produced and expressed solubly in BL 21 cells. Figure 14

shows the purification results.
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Figure 14: 15 % SDS-PAGE for Tag RNAP

Lane 1: Unstainable protein marker, lane 2: proteins that did not bind to the Ni**-NTA beads after incubation with
soluble protein fraction. Lanes 3-6: wash fractions collected after Ni*’-NTA beads were washed with 40 mL of
Ni**-NTA wash buffer (Table 10). Lanes 7-10 are samples collected when Tag RNAP B1™ was eluted with Ni*'-
NTA elution buffer. The red arrow shows the Tag RNAP B1™ at 23 KDa

The Tag RNAP B1™ comes out as early as wash step with buffer containing 10 mM imidazole.
Almost all of the remaining Tag RNAP B1™ was eluted by 10 mL of 250 mM imidazole
containing buffer with just above 45 kDa contaminating protein (Figure 14 lane 7). The Taq
RNAP B1™ was further purified using SEC and was pure as analysed by 15 % SDS-PAGE gel

(Figure 15)
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Figure 15: Size exclusion chromatography purification of 7ag RNAP 1™

SEC of Taq RNAP primarily using PBS pH 7.4 reveals a single absorption peak at an elution volume of 12 mL,
presumably corresponding to purified RNAP. Insert — SDS-PAGE analysis of the size exclusion purification.
Lane 1: Molecular weight marker; Lanes 2 to12: samples from fractions within the absorption peak. Fractions
with pure RNAP are marked by a red rectangle and a red arrow.

Tag RNAP B1™ eluted from the GPC column in a broad peak covering 12 mL (Figure 15).
The size corresponds to 23 kDa (red box and red arrow). The purity is improved compared to
Ni**-NTA affinity chromatography. The pooled samples contained a total of 30 mg of Tag

RNAP p1™.

3.5 CarD/RNAP 31m Complex

As described in the Introduction (Section 1.5.2), CarD is assumed to bind to RNAP through
its N terminal domain. To investigate and confirm this interaction, two pull-down assays were

developed and applied (Figure 17).. In the first, Tag RNAP B1 (bait) is allowed to bind to
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Ni**-NTA whereupon CarD is added, incubated and analysed for binding (Section 2.5). In the
second, GST-CarD (bait) is coupled to GS-beads and Tag RNAP B1 (prey) is added, incubated
and tested for binding. Unexpectedly the former assay, Ni**-NTA pull down, did not work.
The pull-down assay using GST-CarD as bait confirms the expected stoichiometric (1:1)

complex between CarD and Taqg RNAP B1.

Figure 16: The Schematic Representation of Two Ways of Ferming a CarD/RNAP Complex

A) First, RNAP is allowed to bind to the Ni*’-NTA beads (bait) via its Hise-tag. CarD (prey) is then added to the
immobilized RNAP and incubated to allow complex formation — presumably via the N-terminal domain of CarD
B) GST-CarD fusion protein (bait) is allowed to bind to GS beads via the GST domain. Tag RNAP B1™ is then
added to the immobilized CarD and incubated to allow complex formation between CarD and Tag RNAP B1™.

Figure 17 depicts the results for the pull-down assays in the form of 15 % SDS-PAGE for
complex formation according to the schematic diagrams in Figure 16 A. Conditions were
varied to optimize CarD complex formation (Section 2.5.2). Preparation of both bait and prey

proteins were described in the preceding sections (Figures 9, 11, 14 and 15).

50



A Iflow-throughl [ Washes B
kDaM 5 6 7 8 9105 & 7 § 310

_ma_LM'-b.lx'll(J‘hb?K‘llo
ol o & A
C

| Elution 1 ” Elution 2 I

35
25

s I RNAP(23KDa)
S EEm CarD(18kDa)

66
35
25

——

Beads after elutio

kDam € & 7 & 9 10
4 —

Figure 17: 15 % SDS-PAGE results for Ni-NTA pull down experiments

The number above each lane indicates the pH of the buffer used to form, purify and elute the complex from the
Ni*“NTA beads.

A) Unbound proteins eluted after incubation of CarD with Ni-NTA/Tag RNAP B1™ beads for 3 h using the
indicated buffers. Red arrows mark Tag RNAP B1™ (shown as RNAP in the picture) and CarD.

B) Elution of potential Tag RNAP B1"/CarD complexes using the designated buffer enriched with 250 mM
imidazole. The step was repeated to ensure complete elution of the coupled proteins. The red arrow marks eluted
RNAP.

C) Beads from B after elution. The red arrow marks RNAP remaining on the beads.

CarD eluted along with other unbound proteins after incubation with Tag RNAP B1™-loaded
Ni**-NTA beads for all conditions tested. CarD was also eluted during the washing steps — as
was some of the Tag RNAP B1™ (Figure 16A). When beads potentially bearing Tag RNAP
B1™/CarD complexes were incubated with buffer containing 250 mM imidazole, only Tag
RNAP B1™ eluted (Figure 16B) and only RNAP remained on the beads (Figure 16C). This
observation implied, that Tag RNAP B1™ and CarD do not form a complex under the

conditions tested here. To test whether this was always the case, the inverted experiment was
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undertaken in which GST-CarD was coupled to the matrix and Tag RNAP B1™ added to check

for complex formation (Figure 17).
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Figure 18: GST-CarD/ Tag RNAP 1™ Pull Down Assay

The pH of the buffer used during incubation, purification and elution of potential GST-CarD/Tag RNAP 1™
complex from GS beads is shown above each lane.

A) Left half: Unbound protein eluted after incubating Tag RNAP B1™ (labeled as just RNAP) with GST-CarD for
3 h. Right half: Elution after beads washing to remove all unspecifically bound proteins. Excess Tag RNAP B1™
elutes.

B) Elution of CarD/Tag RNAP B1™ complex after proteolytic release from GST bound to GS-beads with
PreScission protease overnight. The beads were washed to ensure complete removal of released complex. Red
arrows mark Tag RNAP 1™ and CarD at 23 kDa and 18 kDa respectively.

C) GS-beads after removal of CarD/Tag RNAP B1™. The red arrow marks GST remaining on the beads.

Excess Tag RNAP B1™ is seen to elute both in the flow through after incubating 7ag RNAP
B1™ with GST-CarD complex coupled to GS-sepharose as well as in the following wash stages
(Figure 17A). As expected, GST-CarD remains firmly attached to the GS beads, due to the
high affinity of GST for GS. Following cleavage of the GST-CarD fusion protein by
PreScission protease, Tag RNAP B1™ and CarD are seen to elute in approximately
stoicheometric amounts (Figure 17B), indicating that the proteins do form a complex. Note

that this complex is observed for all tested buffer conditions. Optimal complex formation is
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seen for PBS pH 7.4 buffer with 5 % (v/v) glycerol. The proteolytic release of CarD is seen to
have worked quantitatively, with no fusion protein but only GST remaining on the beads
(Figure 17C).

Larger scale complex formation was attempted using PBS pH 7.4, 5 % (v/v) glycerol (Figure

18). Only the elution of Complex was shown here.
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Figure 19: Large-scale Complexation of CarD/ Taq RNAP p1™

M: Protein marker; Lanes 1-6: CarD/Tag RNAP B1™ complex eluted from the GS beads following incubation in
the presence of PBS pH 7.4, 5 % (v/v) glycerol. This complex was cleaved from the beads by PreScission
protease overnight at 4 °C; Lane 7: GS beads after complex elution

In contrast to the run in Figure 18, this round did not yield a 1:1 CarD/Tag RNAP B1™
complex as evidenced by a weaker Tag RNAP B1™ band (at ~26 kDa) compared to CarD
(~20 kDa). A stoichiometric complex was recorded only for the first 10 mL (Figure 19, lane
2). Lane 7 demonstrates that both GST-CarD fusion protein (45 kDa) and GST (25 kDa)

remain bound to the column after elution sample.
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The complex CarD"“/Tag RNAP B1™ was produced similarly, using a GST pull down

approach (Figure 20).
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Figure 20: Analysis of CarD"/ RNAP Complex

A) Lane 1: Protein marker; Lane 2: Soluble fraction after coupling of CarD™ to the GS beads; Lanes 3 to 5: Wash
fractions to remove unbound proteins; Lane 6: GS beads after wash steps; Lanes 7 to 9: Removal of unbound
proteins after incubating GS-bound CarD and Tag RNAP B1™ for 3 h; Lane 10: GS beads after elution of
CarD"/Tag RNAP B1™. Red circles mark 7ag RNAP B1™ and GST-CarD" fusion protein at 23 and 34 kDa
respectfully. B) Lane 1: Protein marker; Lanes 2 to 5: CarD"/Tag RNAP B1™ complex was eluted from column
after overnight cleavage with PreScission protease. Red circles mark CarD™ and Tag RNAP B1™ at 7 and 23 kDa
respectively in lane 2. Lane 6: Beads after elution of the complex

CarD™ was produced as a GST-fusion protein (34 kDa, Figure 20A lane 6). In lane 7, Tag
RNAP B1™ is visible as a dark band at 23 kDa. The complex was noted as 2 bands before
cleavage from the GS beads (Figure 20 lane 10) as shown by the circles even though the band
associated with Tag RNAP B1™ is not as bold as that of the CarD" fusion protein. However,
the two proteins appeared in almost equal amounts after proteolytic release of the complex
from the GS beads (Figure 20 B lane 1) as marked in red circles. No band was noted
thereafter except for CarD™-GST fusion protein and GST still stuck on the GS beads after

elution (Figure 20B lane 6).
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4.0 Discussion

4.1 Codon Usage and Gene Expression

Of a total of 64 possible three-base codons, 61 code for amino acids, two for stop codons and
one for N-terminal formyl-methionine. Depending on the organism, however, some codons
for the same amino acid are used much more frequently (major codons) than others (rare
codons) (Andersson & Sharp 1996). The usage frequency of individual codons correlates with
the availability of the corresponding tRNA molecules. Heterologous expression of a gene may
thus suffer from reduced efficiency due to previously major codons being rare in the
expression host. Alternative outcomes include inhibition of protein synthesis, reduced cell
growth, decreased mRNA stability, frame shifts and deletions (Berg & Silva 1997). In E. col,
normally no more than 10 rare codons per gene are tolerated (Andersson & Sharp 1996).

The Mtb rnaP f1 gene contains only six codons considered rare in E. coli (Figure 3) implying
that it should be produced. Nevertheless, despite successful cloning, Mth RNAP B1 was not
produced in E. coli BL 21" after induction with IPTG. Reasons may include the very high GC-
content of Mtb rnaP 1. mRNA from GC-rich genes frequently form secondary structures
(Berg & Silva 1997) resulting in low expression levels (Andersson & Sharp 1996; Berg &
Silva 1997). This may partly explain the known difficulty in expressing genes of Mtb in E.
coli. To overcome this limitation, genes may be codon harmonized by replacing guanines and

cytosines near the 5’-end with adenines and thymines (Andersson & Sharp 1996).
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4.2 Cloning of rnaP 1 gene

4.2.1 Restriction Free and conventional Cloning

Restriction free (RF) cloning is a method allowing the insertion of a gene of interest at any
desired location into a circular plasmid, independent of restriction sites, ligation or any
modifications in both vector and gene (Ent & Lowe 2006; Ulrich et al. 2012). RF cloning is
achieved in two independent PCR steps: in the first step the gene of interest is amplified using
a set of plasmids, resulting in a linear product containing the target gene (fragment) flanked by
5’ and 3’ regions complementary to the target plasmid. In the second PCR, the product of the
first round anneals to the target plasmid by its flanking regions, resulting in the incorporation
of the gene of interest into the expression plasmid after amplification. The advantage of RF
cloning lies in facile primer design and a technical simplification compared to conventional
cloning, which may suffer from incompatible restriction sites between expression plasmid and
insert, as well as inefficiency of unbalanced restriction digestion.

In this study, conventional and restriction free cloning methodologies were successfully
combined after neither technique yielded the expected result on its own. The first phase of RF
cloning allowed the amplification of Mtb rnaP f1 from genomic Mth DNA. Conventional
cloning was not successful in this step, possibly due to the high GC content of the Mrb
genome, the large size of the genomic DNA, the shortness of the primers (Table 2) and the
associated low efficiency of the annealing step. RF cloning primers by contrast are
significantly longer (Table 2) allowing for higher annealing probabilities.

In a second step, the linear DNA product of the first RF cloning step was successfully
combined with primers for conventional cloning to generate a pre-restriction digest product

for conventional ligation into an expression plasmid (Figure 8). Clearly, the gene of interest
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was present in a significantly higher concentration as compared to genomic DNA, allowing
for significantly more efficient annealing between primers and template DNA.

Unexpectedly, the second phase of RF cloning was not successful. This may be due to the
method’s inherent low efficiency for primers annealing to the vector for inserts of above 1000
nucleotides (Ent & Lowe 2006).

The overall successful cloning of rnaP f1 gene of Mtb was confirmed by Sanger sequencing.
This serves to underscore that unconventional combinations of techniques may yield results

where the methods individually did not.

4.3 Site Directed Mutagenesis

The success of site directed mutagenesis (SDM) depends on the length of region to mutate or
delete (Ent & Lowe 2006). SDM was used successfully to generate CarD™ from CarD by the
insertion of a stop codon. The generation of CarD" by inserting a stop codon after the codon
for the 64™ amino acid was a relatively simple exercise as only 3 nucleotides needed to be
inserted.

However, SDM failed to replace the B1b domain of the successfully cloned Mtb rnaP f1 gene
by a Gly-Gly linker to produce the conformationally stable Mrb RNAP B1™ (see section
4.2.1). This experiment entails replacing 600 nucleotides by a mere 6 in a gene of 1167
nucleotides. This strategy has frequently been successful in the past inter alia for the
equivalent experiment for Tag RNAP B1™ (Westblade et al. 2010). The crystal structure of the
complete 7ag RNAP revealed the distance between the N- and C-termini of the inserted
RNAP B1b to be 5.4 A (Srivastava et al. 2013). Hence a GG-linker would be able to connect

the two halves of the Bla subunit upon excision of f1b (Westblade et al. 2010).
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The assumed CarD/RNAP protein-protein interaction area is located in the fla subunit
(Stallings et al. 2010). The successful cloning and production of Mtb RNAP 1™ could have
allowed the physiological complex with CarD to be studied in more detail as both proteins
would derive from the same organism. Comparison of Tag and Mtb RNAP B1™ (Figure 2)
confirms that numerous exchanges of surface residues may result in 7ag RNAP B1™ being a
poor substitute for Mtb RNAP B1™.

An alternative strategy would have been to amplify the entire plasmid except the region to be
deleted by employing primers that introduce a Gly and identical restriction sites to either end
of the retained sequence. Using a single restriction enzyme and ligating the resulting
circularized plasmid, the f1b domain could be removed — though depending on the restriction

site, additional residues could potentially be introduced.

4.4 Protein Production and Purification

4.4.1 CarD and CarD N-terminal Domain

Both CarD and CarD™ were soluble when produced and expressed in BL21 E. coli cells as
indicated in Figures 9 and 11. This correlates with the computational prediction of CarD
solubility in PBS pH 7.4 buffer (Priya & Megha 2012). The same analysis predicted CarD to
be stable in this buffer. Experimentally, this proved not to be the case as CarD significantly
degraded within 2 days. Instead, 5 % (v/v) glycerol was found to be required to stabilize CarD
for more than 67 days. Why glycerol should stabilize CarD is not entirely clear but an
explanation could be that glycerol shields exposed hydrophobic surface patches in CarD
(Bondos &Bicknell 2003) increasing its stability (Gekkot & Timasheff 1981) and

compactness (Vagenende et al. 2009). At the same time, glycerol is a chaotrope and its
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stabilizing effect is highly concentration dependent. Too much glycerol could (partly) unfold
CarD while too little would not help to stabilize CarD (Gekkot & Timasheff 1981).

A second purification step of CarD by anion exchange chromatography surprisingly led to its
rapid degradation in less than 1 h (Figurel0). The sudden destabilization of CarD led to the
speculation that the selective removal of a cofactor such as an (oligo)nucleotide — shown to
bind to the C-terminal domain of CarD (Garci et al. 2010; Srivastava et al. 2013) — during
anion exchange chromatography could be responsible. However, this interpretation had to be
revisited when CarD" was similarly degraded after anion exchange chromatography, despite
not being implicated in DNA or RNA binding. An alternative explanation could involve the
effect of NaCl. Proteins purified by anion exchange chromatography are eluted at higher NaCl
concentrations than the original buffer (section 2.4.2.3). For most proteins this would not be a
problem, as “salting out” mostly only happens under very high salt conditions. CarD though
may be more sensitive to a high ion concentration. Yet a further explanation may involve the
high ion concentration in the matrix of the ion exchange column. This could partially unfold
inherently unstable CarD increasing its sensitivity to proteolytic cleavage (Gekkot &
Timasheff 1981).

CarD" did not require glycerol for stability, implying that the source of CarD instability
involves the C—terminal domain. What is known about the C-terminal domain is that it binds
DNA. However, the conclusion that nucleotides are critical to the stability of CarD may be

premature.
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4.4.2 Production of Mth RNAP B1 versus that of Tag RNAP 1™

While Tag rnaP pI1™ in plasmid pET28a produced soluble protein in E. coli BL21+
(Figurel4), Mtb rnaP p1 in pGEX-6P-2 did not. A band observed in SDS-PAGE analysis (red
arrow, Figure 13) roughly corresponded to the expected 70 kDa of the GST-Mth RNAP Bl
fusion protein. The protein, however, did not bind to GS beads implying that it is not protein
of interest. Of course Mtb proteins are notoriously difficult to produce in E. coli due to their
high GC-content (section 4.1). Using the related Mycobacterium smegmatis, which has a
similarly GC-rich genome, as expression host could provide a solution. Except that the
replication time of M. smegmatis is 3 h (Noens et al. 2011), significantly extending the time

required for protein production.

4.4.3 CarD/RNAP Complex

Complex formation between Tag RNAP B1™ and CarD was investigated by two related yet
inverted pull-down assays involving both GST and Ni*-NTA affinity chromatography to
immobilize the bait. This technique is used extensively to confirm suspected interactions and
to map interaction sites (Wysocka 2006). After coupling GST-CarD or GST-CarD" fusion
protein to the GS matrix, Tag RNAP B1™ was added and incubated. Unbound protein was
eluted, the column rinsed, and the suspected complex eluted after proteolytic release of CarD.
In the Ni**-NTA pull-down, His¢-tagged Tag RNAP B1™ was coupled to Ni*-NTA beads,
CarD/CarD" added and incubated, unbound proteins removed and the suspected complex
eluted with 250 mM imidazole.

The results in Figures 17, 18 and 19 indicate that the GST pull-down proved superior to its
Ni*"-NTA equivalent. It confirms the predicted complex between CarD and Tag RNAP B1™

(Stallings et al. 2010; Srivastava et al. 2013; Weiss et al. 2012; Priya & Megha 2012;
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Westblade et al. 2010). It also confirms that CarD interacts with Tag RNAP B1™ through its
N-terminal domain (Figure 20) as both CarD and CarD" successfully recruit Tag RNAP B1™.
Despite experimental variations and imperfections, a stoichiometry of 1:1 best explains the
observations.

Reasons for the failure of the Ni**-NTA pull-down assay, include the N-terminal His-tag of
Tag RNAP B1™ which could sterically interfere with complex formation (Srivastava et al.
2013). However, this is an unlikely explanation, as the His¢-tag is similarly present in the
successful GST pull-down experiments. Instead it seems more likely that the high imidazole
concentration used to wash and elute the suspected complex could actually destabilize the
inherently weak complex leading to the premature elution of CarD.

While glycerol does stabilize CarD, it also has the disadvantage of increasing the buffer
viscosity. This correspondingly slowed the proteolytic activity of PreScission protease
dramatically reducing the cleavage of the GST-CarD fusion protein compared to GST-CarD™
which did not require the addition of glycerol for stability (Figures 18 and 19).

CarD™ appears to be related to a family of RNAP-binding domains including the RNA
interacting domain (RID) of transcription repair coupling factor (TRCF). The crystal structure
of TRCF/Tag RNAP B1™ (Priya & Megha 2012; Weiss et al. 2012) therefore provides a model
of the interaction of these complexes. Isoleucine 108, glutamate 110 and lysine 109 of TRCF-
RID 1 are central to the interaction (Westblade et al. 2010). As these residues are conserved
in CarD, they may be similarly critical to CarD/RNAP complex formation. A crystal structure
of CarD/RNAP B1 could serve to confirm this analogy and could answer questions such as: 1)
What is the role of the C-terminal domain of CarD? 2) What forces stabilize the complex? 3)

Which residues are important in the interaction?
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5.0 Conclusion/Outlook

This work experimentally confirms the previously proposed interaction of CarD from Mirb
through its N-terminal domain with Tag RNAP B1™. This complex is critical for Mb to attain
a state of dormancy that inter alia limits the efficacy of antibiotics in fighting this disease. The
crystal structure of this complex has not yet been elucidated, which leaves a void in
understanding the molecular basis of how CarD interacts and regulates RNAP. The C-terminal
domain also needs to be investigated in more depth to identify its function in dormancy or in
the interaction with RNAP.

The CarD/RNAP complex provides an exciting avenue for TB therapeutic intervention. Small
molecules could potentially be used to disrupt this complex forcing Mtbh out of dormancy to
restore its susceptibility to conventional antibiotics. The efficacy of this strategy is
underscored by the mechanism of rifampicin, which inhibits transcription from the DNA
dependent RNAP. This shows that the targeting of RNAP can be utilized in combating Mib,

highlighting the crucial importance of this complex.
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