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H + 3% S 4 Lysocin E targeting menaquinone in the membrane of Mycobacterium tuberculosis

is a promising lead compound for anti—tuberculosis drugs
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Background and purpose: Tuberculosis (TB) is one of the severe infectious diseases caused by
Mycobacterium tuberculosis var. tuberculosis (Mtb). The recent WHO report ranks TB above HIV as a
leading cause of mortality by infectious diseases, with more than 1.5 million attributed deaths
in 2020. TB as a health security threat is mainly associated with the issue of multidrug—resistant
TB (MDR-TB). Therefore, there is an urgent need to develop new anti-tuberculosis drugs with a
novel mode of action to cure drug—resistant tuberculosis and shorten the chemotherapy period by
sterilization of tissue infected with dormant bacteria. Lysocin E is an antibiotic that showed
antibacterial activity against Staphylococcus aureus by binding with its menaquinone (Vitamin K2).
This study aims to evaluate the anti—tuberculosis activities of lysocin E and decipher its mode
of action.

Method: The in vitro anti-Mtb activities of lysocin E against Mtb were evaluated by determining
the MIC and MBC values of the drugs and, checked its efficacy in combination with other drugs by
checkerboard and kill kinetics assays. To study the drug mode of action, MK synthetase—conditional
knockdown (CKD) Mtb strains (A+8 and A+110) was constructed by employing the TetR/tetO-inducible
CRISPR-dCas9 interference specialized for mycobacteria, and the menA CKD of A+8 and A+110 strains
were induced by incubating the strains with anhydrotetracycline (aTc). The CKD was confirmed by
quantifying the mRNA of menA by real—-time PCR. Then, the MK amount was quantified by using reverse—
phase high—performance liquid chromatography (HPLC), and the effect of MK reduction on the
susceptibility of CKD strains to drugs. Moreover, the effect of the drug on membrane disruption
was evaluated by Flow Cytometry and electron microscopy analysis. The Lysocin E’ effect on oxygen

consumption and ATP synthesis was also evaluated. Finally, the efficacy of the drug was evaluated




in the THP1 cells—derived macrophage and mice infection models.

Results: Lysocin E has a high in vitro activity against both drug—susceptible and resistant Mtb,
and dormant mycobacteria. Lysocin E minimum inhibitory concentration (MIC) or minimal bactericidal
concentration (MBC) against replicating drug susceptible and resistant Mtb H37Rv was < 0.5 ug/ml.
In the 21 days kill kinetics assay, lysocin E leads to 4 loglO CFU reduction over 7 days, which
was superior to that of INH, RFP, and EMB alone, especially as the other drugs showed regrowth of
Mtb after 7-, 10—, and 15 days, respectively. The MK synthetase—CKD Mtb strains showed a significant
reduction of mRNA and MK amount in A+110 strain compared to the vector control. Following these
observations, the susceptibility of the CKD strains to lysocin E was determined by CFU count.
A+110 strain showed a threefold increment in CFU as compared to the vector control. These data
suggest that MK is a target of lysocin E also in Mth. It also caused Mtb membrane disruption and,
inhibited oxygen consumption and ATP synthesis, even more pronounced than that of bedaquiline
Thus, the applicant has concluded that the high anti—tuberculosis activity of lysocin E is
attributed to its synergistic effect of membrane disruption and respiratory inhibition. The
efficacy of lysocin E in macrophage—infected Mtb was lower than the direct exposure in the media,
probably due to its low ability to penetrate cells. However, lysocin E’ s efficacy against Mtb
was still superior to that of streptomycin, causing a significant CFU reduction in mice and
macrophage infection models, which showed its potential role as a choice for TB treatment.
Conclusions: Considering lysocin E’ s pharmacological safety, ability to kill mycobacteria at any
growth state, a novel mode of action, and no antagonistic effect against anti—TB frontline drugs,
it is a promising lead compound for the development of a new tuberculosis drug that cures drug-
resistant and latent tuberculosis in a shorter period. However, our in vivo Mtb infection study
was limited to 24 days of infection and two weeks of treatment only, and extending the treatment
and study duration could have provided insight into the efficacy of lysocin E over a longer

duration
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