To grow or not to grow - that is the question: Growth models and
uniqueness in Mtb

Abstract

The difficulty in treating Mycobacterium tuberculosis (Mtb) infections is partly attributed to
phenotypic heterogeneity in growth, which influences drug tolerance and necessitates
prolonged antibiotic regimens. While bacterial growth regulation is fundamental for
homeostasis, virulence, and drug responses, the single-cell growth and division behaviors
of Mtb remain poorly understood. Here, we employ time-lapse, single-cell imaging coupled
with mathematical modeling to investigate Mtb growth dynamics, revealing its distinct linear
growth mode. Unlike Mycobacterium smegmatis, a model organism of Mtb, which
predominantly initiates growth from the old pole, Mtb exhibits more diverse growth initiation
patterns, including new poles or both poles, contributing to cell-to-cell heterogeneity.

Given that Mtb encounters acidic environments during infection, particularly within
macrophages, we further examine how growth behaviors adapt to acidic stress at the single-
cell level. We find that bulk-level slowing of Mtb growth in acidic conditions results from the
emergence of a growth-arrested subpopulation rather than a uniform reduction in the growth
rate across all cells. We observed a significant increase in non-growing cells during acidic
adaptation which exhibit enhanced tolerance to ethambutol compared to actively growing
cells within the same population, suggesting a link between growth heterogeneity and drug
tolerance. Additionally, we identify the PhoPR two-component system as a partial regulator
of this phenotypic heterogeneity.

Our findings demonstrate that Mtb's growth heterogeneity may play a crucial role in its
adaptation to host microenvironments and drug tolerance. These insights provide a deeper
understanding of Mtb’s unique growth regulation strategies and may inform the development
of more effective treatment approaches.



