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ABSTRACT

Bacteria are present everywhere. Some are deadly pathogens, and some live symbiotically with
us. Many species of bacteria use flagella to navigate in their environment. The flagellum is a
7-10 um long helical filament with a rotary motor at its base, embedded in the cell membrane,
and almost a dozen stator complexes. Proton motive force across the cell membrane powers
the flagellar motors of E. coli and Salmonella. The motor stochastically switches between the
clockwise (CW) and counterclockwise (CCW) direction. A chemotaxis system causes the
motor to change its direction, but the process is more complex as the switch is sensitive to load
and proton motive force. This thesis presents my work on characterising the output of the
bacterial flagellar motor, namely, the torque, rotate rate, and rotational bias, by changing the
experimental conditions. First, I changed the proton motive force of the bacteria while keeping
the load on the motor constant. The speed and directionality of swimming Salmonella
enteritidis were quantified as well. Second, | changed the load on the motor while keeping the
proton motive force constant. In both cases, | quantified the output of the motor in those
conditions and analysed them.

NacCl is significant regarding the flagellar motor as it affects the stator dynamics, proton motive
force, and osmotaxis at higher concentrations. Chemotaxis helps the bacteria for its growth and
survival. E. coli’s natural habitat has high osmolarity, and the organism uses various
mechanisms for osmoregulation. However, the flagellar motor's role in adapting to the changes
in osmolarity or osmotaxis is not well studied. Some studies have shown bi-directional
osmotaxis. The motor shows a repellent-like response in high and low osmolarity solutions,
and they elicit an attractant like response in medium osmolarity solutions. This suggests the
role of the flagellar motor in finding ideal water conditions in E. coli’s environment. In this
work, the membrane potential of bacteria in pH 7 was dissipated using NaCl and studied the
output of E. coli’s flagellar motor and swimming Salmonella enteritidis cells in response to the
stepwise increase in the concentration of NaCl in motility buffer. A 1.1 um polystyrene bead
was tethered to the flagellar filament of E. coli KAF 84 strain, and the rotation rate was
analysed using a custom made Matlab program. Changes in motor speed and switching with a
stepwise increase in NaCl concentration in the motility buffer was observed. The mean speed
of the motors decreased with NaCl concentration. At the single-cell level, the motors were
biased to CCW rotation. The population of swimming cells tumbled more with an increase in
the concentration of NaCl. NaCl was found to affect the various aspects of the bacterial flagellar
motor.

| used tethered cell assay to study the output by changing the load on the motor while
maintaining a constant proton motive force. In the tethered cell assay, a mutant strain such as
E. coli KAF 84 with sticky flagellar filaments was stochastically tethered to a glass surface,
making the cell body rotate. The change in position of the rotational axis changes the load on
the motor, which would affect the output of the flagellar motor. However, quantifying the
location of the rotational axis and the cell size is technically challenging. Cell Tethering
Analysis Program (CTAP) was developed that simultaneously measures the tethering geometry
(position of rotational axis), cell size, and rotation rate of the cells to overcome this challenge.
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The experiments were performed in controlled conditions to avoid any factors that may affect
the output of the flagellar motors. The cell shape was approximated as ellipsoid objects rotating
around the axis of rotation, and torque was estimated using the frictional drag coefficient of the
ellipsoids. The cell size and the tethering geometry changed the motors' rotation rate, and a bias
of cell tethering with size was observed. The estimated torque was 951 pN nm, and 1390 pN
nm as the rotational axis changed from the middle of the cell body to the tip, respectively. The
high torque motors rotated exclusively in the CCW direction. The study provides a method to
measure the position of the rotational axis and the cell size and discusses their significance to
characterize the output of the flagellar motor.
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