Switching between magnetotactic
and aerotactic sensory-based

motior

1d

0O

" MC-1 bacterial

norobots

Sylvain Martel

NanoRobotics Laboratory - Polytechnique Montréal
Montréal, CANADA
Canada Research Chair (CRC) in Medical Nanorobotics

sylvain.martel@polymtl.ca

2016



Physiological Pathways to a Tumor

 Narrowest blood vessels (diam. 4 micrometers)
* Interstitial spaces

* The intercellular openings of typically less than 2 um in
diameter between endothelial cells* responsible for much of
the vessel leakiness in solid tumors.

*McDonald D.M. & Baluk P. Significance of blood vessel
leakiness in cancer. Cancer Res. 62, 5381-5385 (2002).



This suggests a diameter not exceeding 2
micrometers
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Nanodevices:
Nanopores, Dendrimers, Nanotubes,
Quantum dots, and Nanoshels
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MC-1 Magnetotactic Bacterium

« Since an artificial implementation is far beyond technological
feasibility, a potential strategy was to identify a
microorganism that has all these specifications and to

harness it to act as a “nanorobot” for drug delivery
applications

Gram-negative procaryotes

2.00um

Pettaquamscutt Estuary in Rhode Island, USA
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Harnessing What Nature Already Provides
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MC-1 Strain Magnetococcus Marinus Natural
Migration Behavior

» Contains a chain of magnetic iron-oxide (Fe;O,) nano-crystals
enclosed in membranes known as magnetosomes acting like
a nano-compass needle.

 Downward migration along geomagnetic field lines in
conjunction with aerotaxis to efficiently migrate to and
maintain position at their preferred low oxygen concentrations.

« Such magnetically-assisted aerotaxis known as magneto-
aerotaxis results in the formation of microaerophilic bands of
MC-1 cells at O, concentrations equivalent to the ones
observed in the hypoxic regions of solid tumors.
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Experimental Magnetotaxis Platform
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Magnetic Pole
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Basic Principle
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Oxygen Sensors

Steering System

Propulsion System

2 Micrometers
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Oxygen Sensors — Microaerophilic Behavior
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Switched Taxis-based Directional Control

Source of taxis (e.g. magnetotaxis) generated by an external controller

Bacterium

Planned trajectory

-----\

~

Deterministic -

@

Environmental

N

TraJectory (less deterministic)
Ll -9

-~y - -
-~y -
pal Tl

Source of attractant

Embedded program: consumable sourie of attractant (e.g. oxygen

1 -

- S

2=~

2 Programmed trajectory

Hybrid bacterial microrobot
Autonomous

| —

Source of taxis (e. g magnetotaxis) to indicate the direction of the target

@ %@

Assisted (semi-autonomous)

Trajectory

Obstacles

Trajectorxlnﬂuenced by taxis 2

-
- ~

~y
Influenced by taxis 1

Switched (time-multiplexed)
multi-taxes

Influenced by taxis 1 and taxis 2

@i

Trajectory
Simultaneous multi-taxes

Reference: S. Martel, “Bacterial Microsystems and Microrobots,” Biomed. Microdevices, 2013
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