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Imaging the target. MRI scan which shows
three separate areas (indicated by arrows) of
liver metastases (left) and brain tumor (right)
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%8 SUBTracker

Wiew Image Help
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Nanorobotics Path planning and interface
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Microvascular network:
the real thing

* Anarchic arteriolocapillar network

stimulated by tumoral angiogenesis
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Human Hair
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Micro-Carrier
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Gradient vs Permendur Sphere Diameter (Thrust = 4.6e-12 N)
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Bacteria flagellated motor

How to control it?

hook

A
flagellar filarmant

flacelium

I outer
membrans
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' peptidoghysan
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TN inner (plasma)

L rnembrane

(Based on data from T. Kubori et al., J. Mol. Biol. 226:433 446, 1992, and
N.R. Francis et al., Proc. Natl. Acad. Sci. USA 89:6304 6308, 1992.)
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=mboc4.figgrp.2879
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MC-1 Magnetotactic
Bacterium (MTB)

Sensors (Chemotaxis and Aerotaxis) . 0.5pm
Nutrients-to-Protons (Fuel)  propulsion Engine

Converter (30 nm Overall Size,

i 4 pN Thrust Force)

| ;TWin Propellers

PERFECT SIZE!

Steering Wheel
(Magnetotaxis)

+ Speed Control (Accelerator anc and Reverse, Obstacles Avoidar‘ce Control
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Microbead

Magnetotactic
Bacterium

(© NanoRobotics Laboratory)
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~—— Antibodies

NanDrDthianlEE .@

Nanmnorobotics
L a =} o A A T (=] A Yy MONTREAL

ECOLE



i\lanDrDthlquE Q,)
ECOLE

Nannrt:rl::t::tu:s
A B o A A T (=] Yy MONTREAL

L




(&)




Computer control of magnetotactic bacteria




i Arteriolocapillar
:  Network Entry

:50-150 m ; Ba;terial Carriers
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Reaching the tumoral lesion through

various types of blood vessels



_ Massive attack at the target
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_ Control of a swarm of MTB ﬁ



Magnetotactic bacteria swimming

21
in bIOOd between red Ce”S (© NanoRobotics Laboratory)
















Microelectronics

« Smaller geometries mean shorter distances
between the MTB and the conductors which
translate to much smaller electrical currents (and
low voltage levels compatible with CMOS circuits
unlike other techniques) to produce the required
magnetic field intensity threshold to control the
movement of the MTB-tagged carriers

 Recall that the required electrical energy is already
reduced significantly by exploiting the motility of
MTB (not the cases for other technigues)
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Bacteria along 50 micron wire



4 Fluidic Channels for Bacterial Carriers
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Fluidic Channel
For the Bacteria
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-i eria swimming to the Le s



Micro and nanowires (interconnections)**






Target bacterium  Other bacterium

Phage-based Iak;ler =
Electrode icrobead
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Fast detection of pathogenic bacteria
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Impedance of MC-1 bacteria
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Relative Impedance Change vs Microbead Diameter
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Microelectrode Microbeads
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Impedance vs Measurement Point for an 8 um
Bead (1 MHz)
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ACTUATION SLOT (RESERVOIR)

Photovoltaic

MICROCIRCUIT (PROCESSOR) Coil Cells
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_ Photovoltaic Cells






_ Rotational engine with MTB



Bacterial Backward/forward engine




Next: Genetic Modifications
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