MOST SIGNIFICANT CONTRIBUTIONS
I- February 2006 – Present: As molecular biologist and microbiologist, I joined the interdisciplinary
team at the NanoRobotics Laboratory at École Polytechnique de Montréal. I have concentrated my effort
at providing solutions through the use of bio-components such as the integration of special bacteria as
bio-actuators in applications where technological constraints do not permit the development of specific
important functions such as controllable micro- or nano-self-propulsion systems for critical applications
such as tumor targeting for enhanced therapeutic effect in cancer therapy. My complementary expertise
has been important during this period. Indeed, my scientific contribution has enabled the team to reach
the majors milestones aimed at investigating the exploitation and integration of biological components
and their potentials for critical applications. At the present time, our group integrates magnetotactic
bacteria (MTB) with their molecular motors as a means of self-propulsion or bio-actuation for
nanorobots or other micro-scale entities. More specifically, our group exploited the property of the chain
of magnetic single domain nanoparticles (50-100 nm in size) called magnetosomes, embedded in each
MTB and acting as a navigational compass inside each bacterium combined with the very effective
thrust provided by the molecular motor of the bacteria. I have studied and investigated the different
options for the control of these microorganisms in order to provide a suitable interface between a
computing platform and these bacterial systems.
Several projects relied on my work performed during this period, such as but not limited to MRI
tumor targeting enhancement with magnetotactic bacterial carriers, the implementation of novel
microsystems capable of fast detection of pathogens, mass-scale and low cost micro-assembly, new
techniques for lab-on-a-chip and micro-total-analysis systems, etc (1, 2, 6-13).
II- May 2003 to February 2006: I was involved in postdoctoral research concerning the directed
evolution of a dioxygenase to create enzymes exhibiting higher turnover rate of reaction or modified
regiospecificity toward different polychlorobiphenyl (PCB) congener. Our specific goals over these
years were: 1- To engineer the biphenyl dioxygenase (BPDO), to enhance its degrading potential toward
PCBs and other chlorinated persistent pollutants such as chlorodibenzofurans and DDT using directed
evolution approaches; 2- To elucidate the mechanism by which enzymes can change their substrate
specificity and regiospecificity toward substrate analogs; 3- To express these engineered enzymes in
plants in order to design novel remediation processes based on plant-microbe interactions. I have
contributed to various aspects of that project including:
 Genetic Engineering, through site directed mutagenesis, saturation mutagenesis or DNA
shuffling to obtain evolved BphA (biphenyl dioxygenase).
 High throughput screening to detect desired variants of biphenyl dioxygenase.
 Development of enzymatic assays to monitor biphenyl dioxygenase activity.
 Analysis of metabolites using GC-MC.
 Purification of the metabolites by HPLC and their identification by NMR.
 Optimization of expression conditions and purification of different biphenyl dixigenases for
crystallography and analyze of their three dimensional structures.
 Expression of biphenyl dioxygenase complex (BphAE, BphG and bphF) in transgenic plants and
development of protocols to assess their activities.
The results of this postdoctoral research were published in three significant publications (3, 4, 5). I
should emphasize that ref. 4 was chosen to make the cover page of the July 2005 issue of Chemistry
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and Biology and it was also chosen to be the subject of a preview article in the same issue (BucKel, W.
On the road to bioremediation of dioxin. Chem. Biol. 12, 723-724, 2005).
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