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Biosensors = Whole-cell biosensors
Toxicity bioassays
Genetic engineering of microbial biosensors

Can microbial reporters sense bacterial
toxins?

The panel approach

What do we do with the numbers?
Cell iImmobilization and storage
Examples:

Q Fiber optics

aQ Whole-cell biochips



blosensor

The coupling of ajbiological material jwith a

microelectronic system or device to enable rapid,
accurate, low-level detection of various
substances in body fluids, water and air.

© CancerWEB On-line Medical Dictionary


http://www.graylab.ac.uk/omd/copyleft.html

Biological material?

Any biological entity displaying the
desired degree of specificity:

J Enzymes and their substrates
J Antibodies and their antigens
1 Receptors and their targets

J Nucleic acids and their complementary
sequences




Whole-cell biosensors:

The "biological material” is an intact, living,
functioning cell

“Our” whole cell biosensors:

Bacterial cells

Genetically modified
Bioluminescent or fluorescent
Tailored to respond to global
stress factors

* % *



How can one detect the presence of
toxic compounds in a sample?

The alternative approach:
Toxicity bioassays

* The question asked is not
“what does the sample
contain™?, but rather
“*how toxic is the sample™?




TOXICITY BIOASSAYS

Standard toxicity bioassays:

Exposure of a test organism under standard conditions to the tested
sample, usually at several concentrations, and quantification of the
negative effects.

Our solution:

Rather than use whole animals, we will genetically engineer live cells
to emit a signal in the presence of toxicants




Cell-based toxicity biosensors




Two approaches in the design of

whole-cell reporters:
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Three elements in a whole-cell biosensor:

O Sensing element A promoter of a gene involved in the
response to the desired target

0 Reporting element A gene or a group of genes the
products of which can be monitored
guantitatively

o Enzyme activity (lux — bioluminescence)
o Presence (gfp etc. — fluorescence)

o Host cell Convenience & relevance

A practically unlimited spectrum of options

for whole-cell biosensors engineering



Reporter strains in our laboratory

Toxicity and general stress
Genotoxicity

Oxidative stress

Heat shock and protein damage
Osmotic and marine stress

Starvation and nutrient stress
Cyanobacterial nutrient sensors
Halogenated aromatics
Halogenated aliphatics
Assimilable organic carbon
Promoter screening libraries
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Exposure of strain DPD3063 to mitomycin C:
kinetics of light development
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DPD3063: CHROMOSOMAL recA::lux
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A “dual action” fluorescent microbial sensor:
strain NHEX-R

Reports on cytotoxicity by red fluorescence
a grpE’::DsRedEXxpress fusion b

a recA’:EGFP fusion
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We have shown that microbial
reporters can be employed for the
detection of humerous chemical toxins.

Can they also sense biological toxins?
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Ratios of 0.5hr/control Exposure to Cyanide

Ratios of 0.5hr/control Exposure to MV
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http://www.dkfz-heidelberg.de/kompl_genome/index.html

The search for toxicant responsive promoters

Ratios of 0.5hr/control Exposure to Microcystin

Ratios of 0.5hr/control Exposure to Botulinum
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http://www.dkfz-heidelberg.de/kompl_genome/index.html
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Preliminary responses to Botulinum toxin
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Cell immobilization and storage:

the sol-gel option
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The panel approach:
One reporter strain is not enough




Panel response pattern

Pattern analysis/classification and toxicant identification:
o Statistical approaches
 Atrtificial neural networks
* Dedicated software




Bayesian decisions
(T. Elad)
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How do we integrate our reporter

cells into biosensors?

Immobilization onto the tips of optic fibers
|.  Encapsulation in sol-gel matrices
Il. Embedding in microtiter plates

V. | Integration into whole-cell biochips

V. Patterning on glass and other solid surfaces




How do we integrate our reporter

cells into biosensors?

Incorporation into whole-cell biochips

Y. Shacham, TAU; D. Engelberg, HUJ; E. Rorman, MoH;
P. Bettane, B. Tadmor, IDF




Cell-based toxicity sensor chips

o Live cells, genetically engineered to emit a signal in
the presence of toxicants

0 Incorporated into a disposable biochip that provides:

o Live cell maintenance
o Microfluidics for sample introduction

o The biochip is inserted into a Toxicity Analyzer that

contains:
o Electronic control and operation circuits
o Detection optics
o Temperature control
o Logic circuits and decision algorithms
o Communication capacities




The original grand plan:

three types of sensor cells

Bacterial systems (E. coli)

* Faclilitated genetic manipulation

* Proven concept validity

* Limited relevance to human health

Human cell systems (liver, neuronal) Dnlﬂﬁrlgﬁuhfmaﬁgcun|w
* Maximum human exposure relevance
* A much more complex technical challenge

Yeast cells (S. cerevisiae)
* Eukaryotic structure and function
* Relative facility in genetic manipulation




Feasibility of engineering human and yeast cell systems has been

demonstrated, but performance is not yet in the required range

Human cell constructs
Clone # 43

Yeast
constructs
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Using bacterial systems we demonstrated dose-dependent
responses to all target compounds so far tested, at or
close to the required detection thresholds

Obtaining a successful bacterial
GFP induction in small volumes

0 Absolute protection against drying
a Physiological condition of cells
a Appropriate cell density .
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Putting the components together for a functional
toxicity detection biochip

Chip design
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Putting the components together:

on-chip botulinum toxin detection
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Figure 8.23. Real time kinetics of on-chip light development in response to botulinum toxin (0.2,
0.4 & 0.8 mg/l, left panel) and paraguat (250, 500 & 1000 mg/l, right panel).
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Flow-through whole-cell biochip: original design
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Flow-through whole-cell biochip: current design
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Cell patterning on a solid surface
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S. Yorish, Y. Shacham, H. Ben Yoav _
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Two additional applications

1. Monitoring biological effects of RF radiation

2. Bloassays for nanoparticles toxicity



RF Radiation
Cellular Communication
Frequencies test system
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R. Korenstein, A. Abramovich, TAU |



RF radiation at cellular communication
frequencies: significant effects observed on
sensor bacteria...

dmsABC::lux response to RF radiation (1.9 GHz)

\

ol3eJ] uononpu|

..but only using SAR values 100-1000 higher
then in cellular phones



SAR/Bioluminescence
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Strong oxidative effects of FeOx

nanoparticles
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Reporter gene fusions are highly suitable for the construction of
whole-cell reporters

The approach allows real-time monitoring of cellular stress, and is
thus attractive for the detection of toxic chemicals

We can also “tailor” the cells to report, in a dose dependent
manner, the presence of biological toxins

Efficient long-term stabilization of the reporter cells was achieved
by sol-gel encapsulation

First steps were taken towards the construction of a whole-cell
reporter biochip and a dedicated toxicity analyzer

Preliminary results indicate that similar systems may be used to
study the effects of RF radiation or nanoparticles on live cells
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