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E. coli—a living nanosystem
E. cIi The “hydrogen atom” of biology

» doubling time — 30min. to 4hrs.
-1 — 108 (12 hrs.)
e dry mass — 4,000,000 proteins (5nm)
4,300 protein types(1nM)
vy - diffusion — small molecule: 1ms
ey . et AN — protein: 100ms
« protein transition — 1-100us
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(1-2um x 0.1-0.5um dia.)
The prototypical molecular switch: |lacl
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Signal

Cell Signaling
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lux bioluminescence genes

(Vibrio fischeri best-understood “quorum sensing” system)

N-acyl homoserine lactone ¢ & 8 4
(AHL) Is the autoinducer—
a signaling molecule
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inducer sender signal receiver
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SI_Nanotechnology for Sensing DNA

e ultra-thin MOS capacitors e sub-nm, bright, high eV
for membranes e-beam for I|thography
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Detectlnq

DNA Charge In Trap
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Detecting Threshold Electronically

100V/sec ramp
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Permeatlon of dsDNA bound to Enzvmes
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o restriction enzymes (like EcoRlI) bind tenaciously to cognate
sites on DNA (—GAATTC —).
— ~6nm size frustrates translocation through <6nm pore.
« voltage threshold scales with the binding energy for proteins:
l.e. BamHI (AAG=-13.2kcal/mol— 1.8V) (—GGATCC —) while
EcoRIl (AAG=-15.2kcal/mol— 2.1V threshold) (—GAATTC —)



Detecting SNPs Using the Threshold

(reminiscent of RFLP but without fragments)
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/Z/glgints

Cell signals (including ions, small molecules, proteins, DNA, temp.,

pH, mechanical, electrical) affects gene activity (protein synthesis),
enzyme activity, motor proteins, etc.

In vivo sensing is mainly comprised of fluorescent probes (single
molecule, FRET, ...), but toxicity and dynamic range compromise
detection.

Electrical detection offers advantages over fluorescence: robust,
simultaneous detection of multiple analytes, extreme sensistivity
and improved dynamic range.

Silicon Nanotechnology offers exquisite, sub-nanometer

control of the electric field. We intend to leverage this feature for
sensing/sequencing single molecules translocating through a
synthetic nanopore.
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