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    New Ideas
• Simple oscillating mammalian protein.
• Protein subunits ‘sense’ cooperatively.
• Sharp chemical threshold discrimination.
• Engineered sensitivity to chemical agents. 

      

   Impact
•New biological-electronic interface.
•Compact, rapid sensor of agents.
•Protection of personnel.
•Detection of threat. Biological
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CHARACTERISTICS OF THE 
ION PORE PROTEIN AND ITS 
OSCILLATING CURRENT. 

MECHANISM OF OSCILLATIONS

POSSIBLE FUNCTION FOR 
OSCILLATIONS IN THE BRAIN

NEXT 8 SLIDES



Predicted ion pore structure
with 12 monomers as a ring -> 
of 6 dimers

Monomer of 75 amino acids->







C: Experiment with
only 20 molecules
per patch. 2 pores are 
present. At start both 
are shut, then one open
and one oscillating, 
then both open.

D: an increase in
voltage increases the
oscillation frequency



Fast oscillations->



Slow oscillations->







AIM

TO MAKE AN ELECTRONIC-BIOLOGICAL INTERFACE
FROM A CO-OPERATIVE, HIGH GAIN, ION PORE IN A
SiNx MEMBRANE IN A SILICON SUBSTRATE. 

APPROACH

1) ESTABLISH MOLECULAR STRUCTURE OF ION PORE

2) FABRICATE HARDWARE OF SENSOR

3) MODIFY SEQUENCE OF ION PORE TO MAKE IT 
    MULTI-LIGAND SENSITIVE



STRUCTURE

CRYSTALS OF SUBUNIT C GROWN 
IN ORGANIC SOLVENTS

CRYSTAL AND  DIFFRACTION 
PATTERN NEXT 2 SLIDES 



Crystal of subunit c
grown in organic
solvent. Nucleation
promoted via
dialysing in silicon
polymer. The cluster
is subdivided to
produce single
diffracting crystals.
Amino acid analysis
and Edman
sequencing confirm
that it is subunit c.



X-ray diffraction
pattern of crystal
of ion pore protein,
Subunit c. Diffracts 
from beam stop at 
28A out to 1.9A.



SENSOR HARDWARE

Concept of pore in barrier of silicon nitride
Chamber to test pore in SiNx membrane
SEM of nm holes in SiNx membrane
Multiple holes on silicon chip
Current trace of functioning pore in barrier

NEXT 5 SLIDES







SEM of a
nanofabricated
130 x 180 nm
hole in a
250nm thick
SiNx
membrane.
The hole was
patterned by
direct-write
electron beam
lithography
and reactive
ion etching.





ION PORE IN BARRIER

Ion pore functions with
same oscillating current
in barrier 1µm holes as in
classic patch clamp assay



EXPERIMENTAL APPROACH TO MAKE 
PORE MULTI-LIGAND SENSITIVE

ESTABLISH SHORT AMINO ACID SEQUENCES TO ADD TO 
SUBUNIT C, THE PORE PROTEIN, TO MAKE IT BIND A
VARIETY OF LIGANDS

MODIFY CODE OF THE 2 SUBUNIT C GENES (PI AND P2) 
SUCH THAT MODIFIED SUBUNIT C, SENSITIVE TO NEW 
LIGANDS IS MADE IN CELL LINE EXPRESSION SYSTEMS

CHECK THAT THE MODIFIED PORE PROTEINS SENSE 
SPECIFIC LIGANDS AND PRODUCE CLEAR SPECIFIC 
SIGNALS 

INSERT THE MODIFIED SUBUNIT C PROTEINS 
IN SENSOR CHIP



SUMMARY
The crystallization of the pore will indicate new ways to solve other
membrane protein structures. Most hazardous chemicals dock with
membrane proteins. Protecting personnel from chemical hazards
requires a knowledge of the structure of as many membrane
proteins as possible.

The ion pore when incorporated into a silicon chip will function as a
sensor.

The high gain and fast response time of the electronic-biological
sensor will greatly aid personnel encountering hazardous chemicals.

The protein in the sensor can be monitored for hours-days and the
data used to understand brain function and disease states associated
with over-accumulation of the pore protein (Batten disease)
a common neurodegenerative disease.
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