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Ion permeation
through Gramicidin A
by multiscale

(vimeo: http://vimeo.com/3173968)

A potassium ion (green) crosses a
membrane by passing through the
Gramicidin A pore.

This is a steered molecular modeling
of all 29000 atoms of the system for
approximately 3 microseconds. Water
and membrane molecules are hidden
for clarity.

‘The underlying simulations were performed thanks

to the PS3 time generously donated by the
contributors to the gpugrid.net project.

by multiscalelab (vimeo: http://vimeo.com/9649709) A potassium ion (purple) crosses a
membrane by passing through the Gramicidin A pore.

1.2 NSEC OF WATER MOVEMENT IN A GRAMICIDIN
CHANNEL
This mpe: e, supplements the descrip in
the gramicidin channel as reported in Chiu, S. W., Subramaniam, .,
and Jakobsson, E. 1999. Biophys. J. 76:1939-1950 The visualization
was done by Elisa Ignacio, an undergraduate Bioengin
(now just graduated) at the Uni
overa time of 1.2 nse
in the simulated system of one gramicidin channel, 96 lipid

molecules, and 3200 water molecules. These are the 13 waters that
spent some time in the channel during the course of the simulation.

of Ilinois. It shows the motions
r molecules out of the 3200

hitpi/ipeptide.nesa.uiue edu/~schit/SWC/IGA_dmpe/sat_movie him




Ion Channel Examples

—_—
1 seconds

18pA

100ms
9pA

FIGURE 7 (A) Optical (fluorescence) images (top: red channel, bottom: green channel) of a
bilayer containing sufficient gA-Cy3 and pF-Phe-gA-Cys5 to result in multiple simultancous
channel openings. FRET events (bright dots in the red channel) are indicated with arrows. For
clarity, not all FRET events are indicated. (B) Simultaneous electrical recording from the same
membrane. Vertical lines indicate the position of each image in the time record. The acquisition
time for each image was 6 ms.

Source: Borisenko et al., 2003 Simultaneous optical and electrical recording of single
gramicidin channels. Biophysical J. 84: 612-622.

The pore passes
both ions
(positively
charged) and water
molecules. End to
end dimer structure
is most likely,
although direct
evidence is sparse.

Gramicidin:

http://honiglab.cpmc.columbia.edu/grasp/pictures.html
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The mitochondrial respiratory chain and the ATP synthetase: the localized
chemiosmotic debate (see p. 22)

PROTON DELOCALIZER CONTROL!
HOP IT OR I'LL BELT YOU ONE !

proton circuit/delocalized
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(A)

Gramicidin association/djyssociation

f;
]

Time

Current trace
(B)

. Figure 3.34. (A) Representation of the gramicidin channel as a left-handed NH,-
terminal to NH ,-terminal 63 helical dimer with the channel entrances at the COOH-
termini. The ribbon denotes the peptide backbone, side chains the cross-hatched areas.
Six H bonds are indicated at the join between the monomers (Andersen et al., 1988).
(B) Requirement of a dimer for single channel conductance (conductance tracing
shown; drawing from O. Andersen) illustrating the mobility of the monomers in the
monolayers and the possibility of forming hybrid channels (Andersen et al., 1988).
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2.5 The animal cell plasma membrane as a capacitor

The outer plasma membrane of an animal cell may be considered as a capacitor in that

itis a parallel-sided non-conductor layer which separates two conductors, namely the | ‘
surrounding conducting aqueous fluid and the conducting fluid contained within the '
cell. In fact the capacitance of a typlcal animal.cell outer plasma membrane is about
107*Fem™ or, in STunits, 1072 Fm~2. This is in fact a very large capacitance per unit.
area because the thickness of the membrane d is so small. We will now make a rough
estimate of the voltage difference that results from the transfer of some ions across
the membrane. We take as a simple model of a cell a sphere of radius 5 micrometres
containing a solution of 0.1 molar potassium chloride and surrounded by a typlcal
animal plasma membrane. The surface area of the cell is about 3.14 x 10710 m? so that
the total capacitance C of the membrane is about 3.14 x 10712 E. To generate an
easily measured voltage of say dV = 5 millivolts across the membrane we would
have to transfer a charge of 0 = CdV = 1.57 x 10~ C across the membrane which
corresponds to 9.82 x 10* univalent cations each with the elementary charge of

1.6 x 107" C. But a cell with a radius of 5 micrometres and containing 0.1 molar -

KCI contains 3.15 x 10!° univalent potassium cations. Thus to generate an easily | !
measured voltage across the membrane of 5 millivolts requires a change in the number
of cations within the model cell of only 3 parts per million, a concentration difference
far too small to be detected in any other way. This is an illustration of the strength of
electric effects for, despite the fact that the membrane has a very large capacitance and
thus a very large capacity to store charge with little voltage rise, the electncal effect of

the transfer of the ions across the membrane is much easier to. measure than any other
macroscopic consequence of the transfer.

Electricity and Magnetism

in Biological Systems

D.T. EDMONDS

The Clarendon Laboratory
University of Oxford
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Ion
Species

Tl

H
NH4
Cs
Rb
K
Na
Li

Permeability

Ratio (relative

to sodium)

60.000,
43.000,
6.300,
4.600,
3.600,
3.500,
1.000,
0.290,

Conductance
Ratio (relative
to sodium)

2.100,
14.000,
2.400,
2.900,
2.900,
1.800,
1.000,
0.230,

Atomic
Radius
(Angstroms)

1.440,

1,480,
1.690,
1.480,
1.330,
0.950,
0.600,

Hydration
Enthalpy
(kcal/mole)

>

’

-72.000,
-79.200,
-85.800,
-104.600,
-131.200,

Mobility
([mo/sec]/[V/m])

7.740
36.300
7.520
8.010
8.060
7.620
5.190
4.010

12
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30-12 Equivalent ionic conductivities 723

The moving-boundary method yields more accurate data on transference num-
bers than does the Hittorf method. Experimentally it is easier to handle. The
difficulties lie in the establishment of a sharp boundary, the necessity of avoiding
convection currents, and excessive heating by the current. However, once the boun-
dary is established, the flow of current sharpens the boundary, making this a minor
difficulty. The relative concentrations of the two solutes is important in maintaining
a sharp boundary. The faster moving ion, M’ in this example, does not lead by more
than a few angstroms, since this develops a potential difference in such a sense as to
slow it down; in the steady state the two ions move with the same velocity, but M’
is always a little bit ahead of M.

The measurements of the transference number are made over a range of con-
centration of electrolyte; the plot of ¢ versus \/E is linear in dilute solution and can

be extrapolated to ¢ = 0 to obtain the value of the transference number at infinite
dilution ¢°.

30-12 Equivalent Tonic Conductivities

Once measurements of transference numbers have been made, it is possible to cal-
culate the value of the equivalent ionic conductivities of the ions, using the relations

A% =19A°, 22 = (1 —t9)A%

Values of A% and 2% for a number of ions are given in Table 30-4.
It is interesting to compare the conductivities of the alkali metal ions:

lon Li* Na* K* Rb* Cs*

A8 38.66 50.11 73.52 77.8 713

If we insist on the Stokes’ law interpretation of these values, in analogy to Eq. (30-35)
we would write
10 — &.
7 67 (300)r,

We would be forced to conclude that the radius of lithium ion is larger than that of
cesium ion. Since the crystallographic radius of lithium is much smaller than that
of cesium, this indicates a difficulty with the Stokes’ law interpretation. However, we
can arguc that the lithium ion is large becausc it carrics a load of water molecules
with it, while the cesium ion, which has a relatively weak field to hold the water
molecules to it, carries very little water. This is, in fact, correct although it does not
justify the use of Stokes’ law.

The transport of water by the ions was first measured by Washburn. Using the

L IHEANU asiivaLil (983

Hittorf method, a reference substance such as sugar or urea is added to the solution.

(30-42)
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724 Electrical conduction

Table 30-47 Ion conductances at infinite dilution at 25°C

Cation A8 Anion Al
H* 3498 OH™ . 197.8
Li* 38.66 CI- - 76.35
Na * 50.11 Br~ 78.20
K* 73.52 - 76.9
Rb* 7738 NO; 71.44
Cs* 773 Clo; 64.6
Ag* 6192 | BrO; 55.8
T 74.7 [OF 40.5
NH; 734 CIO; 673
(CH,) N * 450 10; 54.5
IMg2* 5306 | HCO; 445
$Ca?” 59.50 Acetate” 40.9
1Sr2t 59.46 Benzoate ™~ 323
$Ba** 63.64 Picrate™ 304
$Cu?* 54 C,02" 24.0
1702t 53 1502~ 80.0

t By permission from H. S. Harned and B. B. Owen, The
Physical Chemistry of Electrolytic Solutions. 3rd ed.
Reinhold Publishing Corp., New York, 1958.

Presumably the reference substance does not move in the field, and the transport of
the solvent can be calculated from the analysis of the solution in the three compart-
ments. If a value is assumed for the number of water molecules attached to one ion,
a value for the number attached to the other ion can be calculated. Presently other
methods for evaluation of hydration numbers are preferred from the partial molar
volume of the salt in the solution, for example. The different methods are internally
consistent but often do not agree well with each other. It is generally agreed that the
negative ions are not hydrated. Then the hydration numbers are, approximately :
Li*, 6; Na*, 4; K*,2; Rb*, 1. (These values have been rounded to integers.)

The data in Table 30-4 also show that the equivalent conductivities of the
hydrogen ion and the hydroxyl ion are much larger than those of other ions. The
very large values of the equivalent ionic conductivity observed for H* and OH™
have been explained on the basis of a proton jump from one species to another. For
conduction by H™ ion, we have the scheme shown in Fig. 30-9. A proton is trans-
ferrad from the H;O" ion to an adjacent wuter moleeule, thereby converting the
water molecule to an H;O" ion. The process is repeated, the newly formed H,O*
ion handing on a proton to the next water molecule, and so on. The occurrence
of this process leaves the water molecules in an unfavorable orientation; for the

process to happen again, they must rotate through 90°. The initial stage is shown in
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The Evolution of Multi-Cellularity: Stoke’s Law—page 1.39
Diffusion, Advection and Pumps —RR Lew

Stoke’s law plays a crucial role in understanding the forces that affect flow, especially at
low Reynolds number. The derivation of Stoke’s law and its relation to drag —frictional
resistance to flow — will be explored in the following!!l. Stokes measured the rate of fall
of spheres of various densities in media of various viscosity and found that the rate of fall
followed the following relation:

2y, —y,)=nva”

where (y ~v,) is the difference in specific weight of the sphere and the displaced fluid, n
is the viscosity of the fluid, v is the velocity and a the radius of the sphere. Note that
specific weight is equal to the density times the acceleration of gravity.

The net gravitational force (F) acting on the sphere as it falls is:

F=4ma’(y,-v,)

The (y~y,) terms can be eliminated, resulting in the usual description of frictional force
for a sphere, known as Stoke’s Law:

F

yf) - %n’a3

¥, =y ="3

e _ £, re-arranging e R, simplifying I = 67znav

oo

Frictional force

T F, = 6nav
Where the frictional and gravitational forces are
balenced, the velocity reaches a steady state.
¢ Gravitational pull

= $ma’Apg

g

Dusenbery, David B. (2009) Living at Micro Scale. The unexpected physics of being small. Harvard
University Press. pp. 49— 56.



The Evolution of Multi-Cellularity: Stoke’s Law—page 1.40
Diffusion, Advection and Pumps —RR Lew

Stoke’s law states that frictional force increases as velocity
increases!'. There is a direct relation between Stoke’s Law and
the Reynolds number because Re = (ov/)/m, where 0 is the den-
sity, v is the velocity, / is the characteristic length and 7 is the viscosity. Velocity is usu-
ally described as a function of the drag coefficient (C). The graph below shows the
relation between the drag coefficient and the Reynolds number!?’. At low Reynolds
number —where Stoke’s Law applies— the relation is linear, and predicted by Stoke’s
Law to be C, = 24/Re. At high Reynolds number (Re>10%), the relation between the drag
coefficient and the frictional force is more complex: C = F,/ (0.50Vv*A), where @ is the
density, v? is the velocity squared and A is the frontal area of the object.

10° \
N
10° Drag
Coeffidient
M

1
10 \ Note thdt as the Reynoldg number|increases|
above 2, the drdg coeffigient rempins high
\ rather than decliining, so[Stoke’s Law is no|

F, = 6mnav

1 "\_.‘. longer being obeyed.
gt ooy
1 Predicted relation if -\ el
10 Stoke¢’s Law is being il

obeyed:C = 24/Re.

1% 107 1 10! 102 100 100 100 10° 107
Reynolds Number

We can carry the presentation one step further, focussing on high Reynolds number, and
consider the terminal velocity of an object free-falling in air:

V _ 2mg
terminal — \| pAC)

Terminal velocity is where the drag force (F.) is equal to the ‘downward’ force of gravity
(mg). You should be able to assess the terminal velocity at low Reynolds number by the
same analytical approach.

Dusenbery, David B. (2009) Living at Micro Scale. The unexpected physics of being small. Harvard
University Press. pp. 49— 56.
2IBarenblatt, G. I. (2003) Scaling. Cambridge University Press. page 41.
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4404: Gougerotin, 1-(4-Amino-2-oxo: I(2H)-pyrimidin-
yb-1, 4-dideoxy-4-[D- 2-[2 (methylamino)acetamidolhydr-
acrylam:do]glucopyranuronamtde, 1-[4-dedxy-4- (sarcosyl-
D- seryl)ammo -B-D-glucopyranuronamide]cytosine; aspic-
ulamycin; asteromycin. C,JH,N,Oy mol wt 443,43, C
43.34%, H 5.68%, N 22.11%, O 28 87%. Antibiotic sub-
stance from Streptomyces gougerotii: Kanzaki et al, J. Anti-
piot. 15A, 93 (1962). Identity with asteromycin: Ikeuchi et
al, ibid. 25, 548 (1972). Structure: Iwasaki, Yakugaku
Zasshi 82, 1358 (1962). Revised structure: Fox et al., Tetra-
hedron Letters 1968, 6029; Watanabe et al, Chem. Pharm.
Bull 17, 416 (1969) Total synthesis: eidem, J. Am. Chem.
Soc. 94, 3272 (1972); Lichtenthaler et al., Tetrahedron Letters
1975, 3527. Identity with aspiculamycin: Lichtenthaler ef
al., ibid. 1975, 665. Mechanism of action study: J. C. Lacal
et al., J. Antibiot. 33, 441 (1980). Reviews: Clark in Antibiot-
ics, vol. 1, D. Gottlieb, P. D. Shaw, Eds. (Springer-Verlag,
New York, 1967) pp 278-282; Yukioka, ibid. vol, 3,'J. W
Corcoran, F. E. Hahn, Eds. (1975) pp 448-458.

NH

2
N7
OJ\N
CH NH(I3H2 CONH,,
c=0 H 0
| H
TH OH H
HOCH,~ CH— CNH H
i .
“ H OH

Needles, mp 211-217° (dec). [«]f +53° (¢ = 0.8). uv
max (water): 267, 235 nm (¢ 9400, 9300) in 0.INHCI: 275
nm (e 13,600); in 0.1 ¥ NaOH: 267 nm (e 9800). LDy, in
mice: 57 mg/kg i.v., Kanzaki er al., loc. cit.

THERAP CAT: Antibacterial; antineoplastic.

4405. Gramicidin(s). Gramicidin D (Dubos); linear
gramicidins; Gramoderm. Polypeptide antibiotic complex
first isolated from the mixture tyrothricin (gq.v.) along with
tyrocidine (q.v.) from cultures of Bacillus brevis: Dubos,
Hotchkiss, J. Exp. Med. 73, 629 (1941); eidem. J. Biol
Chem. 141, 155 (1941). Commercial extraction: Baron,
U.S. pat. 2,534,541 (1950 to Penick). Commercial prepara-
tion is a mixture of the four components, gramicidin A, B,
C, and D, comprising about 87.5, 7.1, 5.1, 0.3 percent resp:
Gross, Witkop, Biochemistry 4, 2495 (1965). Each of the
components A, B, and € consist of 2 chains, one with valine
in position I, comprising 80-95% of the component, and the
other with isoleucine in position 1. Structure, characteriza-
tion, and synthesis of valine- and isoleucine- gramicidin A:
Sarges, Witkop, J. Am. Chem. Soc. 86, 1862 (1964): 87, 2011,
2020 (1965); Bauer et al, Biochemistry 11, 3266 (1972).
Structure of gramicidin B: Sarges. Witkop, J. Am. Chem.
Soc. 87, 2027 (1965); of gramicidin C: eidem, Biochemistry 4,
2491 (1965). Synthesis of valine-gramicidin B and C: K.
Noda, E. Gross in Chemisiry and Biology of Peptides. Proc.
3rd Am. Peptide Symp., J. Meienhofer Ed. (Ann Arbor Sci-
ence Publishers, Michigan, 1972) pp 241-250. Review:
Hunter, Schwartz, “Gramicidins™ in Antibiotics 1, S. Gott-
lieb, P. Shaw, Eds. (Springer-Verlag. New York, 1967) pp
642-648. Comprehensive description: G. A. Brewer in Ana-
Iytical Profiles of Drug Substances vol. 8, K. Florey, Ed.
(Academic Press, New York, 1979) pp 179 218.

1 - n
!
HCO-val-Gly-Ala-Leu-Ala-Val-Val-vValiTrp-Leu Trp~NHCH,CH, Ol
i
L) (L) (D) (L) (D) (L) (2)[_(&)7 (D) (y__)
3

valine-gramicidin A

Spear-shaped or lenticular platelets, mp 229-230°. Al-
most insol in water (0.6 mg/ 100 ml). Soluble in the lower
alcohols, acetic acid, pyridine. Moderately sol in dry ace-

Consult the cross index before using this section.

tone and dioxane. Practxcaﬂy msol m ether, hydrocarbons.”

Tends“to form colloidal suspensions in water.
THERAP CAT: Antibacterial. :
THERAP CAT (VET): Antimicrobial.

4406. Gramicidin S. Gramicidin S (Soviet); gramicidin C
(Soviet). CgHg,N;O,; mol wt 1141.49. C 63.13%, H
8.12%, N 14.72%, O 14.02%. Cyclic decapeptide antibiotic
produced by a strain of Bacillus brevis. Isoln: Gause ef al,
Compt. Rend. Acad. Sci. USSR 43, 217 (1944), C.A. 39, 1195
(1945); Gause, Brazhnikova, Lancet 247, 715 (1944). More
closely related to tyrocidines, g.v., in biological and chemical
properties than to true gramicidins, ¢.v. Structure: Synge,
Biochem. J. 39, 363 (1945); Consden et al, ibid. 40, xlii
(1946); 41, 596 (1947); Battersby, Craig, J. Am. Chem. Soc.
73, 1887 (1951), Erlanger, Goode, Nature, 174, 840 (1954).
Synthesis: Schwyzer, Sieber, Helv. Chim. Acta 40, 624
(1957); Waki, lzuniya, Bull Chem. Soc. Japan 40, 1687
(1967). Solid phase synthesis: Losse, Neubert, Tetrahedron
Letters 1970, 1267; M. Ohno et al., J. Am. Chem. Soc. 93,
5251 (1971). Improved synthesis via a linear pentapeptide:
Y. Minematsu et al., Tetrahedron Letters 1980, 2179; via a
linear decapeptide: T. Mukaiyama er al, Chem. Letters
1981, 1367. Industrial procedure: Brit. pat. 836,725 (1960
to Ciba). Review: Y. A. Ovchinnikov, V. T. Ivanov, “The
Cyclic Peptides: Structure, Conformation, and Function" in
The Proteins vol. V, H. Neurath, R. L. Hill, Eds. (Acadcmlc
Press, New York, 3rd ed., 1982) pp 547-555.
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Hydrochloride, CgHg,N,0,,.2HCI, prisms from ethanol
+ aq HCI, dec 277-278°. [afff —289° (¢ = 0.43 in 70%
ethanol). Absorption spectrum: Schwyzer, Sieber, loc. cit.
Freely sol in alcohol; slightly sol in acetone; practically insol
in water, acids, alkalies. LDy in rats: 17 mg/kg i.p.
RTECSVol. I, R.J. Lewis, R. L. Tatken, Eds. (1979) p 723.

THERAP CAT: Topical antimicrobial.

4407. Gramine. N,N—I)mwlh_vl-1H-indale-Jomethau-
amine; 3-(dimethylaminomethyl)indole; Donaxine. C H,-
N,: mol wt 174.24. C 75.82%, H 8.10%, N 16.08%. In chlo-
rophyli-deficient mutants of barley: Euler er al, Z. Physiol.
Chem. 217, 23 (1933). In the Asiatic reed Arundo donax L.,
Gramineae: Orechoff, Norkina, Ber. 68, 436 (1935). From
Acer saccharinum L. (the Silver Maple) and 4. rubrum L.,
Aceraceae: Pachter et al, J. Org. Cherm. 24, 1285 (1959);
Pachter, J. Am. Pharm. Assoc., Sci. Ed. 48, 670 (1959). Syn-
thesis: Kiihn, Stein, Ber. 70, 567 (1937). Biosynthesis from
tryptophan in barley: Bowden, Marion, Can. J. Chem. 29,
1037 (1951); O’'Donovan, Leete, J. Am. Chem. Soc. 85, 461
(1963); Gower, Leete, ibid. 3683; see also Gross et al.,, Tetra-

hedron Letters 1971, 4047

aearon LOlers a5 71, 5057,

CHZN(CH3)2

Shiny, flat needles or plates from acetone, mp 138-139°.
Absorption spectrum: Kanakoa et al, Chem. Pharm. Bull.
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technology

Ambri's core technology, the lon Channel Switch
(ICS™ ), consolidates more than a decade of
research by the Australian Membrane and
Biotechnology Research Institute (AMBRI),
CSIRO and the University of Sydney.

The ICS™ technology is a novel biosensor
technology based upon a synthetic self
assembling membrane. The membrane acts like
a biological switch and is capable of detecting
the presence of specific molecules, and
signalling their presence by triggering an
electrical current.

Many competing biosensor technologies rely on
colormetric changes of solutions, measured
photometrically for a quantitative reading.
Ambri's ICS™ biosensor has the ability to detect
a change in ion flow upon binding with the target
molecule resulting in a rapid result currently
unachievable using existing technologies.

The Ambri ICS™ biosensor may have
applications in various markets including
healthcare, food, environmental and other areas.

Click to learn more about the Ambri ICS™

technology.
Aonce in a decade breakthrough

NUP:/WWW.amoT1.com.au/LContent/display.asp /name= Lechnology
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A biosensor that uses ion-channel switches
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Nature 387, 580 - 583 (1997); doi:10.1038/42432

A biosensor that uses ion-channel switches

B. A. CORNELL', V. L. B. BRAACH-MAKSVYTIS', L. G. KING', P. D. J. OSMAN', B. RAGUSE, L. WIECZOREK" & R. J. PACE*

! Go-operative Research Centre for Molecular Engineering & Technology, 126 Greville Street, Chatswood NSW 2067 Austratia
* Chemistry Department, Faculty of Science, Australian Nationat University, Canberra, ACT, Australia.

Correspondence and requests for materials should be addressed io B.A.C. {e-mail: beornell@ambri.com.au).

Biosensors are molecular sensors that combine a biological recognition mechanism with a physical transduction
technique. They provide a new class of inexpensive, portable instrument that permit sophisticated analytical
measurements to be undertaken rapidly at decentralized locations. However, the adoption of biosensors for practical
applications other than the measurement of blood glucose is currently limited by the expense, insensitivity and
inflexibility of the available transduction methods. Here we describe the development of a biosensing technique in
which the conductance of a population of molecular ion channels is switched by the recognition event. The approach
mimics biological sensory functions and can be used with most types of receptor, including antibodies and nucleotides.
The technique is very flexible and even in its simplest form it is sensitive to picomolar concentrations of proteins. The
sensor is essentially an impedance element whose dimensions can readily be reduced to become an integral component
of a microelectronic circuit. It may be used in a wide range of applications and in complex media, including blood.
These uses might include cell typing, the detection of large proteins, viruses, antibodies, DNA, electrolytes, drugs,
pesticides and other low-molecular-weight compounds.

§§;‘§ Nature © Macmilian Publishers Lid 1997 Registered No. 785998 England.
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Molooulnr Bwitohing in Blosensoars

Auburn University

Summary

A biosensor is a device that incorporates a biological sensing element in close proximity to or
integrated with a physical signal transducer. The sensing elements accomplish recognition from the
binding, which occurs between biorecognition molecules and target analytes. Transduction is the
physicochemical perturbation caused by this binding, which enables recognition of the triggered

change by some device.

To detect a small number of binding events, a single binding event must be amplified. Here, we
put forward a molecular switch capable of converting a single binding event into the movement of
about one million ions per second. In this switch, a single binding, amplified by the release of the
stored free electrochemical energy, feads to a dynamic signal that is large compared to the noise in

the measuring system.

This approach is adapted from biological receptors, which convert chemical signals into currents in
ion channels. The molecular switches in this work are artificial ion channels constructed by modular
design from molecular pores and gates. The currents through these channeis can be registered by
conventional methods. The molecular switches can be triggered by various sensing elements such
as antibodies, antibody fragments, polypeptides, DNA, RNA, and ion sensitive molecules. The small

BURFACE-BASED IDENTIFIDATION TECMMOLOBIES

http://www.darpa.mil/dso/thrust/biosci/biosensor/auburn_i.html

PRAGALK MANABER
DR, MUDRED DUNLEH

size and planar architecture of the molecular switches allow them

Features of the Molecular Switch
High sensitivity from 1 to 100
binding events

Gain 1°106

Rapid, ~1 ms

Modular molecular design

Can be triggered by a large variety
of sensing elements

Reversible

Electrical output signal

Small size and planar architecture
Consumes no external energy

molecular switches in biosensors.
Click images to enlarge:
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to become components of a microelectronic circuit.
The switches can be used for detection of proteins,
toxins, viruses, bacteria, and ions. The ion channel
assembled from molecules of Amphotericin B and
Cholesterol are immobilized in bilayers and in
monolayers on the liquid/gas and liquid/solid
interfaces. Bilayers are formed from the spreading
suspensions of phospholipid vesicles containing
Amphotericin B and Cholesterol molecules. Studies of
surface pressure-surface area isotherms of the

monolayers show that Amphotericin B and
Cholesterol form a complex with a 2:1

stoichiometry. These complexes aggregate by 2, 3,

etc., and form ion channels in bilayers and

multilayers transferred on solid substrates. The jon
channels in bilayers are fast with millisecond dwell
times and amplitudes in a range of 4-400 pS.

A tetraethylammonium blocker controls the ion channels. The ion channels are reconstituted on the
surface of 7nm mesopore silicon wafer made by Sandia National Laboratories. A laser ion-channel
reader is designed and a principle proved. These ion channels can be used as fast and sensitive
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