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(57) ABSTRACT 

A method for determining an affinity of a first nucleobase 
containing Sequence for a Second nucleobase-containing 
Sequence includes providing a test medium containing the 
first nucleobase-containing Sequence and the Second nucleo 
base-containing Sequence, applying a Voltage acroSS the test 
medium, measuring a test electric current through the test 
medium; and determining the affinity by evaluating whether 
the test electric current is equivalent to a reference electric 
current of a reference medium containing a longer of the first 
nucleobase-containing Sequence and the Second nucleobase 
containing Sequence. A complex in an electrically-Stimu 
lated phase contains at least two nucleobase-containing 
Sequences in a medium, wherein the electrical conductivity 
of the medium increases linearly without a plateau as the 
temperature of the medium approaches and exceeds a Tm of 
the complex. 
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ELECTRICALLY STIMULATED COMPLEXES OF 
NUCLEIC ACIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 09/911,047, filed Jul 23, 2001, 
which is a continuation-in-part of U.S. Pat. No. 6,265,170 to 
Picard et al., filed Jan. 24, 2000, the disclosures of which are 
incorporated by reference herein in their entireties. 

SPECIFICATION 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. The invention relates to the conductivity of nucleo 
base-containing Sequences, Such as DNA, RNA and ana 
logues thereof, and more particularly to methods wherein 
the conductivities of Such Sequences are analyzed to reveal 
information about additional properties of the Sequences. 
0004 2. Description of Related Art 
0005. It has been understood for a number of years that 
biological molecules can be isolated and characterized 
through the application of an electric field to a Sample. 
0006 Electrophoresis is perhaps the most well-known 
example of an isolation and characterization technique based 
on the influence of electric fields on biological molecules. In 
gel electrophoresis, a uniform matrix or gel is formed of, for 
example, polyacrylamide, to which an electric field is 
applied. Mixtures applied to one end of the gel will migrate 
through the gel according to their size and interaction with 
the electric field. Mobility is dependent upon the unique 
characteristics of the Substance Such as conformation, Size 
and charge. Mobilities can be influenced by altering pore 
sizes of the gel, Such as by formation of a concentration or 
pH gradient, or by altering the composition of the buffer 
(pH, SDS, DOC, glycine, salt). One- and two-dimensional 
gel electrophoresis are fairly routine procedures in most 
research laboratories. Target Substances can be purified by 
passage through and/or physical extraction from the gel. 
0007. In the ongoing search for more sensitive, accurate 
and rapid assay techniques, one research group developed an 
assay comprising analyzing the effects of an electric field on 
the fluorescent intensity of nucleic acid hybridization 
duplexes. See U.S. Pat. No. 5,846,729 to Wu et al., U.S. Pat. 
No. 6,060,242 to Nie et al. and U.S. Pat. No. 6,294,333 to 
Picard et al. The researchers indicated that the fluorescent 
intensity of a one base-pair mismatched duplex differed 
from that of a perfectly matched duplex or triplex when 
Subjected to an electrical field. Thus, the patents purport to 
disclose a method for detecting a nucleotide Sequence, 
wherein an electric field is applied to a liquid medium prior 
to or concurrently with a detecting Step, and a change in an 
intensity of a fluorescent emission as a function of the 
electric field is detected as an indication of whether the 
probe is hybridized to a completely complementary nucle 
otide Sequence or an incompletely complementary nucle 
otide Sequence. 
0008. Others have studied the electrical properties of 
DNA more directly. For example, Porath et al., “Direct 
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Measurement of Electrical Transport through DNA Mol 
ecules,” 403 Nature 635 (Feb. 10, 2000), discloses the 
current-Voltage curves measured at room temperature on a 
DNA molecule trapped between two metal nanoelectrodes. 
Current was essentially Zero up to a threshold Voltage of 
about 1-2 volts. There is no Suggestion in this reference that 
DNA properties other than electric transport can be corre 
lated with current flow through DNA. 
0009 U.S. Pat. No. 5,783,063 to Clarkson et al. discloses 
a method for estimating a property of a nucleic acid material, 
which property is one to which the electrical conductivity of 
the nucleic acid material is related. The only properties 
detected are the concentration of the nucleic acid material in 
Solution and the molecular weight of the nucleic acid 
material. The method comprises measuring the electrical 
conductivity of a Solution containing the nucleic acid mate 
rial and estimating from the measurement the concentration 
or molecular weight of the nucleic acid material by reference 
to calibration curves. 

0010 All references cited herein are incorporated herein 
by reference in their entireties. 

BRIEF SUMMARY OF THE INVENTION 

0011. The invention provides a method for determining 
an affinity of a first nucleobase-containing Sequence for a 
Second nucleobase-containing Sequence, the method com 
prising: 
0012 providing a test medium containing the first 
nucleobase-containing sequence and the Second nucleobase 
containing Sequence, wherein the first nucleobase-contain 
ing Sequence and the Second nucleobase-containing 
Sequence are of different lengths, 

0013) 
0014) measuring a test electric current through the 
test medium; and 

applying a Voltage acroSS the test medium; 

0015 determining the affinity by evaluating whether 
the test electric current is equivalent to a reference 
electric current of a reference medium containing a 
longer of the first nucleobase-containing Sequence 
and the Second nucleobase-containing Sequence. 

0016. Also provided is a complex in an electrically 
Stimulated phase containing at least two nucleobase-con 
taining Sequences in a medium, wherein the electrical con 
ductivity of the medium increases linearly without a plateau 
as the temperature of the medium approaches and exceeds a 
Tm of the complex. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

0017. The invention will be described in conjunction with 
the following drawings in which like reference numerals 
designate like elements and wherein: 
0.018 FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 3C, 3D, 4A, 4B, 
4C and 4D are graphs of current plotted as a function of 
temperature; 

0.019 FIGS. 5A, 5B, 6A, 6B, 7A, 7B, 8A and 8B are 
graphs of current plotted as a function of temperature and 
DNA concentration; 
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0020 FIGS. 9A and 9B are graphs of current plotted as 
a function of DNA concentration; 

0021 FIGS. 10A, 10B, 11A, 11B, 12A, 12B, 13A, 13B, 
14A, 14B, 15A and 15B are graphs of current plotted as a 
function of temperature and Voltage; 
0022 FIGS. 16A, 16B, 17A, 17B, 18A, 18B, 19A, 19B, 
20A, 20B, 21A, 21B, 22A, 22B, 23A, 23B, 24A, 24B, 25A, 
25B, 26A, 26B, 27A and 27B are graphs of current plotted 
as a function of temperature and DNA affinity; and 
0023 FIGS. 28A, 28B, 29A, 29B, 30A, 30B, 31A and 
31B are graphs of current plotted as a function of tempera 
ture and DNA concentration during agitation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0024. The invention is based on the inventor's discovery 
that the current flow through a medium containing nucleo 
base-containing Sequences provides information regarding 
Several properties of the Sequences, which constitute the 
electron transfer pathway through the medium. These prop 
erties include the length of the Sequences, the concentration 
of the Sequences, and the affinity of one Sequence for a 
different Sequence in the medium. 
0025. The term “affinity” as used herein is intended to 
encompass Specific associations between nucleobase-con 
taining Sequences, regardless of whether Such associations 
occur via bonds or via Some more tenuous means of Specific 
asSociation under conditions previously thought to preclude 
nucleobase-to-nucleobase binding. The term “affinity” as 
used herein therefore encompasses traditional notions of 
nucleobase-to-nucleobase binding, recently disclosed 
homologous base binding associations described by the 
inventor and his colleagues in, e.g., U.S. patent application 
Ser. No. 09/909,496, filed Jul. 20, 2001, and entitled “PAR 
ALLEL OR ANTIPARALLEL, HOMOLOGOUS OR 
COMPLEMENTARY BINDING OF NUCLEICACIDS OR 
ANALOGUES THEREOF TO FORM DUPLEX, TRI 
PLEX OR QUADRUPLEX COMPLEXES', and other 
forms of Specific associations between adjacent nucleobase 
containing Sequences. 
0026. Accordingly, the types of affinity that can be 
detected by the invention are not particularly limited. For 
example, the invention can detect bonding of two to four 
nucleobase-containing Sequences in parallel or antiparallel 
relation to one another, wherein specific bonding is through 
homologous base pairing preference and/or Watson-Crick 
base pairing preference. 
0.027 Applying a voltage through the medium in which 
the nucleobase-containing Sequences are contained, and 
measuring the resulting electric current can indicate the 
affinity of a first nucleobase-containing Sequence present in 
the medium for a Second nucleobase-containing Sequence 
also present in the medium. The inventor has discovered the 
following relationships between electric current flow and 
nucleobase-containing Sequence to nucleobase-containing 
Sequence affinity. When two Single-Stranded nucleobase 
containing sequences (e.g., SSDNA) of differing lengths 
have affinity for each other under the test conditions, the test 
current (CI) flowing through a test medium containing an 
equimolar mixture of the Sequences is Substantially equiva 
lent (i.e., within experimental error) to the current (C) of a 
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reference medium containing the longer Sequence in the 
absence of the shorter Sequence. When two Such single 
Stranded nucleobase-containing Sequences have no affinity 
for each other under the test conditions, the test current is 
Substantially equivalent to the Sum of the current (C) of a 
reference medium containing the longer Sequence in the 
absence of the shorter Sequence, plus the current (Cs) of a 
reference medium containing the shorter Sequence in the 
absence of the longer Sequence. When two double-Stranded 
nucleobase-containing sequences (e.g., dsDNA) of differing 
lengths have affinity for each other under the test conditions, 
the test current (CI) flowing through a test medium con 
taining an equimolar mixture of the Sequences is Substan 
tially equivalent (i.e., within experimental error) to the Sum 
of the current (C) of a reference medium containing the 
longer Sequence in the absence of the shorter Sequence, plus 
the current (Cs) of a reference medium containing the 
Shorter Sequence in the absence of the longer Sequence. 
When two such double-stranded sequences have no affinity 
for each other under the test conditions, the test current is 
Substantially equivalent to the current (C) of a reference 
medium containing the longer Sequence in the absence of the 
Shorter Sequence. These relationships (which also apply to 
nucleobase-containing sequences other than DNA) are fur 
ther illustrated in the following table. 

Longer Sequence Shorter Sequence Affinity Current (CT) 

SSDNA SSDNA Yes CL 
SSDNA SSDNA No ~CI+ Cs 
DSDNA DSDNA Yes ~CI+ Cs 
DSDNA DSDNA No CL 

0028. The current detected is a function of a number of 
properties of the Sequences being assayed (as discussed 
above) and the media, as well as the Voltage applied across 
the media. The Voltage is applied to the Sample prior to or 
concurrent with measuring current flow. The amount of 
Voltage to be applied to the medium containing the nucleo 
base-containing Sequences varies, but should be Selected 
Such that a current can be detected. In certain preferred 
embodiments, the voltage is about 1V to about 30V, pref 
erably 3V to 27V. The voltage can be DC or AC. The voltage 
can be pulsed or applied constantly over a desired period of 
time. The Voltage is typically applied acroSS the medium 
through a pair of metal electrodes Submerged in the medium. 
0029. If desired, a calibration curve can be generated, 
wherein the magnitude of the measured signal (e.g., prefer 
ably electric current, or a related electrical parameter, Such 
as resistance) is a function of the affinity between the 
Sequences of interest. 
0030 Unlike certain prior art methods, the assay of the 
invention is preferably homogeneous. The assay can be 
conducted without Separating affinity complexed nucleo 
base-containing Sequences from uncomplexed Sequences 
prior to detecting the magnitude of the measured Signal. The 
assay does not require a gel Separation Step, thereby allow 
ing a great increase in testing throughput. Quantitative 
analyses are simple and accurate. Consequently the assay 
Saves time and expense, and can be easily automated. 
Furthermore, it enables affinity-altering variables Such as 
buffer, pH, ionic concentration, temperature, incubation 
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time, Sequence concentration, intercalator concentration, 
Sequence length and possible cofactor requirements to be 
rapidly determined. 
0031. The assay can be conducted in e.g., a solution 
within a well, on an impermeable Surface or on a biochip. 
0.032 Suitable nucleobase-containing sequences for use 
in the inventive assay include, e.g., nucleic acids having 
deoxyribose phosphate or ribose phosphate backbones (e.g., 
DNA, RNA, mRNA, hnRNA, rRNA, tRNA or cDNA) or a 
nucleic acid analogue. Preferred nucleic acid analogues 
contain an uncharged or partially charged backbone (i.e., a 
backbone having a charge that is not as negative as a native 
DNA backbone), and include, e.g., PNA and LNA. 
0033. It is preferred that the two nucleobase-containing 
Sequences whose affinity for each other is being Studied be 
of differing lengths. The difference in length must preferably 
be Sufficiently large Such that a current through a medium 
containing the Shorter of the two Sequences is detectably 
lower than a current through a medium containing the longer 
of the two Sequences. AS Shown in the Examples below, a 
35-base difference in Sequence length is Suitable; however, 
lesser or greater differences in length can be readily Selected 
by one skilled in the art using the instant disclosure as a 
guide. The absolute (as opposed to relative) length of each 
Sequence is not particularly limited. 
0034. The assay of the invention can be performed over 
a wide variety of temperatures, Such as, e.g., from 2 C. to 
85 C. Certain prior art assays require measurements at 
elevated temperatures (e.g. 35° C. or greater), adding cost 
and delay to the assay. On the other hand, the invention can 
be conducted at room temperature or below (e.g., at a 
temperature below 25 C.) 
0035. The inventive assay is extremely sensitive, thereby 
obviating the need to conduct PCR amplification of the 
target. Conductivity measurements can distinguish Samples 
having as little as about 1 pmole of each Sequence in 40 
microliters. Decreasing the Sample Volume would permit the 
use of even Smaller amounts of Sequences. It should go 
without Saying that the foregoing values are not intended to 
Suggest that the method cannot detect higher concentrations. 
0036) The test (or reference) medium can be HO alone 
or it can be any conventional medium known to be Suitable 
for preserving nucleotides. See, e.g., Sambrook et al., 
“Molecular Cloning: A Lab Manual,” Vol. 2 (1989). For 
example, the liquid medium can comprise nucleotides, 
water, and buffers. 
0037. The inventive assay can be used to, e.g., determine 
the affinity of a first nucleobase-containing Sequence for a 
Second nucleobase-containing Sequence. 

0038. The invention will be illustrated in more detail with 
reference to the following Examples, but it should be 
understood that the present invention is not deemed to be 
limited thereto. 

EXAMPLES 

Example 1 

0039 Example 1 demonstrates the conductivity of DNA 
oligonucleotides in a homogeneous Solution and examines 
the change in conductivity as a function of temperature 
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throughout a temperature range from 2 C. to 80 C. Sense 
and antisense 15-mer SSDNA sequences, possessing a 53% 
GC content, were synthesized on a DNA synthesizer (Expe 
dite 8909, PerSeptive Biosystems) and purified by HPLC. 
SsDNA oligonucleotides were dissolved in dd H20 and 
diluted to a concentration of 1 pmoleful. Equimolar amounts 
of complementary oligonucleotides were denatured at 95 C. 
for 10 minutes and allowed to anneal gradually in the 
presence of 10 mM Tris, pH 7.5, 1 mM EDTA and 100 mM 
NaCl, as the temperature cooled to 21 C. over 1.5 hours. 
DsDNA oligonucleotides were diluted in ddHO to a con 
centration of 1 pmoleful. 

0040 Sequence for the sense strand of the wild-type 
15-mer DNA (SEQ ID NO:1): 5'-CTG TCA TCT CTG 
GTG-3' 

0041) Sequence for the antisense strand of the wild-type 
15-mer DNA (SEQ ID NO:1): 5'-CAC CAG AGA TGA 
CAG-3' 

0042. Eight pmoles of the sense strand of SEQ ID NO:1 
were tested in a final volume of 500 ul ddHO in a 1.1 cm 
cuvette. The cuvette was placed in a programmable Peltier 
block (PTP-6 digital temperature controller) in a PE Spec 
trophotometer, model Lambda Bio 10. Two platinum elec 
trodes, 2 mm apart, were introduced into the test medium. 
Three mm of each electrode was Submerged in the liquid. 
Nine volts of DC current were applied for 500 msec peri 
odically to the test medium as the temperature of the Peltier 
block and consequently the test medium was raised from 2 
C. to 80° C. Readings of amperometric flow through the test 
medium were taken at every 1 C. increase in temperature. 
A temperature probe was placed directly in a test medium in 
an adjacent cuvette in the Peltier block to measure tempera 
ture of the test medium at the time of amperometric assess 
ment. Measurements were taken at about 30 second intervals 
between each 500 msec application of 9 volts. Amperomet 
ric values were acquired on Software custom designed by Dr. 
William Kwong (George Brown College, Toronto, Canada). 
Measurements were taken of the initial peak amperometric 
flow (IPA) and then of the average amperometric flow (AA) 
during the final 400 msec of the 500 msec period during 
which the Voltage was applied to the test medium at each 
temperature. FIGS. 1A and 1B plot the IPA and AA mea 
surements taken, respectively, between 2 C. and 80 C. in 
a single experiment wherein the test medium was steadily 
heated. FIGS. 2A and 2B plot the IPA and AA values of the 
Same test medium, respectively achieved, as consecutive 
measurements were taken of the test medium as the tem 
perature was reduced from 80° C. to 20O. The test medium 
was maintained at 80° C. for about 2 minutes before the 
Series of measurements with decreasing temperature was 
commenced. FIGS. 1 and 2 also show the amperometric 
flow observed in a control sample consisting of ddHO 
alone. 

0043. The data in FIGS. 1 and 2 demonstrated that a test 
medium comprising ssDNA in ddHO is far more conduc 
tive of electricity than is ddHO alone. Conductance values 
increased with increasing temperature and declined with 
decreasing temperature. The relationship between ampero 
metric flow of the test medium containing ssDNA and 
temperature of the test medium was generally linear. 
Sequence variation in the SSDNA produce significantly 
different conductance values at all temperatures (data not 
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shown). There were however idiosyncratic temperature 
phases in which the amperometric flow deviated from the 
general trend. For instance, the rate of change in conduc 
tance of the test medium containing ssDNA between 2 C. 
and 20° C. was greater than that between 20 C. and 80 C. 
Comparison of the IPA and AA values revealed that the IPA 
was almost always a higher value than the AA. With 
increasing temperature there arose a widening gap between 
the IPA values and the AA values generated by the test 
medium containing ssDNA. This difference between IPA 
and AA values was maintained as the temperature declined 
from 80 C. to 2 C. A more linear pattern was observed for 
the IPA and AA values under conditions of declining tem 
perature. 
0044) Surprisingly, and contrary to the teaching in certain 
prior art, the amperometric flow values of the test medium 
containing SSDNA observed with decreasing temperature 
bore little relationship to those observed with increasing 
temperature (compare FIGS. 1 and 2). This hysteretic effect 
was most pronounced at low temperatures where the values 
recorded at temperatures during declining temperature mea 
Surements were noticeably higher and bore little resem 
blance to the values recorded at the same temperatures 
during increasing temperature measurements. The cause of 
this hysteretic effect is currently unknown. Thus it is impor 
tant to take account of the history of the Sample when 
detecting the conductance characteristics of nucleic acids 
with Special reference to the temperatures to which they are 
subjected and the voltages to which they have been Sub 
jected. Nothing in the data Suggested that there was Sub 
stantial migration of the DNA to either electrode. No accu 
mulation of DNA was observed at the electrode. Reversal of 
the polarity of the electrodes did not affect the conductance 
values obtained in repetitions of the experiments (data not 
shown). 
004.5 The conductance of the test medium comprising 8 
pmoles of the 15-mer annealed dsDNA (SEQ ID NO:1) in 
500 ul of ddHO was then examined as a function of 
temperature following consecutive 500 msec applications of 
9 volts (FIGS. 3A, 3B, 4A and 4B). The test medium 
containing dsDNA was more conductive of electricity than 
was the test medium containing a like amount of SSDNA. 
Conductance values for the test medium containing dsDNA 
increased with increasing temperature and declined with 
decreasing temperature primarily in a linear fashion and 
with less low temperature idiosyncrasy than did the test 
medium containing SSDNA. Unexpectedly, the linear pro 
gression of amperometric flow within the dsDNA was not 
disrupted as the temperature of the test medium passed 
through 45 C., the T of the 15-mer dsDNA. Even though 
conversion from duplex DNA to ssDNA, and vice versa, 
ought to have occurred within the temperature range tested 
(2 C. to 80° C), the originally duplex complementary 
SSDNA Strands appear to have remained in a duplex form or 
at least in Very close proximity to each other during the Serial 
application of Voltage, So as to result in no interruption of the 
linear progression of IPA and AA values. The IPA values 
throughout were slightly higher than the AA values. The 
hysteretic effect observed between data points generated 
during increasing temperature as opposed to the data points 
generated during decreasing temperature was not as pro 
nounced when the conductance of a test medium containing 
dsDNA was being measured than when a test medium 
containing SSDNA was being tested. The test medium con 
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taining the dsDNA produced Similar conductance values at 
2 C. both at the start and at the end of the sequence of 
temperature variations. It appears that the application of the 
Voltage Served to keep the duplex Strands from Separating at 
temperatures above the T of the duplex. 
0046 Four pmoles of the sense strand of the 15-mer SEQ 
ID NO:1 were tested in combination with four pmoles of the 
antisense strand of the 15-mer SEQ ID NO:1 in a test 
medium comprising a final volume of 500 ul ddHO. The 
test media were heated from 2 C. to 80 C. and cooled from 
80 C. to 2 C., with IPA and AA readings taken at 1 C. 
intervals following 500 msec applications of 9 Volts of DC 
voltage as described above. The IPA and AA values obtained 
for the test medium containing the mix of the two antipar 
allel complementary 15-mer SSDNAS during increasing tem 
peratures are shown in FIGS. 3C and 3D, respectively. The 
IPA and AA values produced by this test medium during 
decreasing temperatures are shown in FIGS. 4C and 4D, 
respectively. 
0047 Conductance values for the test medium containing 
the mix of the two antiparallel complementary 15-mer 
SSDNAS increased with increasing temperature primarily in 
a linear fashion and appeared to comprise the additive IPA 
and AA values attributable to 4 pmoles of each ssDNA in the 
test medium. At any given temperature, these amperometric 
values for the test medium containing the two non-annealed 
ssDNAs of SEQ ID NO:1 (FIGS. 3C and 3D) were lower 
than those observed for the test medium containing the 
annealed dsDNA of SEQ ID NO:1 (FIGS. 3A and 3B), 
though the test media contained like masses of nucleotides. 
While conductance values for the test medium containing 
the original dsDNA of SEQID NO:1 declined linearly as the 
temperature was decreased from 80° C. to 2° C. (FIGS. 4A 
and 4B), an altered conductance pattern was observed for 
the test medium containing the mix of antiparallel comple 
mentary strands of SEQ ID NO:1 during declining tempera 
ture measurements (FIGS. 4C and 4D). IPA and AA values 
for the test medium containing the mix of the two ssDNA 
strands declined linearly from 80° C. to 48 C., plateaued 
during the temperature decrease from 48 C. to 38 C., and 
then resumed their linear decline as the temperature was 
reduced from 38° C. to 2° C. (FIGS. 4C and 4D). The 
plateau of conductance values attemperatures near the T of 
SEQ ID NO:1 appears indicative of the two strands of SEQ 
ID NO:1 annealing during the period when the temperature 
declined. The amperometric values for the test medium 
containing the mix of the two ssDNAS between 38 C. to 2 
C. (FIGS. 4C and 4D) were very similar to those for the 
dsDNA between 38° C. to 2° C. (FIGS. 4A and 4B). This 
pattern of amperometric flow observed for the two antipar 
allel complementary SSDNA Strands during the period of 
temperature decline from 80° C. to 2° C. (FIGS. 4C and 
4D), Strongly Suggest that the complementary bases of the 
two ssDNAS were not bound to one another prior to the 
apparent annealing phase. By comparison, the non-disrupted 
linear IPA and AA values observed for the test medium 
containing the previously annealed dsDNA (SEQ ID NO:1) 
between 80° C. to 2° C. (FIGS. 4A and 4B), reinforces the 
proposal that the duplex remained intact at elevated tem 
peratures or at least that the Separated complementary 
SSDNA Strands remained in very close proximity to each 
other at temperatures above the T of SEQ ID NO:1 so as 
to continue to accomplish electron transfer through the 
medium in a temperature dependent fashion. 
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0.048. The linearity of conductance of the test medium 
containing 8 pmoles of the sense strand of SEQ ID NO:1 
observed as the temperature declined from 80° C. to 18 C. 
(FIGS. 2A and 2B) indicated that parallel homologous 
binding between identical Strands was not occurring. Paral 
lel homologous binding would be expected to give rise to a 
conductance plateau. 

Example 2 

0049. Example 2 examines the effect of varying DNA 
concentration on the conductivity of the test medium as a 
function of temperature. One, two, four, eight, twelve, 
Sixteen, twenty and twenty-four pmoles of the Sense Strand 
of SEQ ID NO:1 were each tested in a test medium com 
prising a final volume of 500 ul ddHO. The test media were 
heated from 2 C. to 80° C. and cooled from 80° C. to 2 C., 
with IPA and AA readings taken at 1 C. intervals following 
500 msec applications of 9 Volts of DC voltage as described 
in Example 1. The IPA and AA values obtained for the test 
media containing SSDNA during increasing temperatures are 
shown in FIGS. 5A and 5B, respectively. The IPA and AA 
values obtained for the test media containing SSDNA during 
decreasing temperatures are shown in FIGS. 6A and 6B, 
respectively. 

0050 Test media with the ssDNA concentrations of 1 
pmole/500 ul and 2 pmoles/500 ul exhibited the greatest 
deviations from linearity of conductance as the temperature 
was increased from 2° C. to 80° C. (FIGS. 5A and 5B). 
Unexpectedly a phase of increasing resistance was clearly 
exhibited between 37 C. to 43 C. during increasing tem 
perature measurements of the test media containing the 
lowest SSDNA concentrations. This is at variance with the 
teaching of the prior art. AS the SSDNA concentration was 
increased, this decline in conductance within this tempera 
ture range was progressively eliminated Such that when the 
test medium contained 12 pmoles/500 ul of ssDNA a return 
to Systematic linearity of conductance was observed during 
increasing temperature measurements (FIG. 5). No similar 
divergences in linearity of conductance were observed for 
test media bearing low concentrations of SSDNA during 
decreasing temperature measurements. The decrease in 
amperometric flow of the test media of this experiment was 
primarily linear with decreasing temperature for all the 
ssDNA concentrations examined (FIG. 6). This example 
illustrates that general rules respecting duplex nucleic acid 
conductance cannot be applied to Single Stranded nucleic 
acids without Specific observation and calibration. 
0051. Increasing the ssDNA concentration in the test 
medium resulted in a progressive increase in amperometric 
flow at any given temperature. Between 2 C. to 18 C. the 
increase in conductance as a function of SSDNA concentra 
tion was somewhat variable (FIGS. 5 and 6). Between 18 
C. to 80° C. a direct relationship between ssDNA concen 
tration and amperometric flow was observed (FIG. 5). 
Although the increase in conductance of the test media was, 
contrary to the prior art, not proportionate to the increase in 
SSDNA concentration, in that doubling the ssDNA concen 
tration did not result in a doubling of the amperometric flow, 
a linear relationship was observed. This linear relationship 
between SSDNA concentration in the test media and IPA or 
AA values is shown at 70° C. in FIGS. 9A and 9B, 
respectively. As the test medium concentration of the ssDNA 
was increased, the rate of change in conductance of the test 

Sep. 25, 2003 

medium with increasing temperature was progressively 
increased (FIGS. 5A and 5B). 
0052 Four, eight, twelve, twenty and twenty-four pmoles 
of the 15-mer annealed dsDNA (SEQ ID NO:1) were each 
tested in a test medium comprising a final Volume of 500 ul 
ddHO. The test media were heated from 2°C. to 80° C. and 
cooled from 80 C. to 2 C., with IPA and AA readings taken 
at 1 C. intervals following 500 msec applications of 9 Volts 
of DC voltage as described in Example 1. The IPA and AA 
values obtained for the test media containing dsDNA during 
increasing temperatures are shown in FIGS. 7A and 7B, 
respectively. The IPA and AA values obtained for the test 
media containing dsDNA during decreasing temperatures 
are shown in FIGS. 8A and 8B, respectively. 
0053 Test media containing dsDNA were more conduc 
tive of electricity than were test media containing the 
identical concentrations of ssDNA (compare FIGS. 5 and 
7). Conductance values increased with increasing tempera 
ture and declined with decreasing temperature primarily in 
a linear fashion. Conversion from duplex DNA to ssDNA, 
and Vice versa, would be expected to occur at certain 
elevated temperatures in the absence of periodic electrifica 
tion of the Sample. The Serial application of Voltage in this 
experiment appears to have resulted in the originally duplex 
complementary nucleic acid Strands remaining intact or at 
least in very close proximity to each other, So as to result in 
no interruption of the linear progression of IPA and AA 
values (FIGS. 7 and 8). 
0054 As the concentration of the dsDNA was increased, 
the test media produced an increase in the amperometric 
flow at all temperatures (FIGS. 7 and 8). The rate of change 
in conductance during temperature variation increased 
Slightly with increasing dsDNA concentration. 
0055. The hysteretic effect observed when the IPA and 
AA values were compared during increasing or decreasing 
temperature measurements were leSS pronounced for the test 
media containing dsDNA concentrations than for those 
bearing comparable ssDNA concentrations (FIGS. 5-8). 

Example 3 
0056. Example 3 examines the change in amperometric 
flow of test media containing ssDNA or dsDNA as a function 
of temperature when different amounts of Voltage are 
applied. The test media (250 ul) were heated from 2 C. to 
80° C. and cooled from 80° C. to 2 C., with IPA and AA 
readings taken at 1 C. intervals following 500 msec appli 
cations of 3, 5, 9, 18 or 27 Volts of DC voltage, as described 
in Example 1. The IPA and AA values obtained for ddHO 
alone during increasing temperatures are shown in FIGS. 
10A and 10B, respectively. The IPA and AA values obtained 
for dd-O alone during decreasing temperatures are shown 
in FIGS. 11A and 11B, respectively. Minor increases in 
amperometric flow through ddHO were observed with 
increased DC voltage application. 
0057. Eight pmoles of the sense strand of SEQ ID NO:1 
in the test medium made it much more responsive to change 
in applied voltage. The IPA and AA values produced by the 
test medium containing the SSDNA during increasing tem 
peratures are shown in FIGS. 12A and 12B, respectively. 
The IPA and AA values produced by the test medium 
containing the SSDNA during decreasing temperatures are 
shown in FIGS. 13A and 13B, respectively. 
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0.058 Linearity of conductance as a function of increas 
ing or decreasing temperature was observed for the test 
media containing SSDNA at every DC voltage applied, 
especially at the lower voltages (FIGS. 12 and 13). The 
hysteretic effect observed when the IPA and AA values of the 
test medium containing SSDNA were compared during 
increasing or decreasing temperature measurements were 
leSS pronounced when lower Voltages were applied. 

0059. Increasing the applied voltage resulted in a pro 
gressive increase in amperometric flow of the test medium 
containing ssDNA at any given temperature (FIGS. 12 and 
13). The increase in conductance of this test medium was 
however not proportionate or linear to the increase in 
applied Voltage, contrary to certain teachings of the prior art. 
The IPA and AA levels of the test medium containing 
ssDNA, although significantly higher than those of ddHO 
alone, were very Similar and relatively low upon the appli 
cation of 3 V or 5 V.9 V and 18 V applications to the test 
medium containing SSDNA resulted in Significant increases 
in IPA and AA levels. Treatment with 27 V produced a 
substantial increase in IPA and AA levels. The rate of change 
in conductance of the test medium containing SSDNA 
observed at any Selected temperature increased as the level 
of applied Voltage was increased. 

0060. The change in amperometric flow of a test medium 
comprising 8 pmoles of the 15-mer annealed dsDNA (SEQ 
ID NO: 1) in 250 ul ddHO was then examined as a function 
of temperature when different amounts of Voltage were 
applied. The IPA and AA values obtained for the test 
medium containing dsDNA during increasing temperatures 
are shown in FIGS. 14A and 14B, respectively. The IPA and 
AA values obtained for the test medium containing dsDNA 
during decreasing temperatures are shown in FIGS. 15A 
and 15B, respectively. 

0061. At every DC voltage tested, the test medium con 
taining dsDNA was more conductive of electricity than was 
the test medium containing comparable concentrations of 
ssDNA (compare FIGS. 12 and 13 with FIGS. 14 and 15). 
Regardless of the level of DC voltage applied, the IPA and 
AA values for the test medium containing dsDNA were 
primarily linear with increasing or decreasing temperature. 
Variation of IPA and AA levels obtained during increasing 
temperatures compared to those obtained during decreasing 
temperatures were apparent only at the higher Voltages. 
Since there was no disruption of the linearity of conductance 
of the test medium containing dsDNA when heated from 2 
C. to 80° C. and cooled from 80° C. to 2° C., the duplex 
DNA either did not melt or the denatured complementary 
SSDNA Strands appear to have remained in very close 
proximity to each other at every voltage application, even at 
27 V, So as to Sustain the electron pathway initially consti 
tuted by the dsDNA at low temperatures when the experi 
ment began. 

0.062 Progressive increases in amperometric flow of the 
test medium containing dsDNA were observed with the 
application of increasing voltage (FIGS. 14 and 15). Treat 
ment with 3 V or 5 V resulted in relatively low IPA and AA 
levels of this test medium. Dramatic augmentation of con 
ductance was observed upon application of 9 V, 18 V or 27 
V to this test medium. The increase in amperometric flow of 
the test medium containing dsDNA was however not pro 
portionate or linear to the increase in applied Voltage. AS the 
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Voltage increased, the rate of change in conductance during 
temperature variation increased, most noticeably at the high 
est Voltages tested. 

Example 4 

0063 Example 4 examines electron transport preferences 
in test media comprising different populations of related or 
unrelated SSDNA or dsDNA. The SSDNA and dsDNA 
Sequences tested in Examples 1 to 3 were 15-mer in length. 
Example 4 also examines the effect of varied length of the 
SSDNA and dsDNA sequences on conductivity in the test 
media as a function of temperature. 
0064 Sense and antisense 50-mer ssDNA sequences, 
possessing a 53% GC content, were synthesized on a DNA 
synthesizer, purified by HPLC, annealed and diluted in 
ddHO to a concentration of 1 pmoleful as described in 
Example 1. Sequence ID NO:2 was a 50-mer wild-type 
dsDNA designed to comprise a central 15 bp Segment 
perfectly homologous to SEQ ID NO:1. 
0065. Sequence for the sense strand of the 50-mer 
dsDNA (SEQ ID NO:2): 5'-GAG CAC CAT GAC AGA 
CAC TGT CAT CTCTGG TGT GTC CTA CGATGA CTC 
TG-3. 

0066 Sequence for the antisense strand of the 50-mer 
dsDNA (SEQID NO:2): 5'-CAGAGT CATCGTAGGACA 
CAC CAG AGA TGA CAG TGT CTG TCA TGG TGC 
TC-3'. 

0067 Sense and antisense 15-mer SSDNA sequences, 
possessing a 40% GC content, were synthesized on a DNA 
synthesizer, purified by HPLC, annealed and diluted in 
ddHO to a concentration of 1 pmoleful as described in 
Example 1. Sequence ID NO:3 was a 15-mer dsDNA, 
derived from the Drosophila erg gene, whose Sequence was 
unrelated to SEO ID NO:1. 

0068 Sequence for the sense strand of the 15-mer 
dsDNA (SEQ ID NO:3): 5'-CAGAAA GGTTTC AAG-3'. 
0069 Sequence for the antisense strand of the 15-mer 
dsDNA (SEQ ID NO:3): 5'-CTTGAA ACC TTT CTG-3'. 
0070 Test media comprising eight pmoles of the sense 
Strands of the 15-mer SEO ID NO:1 or 50-mer SEO ID 
NO:2, or eight pmoles of the 15-mer dsDNA (SEQID NO:1) 
or 50-mer dsDNA (SEQ ID. NO:2) were each tested in a 
final volume of 250 ul ddHO. The test media were heated 
from 2 C. to 80° C. and cooled from 80° C. to 2 C., with 
IPA and AA readings taken at 1 C. intervals following 500 
msec applications of 9 Volts of DC voltage as described in 
Example 1. The IPA and AA values obtained for the test 
media containing the SSDNA or dsDNA during increasing 
temperatures are shown in FIGS. 16A and 16B, respec 
tively. The IPA and AA values obtained for the test media 
containing the SSDNA or dsDNA during decreasing tem 
peratures are shown in FIGS. 17A and 17B, respectively. 
0071 Linearity of conductance as a function of tempera 
ture was observed for all the test media tested, irrespective 
of DNA sequence length. The complementary ssDNA 
strands of the 15-mer or 50-mer dsDNA sequences appear to 
have remained in duplex form or in close proximity to each 
other at elevated temperatures, as evidenced by the non 
interruption of the linear progression of IPA and AA values 
in the test media (FIGS. 16 and 17). This suggests that the 
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electron pathway established at low temperatures through 
the dsDNA, was maintained at high temperatures. 

0.072 The test media containing dsDNA was more con 
ductive of electricity than was the test media containing 
ssDNA at the same oligonucleotide length (FIGS. 16 and 
17). Sequence variation in the duplex nucleic acid can 
produce Significantly different conductance values at all 
temperatures (data not shown). Increasing the length of the 
SSDNA from a 15-mer to a 50-mer oligonucleotide resulted 
in approximately a 2.3-fold increase in amperometric flow 
values during increasing temperature measurements (FIG. 
16) and a slightly greater difference in amperometric flow 
values during decreasing temperature measurements (FIG. 
17). The difference in conductance observed between a test 
medium comprising 15-mer dsDNA and one comprising 
50-mer dsDNA ranged from 2-fold to 3.4-fold, depending on 
temperature or whether measurements were taken as the 
temperature increased or decreased (FIGS. 16 and 17). The 
prior art took no account as to whether a measurement taken 
at a certain temperature was taken after the temperature had 
been raised or lowered to the testing temperature. 

0.073 Eight pmoles of the sense strands of the 15-mer 
SEO ID NO:1 or 50-mer SEO ID NO:2 were each tested 
individually or in combination in test media having a final 
volume of 250 ul ddHO. The test media were heated from 
2 C. to 80° C. and cooled from 80° C. to 2° C., with IPA 
and AA readings taken at 1 C. intervals following 500 msec 
applications of 9 Volts of DC voltage as described in 
Example 1. The IPA and AA values obtained from the test 
media containing 15-mer ssDNA, 50-mer ssDNA or the mix 
of the parallel homologous 15-mer and 50-mer ssDNAS 
during increasing temperatures are shown in FIGS. 18A and 
18B, respectively. The IPA and AA values obtained from the 
Same three Samples during decreasing temperatures are 
shown in FIGS. 19A and 19B, respectively. 

0.074 Test media containing eight pmoles of the antisense 
strand of the 15-mer SEOID NO:1 or the sense strand of the 
50-mer SEQ ID NO:2 were each tested individually or in 
combination in a final volume of 250 ul ddHO. The test 
media were heated from 2 C. to 80° C. and cooled from 80° 
C. to 2 C., with IPA and AA readings taken at 1 C. intervals 
following 500 msec applications of 9 Volts of DC voltage as 
described in Example 1. The IPA and AA values obtained 
from the test media containing 15-mer ssDNA, 50-mer 
SSDNA or the mix of the antiparallel complementary 15-mer 
and 50-mer SSDNAS during increasing temperatures are 
shown in FIGS. 20A and 20B, respectively. The IPA and AA 
values obtained from the same three Samples during decreas 
ing temperatures are shown in FIGS. 21A and 21B, respec 
tively. 

0075) The IPA and AA values for the test media contain 
ing the mix of the parallel homologous or antiparallel 
complementary 15-mer and 50-mer ssDNAS were slightly 
greater than those for the test medium containing the 50-mer 
SSDNA alone during increasing temperature measurements 
(FIGS. 18 and 20). During decreasing temperature mea 
Surements the IPA and AA values for the test media con 
taining the mix of the parallel homologous or antiparallel 
complementary 15-mer and 50-mer ssDNAS were very close 
to those for the test medium containing the 50-mer ssDNA 
alone (FIGS. 19 and 21). These small increases in conduc 
tance were lower than would be expected if the conductance 
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values of the 15-mer SSDNA and 50-mer SSDNA were 
simply added, and lower than would be expected for dsDNA 
conductance. It appears that in the presence of SSDNAS of 
varying length in the test medium, which have an affinity for 
one another, the amperometric flow preferentially depends 
upon electron transport through the SSDNA species of great 
est length. This detectable relationship appears to hold true 
for ssDNA nucleic acids whose affinity for each other is 
based on either a homologous preference or a Watson-Crick 
preference. 
0076 Test media comprising eight pmoles of the anti 
sense strand of the 15-mer SEQ ID NO:3 or the sense strand 
of the 50-mer SEQ ID NO:2 were each tested individually 
or in combination in a final volume of 250 ul ddHO. The 
test media were heated from 2 C. to 80 C. and cooled from 
80 C. to 2 C., with IPA and AA readings taken at 1 C. 
intervals following 500 msec applications of 9 Volts of DC 
voltage as described in Example 1. The IPA and AA values 
obtained from the test media containing the 15-mer ssDNA, 
50-mer SSDNA or the mix of the unrelated 15-mer and 
50-mer SSDNAS during increasing temperatures are shown 
in FIGS.22A and 22B, respectively. The IPA and AAvalues 
obtained from the three test media during decreasing tem 
peratures are shown in FIGS. 23A and 23B, respectively. 
0077. The presence of totally unrelated 15-mer and 
50-mer ssDNA sequences in the test medium resulted in IPA 
and AA values significantly greater than that observed from 
the test medium containing the SSDNA sequence of longest 
length alone (i.e. the sense strand of the 50-mer SEQ ID 
NO:2) (FIGS. 22 and 23). In the absence of potential 
binding between the two SSDNA sequences, the conductance 
levels of the test medium containing the mixed ssDNA 
Sequences appeared to comprise conductance levels 
approximating the Sum of the conductance levels observed 
from the test media containing each individual ssDNA 
Sequence Separately. The amperometric levels achieved 
however were not strictly additive, especially during the 
increasing temperature measurements (FIGS. 22A and 
22B). The rate of change in conductance for the test medium 
containing the mix of the unrelated 15-mer and 50-mer 
SSDNA sequences was the same as that for the test medium 
containing the 50-mer SSDNA sequence alone, during both 
increasing and decreasing temperature measurements 
(FIGS. 22 and 23), which suggests that the 15-mer ssDNA 
played no important role in electron transfer through that test 
medium containing other nucleic acids. 
0078. The conductance of test media containing an 
equimolar population of complementary 15-mer SSDNA and 
50-mer dsDNA sequences or an equimolar population of 
homologous 15-mer dsDNA and 50-mer dsDNA sequences 
was examined next. Eight pmoles of the 50-mer dsDNA 
(SEQ ID NO:2) and eight pmoles of the sense strand of the 
15-mer SEQ ID NO:1 or eight pmoles of the 15-mer dsDNA 
(SEQ ID NO: 1) were each tested individually or in combi 
nation in test media having a final volume of 250 ul ddH.O. 
The test media were heated from 2 C. to 80 C. and cooled 
from 80° C. to 2 C., with IPA and AA readings taken at 1 
C. intervals following 500 msec applications of 9 Volts of 
DC voltage as described in Example 1. The IPA and AA 
values obtained from the test media containing 15-mer 
SSDNA, 15-mer dsDNA, 50-mer dsDNA or the mix of the 
15-mer SSDNA or 15-mer dsDNA with the 50-mer dsDNA 
during increasing temperatures are shown in FIGS. 24A and 
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24B, respectively. The IPA and AA values obtained from the 
Same five test media during decreasing temperatures are 
shown in FIGS. 25A and 25B, respectively. 
0079 A test medium containing an equimolar population 
of complementary 15-mer ssDNA and 50-mer dsDNA 
Sequences produced IPA and AA values that were nearly 
identical to those produced by the test medium containing 
50-mer dsDNA sequences alone, during both increasing and 
decreasing temperature measurements (FIGS. 24 and 25). 
This suggested that binding between the ssDNA and dsDNA 
Sequences had not occurred under the test conditions of the 
experiment. The conductance appeared Substantially attrib 
utable to the longer 50-mer dsDNA as the amperometric 
flow values of the test medium containing the mixed popu 
lation were nearly identical to those of the test medium 
containing the 50-mer dsDNA alone. 

0080 However a test medium containing an equimolar 
population of homologous 15-mer dsDNA and 50-mer 
dsDNA sequences unexpectedly produced IPA and AA val 
ues that were slightly greater than those observed with a test 
medium containing the 50-mer dsDNA sequences alone, 
during both increasing and decreasing temperature measure 
ments (FIGS. 24 and 25). The increase in conductance 
observed in the test medium consisting of this mixed popu 
lation when compared to that observed with the test medium 
containing the 50-mer dsDNA alone was close to the dif 
ference in conductance observed between the test media 
composed of the 15-mer ssDNA and the 15-mer dsDNA 
sequences (at least as to measurements taken during increas 
ing temperature) (FIGS. 24 and 25). This suggests that the 
conductance produced by the test medium comprising the 
mixed population of the homologous 15-mer dsDNA 
Sequences and the 50-mer dsDNA sequences depended upon 
a specific interaction by the contained 15-mer and 50-mer 
duplexes to augment electron transport through the test 
medium. 

0081. The conductance of test media containing an 
equimolar population of unrelated 15-mer ssDNA and 
50-mer dsDNA sequences or an equimolar population of 
unrelated 15-mer dsDNA and 50-mer dsDNA sequences was 
examined next. Test media containing eight pmoles of the 
50-mer dsDNA (SEQ ID NO:2) and eight pmoles of the 
antisense strand of the 15-mer SEQID NO:3 or eight pmoles 
of the 15-mer dsDNA (SEQ ID NO:3) were each tested 
individually or in combination in a final volume of 250 ul 
ddHO. The test media were heated from 2°C. to 80° C. and 
cooled from 80° C. to 2 C., with IPA and AA readings taken 
at 1 C. intervals following 500 msec applications of 9 Volts 
of DC voltage as described in Example 1. The IPA and AA 
values obtained from the test media containing 15-mer 
SSDNA, 15-mer dsDNA, 50-mer dsDNA or the mix of the 
15-mer SSDNA or 15-mer dsDNA with the unrelated 50-mer 
dsDNA during increasing temperatures are shown in FIGS. 
26A and 26B, respectively. The IPA and AA values obtained 
from the same five test media during decreasing tempera 
tures are shown in FIGS. 27A and 27B, respectively. 
0082) A test medium with an equimolar population of 
unrelated 15-mer ssDNA and 50-mer dsDNA sequences 
produced IPA and AA values that were nearly identical to 
those produced by the test medium composed of 50-mer 
dsDNA sequences alone, during both increasing and 
decreasing temperature measurements (FIGS. 26 and 27). 
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In the absence of potential binding between the unrelated 
SSDNA and dsDNA sequences contained in the sample, the 
amperometric flow of the mixed population appeared to be 
attributable to that of the 50-mer dsDNA sequence alone. 
0083. A test medium containing an equimolar population 
of unrelated 15-mer dsDNA and 50-mer dsDNA sequences 
produced IPA and AA values that were very similar to those 
produced by the test medium comprising 50-mer dsDNA 
Sequences alone, during increasing temperature measure 
ments (FIG. 26). During decreasing temperature measure 
ments the test medium consisting of an equimolar popula 
tion of unrelated 15-mer dsDNA and 50-mer dsDNA 
Sequences produced IPA and AA values that were marginally 
greater than that produced by the test medium composed of 
50-mer dsDNA sequences alone (FIG. 27). These results 
Suggest that the 50-mer dsDNA sequences were the pre 
ferred or dominant electron transport pathway within the 
mixed population of unrelated 15-mer dsDNA and 50-mer 
dsDNA sequences, despite the high level of conductance 
observed in the test medium comprising the 15-mer dsDNA 
(SEQ ID NO:3) alone (FIGS. 26 and 27). The level of 
conductance of the test medium consisting of the 15-mer 
dsDNA (SEQ ID NO:3) was unusually high in comparison 
to the level of conductance observed from the test medium 
containing the antisense strand of SEQ ID NO:3 (FIGS. 26 
and 27) or with the sense strand of SEQ ID NO:3 (data not 
shown), and seemed to be characteristic for this particular 
15-mer dsDNA sequence. The reason for the enhanced 
conductance of this 15-mer dsDNA sequence in the test 
medium is not known. 

0084. The level of conductance of the test medium com 
prising the sense strand of SEQ ID NO:3 was significantly 
lower than that of the test medium comprising the antisense 
strand of SEQ ID NO:3 (data not shown), despite the 
presence of four guanine bases in the former Strand and only 
two guanine bases in the latter Strand. This observation 
contradicts the View that electron transport is dependent 
upon or favored by guanine base content within a DNA 
Strand, which would predict higher levels of conductance 
from test media containing DNA Strands possessing a higher 
guanine content. Giese, “Charge Hopping Through DNA.” 
Journal of Biomolecular Structure and Dynamics, Mendel 
Brno edition June, 2000, and Giese et al., “Direct Observa 
tion.” Nature 412, 19 July 2001, p. 318. 

Example 5 

0085 Example 5 examines the change in amperometric 
flow of various concentrations of SSDNA or dsDNA as a 
function of temperature when the test media was Subjected 
to a mechanical agitation. Teflon coated Stir bars, 2 mm in 
length and 2 mm in width, (Sigma-Aldrich, Inc., Saint Louis, 
Mo., USA) were placed at the bottom of the test cuvettes, 
which were positioned on top of a magnetic Stirrer. When the 
magnetic stirrer (Model PC 420, manufactured by Corning 
and purchased from VWR Can Lab, Mississauga, ON, 
Canada) was set at speed 7, the stir bars spun at approxi 
mately 550 rpm. The stir bars did not come in contact with 
the two electrodes in the test medium. 

0086 Test media comprising one, two, four, eight, 
twelve, Sixteen, twenty or twenty-four pmoles of the Sense 
strand of SEQ ID NO:1 were each tested in a final volume 
of 500 ul ddHO. The test media were heated from 2°C. to 
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80° C. and cooled from 80° C. to 2 C., with IPA and AA 
readings taken at 1 C. intervals following 500 msec appli 
cations of 9 Volts of DC voltage as described in Example 1. 
The IPA and AA values obtained for the test media contain 
ing SSDNA during increasing temperatures and continuous 
agitation are shown in FIGS. 28A and 28B, respectively. 
The IPA and AA values obtained for the test media contain 
ing SSDNA during decreasing temperatures and continuous 
agitation are shown in FIGS. 29A and 29B, respectively. 
0.087 Under conditions of continuous agitation of the test 
media, conductance values for the test media containing 
SSDNA increased with increasing temperature and declined 
with decreasing temperature (FIGS. 28 and 29). Turbulence 
caused from the constant Spinning did however result in 
random fluctuations in linearity of conductance of the test 
media comprising SSDNA throughout the entire temperature 
ranged tested. These fluctuations in conductance were espe 
cially noticeable during decreasing temperatures where lin 
earity of conductance was the norm in Static test media 
containing SSDNA. 
0088 Comparison of IPA and AA values at any given 
temperature between identical SSDNA concentrations in 
Static or agitated test media consistently demonstrated lower 
values of conductance for SSDNA present in the agitated test 
media (compare FIGS. 5 and 28, and FIGS. 6 and 29). 
0089 Test media with increased ssDNA concentration 
produced progressively increased amperometric flow. While 
a linear relationship between ssDNA concentration and IPA 
or AA values of the test media was observed in Static test 
media (FIGS. 5, 6 and 9), this was not the case in agitated 
test media (FIGS. 28 and 29). Small increases in ampero 
metric flow were produced by the test media in which the 
concentration of ssDNA varied from 1 pmole/500 ul to 4 
pmoles/500 ul during continuous stirring. A significant 
increase in conductance was observed when the SSDNA 
concentration of the test medium was increased to 8 pmoleS/ 
500 ul during agitation. The levels of conductance of the test 
media comprising ssDNA concentrations of 12 pmoles/500 
All or 16 pmoleS/500 ul were nearly identical during increas 
ing temperature measurements under conditions of agitation. 
The levels of amperometric flow of the test media containing 
8 pmoles/500 ul, 12 pmoles/500 ul and 16 pmoles/500 ul 
SSDNA concentrations Seemed to cluster together during 
decreasing temperature measurements during agitation. 
Continuous stirring of the test media muted test media 
conductance as a function of increased SSDNA concentra 
tion. More discrimination between test media levels of 
conductance was observed when the concentration of com 
prised ssDNA increased from 16 pmoles/500 ul to 24 
pmoles/500 ul during agitation, although random divergence 
in linearity of conductance was Still evident. 
0090 We propose that application of low levels of volt 
age in bulk Solution appears to organize DNA into an 
electron pathway between the electrodes. This electron 
pathway appears to persist over time in the face of Brownian 
motion, which increases or decreases with temperature. This 
organization is disrupted during continuous agitation of the 
test medium such that the electron flow through the test 
medium is facilitated to a much lesser extent by the DNA 
and becomes erratic. Rates of reduction in conductance 
caused by continuous agitation of the test medium are not 
identical for every incremental change in DNA concentra 
tion. 
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0091 Test media comprising one, two, four, eight, 
twelve, sixteen, twenty or twenty-four pmoles of the 15-mer 
annealed dsDNA (SEQ ID NO: 1) were then each tested in a 
final volume of 500 ul ddHO under conditions of continu 
ouS agitation as described above. The test media were heated 
from 2 C. to 80° C. and cooled from 80° C. to 2 C., with 
IPA and AA readings taken at 1 C. intervals following 500 
msec applications of 9 Volts of DC voltage as described in 
Example 1. The IPA and AA values obtained for the test 
media containing dsDNA during increasing temperatures 
and continuous agitation are shown in FIGS. 30A and 30B, 
respectively. The IPA and AA values obtained for the test 
media containing dsDNA during decreasing temperatures 
and continuous agitation are shown in FIGS. 31A and 31B, 
respectively. 

0092 Conductance values for the test media containing 
dsDNA increased with increasing temperature and declined 
with decreasing temperature (FIGS.30 and 31), suggesting 
that dsDNA was able to facilitate electron transport during 
continuous agitation of the test media much better than were 
test media containing identical concentrations of SSDNA. 
Random fluctuations in conductance caused by the turbu 
lence induced by the Spinning were observed. Unexpectedly 
and Strikingly, continuous agitation of the test media did not 
disrupt the linearity of the amperometric flow of the test 
media containing the dsDNA, as the test medium 
approached, exceeded or retreated from 45 C., the Tm of 
the 15-mer dsDNA. Conversion from duplex DNA to 
SSDNA, and Vice versa, would be expected to occur in the 
vicinity of the Tm of the duplex DNA in the absence of 
periodic electrification of the Sample. The Serial application 
of Voltage in this experiment appears to have resulted in the 
duplex DNA either remaining intact in Spite of the agitation 
and temperature increase above the Tm, or the Separated 
complementary SSDNA Strands remained in Such close proX 
imity to each other in the agitated test media, So as to 
facilitate electron transport in a manner consistent with 
amperometric values facilitated by the duplex DNA at lower 
temperatures (FIGS. 30 and 31). 

0093. Lower IPA and AA values were observed for the 
test media containing the dsDNA under conditions of con 
tinuous agitation than for the identical concentrations of 
dsDNA present in unstirred test media (compare FIGS. 7 
and 30, and FIGS. 8 and 31). A progressive increase in 
amperometric flow of the test media was observed as the 
comprised dsDNA concentration was increased (FIGS. 30 
and 31). This increase in conductance with increased 
dsDNA concentration was however not linear in the agitated 
test media, as it was in the unstirred test media. Clustering 
of conductance values as observed with test media contain 
ing certain SSDNA concentrations during agitation were not 
observed for test media containing comparable concentra 
tions of dsDNA during both increasing and decreasing 
temperature measurements. 

0094) While the invention has been described in detail 
and with reference to Specific examples thereof, it will be 
apparent to one skilled in the art that various changes and 
modifications can be made therein without departing from 
the Spirit and Scope thereof. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 3 

<21 Oc 
<211 
<212> 
<213> 
<220&. 
<223> 

SEQ ID NO 1 
LENGTH 15 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

fibrosis gene 

<400 SEQUENCE: 1 

citgtcatcto tdgtg 

SEQ ID NO 2 
LENGTH 50 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

fibrosis gene 

<400 SEQUENCE: 2 

10 

gag cac catg acagacactg. tcatctotgg totgtc.ctac gatgacitctg 

SEQ ID NO 3 
LENGTH 15 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

<400 SEQUENCE: 3 

cagaaaggitt toaag 
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OTHER INFORMATION: derived from exon 10 of the human cystic 

15 

OTHER INFORMATION: derived from exon 10 of the human cystic 

5 O 

OTHER INFORMATION: derived from the Drosophila erg gene 

15 

What is claimed is: 

1. A method for determining an affinity of a first nucleo 
base-containing Sequence for a Second nucleobase-contain 
ing Sequence, Said method comprising: 

providing a test medium containing Said first nucleobase 
containing Sequence and Said Second nucleobase-con 
taining Sequence, wherein Said first nucleobase-con 
taining Sequence and Said Second nucleobase 
containing Sequence are of different lengths, 

applying a Voltage acroSS Said test medium; 

measuring a test electric current through Said test 
medium; and 

determining Said affinity by evaluating whether Said test 
electric current is equivalent to a reference electric 
current of a reference medium containing a longer of 
Said first nucleobase-containing Sequence and Said Sec 
ond nucleobase-containing Sequence. 

2. The method of claim 1, wherein said first nucleobase 
containing Sequence and Said Second nucleobase-containing 
Sequence are single-Stranded, and Said first nucleobase 
containing Sequence has no affinity for Said Second nucleo 
base-containing Sequence when Said test electric current is 
more than Said reference electric current. 

3. The method of claim 1, wherein said first nucleobase 
containing Sequence and Said Second nucleobase-containing 
Sequence are Single-Stranded, and Said first nucleobase 
containing Sequence has affinity for Said Second nucleobase 
containing Sequence when said test electric current is 
equivalent to Said reference electric current. 

4. The method of claim 3, wherein said affinity is parallel 
homologous bonding, antiparallel homologous bonding, 
parallel complementary bonding or antiparallel complemen 
tary bonding. 

5. The method of claim 3, wherein said affinity is non 
bonding association. 

6. The method of claim 1, wherein said first nucleobase 
containing Sequence and Said Second nucleobase-containing 
Sequence are double-Stranded, and Said first nucleobase 
containing Sequence has no affinity for Said Second nucleo 
base-containing Sequence when Said test electric current is 
equivalent to Said reference electric current. 

7. The method of claim 1, wherein said first nucleobase 
containing Sequence and Said Second nucleobase-containing 
Sequence are double-Stranded, and Said first nucleobase 
containing Sequence has affinity for Said Second nucleobase 
containing Sequence when Said test electric current is more 
than Said reference electric current. 
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8. The method of claim 7, wherein said affinity is parallel 
homologous bonding, antiparallel homologous bonding, 
parallel complementary bonding or antiparallel complemen 
tary bonding. 

9. The method of claim 7, wherein said affinity is non 
bonding association. 

10. A complex in an electrically Stimulated phase com 
prising at least two nucleobase-containing Sequences in a 
medium, wherein the electrical conductivity of the medium 
increases linearly without a plateau as the temperature of the 
medium approaches and exceeds a Tm of the complex. 

11. The complex of claim 10, wherein the electrical 
conductivity of a medium containing the complex in an 
electrically unstimulated phase plateaus as the temperature 
of the medium approaches and exceeds the Tm of the 
complex. 
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12. The complex of claim 10, at a temperature above the 
Tm of the complex. 

13. The complex of claim 10, wherein the at least two 
nucleobase-containing Sequences are bonded together by 
Watson-Crick complementary base bonding. 

14. The complex of claim 10, wherein the at least two 
nucleobase-containing Sequences are bonded together by 
homologous base bonding. 

15. The complex of claim 10, wherein the at least two 
nucleobase-containing Sequences are not bonded together by 
Watson-Crick complementary base bonding or by homolo 
gous base bonding. 


