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Feasibility of a DNA-Based Combinatorial 

Array Recognition Surface (CARS) III a 
Polyacrylamide Gel Matrix 

John G. Bruno, John L. Ails, and Johnathan L. Kiel 

Abslracl-We report initial attempts at developing a self-assem
bled combinatorial DNA biosensor array which may be capable 
of binding and identifying virtually any soluble analyte that binds 
the array by pattern recognition, in effect making It a universal 
biosensor surface. Data are presented for dilTerenlial binding pat
terns of various analytes to 1·0 arrays of combinatorial deoxyri. 
bonucleic acid (DNA) concatamer libraries which are spatially sep
arated according to size and charge by electrophoresis In polyacry
lamide gels. These DNA conca tamer libraries are essentially com· 
posed of single-stranded (ss) random DNA 60 mers, which form 
a "smear" pattern in gels rollowing electrophoresis. When used 
to bind and detect various analytes or mixtures of analytes in the 
gel, we refer to the DNA smear as II "combinatorial array recog
nition surface" (CARS). Differences in Intrinsic Huorescence scan· 
ning patterns of CARS gel strips were compared before and after 
addition of various analytes to the arrays to detect binding pat
terns, Scans revealed II high 11" '1') of reproducibility for individual 
CA RS arrays in a gh 'en gel with or without bound analytes. Scan 
patterns between different CA RS gel strips were initially less reo 
prodUcible, but purification of the DNA library using spin columns 
prior to eleetrophoresis improved gel-to-gel reproducibility, 

flldex Terms-Aptamer, array, deoxyribonucleic acid (DNA), 
electrophoresis, pattern recognition, universal sensor. 

L INTRODUCfION 

F OR WELL OVER a decade, there has been great interest 
in development of microchip sensor surfaces for detection 

and identification of a variety of analytes with a major focus 
on genomic and proteomic appl ications [I}-[IO). Currently. 
available DNA arrays on membranes or chips rely on ordered 
arrays of DNA of known sequence and known location in the 
array. The main DNA array concept presented herein is referred 
to as a "combinatorial (DNA) array recognition surface" or 
"CARS." The CARS approach differs from conventional DNA 
arrays in several important ways. Current DNA chip arrays can 
express a maximal diversity of about lOG sequences [3J. How
ever, the actual diversity realized is far less. For example, the 
current Affymetrix gene chips for human single nucleotide poly. 
morphism (SNP) detection cover about 50000 SNPs per Chip. 
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While. this is an impressive achievement, especially in a mass 
produced commercial device, it is still limited in diversity. In 
addition. the Affymetrix and related gene ch ips are based solely 
upon Watson-Crick base pairing interactions (hybridi7.alion) 
for genomics, so thal if one wanted to undenake proteomics 
studies, one would need an antibody or aptamer array [I). 

The CARS concept presented herein can theoretically ex
press far greater sequence diversity than 106 permutations, if 
coupled to computer-assisted pattern recognition, thereby en
abling a much broader potential molecular recognition capa
bility. The CARS concept differs from traditional DNA array 
technology approaches in other significant aspects as well, such 
as: I) simplicity and ease of production because it self-assem
bles and 2) ability to bind molecules other than nucleic acids. in
cluding proteins and small molecules, via DNA aptamers. Low 
levels of aptamers of various affi nit ies for a given target analYle 
must exist in the array because aptamers can be selected and 
amplified by SELEX from mndomized libraries [II}-PSI. 

The CARS concept evolved from observations of DNA 
"smears" and unexpectedly high molecular weight prod
ucts in random oligonucleotide or aptamer libraries [12J. 
These "smears" suggested partial hybridization of the random 
oligonucleotides to fonn an "array" of much larger pieces of 
DNA ("pseudocollcatamers") at or below room temperature 
(Fig. I). To maximize sequence diversity, such libraries can 
also be subjected to PCR with a mixture of deoxynucleotides 
and dideoxynucleotides in a manner sim ilar to the Sanger 
dideoxynucleotidechain termination sequencing method. These 
highly diverse oligonucleotides can also be ligated together al 
points of discontinuity along the phosphate backbone. wherever 
p.·J.Ttial hybrids naturally occur, via Taq DNA ligase (16). 

Ligation may not have been entirely necessary for the current 
experiments, as the libraries were confined to a gel matrix. but 
ligation was performed to ensure that large contiguous pieces 
would remain intact during analyte binding. In addition, chain 
ligation may be a useful property of CARS arrays in the future, 
if larger contiguous DNA molecules are immobi lized on chip 
or membrane surfaces. Data presented here illustrate that both 
types of DNA arrays (overlapping random oligonucleotides and 
CARS) can be used to detect and possibly identify unknown an
alytes by way of the analyte's characteristic interactions (spatial 
binding pattern) with the array and subsequent neural network 
or other types of pattern recognition analyses [17]. 

The CARS concept is illustrated in its I -D and theoretic 
2-D forms in Figs. [ and 2, respectively. Fig. I demonstrates 
that a completely randomized 60 mer DNA library consisting 
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Fig. l. Conceplual (top lefl) and octua] (top right) appearance of a panially 
overlapping Of partially hybridi:ocd collcclion of random sequence DNA 60 mel'S 
(1-0 CARS). The gel on Ihe righl was a 4%-20% gradient pol~acrylamjde gd 
&1ained wilh clhidium bromide. DNA ladder siandards [50 to 2000 base pairs 
(bp)l f1an~ four idcnlica]l~ run overlapping random 60 mer libraries. In CARS 
libraries, noncontiguous pieces can be ligaled togclher willi Taq DNA ligase. 
The lOp half o(lhe figure iIIu51Tates Ihe appearance o( a I-D CARS (rom Ihe lOp 
view and Ihe OOllom half iliustrales Ihe conceptual appearance of CARS from 
Ihe side view. 

of permutations of adenine (A). cytosine (C), guanine (G), 
and thymine (T) nucleotides at each position in the 60 mer 
will self-assemble into a smear patlem or "array" of partially 
and completely overlapping hydrogen bonded strands when 
electrophoresed through a polyacrylamide gel. This l-D aITay 
of random DNA molecules is size-ordered from shortest at the 
bottom to longest al the top of the gel. Once assembled and 
distributed by e lectrophoresis, the array can be used either in 
the gel or theoretically transferred to a membrane to examine 
the complex binding patterns of various analytes including 
small molecules and macromolecules. Ultimately. specificity of 
the array can be assured by characterization of known analyte 
binding patterns. rigid qual ity control of physical parameters 
such as array purity, ionic strength, temperature. etc., and 
"intell igent" pattern recogn ition algorithms to discriminate 
various simi lar binding patterns. For example, one might utilize 
Bayesian classification schemes. neural networks, or other 
published spectral pattern recognition techniques [18]. Pattern 
recognition would be especially important for the theoretic 2-D 
CARS model (Fig. 2) in which the random DNA library is first 
electrophoresed in one dimension based on size and charge and 
then rotated 90" and electrophoresed based on pi as wilh classic 
2-D gel electrophoresis in protein biochemistry laboratories. 
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Fig. 2. Conceptual diagram for a theoretic 2·D CARS made by elcc
trophoresing the I-D arra~ in a $Ccond dimension perpendicular 10 the fi'SIIO 
$Cpaml!: DNA based on minor differences in charge or pI (27) . The figure also 
illustrates how DALM mighl be conjugated to the arra~ as an underl~ing layer 
to enhance photonic and elcclronic imeractions. 

Recently, Kontos and Megalooikonomou have described rapid 
and effective algorithms for 2-D and even 3-D spatial patterns 
that should prove useful for classification of analyte binding 
patterns on 2-D CARS [17]. 

It is a little known fact, but DNA does exh ibit very low
level intrinsic autofluorescence when excited in the ultraviolet 
range [19J, [20J which yields emissions in the upper u l travi~ 

olet and blue regions of the spectrum [Fig. 3(a)]. In this work. 
we take advantage of the intrinsic fluorescence of DNA in the 
array, because it is straightforward to scan the fluorescence and 
despite being of low intensity. the fluorescence demonstrates 
rather large and fairl y reproducible changes upon binding of the 
DNA to various analytes in the gel. 

Changes in the fluorescence scan patterns could be due to 
quenching of the excitation, quenching of the DNA fluorescence 
emi ssion by the analyte, or changes in base stacking of the DNA 
upon analyte binding which have been shown by Komonov and 
Bukina to effect the fluorescence emission of DNA r19]. The 
DNA aITay itself exhibits very low-level autofluorescence when 
excited in the ultraviolet region of the spectrum [Fig. 3(a)]. 
However, this fluorescence may be modulated by changes in 
nucleotide staCking when ana[ytes bind the array (much like a 
DNA aptamerchanging confonnation when it binds a target) or 
by absorption and emission of the analytes themselves. Ideally, 
the target analyte would absorb the excitation strongly or would 

Authoril;ed licensed use limiled 10: AFRl. Downloaded on August 05,2010 at 16:24:20 UTC from IEEE Xplore. Restrictions apply. 



BRUNO ~I II/. : I'EASIflILlTY OF A DNA·BASED CARS [N A POLYACRYLAMIDE GEL MATR[X [6[[ 

A. 
U' 

' .' i" 110 

~ ,.0 

I ::: 
~ 10-0 

t 1.0 

J ' ,0 .. 
, .. 
••• 

W 
,u 

B. 'u .. 

j U 

1.0 EX. 365 nm 

''''' , 

OALM + N60mer Random DNA 

/ 

Wav~h(nm) 

Fig. 3 . (a ) Comparison of emission spectra using excitation at 260 nm in a 
Perkin- Elmer LS 50 B luminescence spcclrometer For empty 10% polyacry· 
lamide gels (labeled "empty" in the figure) versus random 60 mer DNA (la· 
beled '·DNA'·) following electrophoresis in 10% polyacrylamide gels (a1 loci in 
the gels rich in DNA). and bacterial DALM . SlrOng second·order emission is 
seen at 520 nm. (b) Comparison of ftuore.srence emission spectra of DALM (in 
or adhered omo an epoxy layer) before and after interaction with random 60 mer 
DNA. Emission enhancement and sptttral shifting due to the DALM·DNA in · 
teraction are apparent . Exci!a\ion was pcrfonned at 365 nm (excitation max· 
imum of DALM). 

be highly fluorescent itself to enable easy tracking and identifi
cation of the analyte's binding pattern to the array. Regardless of 
the analYle's fluorescence level, one of the major advantages of 
the current CARS scheme is thai is does not require Auorophore 
labeling, making it simple and straightforward from an experi
mental standpoint. 

Lakowicz el al. {20] have shown that metallic surfaces such 
as silver plates can be used to enhance the intrinsic fluorescence 
of DNA which may prove to be of value in conjunction with 
the CARS de.~cribed herein. Numerous other groups have exam
ined conductive materials for immobilization of DNA arrays to 
facilitate deteclion of nucleic acid hybridization evellls by elec
trochemical means [211 which could also be of value for rapid 
readout of the CARS. Similarly, we have investigated the inter
actions of random DNA with an electrically conductive, Auores
cent, chemiluminescent, and electrochemi luminescent polymer 
known as diazoluminomelanin (DALM). DALM was originally 

developed for thermal analyses and microwave dosimetry [221. 
123J. Data presented herein suggest that DALM may be of value 
in amplifying the Auorescence intensity and slightly red-Sh ifting 
the emission spectrum of the CARS DNA-analyte interactions. 

II. EXPERIMENTAL SECftON 

Materials: All oligonucleotides were obtained from Ransom 
Hill Bioscience (Ramona, CAl, Sigma Chemical Company 
(St. Louis, MO), or Genosys Corporation (Woodlands. TX). 
The BACAI A and BACA6RI gene probes were synthesized 
by Genosys Corporation from publ ished sequences [24] for 
portions of the capsular antigen gene of virulent strains of 
Bacillus amhmcis. Precast 4%-20% gradient and 10% ho
mogenous polyacrylamide gels made with Tris~Borate-EDTA 

(TBE) buffer. as well as DNA ladder (Amplisiz.e: 50-2000 bp) 
siandards were obtained from Bio-Rad Laboratories, Inc. 
(Hercules. CAl. and run on a mini Protean 11 electrophoresis 
system (Bio-Rad). All biotoxins were obtained from Sigma 
Chemical Company (St. Louis. MO). DALM was biosynthe
sized in Escherichia coli strain 1M 109 bacteria and partially 
purified as previously described [221. All PCR reagents. in
cluding dideoxynucleotides. were from a "Si lver Sequence" kit 
purchased from Promega Corporation (Madison. WI). ThermliS 
aquaticus (Taq) DNA ligase was obtained from New England 
Biolabs (Ipswich, MA). SELEX binding buffer (BB) was 
composed of 0.5 M NaCl, 10 mM Tris-HCI. and I mM MgClz 
in deionized water (pH 7.5 to 7.6 r II D. 

DNA Array Generation: Two types of DNA arrays were gen
erated: I) a self-assembling overlapping (partially hybridized) 
random 60 mer (N6O) and 2) a ligated (CARS) array with SOme 
truncated DNA molecules due to addition of dideoxynucleotides 
during a chain tennination PCR step. The CARS PCR chain ter
mination step involved addition of 6.6 Ilg of random N60 mer 
as a self-priming (due 10 pan ial hybrid ization) PCR template 
with 8 I~l of each dideoxynucleotide (i.e., ddA, ddC, ddG. and 
ddT, premixed by Promega Corporation for sequencing), 20 III 
of5 X sequencing buffer (250 mM Tris-HCI (pH 9.0)and 10 mM 
MgCI2). 5 It! sequencing grade Taq polymerase, and autoclaved 
deionized water to bring the final reaction lIolume to 100 I~ I per 
lube. In addition, 2 JlI (80 units) of Taq ligase were added per 
tube and tubes were PCR amplified using the following temper
ature profile: 96 °C for 5 min. followed by 40 cycles of 96 °C 
for I min. 25°C for I min, and 72 °C for I min. PCR exten
sion was completed at 72 cC for 7 min and tubes were stored at 
4 °C--6 °C unti l electrophoresis was undertaken. 

For both Iypes of DNA arrays, 3.3 Iig (typically. 5-10 I~I) 
of combinatorial library DNA was diluted wilh 2X nucleic acid 
loading buffer (Bio-Rad) and loaded into each well of uniform 
10% or 4%-20% gradient precast mini TBE polyacrylamide 
gels and electrophoresed in cold IX TBE for I hat 100 V per 
gel. If DNA was 10 be visualized in the gel, gels were stained 
with 0.5 Itg/ml ethidium bromide in TBE for 10 min, followed 
by rinsing in deionized water for 30 min, and photography on 
a 300 nm ultraviolel transilluminator using Polaroid type 667 
film. 

Analyte Binding and Oligol!l4c1eotide Hybridization: Gels 
were carefully cut into strips containing the 1-0 DNA arrays of 
either type and were added to 10 ml of BB. Gel strips were al
lowed to equi librate in their respective buffe rs for 10 min at room 
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temperature (Rn with gentle shaki ng and were then scanned as 
described below prior to addition ofanalytes. All DNA oligonu
cleotides were added at a final concentration of 5/1g/ml and all 
protein analytes were added at a final concentration of 10 p.g/1II1 
in BB for I hat RTwith gentle shaking. Gels were gently rinsed 
twice in 10 ml of SS , carefully repositioned and rescanned on 
a luminescence spectrometer as described below. 

DALM Immobilizatioll ill Epoxy alld Imeractioll \Vtth 
Ralldom DNA: Fifty 1.11 drops of slow hardening epoxy resin 
(Duro Brand, Locktite Corporation, Rocky Hill , Cf) were 
pl aced in black microtiter plate wells and overlaid with 50 1£1 
of undiluted DALM [23]. The separated layers were allowed 
to interact in a covered plate for three to four days at ambient 
temperature. Excess DALM was removed by five washes with 
200 III of deionized water. All fluid was decanted and emission 
spectra. such as in Fig. 3(b), were acquired, as described below, 
before and after the addition of 50 ttl (30 /.£g) of random 60 mer 
DNA. 

Fluorescellce Scanning: A Perkin-Elmer (Beaconsfield, 
Buckinghamshire, U.K.) model LS 50 B luminescence spec
trometer equipped with a plate reader was used in the thin-layer 
chromatography [fLC) plate mode to scan DNA arrays in gel 
slices before and after addition of various analytes. After minor 
swelling or shrinkage in each of the reaction buffers, gel slrips 
were generally 95-% mm in length with the DNA array being 
contai ned in the lowermost 65 mm o f each gel strip. Hence. the 
postbinding scans were initiated 30 mm from the lOp of each gel 
(to account for the stacking gel and well region) and allowed 
to proceed toward the bollom of each gel strip. Gel strips were 
scanned with an excitation of 260 nm (10 nm slits), emission 
of 420 nm ( 10 nm slits). and I mm resolution (i.e., scanned in 
I mm increments). In some experiments, DALM and random 
60 mer DNA were scanned separately and in combination using 
an excitat ion wavelength of 360 nm (excitation maximum for 
DALM). 

III RESULTS AND DJSCUSSJON 

GelleratiOlI oj DNA Array.f: Gel electrophoresis of random 
oligonucleotide libraries revealed that a high degree of partial 
hybridization occurred between individual members of the li
brary. leading to an aggregated collection o f hybrids ("pseudo
concatamers") that appear as a smeared lane on electrophoresis 
gels. This point is illustrated in Fig. I, which also illustrates that 
no two smears (essentially 1-0 DNA arrays) were absolutely 
identical. since electrophoretic migration varies slightly from 
lane to lane in the gel. This fact probably contributes somewhat 
to the lack of complete reproducibility seen in subsequent ex
periments (Fig. 5). 

SelectiOlI oj Fluorescellce Scanning Parameters: Fig. 3(a) is 
a comparison of fluorescence emission scans using a 260 nm 
excitation peak to compare basel ine fluorescence of an empty 
10% polyacrylamide gel strip, random N60 mer DNA in a gra
diem polyacrylamide gel (scanned al a locus with high DNA 
concentration), and bacterial DALM in a black microtiter well. 
l! is apparent from Fig. 3(a) that random DNA in a polyacry
lamide gel excited at 260 nm returns most of its energy in the 
ultraviolel region oflhe spectrum. We chose, however, 10 focus 
on a less prominent blue emission peak (420 nm), because it is 
in the visible region of the spectrum. where it might be of use 
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in visualizing analyte-DNA array interactions in future work. In 
addition, if DALM were used as an underlying layer material, 
its blue fluorescence emission bands might augment the DNA 
fluorescence emission at 420 nm. Fig. 3(a) also indicates thai 
very high background flu orescence occurs in the range of ap
proximately 500-540 nm (centered at 520 nm) wh ich can be at
tributed to a second-order emission (i.e., two-times the 260 nm 
excitation). However, by selecting to monilOr the 420 nm fluo
rescence emission peak with a 10 nm slit, the background fluo
rescence can be discounted. 

Fig. 3(b) compares the fluorescence of epoxy-immObilized 
DALM before and after the addition of random 60 mer oligonu
cleotides to the epoxy-DALM surface. The figu re indicates en
hanced fluorescence intensity and an emission spectrum shih 
toward the red when random DNA is allowed to interact with 
DALM excited at DALM's absorption peak of 365 11m. Three 
scans ofDALM-DNA fluorescence interactions si milar to those 
shown in Fig. 3(b) were obtained (not shown) that suggest a Au
orescence energy transfer (red sh ift) fro m DALM to adherent 
DNA . The peak wavelength for DALM's fluorescence emission 
with or without bound DNA remained approximately 440 nm. 
but there is additional energy output when the DNA is present, 
because the area under the DALM plus N60 mer DNA curve is 
clearly greater than the area under the emission curve for DALM 
only. In addition, the DALM plus DNA curve has spread further 
toward the red in each of the scans we obtained. These data sug
gest that DALM may be of use in development of the CARS or 
other DNA array sensor surfaces to enhance total energy output 
and shift emissions toward the red (away from much of the bio
logical autofluorescence background encountered in nature). 

Comparisoll oj Various AlialYles 011 Both Types of Arrays: 
Fig. 4 compares the spatial fluorescence scans of six different 
analyte interactions with two differently prepared DNA arrays. 
The fi gure suggests that different analytes can influence the 
shape of the resultant fluorescence intensity scan as a function 
of distance along the I-D array. It is interesting 10 note that 
some common features (e.g .. peaks and valleys) appear to exist 
between related scans of each DNA array taken before (solid 
lines) and after (dashed lines) analyte binding. It is also inter
esting to nOle that most o f these shared features appear to be 
dampened upon interaction with the analyte. suggesting energy 
absorption by the bound analyte. Some instances of very slight 
fluorescence enhancement (i.e. , where the dashed line rises 
above the solid line) appear to occur, which could be artifacts, 
but are reproducible within a given experiment (Figs. 4-6). 

Array Reproducibility: One issue that cou ld plague the pro
posed DNA arrays is the question of reproducibi lity. At present, 
it appears that the reproducibility of individual scans of the 
same array with or without bound analytes in pol yacrylamide 
is surprisingly good. as illustrated in Fig. 5. However. the re
pnx!ucibil ity between different arrays is not nearly as precise 
(Fig. 5 comparison of panels A and B). Yet. some shared spa
tial-spectral features appear to persist between individual trials 
in Fig. 5. The potential issue of reproducibi lity cou ld be par
tia lly o ffset by intelligent pattern recognition algorithms ca
pable o f correctly discriminating various simi lar binding pat
tems [17[, [18[. 

Precast gradient polyacrylamide gels from an industrial 
source were used in this study to ensure a high degree of 
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Fig. 4. Comparison ofspalial Huoresccnee scans fortwodifferenttYJlO$ofeom
binatorial DNA 3rrays electrophoresed in 4%-20% gradient polyacrylamide 
gels before and after addition of various analytes using an eJ<c1talion of26O nm 
and emission wavelength of 420 nm with 5 nm slilS. Analytes were: staphylo
coccal emerOloxin B (SEB). BACA gene probes (foroodllu.famhrodj capsular 
anligen). polyG dccamer (G 10 mer), and N6-20 mcrs (a DNA ladder standard 
composed of small DNA fragmentS from 6 to 20 bp, Sigma Chemical Com
pany). Distance along the array from the bonom of the gel or position of the 
lowe'St molecular weight DNA is given in millimetCf'S . 

qual ity control for the separation matrix. In addition. adjacent 
lanes were used for scan comparisons. Still. as seen in Fig. I, 
minor variations in DNA migration exist and may contributc 
10 differences between trials. In addition. factors such as minor 
differences in osmotic pressure, swelling of gels. potential elu
tion of DNA from the gel during analyte binding and mixing, 
lemperature, and vibralions during the scanning process, may 
combine to produce noticeable differences between Irials. 
Tighter regulation of these parameters seems attainable and 
should lead to greater reproducibili ty of Ihe fluorescence scans. 

One parameter which we have recently found to be of great 
val ue in reduci ng baseline variations in the CARS array (Fig. 6) 
is purificalion of the sel f-assembled DNA array Ihrough a 
10 kD spin column (Nanosep 10K Omega, Pall Corporation, 
Ann Arbor. MI). The array is allowed to form as described 
previously without ligase and is then spun through Ihe Nanosep 
column at 14000 rpm on a microcentrifuge to remove excess 
nuc1eotides and other "impurities" thai may have been effecling 
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Fig. 5. Analysis of fluorescence scanning reproducibili ty. CARS DNA was 
electrophoresed in 4%-20% polyacrylamide gels and scanned before and after 
addilion of SEB. as described in the methods section. Three consecutive scaJlS 
were made for eacb trial , Reproducibility belween individual scans of a given 
sample was fairly higb. Reproducibility was nOl as precise betwccn separate 
trials, although some consistent features may e!Cist between trials. l1Ie '"before 
analyte" scans were oftwodifferem CARS DNA arrays before addition ofSEB 
and are remarkably similar. 

the prior baseline fl uorescence stabi lity. Fig. 6 exhibits more 
level baseline fl uorescence between three independent experi
ments using two differen t genetic probes. These resullS indicate 
that a much higher degree of reproducibili ty can probably be 
obtained with the CARS approach to sensi ng, if reagent purity 
is more lightly regulated. We had originally thought that such 
purification wou ld nOI be necessary, because the array was 
being washed in Ihe gel after analyte binding, but it appears that 
the centrifugal force of Ihe spin column wash aids in purifying 
the DNA array material prior to electrOphore.~is. 

IV. CONCLUStON 

The goal of this preliminary study was simply to investi
gate thc feasibility of producing immense combinalOrial DNA 
libraries of varied size from shorter combinalOrial oligonu
cleotides and separaling the members of Ihe libraries by 
electrophoresis 10 use as a sensor surface. This goa) appears 
feasible based on data obtained in Figs. 4-6. The present data 
appear to suggest that differences in Ihe spatial fluorescence 
emission patterns do exist between the before and after analyte 
interaction scans along I-D CARS arrays and si mple random 
60 mer DNA arrays (Figs. 4-6). Analyte interacl ions with Ihe 
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fig. 6. Lauer independem experiments in which the simple random 60 mer array was first purified through a spin column (10 kD cUlofO then electrophoresed 
in polyacrylamide to yield more stable baseline fluorescence. (a) Three independent experiments using differem gel strips in whieh a purified CARS was scanned 
before and after exposure to the 8. Olllilrocis capsular ;)ntigen gene probe I . (b) TI1TCe other independem experiments in which gene probe 6 was used . 

DNA arrays appear LO primarily dampen fluorescenceemissions 
(i.e., energy absorption by the array-bound anaiyte). However. 
some instances of minor fluorescence enhancements also appear 
10 exist along the array after analytcs bind. suggcsling thai 
moiecularconfonnalion. size. or aggregation may playa pan in 
determining the degree of absorbance or fluorescence emission 
of Ihe analyte and the DNA array at any given point along the 
array. 

The present work illustrates that detection, whether highly 
reproducible or not. of analyte binding to a spatially ordered 
combinatorial DNA array is possible for both protein and nu
cleic acid targets. The nature of the nucleic acid interactions 
is unknown and may involve a complex set of conventional 
base'pairing, other types of hydrogen bonding or strong and 
weak forces. but addition of oligonucleotides (e.g .. BACA gene 
probes, G 10 mers, or N6-N20 mers in Figs. 4-6) to the DNA ar· 
rays, clearly alters the fluorescence scan patterns even after the 
excess oligonucleotides are washed away with neat buffer. 

Future work will focus on three areas of array development: 
I) liberating the aITay from its gel matrix and affixing it onto 
a membrane or substrate (Fig. I) to allow direct illleraction of 
the DNA array with analytes (although work by Charles et at. 
[261 suggests that the 3·D nature of the gel may amplify signal 
intensity) and 2) funher exploration of DALM as an under
lying photonically and electronically active transducer material, 
and 3) exploration of generating 2-D arrays by rotating elec· 
trophoretically CARS and applying a second electric field per
pendicular to the first [27]. 

With regard to using DALM as a photonic transducing or 
electrical1y conductive coupling material for a DNA·based 
"universal sensor," several interesting and potentially advan
tageous properties of DALM should be noted. DALM is a 
fluorescent, chemilumincscent. slow luminescent, and electro
chemiluminescent material [221. [23), [251. [28} that appears 
to conduct electrons [23], Hence. DALM may be quite useful 
as a photonically or electrically excitable, slow decaying 

Aulhonzed licensed U$U limited to: AFRL Downloaded Of! August 05.2010 0116:24:20 UTe Ifom IEEE X;>Iore. Restricbons apply. 



BRUNO~, dl.: FEASIBILITY OF A DNA·BASED CARS IN A POLYACRYLAMIDE GEL. MATRIX 161S 

light emitter, which could amplify some analyte-DNA array 
interactions. if used as the underlying transducer layer for a 
CARS-based or other DNA array-based biosensor. Naturally, 
derivatives of DALM and other potential enhancing materials 
such as the silver surface described by Lakowicz el al. [20] will 
also be considered. 
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