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We have developed a three-component system for microbial identification that consists of (i) a universal
syringe-operated silica minicolumn for successive DNA and RNA isolation, fractionation, fragmentation,
fluorescent labeling, and removal of excess free label and short oligonucleotides; (ii) microarrays of immobi-
lized oligonucleotide probes for 16S rRNA identification; and (iii) a portable battery-powered device for
imaging the hybridization of fluorescently labeled RNA fragments with the arrays. The minicolumn combines
a guanidine thiocyanate method of nucleic acid isolation with a newly developed hydroxyl radical-based
technique for DNA and RNA labeling and fragmentation. DNA and RNA can also be fractionated through
differential binding of double- and single-stranded forms of nucleic acids to the silica. The procedure involves
sequential washing of the column with different solutions. No vacuum filtration steps, phenol extraction, or
centrifugation is required. After hybridization, the overall fluorescence pattern is captured as a digital image
or as a Polaroid photo. This three-component system was used to discriminate Escherichia coli, Bacillus subtilis,
Bacillus thuringiensis, and human HL60 cells. The procedure is rapid: beginning with whole cells, it takes
approximately 25 min to obtain labeled DNA and RNA samples and an additional 25 min to hybridize and
acquire the microarray image using a stationary image analysis system or the portable imager.

Traditional methods of bacterial identification are usually
based on morphological and/or physiological features of a mi-
croorganism or on analysis of 16S rRNA gene sequences (59).
These methods can require considerable amounts of time. Re-
cently, PCR and other amplification technologies were intro-
duced for bacterial identification (33). Immunological methods
(16) and mass spectrometry (18) have also been adapted for
this purpose but are expensive or cumbersome. DNA micro-
chip technology (37) advantageously combines a rapid, high-
throughput platform for nucleic acid hybridization with low
cost and the potential for automation, although sample
preparation procedures, including DNA and RNA isolation,
fragmentation, and labeling, are still limiting steps (32, 44).
Another limitation of microarray technology is the lack of
portable and inexpensive devices for the acquisition of hybrid-
ization patterns (5). We have addressed these shortcomings
through the development of a rapid and simple system for
sample preparation and microarray analysis.

MATERIALS AND METHODS

Preparation of silica syringe-operated columns. A silica suspension (50 ml)
was prepared as described previously (4) and loaded into a 25-mm-long sterile
centrifuge device containing a polysulfone filter with a diameter of 6.5 mm and
a pore size of 0.2 mm (Whatman, Fairfield, N.J.). The column was sealed against
the end of a 10-ml syringe without any glue, using the O-ring from a 1.5-ml
screw-cap microcentrifuge tube introduced between the syringe and the top of
the column, and washed once with 500 ml of diethylpyrocarbonate-treated water.

Isolation of total nucleic acids. Bacterial strains Bacillus subtilis B-459, B.
thuringiensis 4Q281, and Escherichia coli BL21, as well as human HL60 cells,

were used as the starting material. Gram-positive cells were pretreated by incu-
bation with 25 ml of a lysozyme solution (100 mg/ml) at 37°C for 5 min before
lysis. A cell pellet obtained from 1 ml of log-phase bacterial cells (2 3 107 to 2 3
108 cells/ml) grown in standard Luria-Bertani medium (45) or human HL60 cell
cultures (6 3 106 cells/ml) grown as described previously (49) was lysed by adding
550 ml of mixture (9:4) of lysis (L) and binding (B) buffers. L buffer was com-
posed of 4.5 M guanidine thyocianate (GuSCN) and 100 mM EDTA (pH 8); B
buffer contained 4 M GuSCN, 135 mM Tris-HCl (pH 6.4), 3.5% (wt/vol) Triton
X-100, 17.5 mM EDTA, and 215 mM MgCl2. The lysate was applied to a silica
minicolumn, which was washed by using a syringe with 0.5 ml of the applied L-B
buffer mixture (9:4) (twice), 0.5 ml of 70% (vol/vol) ethanol (twice), and 0.5 ml
of 100% ethanol (once). The column was dried by forcing 5 ml of air through it
with a syringe. The bound nucleic acids were either eluted from the column with
1 mM HEPES (pH 7.5) or directly subjected to labeling and fragmentation.

RNA and DNA isolation and fractionation. A cell pellet obtained from 1 ml of
log-phase culture was lysed by the addition of 450 ml of L buffer (gram-positive
cells were pretreated with lysozyme as described above). DNA was isolated by
passing the lysate over a syringe-operated column, allowing DNA to bind to the
silica. B buffer (200 ml) was added to the flowthrough RNA fraction, which was
then applied to the analogous fresh column. The first column, containing bound
DNA, was washed five times with 0.5 ml of L buffer, twice with 0.5 ml of 70%
(vol/vol) ethanol, and once with 0.5 ml of 100% (vol/vol) ethanol. The second
column, containing bound RNA, was washed twice with 0.5 ml of the L-B buffer
mixture (9:4) and then with ethanol as described for isolation of total nucleic
acids (see above). Fractionated DNA or RNA was either eluted as described
above or directly subjected to labeling and fragmentation on the column.

Labeling, fragmentation, and hybridization. The silica column containing
bound RNA, DNA, or both was sealed at the bottom with a cap from a micro-
centrifuge tube and preheated in a sand bath at 95°C for 2 min. Freshly prepared
labeling cocktail (150 ml) containing 5 mM 1,10-phenanthroline, 500 mM CuSO4,
1 mM lissamine-rhodamine B ethylenediamine (Molecular Probes, Inc., Eugene,
Oreg.), 2 mM H2O2, 20 mM sodium phosphate (pH 7.0), and 20 mM NaCNBH3

was applied to the minicolumn (the H2O2 was added immediately before appli-
cation of the cocktail to the column), which was then sealed to prevent evapo-
ration. After incubation of the mixture for 10 min at 95°C, the reaction was
stopped by adding 9 ml of 500 mM EDTA (pH 8.0). Nucleic acids were precip-
itated on the column by adding 15 ml of 5 M ammonium acetate and 450 ml of
100% (vol/vol) ethanol followed by a 5-min incubation at room temperature.
Excess fluorescent label was removed by washing the column twice with 1.5 ml of
100% (vol/vol) ethanol. The column was then dried with forced air. The labeled
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product was eluted twice with 45 to 60 ml of 1 mM HEPES (pH 7.5). The eluant
was adjusted to contain 5 mM EDTA, 1 M GuSCN, and 50 mM HEPES (pH 7.5)
and filtered through a 0.45-mm-pore-size Millex-HV syringe filter (Millipore,
Bedford, Mass.). The resulting solution (30 ml), containing 5 to 15 mg of nucleic
acids, including 1 to 3.5 mg of 16S rRNA, was applied to the oligonucleotide
microarray covered with a 0.5-mm-deep, 13-mm-diameter CoverWell gasketed
incubation chamber (Grace Bio-Labs, Inc., Bend, Oreg.) and incubated for 20
min at room temperature.

Optional removal of small fragments and traces of free label. A polypro-
pylene, 4.5-mm-diameter, Wizard syringe Minicolumn (Promega, Inc., Madison,
Wis.) containing 70 ml of Q Sepharose (Pharmacia Biotech, Uppsala, Sweden)
was conditioned by being washed twice with 0.5 ml of diethylpyrocarbonate-
treated H2O, once with 0.5 ml of 2 M LiClO4, and then twice again with 0.5 ml
of H2O. After the 10-min labeling and fragmentation step (see above), the
contents of a silica minicolumn were expelled into a microcentrifuge tube con-
taining 9 ml of 500 mM EDTA (pH 8.0). The same tube was used to collect
material rinsed from the silica column with 1 ml of hot (95°C) 1 mM sodium
phosphate (pH 7.0). This solution of labeled nucleic acids and free label was then
applied to the Q Sepharose column. The Q Sepharose column was washed with
1 ml of 100 mM LiClO4 to remove unincorporated label and small nucleic acid
fragments (shorter than 20 bases). Nucleic acids were eluted with 100 ml of 0.5
M GuSCN. The eluant was adjusted to contain 5 mM EDTA, 1 M GuSCN, and
50 mM HEPES (pH 7.5), and 30 ml of the resulting solution was applied to the
microarray as described above.

Oligonucleotide synthesis and oligonucleotide array fabrication. Oligonucle-
otide microarrays were constructed with 10 oligonucleotide probes, each approx-
imately 20 bases in length, with the following sequences (59339): EU1, ACCG
CTTGTGCGGGCCC; EU2, TGCCTCCCGTAGGAGTCT; U1, GA/TATTAC
CGCGGCT/GGCTG; U2, ACGGGCGGTGTGTA/GCAA; BSG1, ATTCCAG
CTTCACGCAGTC; BSG2, ACAGATTTGTGGGATTGGCT; BS1, AAGCCA
CCTTTTATGTTTGA; BS2, CGGTTCAAACAACCATCCGG; BCG1, CGGT
CTTGCAGCTCTTTGTA; and BCG2, CAACTAGCACTTGTTCTTCC (Probe
targets are described in the legend to Fig. 3). The sequences of probes U1, U2,
EU1 and EU2 were chosen following the recommendations of Amann et al. (1).
All other probe sequences were selected using original software developed in our
laboratory (Y. Lysov, unpublished data), where each potential probe was tested
against all available 16S rRNA sequences (from GenBank and RDP) by a
function that estimates the relative duplex stability according to the number and
position of mismatches. If the 16S rRNA of any microorganism that did not
belong to the genus of interest formed stable duplexes with any oligonucleotide
being considered as a potential probe for the microchip, this oligonucleotide was
excluded from the list of probes. Oligonucleotides were synthesized with a 394
DNA/RNA Synthesizer (Perkin-Elmer/Applied BioSystems, Foster City, Calif.)
using standard phosphoramidite chemistry. 59-Amino-Modifier C6 (Glen Re-
search, Sterling, Va.) was linked to the 59 ends of oligonucleotides. The microar-
ray matrix, containing 100- by 100- by 20-mm polyacrylamide gel pads fixed on a
glass slide and placed 200 mm from each other, was manufactured using pho-
topolymerization (25) and activated as described previously (41). Individual 1
mM amino-oligonucleotide solutions (0.006 ml) were applied to each gel pad
containing aldehyde groups (53) which were designed and implemented by the
Argonne National Laboratory state-of-the-art computer-based robot-arrayer
Quadrate II (61). Schiff bases coupling the oligonucleotides with aldehyde
groups within the gel pads were stabilized by reduction with NaCNBH3 (41).

Microchip analysis. Hybridization signals were acquired with a stationary
wide-field fluorescence microscope (2, 61) or with the portable imager. Before
analysis, hybridization solution was removed from the microarrays, which were
then washed twice at room temperature with 150 ml of washing buffer (60 mM
sodium phosphate [pH 7.4], 900 mM NaCl, 6mM EDTA, 1% [wt/vol] Tween 20)
for 15 s. The microarrays were imaged wet (covered with a thin film of washing
buffer) when used with the fluorescence microscope or dry when used with the
portable analyzer (2 to 30 s of exposure).

The portable imager was designed and manufactured in collaboration with the
State Optical Institute (GOI, St. Petersburg, Russia). The portable battery-
powered imager utilizes a wide-field, high-aperture, long-working-distance lens
objective with the following parameters: field of view, 4.2 mm in diameter;
numeric aperture, 0.5; working distance, 2.0 mm; magnification, 320; spatial
resolution, 1.5 mm. Microarrays are fixed at the focal point of the objective and
illuminated by two 3-mW green (532-nm) diode lasers (DeHarpporte Trading
Co., Eden Prairie, Minn.). The lasers are situated near the body of the objective
such that the excitation light strikes the sample at an angle of 82° to the objective
axis. Cylindrical lenses are positioned at the ends of the lasers to provide uniform
illumination of the objective field of view. An XF3024 (590DF35) emission filter
(Omega Optical, Brattleboro, Vt.) with a transmission maximum at 590 nm is

used to cut off excitation light. In contrast to the use of expensive scanners that
measure fluorescence intensity in one moment for one spot only and summarize
signals from the photomultiplier, in our analyzer the images of 180 (12 3 15)
individual gel elements are simultaneously projected onto the surface of ISO-
3000 Polaroid film (3.25 by 4.25 in.).

RESULTS

System overview. We combined a silica minicolumn, oligo-
nucleotide microarrays, and a portable imager to produce a
simple and inexpensive system for bacterial identification. A
procedure was developed for nucleic acid isolation, labeling,
and fragmentation within a single syringe-operated silica mini-
column. The process requires no vacuum filtration step, phe-
nol-chloroform extraction, CsCl fractionation, or centrifuga-
tion. A flowchart of the protocol is shown in Fig. 1. There are
three main steps in the procedure: (i) cell lysis and nucleic acid
isolation (this may also include DNA and RNA fractionation),
(ii) fluorescent labeling and fragmentation of nucleic acids
(DNA or RNA can be labeled using the same protocol), and
(iii) removal of short oligonucleotides and unbound dye.

Nucleic acid purification and fractionation. Using the silica
minicolumn, one can isolate total nucleic acids or fractionated
DNA and RNA from gram-negative bacteria within several
minutes; the procedure requires only an additional 5 min of
lysozyme pretreatment for gram-positive microorganisms (Fig.
1). Electrophoretic analysis of total nucleic acids and fraction-
ated DNA and RNA isolated from B. subtilis using the mini-
column is shown in Fig. 2A. The yields of isolated total nucleic
acids, pure RNA, and pure DNA were 91, 77, and 34%, re-
spectively (Table 1). The recovery of fractionated DNA could
be increased considerably, up to an 86% yield, by reducing the
number of L buffer washes applied to the DNA-silica column,
but this resulted in increased RNA admixture.

Nucleic acid fragmentation and fluorescent labeling. The
newly developed labeling and fragmentation procedure that
was performed with the syringe-operated column devised in
this study requires only 10 to 12 min to complete (Fig. 1). The
extent of fluorescent-dye incorporation and the length of the
nucleic acid fragments may be varied over a wide range
through manipulation of bis(1,10-phenanthroline)copper(I)
[(OP)2Cu] and H2O2 concentrations, reaction temperature,
and duration of the reaction. To avoid the influence of sec-
ondary structure on nucleic acid fragmentation and to increase
the rate of the reaction, we performed the reaction at 95°C (for
10 min). This resulted in the production of labeled fragments
20 to 100 bases in length (Fig. 2B) with the same efficiency for
both RNA and DNA (data not shown). The intrinsic fluores-
cence of lissamine-rhodamine-labeled nucleic acids was appar-
ent when this material was subjected to denaturing polyacryl-
amide gel electrophoresis and viewed with a transilluminator
(Fig. 2B, lane 3). The same gel stained with ethidium bromide
(lanes 1, 2, and M) revealed the total population of nucleic acid
fragments. The coincidence of the patterns appearing as
smears without any visible bands suggests this hydroxyl radical-
based method provides sequence-independent labeling and
fragmentation.

Removal of short nucleic acid fragments and unbound label.
On completion of the labeling reaction, nucleic acids were
precipitated by the addition of ethanol to the minicolumn and
free dye was eliminated by washing the column with 100%
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ethanol. This procedure removed most of the free dye and
oligonucleotides shorter than 5 bases (45). The resulting sam-
ples were hybridized on microarrays containing 20-mer oligo-
nucleotide probes and, after a standard washing procedure,
were visualized (Fig. 3) with both a stationary fluorescence
microscope and the portable device (Fig. 4). When signals are
to be measured during hybridization (e.g., in kinetics experi-
ments), the trace amounts of unbound dye and labeled frag-
ments shorter than 15 to 20 bases may be removed to further
minimize background by using a Sepharose Q minicolumn
instead of ethanol precipitation and washing (see Materials
and Methods). This step requires only 5 min.

Hybridization and visualization of hybridization results. La-
beled nucleic acids were eluted from the silica minicolumn
with low-ionic-strength buffer. The fragmented and labeled
16S rRNA (1 to 3.5 mg in 30 ml of hybridization buffer) was
applied to a microarray of immobilized 20-mer oligonucleotide
probes for recognition of “life” in general, all eubacteria, and

microorganisms that belong to the B. subtilis group, the B.
cereus group, and B. subtilis spp. (Fig. 3A).

To provide for hybridization of labeled nucleic acids at room
temperature, we developed a GuSCN-based hybridization
buffer. GuSCN destabilizes nucleic acid duplexes and increases
hybridization rates (52, 55). In our hands, unambiguous diag-
nostic hybridization patterns on the microarray could be de-
tected within 20 min of hybridization (Fig. 3).

After hybridization, the microchip was washed and then
analyzed using either a stationary wide-field fluorescence mi-
croscope coupled with a cooled charge-coupled device (CCD)
camera (2, 61) or the portable microchip imager. Exposure
times of 2 to 30 s produced clear images on the Polaroid film
(Fig. 3C). The sample patterns and intensities obtained with
the portable device (Fig. 3C) were very similar to the images
obtained with the stationary fluorescence microscope (Fig.
3B). Labeled nucleic acids from Escherichia coli, B. subtilis, B.
thuringiensis, and human HL60 leukemia cells produced hy-

FIG. 1. Flowchart of the isolation, fractionation, fragmentation, and labeling of nucleic acids with subsequent removal of excess free label, using
a silica minicolumn.
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bridization patterns characteristic for each organism (Fig. 3D
to 3G). We carried out our experiments with two to four
repeats, and the most common data are shown in Fig. 3. Hy-
bridization experiments were performed several times both on
the same and on the different microchips, and similar results
were obtained in both cases (data not shown).

The portable Polaroid microchip analyzer allows qualitative
determination of microorganisms in collected samples. For fast
and simple detection of targeted microorganisms and approx-
imate estimation of their amounts in the sample, the portable
microchip analyzer should be provided with standard images
obtained from a chip after hybridization with nucleic acids
obtained from a known number of analyzed bacterial cells and
photographed with a fixed exposure time.

The design of the analyzer allows a lens adapter to be at-
tached and coupled with 35-mm film or a CCD camera. Po-
laroid or 35-mm negative films can be scanned to obtain 8-bit
digital images; a CCD camera allows images to be obtained
with a larger dynamic range and provides a quantitative esti-
mation of obtained images. The analyzer with a CCD camera
tested successfully for identification of drug-resistant strains of
Mycobacterium tuberculosis (Y. Barsky et. al., unpublished data).

DISCUSSION

The main goal of this work was to develop a rapid and
inexpensive procedure for analysis of different microorganisms
using biological microchip technology. One of the bottlenecks
in the use of biological microchips for nucleic acid analyses is
sample preparation time (32, 44). A number of standard bio-
chemical procedures such as cell fractionation and lysis (9),
chromatography (43), electrophoresis (6, 28, 43), sample con-
centration (28), PCR (29), DNA ligation and phosphorylation
(15), thermodynamic analysis of hybridization (17), immuno-
assay (34, 35), and single-base extension analysis (15) are al-
ready performed routinely on microchips. Moreover, some
current microchips combine microarrays and biological micro-

laboratories in the same device (6, 9, 28, 29, 35, 43, 44, 46, 50).
Therefore, we have sought to develop our procedures with
future miniaturization and automation in mind.

rRNA is a “universal chronometric cellular molecule” (59).
Up to 80% of bacterial RNA is rRNA. One cell of E. coli can
contain about 20,000 copies of rRNA. Therefore, rRNA anal-
ysis is a common, rather sensitive, and relatively simple method
of bacterial identification (59). The use of microarrays in mi-
crobial identification has been demonstrated (21, 24). We re-
cently utilized oligonucleotide probes to rRNA to develop a
microarray that is able to differentiate very closely related
microorganisms within the B. cereus group, i.e., organisms
whose 16S rRNAs differ from each other in only one nucleo-
tide (unpublished data). In the present study we demonstrate
the potential of our new multicomponent system by using a
simple 16S rRNA microarray containing 20-mer probes (Fig.
3A). This limited microarray should not be considered a final
device for identification of bacterial groups or species but only
a tool for demonstration of perfect work by the three-compo-
nent system for bacteria identification as a whole.

GuSCN is known to be powerful lysing agent for many types
of cell and also an inactivator of various nucleases (4, 10, 11,
38, 45). Nucleic acids bind to silica in the presence of high
concentrations of salt (3, 4). To create a syringe-operated mini-
column for nucleic acid purification and fractionation, we mod-
ified the previously developed batch protocols (3, 4) by simpli-
fying the procedure and making it more rapid. To eliminate all
centrifugation steps, we used a syringe-operated column for-
mat. As a result, our protocol requires only two buffers, and it
is possible to isolate total nucleic acids or fractionate DNA and
RNA from gram-negative bacteria in 3 to 5 min (Fig. 1) instead
of the previously described 40- to 60-min procedure requiring
four buffers (3, 4).

Free radical oxidants are well-known tools for the modifica-
tion of DNA and RNA (7). Redox-active coordination com-
plexes such as (OP)2Cu and Fe z EDTA, are commonly used as
“chemical nucleases” to introduce single-strand breaks in nu-
cleic acids (36, 39, 51). Treatment of DNA or RNA with
(OP)2Cu results in abstraction of a hydrogen atom from the
sugar moiety, producing a carbon-based radical that can rear-
range to an abasic site as a result of deglycosylation followed by
fragmentation of the nucleic acid (39). Aldehydes and lactones
formed at the site of scission may be used for conjugation of
amino derivatives with the nucleic acid fragments (19, 42). We
recently used this idea to create a new method for sequence-

FIG. 2. Nucleic acids isolated, fractionated, labeled with lissamine-
rhodamine B, and fragmented on a silica syringe-operated column. (A)
Isolated total nucleic acids (lane 1), partially fractionated DNA (lane
2), purified DNA (lane 3), and purified RNA (lane 4) from B. subtilis
were analyzed by electrophoresis in 1% agarose. M, l-HindIII DNA
marker. (B) Total nucleic acids from B. thuringiensis fractionated in a
denaturing 7.5% polyacrylamide gel (46) before (lane 1) and after
(lanes 2 and 3) labeling and fragmentation; fluorescence of labeled and
fragmented product before (lane 3) and after (lane 2) ethidium bro-
mide staining. M, single-stranded 20- and 50-base size markers.

TABLE 1. Isolation of nucleic acids from B. subtilis using
the silica minicolumn

Nucleic acid fraction Cell contenta

(mg)
Amt isolated

(mg)
Yield
(%)

Total nucleic acid 35 32 91
RNA 30 23 77
Partially fractionated DNAb 5 4.3 86
DNA 5 1.7 34

a Theoretical content of 1 ml of log-phase bacterial culture (3 3 108 cells)
calculated from data reported for E. coli or Salmonella enterica servar Typhi-
murium (Qiagen Product Guide, Qiagen Inc., Valencia, Calif., 1999).

b Samples of partially fractionated DNA were obtained after washing the
DNA-silica column (Fig. 1) with only two portions of 500 ml of L buffer instead
of five portions of 500 ml (see Materials and Methods).
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independent fragmentation and fluorescent labeling of nucleic
acids with (OP)2Cu and Fe z EDTA complexes (unpublished
data). We utilize (OP)2Cu chemistry for sample preparation
on the silica minicolumn. Here we demonstrated labeling and
fragmentation of total nucleic acids for cell identification (Fig.
3). The (OP)2Cu silica minicolumn method may also be used
for labeling and fragmentation of pure RNA and DNA (data
not shown). We successfully recruited this method for on-
microchip identification of whole (about 1,550 bases in length)
B. subtilis 16S rRNA, utilizing the same experimental condi-
tions. However, it was necessary to change the concentration of
hydrogen peroxide or (OP)2Cu complex in the labeling cocktail
considerably (see Materials and Methods) for identification of
300-base RNA fragments and PCR-amplified double-stranded
DNA of 16S rRNA genes of B. cereus group bacteria.

The most popular methods for nucleic acid labeling are
currently based on time-consuming enzymatic procedures such
as those involving reverse transcriptases (13, 48, 56, 57, 60),

terminal transferases (23, 58), kinases (58), random priming
(22, 27), or PCR (8, 12, 20, 21, 26, 30, 31, 47, 54). Most of these
protocols also demand careful nucleic acid purification, sepa-
rate sample fragmentation procedures (which considerably im-
prove the specificity of hybridization), and a final precipitation
or gel filtration step to eliminate excess label. As a result,
sample isolation and fractionation steps (generally 1 h or
more) usually precede separate labeling-fragmentation-pu-
rification routines, which adds 2 to 3 h. Recently developed
chemical labeling methods also require a considerable time
to perform (more than 3 h) (14, 40). Our entire minicolumn
procedure, from cell lysis to removal of excess fluorescent
label, can be executed within 20 to 30 min.

Instrumentation required for the detection and identifica-
tion of fluorescent hybridization signals represents one of the
most expensive aspects of microarray technology. Our station-
ary laboratory fluorescent microscope was assembled at a price
of about $60,000, while the market cost of a laser scanner is

FIG. 3. Hybridization of total nucleic acids with an oligonucleotide microarray. Total nucleic acids were isolated and labeled using the silica
minicolumn. (A) The arrangement of probes (see Materials and Methods for a list of sequences) immobilized on the microarray for identification
of U1 and U2 (“all life”), EU1 and EU2 (all eubacteria), BSG1 and BSG2 (B. subtilis group bacteria), BS1 and BS2 (B. subtilis spp), and BCG1
and BCG2 (B. cereus group bacteria). (B and C) Analysis of E. coli with a stationary microscope (B) and the portable imager (C). (D to G)
Normalized fluorescent signal intensities for labeled total nucleic acids from human HL60 cells (D), E. coli (E), B. thuringiensis (F), and B. subtilis
(G). Hybridization results were obtained with the stationary fluorescent microscope (B and D to G) or with the portable imager (C). Fluorescence
intensities were quantified using Image, a custom LabVIEW program (National Instruments, Austin, Tex.).
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generally $40,000-$110,000 (5). In contrast, the projected cost
of our laser diode/Polaroid film-based portable imager is con-
siderably lower (about $2,000). The wide-field, high-aperture,
long-working-distance objective provides the ability to analyze
180 individual probes simultaneously, which is enough to per-
mit the design of arrays specific for many different microor-
ganisms. Coupling of our portable analyzer with a CCD cam-
era and PC provides the possibility of quantifying image
analysis while not substantially increasing its price; however,
this converts the system to a stationary device.

We think that our portable multicomponent system can be
successfully used under laboratory or field conditions for rapid
microbial (or eukaryote) identification in medical, agricultural,
or environmental applications.
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