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electrophoretic system for peptides. In conclusion,
laborious work and time required for electrophoresis
can be shortened using the single gel system for
peptides. This gel system could be a very useful
method for peptide analysis in conjunction with
mass spectrometry methods.
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Using DNA microarrays or DNA chips, global gene
expression changes of diverse physiologic and patho-
logic states, single nucleotide polymorphisms, or mu-
tations can be followed (1-3). In recent years, this
analysis is based on hybridization of fluorescent-la-
beled probes prepared from mRNA, total RNA, or DNA
obtained from diverse biological samples to microar-
rays having complementary sequences as targets on
their surfaces (3, 4). For each hybridization usually a
mixture of two fluorescent labeled probes is applied,
where one labeled probe is obtained from a control
(untreated or unaffected) and the other is from a
treated or affected sample. This direct comparative
hybridization method allows a quantitative compari-
son of the relative abundance of individual sequences.

In most cases cyanine dyes (Cy3 and Cy5) linked to
deoxyuridine-triphosphate or deoxycytidine-triphos-
phate are used for preparation of labeled nucleic acid
probes. For labeling of RNA templates these dye-la-
beled nucleotide triphosphates (NTPs)® are incorpo-
rated during reverse transcription (RT) reaction. For
DNA templates, the same triphosphates and usually
Klenow polymerase are used for the synthesis of la-
beled DNA (5). In labeling reactions dye labeled NTPs
are in large excess: the incorporated monomers are
approximately 2-5% of the unincorporated, unused
ones (estimated from the absorbance of the unincorpo-
rated dye before and after the labeling reaction). Ow-
ing to the high cost of the dye-labeled monomers, we
intended to develop a fast and efficient purification
protocol for the recovery of unincorporated fluorescent
labeled NTPs, which can be performed without any
high-performance chromatography instruments and
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the amount is not restricted for large-scale purifica-
tion.

Materials and Methods

Purification of dye-labeled nucleotide triphosphates.
Purification includes two steps: a reverse-phase col-
umn purification and a size fractionation using a mem-
brane filter unit.

The flowthrough from PCR purification step contain-
ing the labeled NTPs in a high-salt binding buffer was
collected and stored at —20°C. Before purification, the
mixture was diluted with 1 vol of water, and the pH
was adjusted with acetic acid to pH 6.0. Thirty millili-
ters of flowthrough mixture containing approximately
70 nmol dye-labeled triphosphate was applied onto an
equilibrated Oligo-Pak oligonucleotide purification col-
umn (Glen Research, Sterling, VA) with a syringe.
Equilibration was performed with 5 ml of acetonitrile
and then with 5 ml of 1 M TEAC. After sample appli-
cation the column was washed with 2 ml of 3% (w/v) ag.
NH; and then with 8 ml of DEPC-treated water. La-
beled triphosphate was eluted with 0.5 ml of 20% ag.
acetonitrile, lyophilized, reconstituted in 100 ul of
deionized water, applied onto Microcon YM-3 mem-
brane filter unit (Millipore, Bedford, MA), and centri-
fuged at 10,000g for 20 min. The flowthrough was
collected and the concentrated sample was diluted with
500 ul of water and applied onto a new filter unit. After
centrifugation with the same parameters the two
flowthrough solutions were combined, lyophilized, dis-
solved in 60 ul of DEPC-treated water, and used in
labeling reactions or stored at —20°C.

HPLC analysis. HPLC chromatography was per-
formed on a HP1100 instrument with the following con-
ditions: Lichrospher RP select B column, 60 A, 250 x 4
mm (Merck, Budapest, Hungary); detection at 550 nm in
the case of Cy3-labeled nucleoside triphosphates or at
600 nm in the case of Cy5-labeled nucleoside triphos-
phates; flow rate, 1.0 ml/min; eluent A, 0.1 M aq. TEAC
(pH 7.0); eluent B, 0.1 M ag. TEAC (pH 7.0):acetonitrile
1:4; gradient, 15-45% B in A in 30 min.

Construction of microarrays. Human control clones
were obtained from a mixed human library, cloned in
pBluescript SK Il (=) plasmid (New England Biolabs,
Hertfordshire, England) with traditional techniques.
Amplified cDNA inserts were arrayed on amino-si-
lanized slides (Sigma, Germany) by using a MicroGrid
total array system (BioRobotics, Cambridge, UK) spot-
ter with 16 pins with a 4 X 4 format. A total of 3200
PCR amplified cDNA clones were spotted in duplicate
onto 20 slides. The diameter of each spot was approx-
imately 250 um.

Generation of microarray probes, array hybridiza-
tion, and posthybridization processes. Commercially
available human heart total RNA (Ambion Inc., Aus-
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tin, TX) was amplified by an antisense RNA amplifica-
tion method according to Berry et al. (6) and labeled by
Cy5- or Cy3-dCTP (NEN, Boston, MA) using standard
protocols (1, 3). The probe mix containing fluorescently
labeled amplified human heart cDNA was denaturated
by heating for 5 min at 80°C in formamide hybridiza-
tion buffer. Twenty microliters of the mix was placed
on the array under a 24 X 32-mm coverslip. Slides were
incubated at 42°C for 18 h in a humid hybridization
box and then were washed by submersion and agita-
tion for 10 min in 1X SSC with 0.1% SDS, for 10 min in
0.1X SSC with 0.1% SDS, and for 10 min in 0.05x SSC
at RT; rinsed briefly in deionized water; and dried.

Scanning and data analysis. Each array was
scanned by using a ScanArray Lite (GSI Lumonics,
Billerica, MA) confocal fluorescent scanner with 10 um
resolution. Image analysis was performed by ScanA-
lyze2 software (7). For background corrections those
data were calculated as negatives where the average
intensity of the spot was smaller than two times of the
average background of the same area.

Results and Discussion

Fluorescent-labeled cDNA for microarray analysis
is obtained by RT of an RNA template in the pres-
ence of dye-labeled nucleoside triphosphates. Ac-
cording to the labeling protocols the RNA part of the
RNA/labeled-cDNA heteroduplex is hydrolized with
alkali immediately after the RT. This hydrolysis
would degrade the NTPs; thus for the recovery before
the hydrolysis, an additional DNA purification is
performed using any commercially available PCR or
DNA fragment isolation Kit in order to separate the
high-molecular-weight nucleic acids from the unin-
corporated nucleotides and short oligonucleotides.
The purified heteroduplexes are degraded afterward
and can be used for hybridization in microarray ex-
periments. The flowthrough from the first purifica-
tion step contains the unincorporated fluorescent-
labeled NTPs and can be applied for the recovery. All
PCR purification kits working with high-salt binding
buffer are suitable for the purification. After dilution
of the flowthrough, the pH was adjusted to slightly
acidic and applied onto an equilibrated Oligo-Pak
oligonucleotide purification column with a syringe.
This column was originally developed for the purifi-
cation of tritylated oligonucleotides and contains re-
verse-phase resin suitable for the binding of mole-
cules having hydrophobic groups. Up to 70 nmol
fluorescently labeled NTP could be bound onto this
column and purified. For a better yield washing steps
were performed with volume smaller than suggested
for the tritylated oligonucleotide purification and
treatment of the column with trifluoroacetic acid
solution was omitted. With this purification only the
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FIG. 1. Normalized, average signal distribution of 6400 spots (3200
data points) on the human cDNA microarray. Ratios were calculated
from intensities of the Cy3 and Cy5 channels and normalized accord-
ing to the mean intensities of the separate channels. Human heart
aRNA was labeled with the commercially available Cy3-dCTP and
with recovered Cy5-dCTP.

fluorescent labeled NTPs and labeled, short nucleic
acids were recovered, and the unlabeled NTPs and
nucleic acids were discarded. The reverse-phase col-
umn-purified labeled NTPs were further purified
with size fractionation using membrane filters in
order to separate the NTPs from the higher molecu-
lar weight, labeled nucleic acids. The purification
protocol took approximately 4 h and provided an
estimate yield of 60% according to the starting ma-
terial. The purity of the recovered NTPs was con-
firmed by HPLC (data not shown). On HPLC chro-
matograms no impurities could be observed.

The recovered fluorescently labeled Cy5-dCTP and
Cy3-dCTP were used for microarray analysis. Hu-
man heart amplified, antisense RNA (aRNA) was
used as a template for synthesis of labeled cDNA
during RT with standard protocols. As a control ex-
periment the same template was labeled with com-
mercially available Cy5-dCTP or Cy3-dCTP. cDNA
labeled with recovered Cy5-dCTP was mixed with
commercial Cy3-dCTP-labeled cDNA and hybridized
onto a human microarray, and normalized, average
signal distribution of 6400 spots (3200 data points)
was determined. The same experiment was carried
out with recovered Cy3-dCTP and commercial Cy5-
dCTP-labeled cDNA. After data analysis all the low-
confidence data derived from spots with high local
background caused by dust particles or other impu-
rity of the slide or from those exhibiting very low
intensities were eliminated. Figure 1 demonstrates
the tight distribution of data points deriving from
the normalized ratio of intensities from commer-
cially available Cy3-dCTP labeled cDNA and inten-
sities from recovered Cy5-dCTP labeled cDNA. The
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color flip experiment gave the same tight distribu-
tion (data not shown). This means that purified
NTPs did not distort the expression results and con-
firms that recovery can be performed without any
risk in microarray experiments. Using recovered
dye-labeled NTPs the expenses of microarray exper-
iments can be decreased, especially when large num-
ber of samples are intended to be labeled and ana-
lyzed.
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