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Near-infrared fluorescence provides
a nonradioactive method of detec-
tion with high sensitivity and low
background. An infrared fluoro-
phore has been attached covalently
to the nucleotide deoxyadenosine
triphosphate (dATP) to provide a re-
agent for enzymatic labeling of vari-
ous types of DNA molecules and
for facilitating their detection with
an automated DNA sequencing and
analysis system. DNA sequencing re-
action products can be labeled in-
ternally by performing limited poly-
merization utilizing infrared-labeled
dATP (IR-dATP) as the sole source of
adenine deoxynucleotide prior to a
dideoxy-specific termination reac-
tion. PCR products can be labeled
fluorescently by the addition of lim-
ited quantities of IR-dATP to the am-
plification reaction. This latter strat-
egy has been utilized for detection
of short tandem repeat polymor-
phisms (STRPs) which are useful for
gene mapping, genetic diagnostics,
forensic analysis, and paternity test-
ing. Restriction fragments can be la-
beled also by fill-in reactions of ap-
propriate 5’ overhangs. Diminutive
amounts of such fluorescently la-
beled DNA molecules can be visual-
ized rapidly and conveniently using
infrared detection technology.

Present-day molecular biology detec-
tion systems strive to achieve high sen-
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sitivity while avoiding the troublesome
use of radioactivity. Fluorescent reporter
groups are one approach to attaining
these goals. A fluorophore can absorb
and radiate electromagnetic radiation at
extremely fast rates (107'° and 1078 sec
respectively), thus producing a large sig-
nal from a limited number of mole-
cules.’” Sensitivity is enhanced also by
measuring the emitted fluorescence
against a background of virtually zero.
The molecule of interest can be labeled
fluorescently by direct covalent attach-
ment to the fluorophore or through in-
direct means by use of avidin-biotin or
antigen-antibody binding.

Automated DNA sequencers utilize
fluorescence detection of gel-separated,
dye-labeled fragments. Labeled species
incorporated into sequencing fragments
include oligonucleotide primers,*®
dideoxynucleotide triphosphate termi-
nators,*> and deoxynucleotides.®™®
Subsequent detection of the fluorescent
sequencing bands facilitates determina-
tion of the DNA sequence. These meth-
ods have utilized predominantly the vis-
ible portion of the spectrum. The near-
infrared (NIR) region of the spectrum
(700-3000 nm) offers advantages over
visible wavelengths, because absorbance
and fluorescence emission in the NIR
from biomolecules and solvents is neg-
ligible.®'® As a result, background is
extremely low and high sensitivity can
be achieved. Several polymethine cya-
nine dyes have been developed that
have good fluorescent properties—high
molar absorptivities and fluorescence
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quantum yields.**"'® One of these, a
symmetric heptamethine cyanine dye
(IRD40; Fig. 1A), contains sulfobutyl
groups for enhanced water solubility
and an isothiocyanate group to enable
covalent attachment to primary amine
functional groups. Although NIR dyes
were originally developed as labeling re-
agents for analytical determination of
proteins, we demonstrate that addi-
tional types of biomolecules can be la-
beled with NIR fluorescence also.'#1%
Previously, we have developed tech-
nology utilizing NIR fluorescence for au-
tomated sequencing of DNA.?® Initial
sequencing experiments utilized oligo-
nucleotides containing a 5" primary
amine attached covalently to the IRD40
fluorophore to assess the utility of this
dye for automated DNA sequencing.'®
Standard sequencing methodologies
performed with these labeled primers
produced high-quality sequencing lad-
ders and accurate DNA sequence data.
In this report we describe an infrared
fluorescently labeled deoxyadenosine
triphosphate (Fig. 1B), which can be uti-
lized as a versatile mechanism for enzy-
matically labeling various types of DNA
molecules. Sequencing fragments can be
labeled internally, thus obviating the
need for fluorescent primers. PCR prod-
ucts, such as short tandem repeat poly-
morphisms (STRPs), and restriction frag-
ments can be labeled also utilizing this
molecule. These various types of DNA
molecules can be visualized and analyzed
rapidly and conveniently using high-sen-
sitivity infrared detection technology.
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FIGURE 1 (A) Structure of NIR fluorescent dye IRD40 (4-[2-[4-[(4-isothiocyanatophenyl)oxy]-7-[3,3-dimethyl-1-(4-sulfonatobutyl)indolin-2-yli-
dene|-3,5-(propane-1,3-diyl)-1,3,5-heptatrien-1-yl]-3,3-dimethyl-3H-indolio]butanesulfonate). (B) Structure of IRD40 covalently attached to

deoxyadenosine triphosphate (IR-dATP).

Experiments aimed at determining
the limit of detection of fluorescently la-
beled primers using NIR detection tech-
nology indicate that ~15 attomoles
(amoles) can be detected."” In our ex-
perience with visible fluorescence in-
strumentation, we have detected as little
as ~54 amoles of a difluoresceinated
primer.\'® Extrapolation of this data
suggests that ~108 amoles of a monoflu-
oresceinated primer would be its limit of
detection. Hence, NIR technology is ap-
proximately seven times more sensitive
than visible fluorescence methodology.
Another advantage of NIR technology is
that the instrumentation involved is
more reliable (longer component life-
times), smaller, and less costly than vis-
ible fluorescence systems.*> Excitation
is accomplished using a low-power (<0.5
W) infrared emitting laser diode. A low-
noise silicon avalanche photodiode is
utilized for detection of the emitted flu-
orescence. The small size and weight of
these components facilitate direct
mounting on the scanning platform,
thus allowing precise focusing upon the
gel. Accurate focusing across the width
of the gel is also enhanced by use of
extremely flat, inexpensive soda lime
glass plates (resulting in extremely
flat gels), which can be used in NIR sys-
tems because of the minimal back-
ground fluorescence. These characteris-
tics provide the motivation for NIR
utilization and our efforts involving la-
beling of diverse types of nucleic acid
molecules.
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MATERIALS AND METHODS

Infrared-labeled dATP

NIR fluorescent dye IRD40 was co-
valently attached to dATP at the C-8 po-
sition of the heterocyclic ring via a
6-atom spacer arm that terminated with
a reactive primary amine (Boehringer
Mannheim; Penzberg, Germany). Ap-
proximately 50 nmoles of amino-termi-
nated linker arm dATP was reacted with
500 nmoles of IRD40 dye (initially dis-
solved in dimethylformamide) in a 200-
ul reaction volume containing 67% (vol/
vol) dimethylformamide and 67 mm
sodium carbonate buffer (pH 9.5). The
reaction was incubated at room temper-
ature for 4-16 hr in the dark, with occa-
sional mixing. Coupling the isothiocy-
anate group of the dye to an amino
group yields a stable thiourea attach-
ment to the nucleotide (Fig. 1B). Excess
unreacted dye was removed from the
labeled dATP by reverse-phase high-
performance liquid chromatography
(HPLC). The spacer arm and its position
of attachment reduce steric hindrance of
the dye with base-pairing regions of ad-
enine and the 5" a-phosphate of the nu-
cleotide, both of which are necessary for
exploitable incorporation of the labeled
nucleotide into a growing DNA chain.

Sequencing Reactions

Single-stranded M13mp18 or M13 sub-
clones containing fragments of the Cae-
norhabditis elegans genome were se-

quenced with a universal M13 Forward
(=29) primer using a Sequenase 7-deaza-
dGTP Sequencing Kit from United States
Biochemical Corp. (USBC; Cleveland,
OH).® All reagents and enzymes are
from USBC unless designated otherwise.
Template DNA (1.0 pg) in a 10-ul vol-
ume of 1 xSequenase buffer was an-
nealed to either unlabeled primer (2
pmoles) or IRD40 5° end-labeled primer
(3 pmoles) by incubation at 95°C for 5
min, followed by a 50°C incubation for
10-20 min, and final placement on ice.
Extension of the primer and IR-dATP
incorporation were achieved by adding
1.3 ul of H,O, 1.2 pul of 20 um IR-dATP,
0.5 pl of o-thio-dNTP labeling mix (200
uM each of a-thio-dCTP, o-thio-dGTP,
a-thio-dTTP), and 2.0 ul of diluted en-
zyme mix [6.5 pl of 50% glycerol; 20 mM
Tris-HCI at pH 7.5 (both Molecular Biol-
ogy Grade, Sigma Chemical; St. Louis,
MO), 1.0 ul of Sequenase DNA poly-
merase (13 U/ul), and 0.5 ul of pyro-
phosphatase (5 U/ml)] to the annealed
primer-template. This mixture was in-
cubated at 37°C for 10 min. After incu-
bation, an additional 0.3 ul of undiluted
Sequenase enzyme was added to each la-
beling reaction; also at this time, 3.0 ul
of H,O and 2.0 pl of diluted enzyme mix
were added to the annealed labeled
primer reaction. The reaction mixtures
were divided by placing 3.5-ul aliquots
into four termination tubes containing
Sequenase 4 x relative extension/termi-
nation mixes [1.0 ul of standard termi-
nation mix plus 1.5 pl of 180 uM all four
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dNTPs (Boehringer Mannheim; India-
napolis, IN) in 50 mm NaCl]. Dideoxy
termination reactions were incubated at
37°C for 10 min prior to addition of 4 pl
of Stop solution. Unincorporated IR-
dATP can be removed by ethanol precip-
itation, gel filtration chromatography,
or ultrafiltration prior to addition of
Stop solution, if desired.

Double-stranded plasmid pBluescript
II SK + (Stratagene; La Jolla, CA) was de-
natured using an alkali denaturation-
ethanol precipitation procedure.'® The
DNA pellet was redissolved in 10 ul
of 1xSequenase buffer containing 5
pmoles of unlabeled primer and incu-
bated at 37°C for 15-30 min to anneal
primer to template. This annealing step
was followed by the remainder of the in-
ternal label protocol described above for
single-stranded templates. Sequencing
reactions comparing unmodified dNTPs
to o-thio-dNTPs in the labeling reaction
were performed as above, where the un-
modified dNTP labeling mix contained
200 uM each of dCTP, dGTP, and dTTP.
Sequencing reactions were denatured for
3 min at 95°C and loaded onto a 41-cm
denaturing 6% Long-Ranger gel (AT
Biochem; Malvern, PA), and electro-
phoresed on a LI-COR model 4000 auto-
mated DNA sequencer.

STRP Reactions

PCR amplification was performed in a
10-pl volume containing SO mmM KCl; 1.5
mM MgCl,; 10 mMm Tris-HCI (pH 8.3 at
20°C); 7 pmoles of each primer; 50 ng of
human genomic DNA; 200 uM each of
dATP, dCTP, 7-deaza-dGTP, dTTP; 1 um
IR-dATP; and 1 unit of Taq polymerase
from Boehringer Mannheim (Indianap-
olis, IN). Primer sequences were 5'-
TGCATACCTGTACTACITCAG-3’  for
the forward primer and 5-TCCTTTGT-
TGCAGATTTCTTC-3" for the reverse
primer. Thermal cycling conditions
were 95°C for 20 sec, 55°C for 20 sec,
and 72°C for 30 sec for 35 cycles using a
Perkin-Elmer GeneAmp PCR System
9600. Unincorporated IR-dATP was re-
moved using Microcon-100 concentra-
tors from Amicon (Beverly, MA), accord-
ing to the manufacturer’s instructions.
The final volume was ~5 pl, to which 2.5
ul of Sequenase Stop solution was added.
A 1.5-ul aliquot was loaded onto a 25-cm
denaturing 7% Long-Ranger gel and
electrophoresed on a LI-COR model
4000S automated DNA sequencer.

Restriction Fragment Labeling

pBluescript II SK + plasmid (7 ug) (Strat-
agene; La Jolla, CA) was digested with
either Hinfl or Sau3Al restriction endo-
nucleases (New England Biolabs; Bev-
erly, MA). The digests were extracted se-
quentially with neutralized aqueous
phenol, 50:50 phenol + chloroform, and
chloroform. One-tenth volume of 3 M
sodium acetate was added and DNA
fragments precipitated with 3 volumes
of 100% ethanol. DNA was pelleted in a
refrigerated microcentrifuge, washed
with 70% ethanol, and air-dried briefly.
The pellet was dissolved in 10-ul of 10
mM Tris-HCI (pH 7.5 at 20°C) and 1 mmM
EDTA. Complete digestion was con-
firmed by agarose gel electrophoresis,
which produced the expected banding
pattern for both digests. Digested DNA
(0.5 ul) was placed in a 10-ul reaction
tube containing 24 mwm Tris-HCl (pH
7.5), 12 mm MgCl,, 30 mM NacCl, and 1
uM IR-dATP. In addition, 1 um dGTP was
included with Sau3Al-digested DNA be-
cause it must be incorporated into the
overhang prior to dATP. Labeling was
initiated by addition of 1.2 ul of a di-
luted enzyme mixture (Sequenase plus
pyrophosphatase) as utilized for se-
quencing reactions described above. Re-
actions were incubated at 37°C for 30
min followed by the addition of 6 ul Se-
quenase Stop solution. Samples were di-
luted 1:30 with H,O + Stop solution (60:
40), denatured at 95°C for 1-2 min, and
loaded and electrophoresed in the same
manner as STRP reactions above.

RESULTS AND DISCUSSION

Spectroscopy

The absorption and fluorescence emis-
sion spectra of IR-dATP are shown in
Figure 2. The strong NIR absorbance of
the fluorophore (e=140,000 M 'cm™
for IRD40"? relative to the ultraviolet
(UV) absorbance of the nucleotide
(e =15,400 M *cm™ for dATP)?Y can
be observed clearly. The high NIR molar
absorptivity enhances the overall sensi-
tivity. IR-dATP has a NIR absorption
maximum of 770 nm and fluorescence
emission maximum of 790 nm allowing
detection with previously described in-
frared imaging systems.'> The UV ab-
sorption maximum of the adenine deox-
ynucleotide is shifted from 259 nm (for
dATP)@" to 278 nm by attachment of

INFRARED FLUORESCENT dATP

the linker arm plus fluorophore to the
heterocyclic purine ring.

DNA Sequencing

The large quantity of DNA sequencing
being performed currently probably pre-
sents the greatest requirement for label-
ing of DNA molecules. Figure 3 demon-
strates the use of IR-dATP for labeling
DNA sequencing fragments utilizing a
modified bacteriophage T7 DNA poly-
merase (Sequenase).®> This enzyme dis-
playg high processivity and an ability to
incorporate a number of nucleotide an-
alogs, including infrared fluorescently
labeled dATP, into the growing DNA
chain. A labeling step with IR-dATP as
the sole source of adenine nucleotide in-
corporates fluorescent label into se-
quencing fragments prior to a dideoxy-
nucleotide-specific chain termination
reaction. This is analogous to the proto-
col performed with radiolabeled deoxy-
nucleotides in the original modified T7
polymerase methodology. An IRD40 5-
end-labeled primer sequencing reaction
(lanes 1-4) is directly compared with an
IR-dATP internal label reaction (lanes
5-8) in Figure 3A. Both reactions utilized
identical single-stranded M13mpl8
template and universal M13 Forward
primer (unlabeled in the latter case) and
produced quite similar results indicating
that both labeling strategies are capable
of generating high-quality DNA se-
quence data. The labeled primer se-
quencing bands migrate somewhat
slower because of increased electro-
phoretic drag by the fluorophore located
at the terminus of the DNA fragments.
Figure 3B shows similar high-quality se-
quencing results obtained with a dou-
ble-stranded plasmid. This IR-dATP la-
beling protocol eliminates the need for
labeled sequencing primers, thus mak-
ing NIR primer walking strategies feasi-
ble.

The results shown in Table 1 summa-
rize our success rate with the incor-
porated labeling protocol for sin-
gle-stranded DNA sequencing in the
context of the C. elegans genome se-
quencing project. It should be noted
that the majority of the templates used
in incorporated labeling reactions de-
scribed here had given poor results by
standard cycle sequencing procedures,
because of the presence of either ho-
mopolymeric runs of C’s or G’s or of di-
nucleotide repeat regions (CA’s or GA’s).
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FIGURE 2 Absorption (solid curve) and fluorescence emission (dashed curve) spectra of IR-dATP
dissolved in 100 mM phosphate buffer (pH 7.0). The absorbance maximum at 770 nm is caused
by the NIR fluorophore; the 278-nm maximum corresponds to the adenine base.
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FIGURE 3 Sequencing of DNA using IR-dATP.
(A) Single-stranded M13mp18 sequenced
with a universal M13 Forward primer §
end-labeled with IRD40 (lanes 1-4) or with
unlabeled primer using IR-dATP (lanes
5-8). (B) Double-stranded pBluescript II
SK + sequenced with a universal M13 For-
ward primer using IR-dATP.
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We define success as the acquisition of
usable sequence data through the prob-
lem region. The use of a strategy com-
bining the processivity of Sequenase
with the flexibility afforded by the in-
corporated labeling and custom oligo-
mers allows us to solve ~70% of these
difficult repeat regions. In general, suc-
cessful sequencing reactions through
these regions yield ~200- to 500-base
read lengths, depending on the severity
of the problem region. Failures here typ-
ically are caused by the inability of the
polymerase to maintain high fidelity
through the region. Enhanced perfor-
mance of the universal M13 Forward
(~29) primer may be the result of opti-
mization for this binding site, combined
with extensive experience in its use.*®
Currently, we are experimenting with
reaction modifications aimed at in-
creasing the percentage readthrough
achieved by the polymerase in these dif-
ficult regions. Our overall success in se-
quencing reactions using the incorpo-
rated labeling strategy indicates that it is
a reliable, robust procedure for a variety
of sequencing templates and primers.
Multiple incorporation of IR-dATP
into sequencing fragments would pro-
duce multiple bands for each dideoxy
termination position because of the dif-
ferences in electrophoretic mobility of
identical DNA molecules with different

numbers of infrared fluorophores at-
tached. In our experience with a number
of different templates and primers, we
have not observed multiple banding
even when sequencing fragments are
separated on high-resolution 66-cm se-
quencing gels, indicating that all detect-
able fragments contain an identical
number of fluorophores. Identical ex-
perimental observations have been ob-
tained with fluorescein-15-dATP using
visible wavelength instruments.®® In
addition, Figure 3A depicts a direct com-
parison of a sequencing reaction using
labeled primer (synthesized containing
only one fluorophore; lanes 1-4) to an
internal label reaction (lanes 5-8). Be-
cause the NIR fluorophore is so large
(~1000 daltons) it is expected that mul-
tiply labeled strands would migrate
more slowly than singly labeled strands
regardless of label placement. Because
the internally labeled fragments migrate
faster than the labeled primer frag-
ments, it is reasonable to conclude that
they contain only one fluorophore.

We hypothesize that incorporating
IR-dATP into the growing DNA chain is
difficult for the polymerase because of
the bulk (~1000 daltons) and hydropho-
bic character of the fluorophore. When
one IR-dATP molecule is incorporated,
further polymerization may be hindered
severely by the low dNTP concentration
within the labeling reaction and by the
absence of unmodified dATP. When
higher concentrations of dNTPs (includ-
ing unmodified dATP) are added during
the dideoxy termination reaction, poly-
merization continues until dideoxy-spe-
cific termination occurs, resulting in se-
quencing fragments singly labeled with
the fluorophore. A similar scenario is
postulated for incorporation of fluores-
cein-15-dATP, which contains a visible
wavelength fluorophore that is only
~50% of the molecular mass of the NIR
fluorophore.®*» Further experimenta-
tion is required to clarify the molecular
mechanisms of the labeled nucleotide
incorporation.

Incorporation of IR-dATP into DNA
is not accomplished as readily as un-
modified dATP because of the presence
of the fluorophore. We have found that
replacing unmodified dNTPs (dCTP,
dGTP, and dTTP) in the labeling reac-
tion with o-thio-dNTPs, enhances the
incorporation of IR-dATP into the re-
sulting sequencing fragments. a-Thio-
dNTPs have been utilized previously
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TABLE 1

Success Rate of Labeling Protocol for C. elegans Genome Sequencing Project

Oligonucleotide type (universal

Template type or custom)

Successful reactions/total
(%)

ssM13 subclones

ssM13 subclones custom

universal (-=29) primer

34/36 (94.4)
10/15 (66.6)

to improve banding patterns in auto-
mated DNA sequencing.”® In NIR in-
ternal label automated sequencing o-
thio-nucleotides increase signal inten-
sity approximately two- to fourfold, as
shown in Figure 4, for both single- and
double-stranded templates. The exact
mechanism of this enhancement cur-
rently is not known, although the de-
creased affinity of the T7 polymerase for
o-thio-dNTPs relative to deoxynucle-
otides may enhance the probability of
incorporating the labeled dATP into the
synthesized strand.
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FIGURE 4 Effect of a-thio-dNTPs on IR-dATP
incorporation. (A) Single-stranded M13mp18
sequenced using a universal M13 Forward
primer with unmodified dNTPs (dCTP, dGTP,
and dTTP) (lanes 1-4) or a-thio-dNTPs (lanes
5-8) in the labeling reaction. (B) Double-
stranded pBluescript IT SK + sequenced using
a universal M13 Forward primer with unmod-
ified dNTPs (lanes I1-4) or o-thio-dNTPs
(lanes 5-8) in the labeling reaction.

PCR

The development of PCR methodology
for amplification of low-copy-number
DNA targets has greatly enhanced mo-
lecular analysis of the genome, @*2%
STRPs (repeats of di-, tri-, or tetranucle-
otide sequences varying in number of re-
peat units among individuals) have
proven to be of great use in gene map-
ping, genetic diagnostics, paternity
testing, and forensic analysis.*® Con-
ventijonally, STRPs are detected by per-
forming PCR amplification of genomic
DNA with two defined primers flanking
the polymorphic repeat site with radio-
labeled deoxynucleotide present in the
reaction. More recently, however, auto-
mated detection systems using fluores-
cently labeled PCR primers and laser ir-
radiation have yielded rapid and
consistent results with higher through-
put.27:28)

A fluorescently labeled nucleotide,
such as IR-dATP, can also be utilized for
labeling PCR products by including a
limited quantity (200:1 ratio of unla-
beled to labeled dATP) in the amplifica-
tion reaction. Figure 5 shows the STRP
patterns of three nuclear families utiliz-
ing IR-dATP labeling with primers
that amplify the BRCAI region on
chromosome 17q12-q21.*® This locus
has drawn intense interest recently be-
cause of its influence on susceptibility to
breast and ovarian cancer.®®” The frag-
ments range from 235 to 259 bases and
show inheritance of one maternal and
one paternal allele in each child clearly.
The two bands present for each allele are
caused by the incorporation of NIR label
into both strands of the PCR product,
which possess different electrophoretic
mobilities because of differences in base
composition. Multiple banding caused
by multiple incorporation of IR-dATP
has not been observed. The 200:1 ratio
of dATP to IR-dATP was empirically de-
termined to be optimal for maximum
incorporation of NIR label into PCR
products without affecting the PCR.

INFRARED FLUORESCENT dATP

Higher ratios of IR-dATP do not yield a
greater signal but increase the possibility
of multiple labeling or inhibiting full-
length product formation.

Restriction Fragment Labeling

The presence of 5" overhangs containing
deoxythymidine on certain restriction
fragments provides a suitable structure
for labeling such forms of DNA. A 5’
overhang can be filled in by a poly-
merase if appropriate nucleotides are
available. We have used this strategy to
label fluorescently Hinfl and Sau3AI di-
gests of pBluescript II SK + utilizing IR-
dATP (Fig. 6). Hinfl overhangs require
only IR-dATP, whereas Sau3Al over-
hangs require dGTP prior to incorpora-
tion of adenine deoxynucleotide. Seque-
nase DNA polymerase, which is able to
incorporate IR-dATP into sequencing
fragments, also can utilize this labeled
nucleotide for 5’ overhang fill-in reac-
tions. Restriction fragment sizes were
confirmed by comparison with a stan-
dard sequencing ladder and match pre-
dicted sizes and agarose gel band pat-
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FIGURE 5 Allelic profiles of three nuclear
families (family 1, lanes 1-3; family 2, lanes
4-6; and family 3, lanes 7-9) for locus BRCAI.
PCR products were labeled using IR-dATP. (F)
father; (C) child; (M) mother.
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FIGURE 6 Restriction fragment labeling using
[R-dATP. A sequence ladder of single-
stranded M13mp18 sequenced with a univer-
sal M13 Forward primer is shown (lanes 7-4)
together with Hinfl (lane 5) and Sau3Al di-
gests (lane 6) of pBluescript II SK + labeled us-
ing IR-dATP. (Right) Restriction fragment size
(in number of bases). The original image was
reduced vertically to 15% of its original size.

terns produced by the two digests. The
dynamic range of analysis of the frag-
ments is quite good, extending from 36
to 1074 bases, which is substantially
better than that attainable by agarose
gel electrophoresis. Smaller fragments
(<100 bp) are not labeled as strongly as
larger fragments, probably because of
the preferential loss of small fragments
in the ethanol precipitation subsequent
to the restriction digest, where they were
initially present in equimolar amounts.
High-resolution electrophoresis of la-
beled restriction fragments on a 41- or
66-cm denaturing gel reveals two bands
for each fragment (not shown) because
of differences in base composition be-
tween the two denatured complemen-
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tary strands. Other types of restriction
fragment termini (3’ overhangs, blunt
ends, 5’ overhangs lacking a deoxythy-
midine) can be rendered suitable for fill-
in labeling by ligation of an appropriate
oligonucleotide adaptor to produce an
appropriate 5” overhang.

CONCLUSIONS

Certain DNA polymerases such as mod-
ified T7 polymerase (Sequenase) and Tag
polymerase have the ability to incorpo-
rate modified nucleotides during the
synthesis of a DNA polymer. In the case
of IR-dATP, the modification consists of
a fluorophore which is approximately
twice the molecular mass of the unmod-
ified nucleotide. Nonetheless, this mol-
ecule facilitates a novel NIR labeling
strategy that permits high-sensitivity in-
frared analysis of a wide variety of DNA
structures.

Additional applications of this re-
agent can be envisioned. Alteration of
reaction conditions or alternate poly-
merases may allow multiple incorpora-
tion of IR-dATP in random priming
and/or nick translation protocols to pro-
duce NIR-labeled hybridization probes.
Such probes would allow NIR technol-
ogy to be applied to analysis of South-
ern, Northern, and dot blots, as well as
use in fluorescence in situ hybridization
(FISH). Another possibility might be to
include this reagent in in situ PCR reac-
tions to facilitate NIR analysis of certain
cytologic and histologic features, thus
eliminating the need for postamplifica-
tion hybridization detection.
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