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Abstract

Near-infrared dyes are attractive as labeling reagents to enhance sensitivity in trace analysis largely because background
fluorescence is low in this spectral region. Here we demonstrate, towards a goal of detecting DNA adducts in small
biological samples, that some near-infrared (IR) dye-labeled deoxynucleotides can be separated and detected with high
sensitivity by capillary electrophoresis (CE)-laser-induced fluorescence detection (LIF) in a realistic way (handling
detection limit of 25 amol) for near-IR dye-labeled deoxynucleotides. This detection limit is achieved by polarity-switching
injection of 2.0ul from a volume of 5.0ul, in which the compounds are B0~ ** mol/l in 50% aqueous methanol. Although
the adenine and cytosine-containing conjugates co-migrated, the other three (gudnine, N -ethylguanine and thymine) were
resolved.
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1. Introduction our earliest studied1-3], more recently we are
studying a near-infrared cyanine dye. However, the
Towards a goal of detecting DNA adducts (car- large size of such dyes potentially is an obstacle for
cinogen-modified nucleotides) in small biological their use as chemical tags. This is because it might
samples, we have continued to develop a technique be difficult to separate small analyte molecules after
in which the DNA adducts are labeled with a tagging. This problem was encountered in more
fluorescent dye and then detected by capillary elec- general terms, for example, when a bulky radioac-
trophoresis with laser-induced fluorescent detection tivity tag was used to label nuclgd$ides
(CE-LIF). For the labeling, we employ a dye Previously we demonstrated that as little as 0.8
conjugated to an imidazole functional group. The amol of a cyanine near-infrared dye could be handled
imidazole links onto the phosphate of a nucleotide and detected by CH5LIHere we move on to
after this latter moiety has been activated with a dye-nucleotide conjugates, and establish CE-LIF
carbodiimide. While we employed a BODIPY dye in conditions that accomplish, simultaneously, the fol-

lowing: (1) large volume, methanol-rich, polarity-
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of the five conjugates that we injected, including
high resolution of deoxyguanosiné-Bionophos-
phate and N -ethyldeoxyguanosineronophos-
phate.

A handling detection limit refers to the minimal
amount that one can actually handle prior to in-
jection. Such a detection limit is important in general

since trace analytes commonly undergo losses during

handling. It is particularly important for the detection

of substances such as DNA adducts because the
amounts are limited. As we have discussed before,

method development in trace analysis by CE-LIF
tends to proceed through a sequence of “peak”,
“injection”, “handling” and “real sample” detec-
tion limits [5].

2. Experimental

Synthesis of the near-IR dye, construction of the
near-IR LIF detector (now available as the ZETALIF
near-IR detector from Picometrics, Ramonville,
France), and set up of the CE-LIF system were
described beforg5]. The dye was conjugated to a

histamine-containing leash as described for a corre-

sponding BODIPY dye[2,6]. Nucleotides were
conjugated to the dye as described for a BODIPY-
histamine reagent’] and purified by HPLC: Wdac
C,-silica, 250x4.6 mm, gradient from 20 M
triethylammonium acetate pH 7.0—-methanol (1:1, v/
V) (as A—B) to A—B (2:8) in 20 min. K -Ethyldeoxy-

guanosine-5monophosphate was synthesized as de-

scribed [8]. New capillaries (7%0.10 mm) were
conditioned with flowing (50 mbar) 0.1 mol/l NaOH
for 1 h, then rinsed with water for 10 min. Before
each injection, the capillary was flushed with 0.1
mol/l NaOH for 5 min, water for 5 min, 90%
methanol for 5 min, and running buffer (sé&. 1)
for 10 min.

3. Results and discussion
Many DNA adducts comprise modifications of the

nucleobase moiety, which also is the group that
ionizes at moderately low and high pH values (pH

3-4.5 and 9-12 ranges). Thus we focused on
electrolytes in these pH ranges for the CE separation
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of our dye-nucleotide conjugates. We also included
=20% methanol in the electrolytes since this organic
solvent enhances both the solubility and brightness
of the dye. Five dye-nucleotides (A, G, T and C, plus
arf N -ethyl-G adduct) were tested. The latter adduct
forms in alcohdB¢sOnly three, partly-separated
peaks could be obtained for the mixture of the five
compounds in the low pH range (data not shown).
Although a single peak for the mixture was observed
(not surprisingly, considering their pK values) at pH
8.5 (M sodium borate—methanol, (1:1, v/v)),
four peaks were observed (A and C co-migrated)
starting at pH 9.0 (partial resolution), that were fully
resolved throughout the pH range of 9.0-10.0; pH
9.8 was optimal (data not shown). This concentration
of methanol also turned out to be optimal: less
methanol reduced the migration time at the expense
of resolution, while more methanol degraded res-
olution largely as a consequence of prolonging the
migration time, which yielded broader peaks. In-
creasing or decreasing the buffer concentration had a
similar effect. Although 20 borate increased the
resolution somewhat, it doubled the migration time.
We next turned our attention to practical sensitivi-
ty, which means how much of the analyte one can
handle for detection. For detection by CE—LIF, this
demands an enrichment injection of a large volume.
By employing polarity-switching injection conditions
[1,10], as illustrated and described fig. 1, we were
able to measurel@ 5 mol/l solution of the
dye-nucleotide mixture by injectingl 2s a metha-
nol-water (90:10) solution into the capillary filled
with the 50% aqueous methanol solution of the
buffer (10 Mn borate, pH 9.8). However, the
reproducibility was very poor in terms of resolution
and recovery. We assumed that the origin of this
problem, at least in part, was the difference in the
concentration of methanol between the injection
solvent and electrolyte, creating a variable distur-
bance at this interface, which in turn made it difficult
to optimize resolution and recovery simultaneously.
Thus we changed the injection solvent to 50%
agueous methanol, which gave a much more re-
producible separation. A representative elec-
tropherogram is showig.ii, in which 2.0l of
16 ** mol/l sample was injected from a sample
volume ofuf.@iving a handling-detection limit
of 25 amol (amount in {dg The efficiency
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Fig. 1. Electropherogram of near-IR dye deoxynucleotide conjugate$-dABIP (A), 5-dCMP (C), N -ethyl-5-dGMP (Et-G), 3-TMP

(T) and B8-dGMP (G). Detector: ZETALIF (Picometrics), with excitation at 785 nm. Capillary: 75 cm (60 cm to the detection
window)X 100 pm. Running buffer: methanol-10vhsodium borate pH 9.8 (1:1, v/v). Injection: from gu% volume of 510™** mol/I of

each analyte in methanol-water (1:1, v/v), was pressure-injected (50 mparAfter —20 kV was applied at the sample end (see inset)
until the current reached-95% of its value for running buffer, the polarity was switched and separation commence2DakV.

varies from 18 000 to 28 000 when multiple runs are nation of pre-labeling HPLC followed by post-label-
made. ing CE-LIF, e.g. A and C deoxynucleotides are
While dye-labeled nucleotides of A and C are not readily separated by reversed-phase [HPLC
resolved in the electropherogram showrfig. 1,the High sensitivity is extremely important in studies of
resolution of the G and N -G dye-labeled nucleotides DNA adducts, since large populations of people need
is high, as is the overall sensitivity. Ultimately we to be tested to produce meaningful epidemiology

plan that overall selectivity will come from a combi- data. This in turn means that a practical biological
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sample, such as a fingerprick of blood, needs to be 340811E3119 from the Massachusetts Department of
sufficient for such testing. Public Health, and NIEHS grant ES10539. Contribu-
tion No. 827 from the Barnett Institute.
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