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Albumin was reacted with a mixture of six electrophore N-hydroxysuccinimide esters, each of which possessed
an interior glycolketo linkage. The purpose of this linkage is to release the attached electrophore as a ketone
when heated, due to a thermal retro-aldol reaction. The multiplex electrophore-labeled albumin was detected
as a dried spot deposited on a polyimide membrane by laser desorption/capillary collection (of the released
ketone electrophores)/off-line gas chromatography/electron capture-mass spectrometry. This encourages
further study of such electrophore labels in immunoassays and related techniques, where there is a need to
make advances in multi-analyte detection. © 1997 John Wiley & Sons, Ltd.
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‘Multi-analyte detection’, the detection of multiple
analytes in a given sample simultaneously (or essen-
tially so), can be advantageous in several respects.
Depending on how it is accomplished, it can improve
sample throughput, reduce the amount of sample
required, and, via the use of internal standards, improve
accuracy and precision. Thus, there is great interest in
multi-analyte detection in several areas (with some
overlap) such as immunoassays,1,2 combinatorial syn-
thesis,3–5 drug analysis6 and DNA sequencing.7

Mass spectrometry is relevant to multi-analyte detec-
tion in two ways: direct detection of multiple analytes,
and detection of multiple molecular labels that are
either attached to analytes or to molecules involved in
a ligand assay for the analytes. For example, metal ions
are being studied as multiplexed labels for detection by
MS.8,9

We are developing electrophores as multiplexed
labels which can be detected by electron capture mass
spectrometry (EC-MS).10,11 In this report we demon-
strate the detection of six electrophores on electro-
phore-multiplexed albumin by the following sequence
of steps: (1) thermal release of the electrophores by
CO2 laser desorption, (2) collection into a vacuum
capillary, and (3) rinsing out the capillary with solvent
and injection into a GC/EC-MS.

EXPERIMENTAL

Materials

Bovine serum albumin (B2518; less than 2% acety-
lated) and 2,4,6-trinitrobenzene sulfonic acid (TNBS)
were obtained from Sigma (St. Louis, MO, USA).
Electrophores 1, 2, 3 and 6 were synthesized as
described,11 and 4 and 5 were prepared similarly.
Kapton type HN polyimide membrane was from
Dupont (Circleville, OH, USA).

Electrophore-multiplexed albumin

Albumin labeling.Albumin (2 mg) was dissolved in 1
mL of 0.1 M potassium phosphate, pH 8.0, and a
solution of the 1–6 (ca. 2 mg each) in 2 mL acetonitrile
was added. After 5 min of vortexing and then standing
at room temperature for 24 h, the sample was dialyzed
against 7 3 2 liter of the corresponding 0.01 M buffer at
room temperature for two days, followed by gel
filtration on a Sephadex PD-10 column (Pharmacia,
Uppsala, Sweden). The amount of albumin recovered
was determined using a Total Protein kit (690-A,
Sigma) and the number of residual free amino groups
remaining was measured using TNBS,12 based on
calibration with albumin in each case.

Laser desorption

A µ-TEA CO2 laser (Laser Science, Inc., Newton, MA)
with a pulse energy of 7 mJ and a pulse width of 500 ns
at 1 ~ 20 Hz was used. The electrophore-protein (260
ng) in 0.5 µL water was deposited onto the center of a
25 µm thick polyimide membrane (1 3 1.5 cm2), to give
a spot with a diameter of about 2 mm (front side by
definition). The CO2 laser beam was focused to a zone
of about 200 3 300 µm2 within the sample spot onto
the back side of the membrane. After a single laser
pulse was applied, a cooled (acetone/dry ice) collection
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capillary under vacuum on the front side (2 mm from
the membrane surface), which collected some of the
plume of electrophores, was rinsed with 20 µL of ethyl
acetate, and 1 µL was injected into a GC/EC-MS
(Hewlett Packard 5988A MS coupled to a HP 5890 GC
fitted with an Hewlett Packard Ultra-2 HP capillary
column, 25 m 3 0.32 mm i.d., 0.17 µm film thickness;
Wilmington, DE, USA).

RESULTS AND DISCUSSION

The structures of the six electrophore
N-hydroxysuccinimide esters employed in this study
are shown in Fig. 1. The purpose of the p-methoxy
group in compounds 1 and 3 is to stabilize this site on
the tetrafluorobenzyl moiety against chemical substitu-
tion during synthesis, since a fluorine atom at this
position tends to undergo nucleophilic substitution. In

compounds 2, 4, 5 and 6, this complication is avoided by
employing a bis-trifluoromethyl-benzyl moiety. The
other structural variations in the compounds are
present to create different masses for the ions that are
ultimately formed and detected as discussed below.
Previously we demonstrated that electrophores such as
these give electron capture mass spectra in which there
is just one major peak along with the isotope peak and
one or two minor peaks.11

Albumin as a model protein was modified with a
mixture of compounds 1–6. Assay of the albumin
before and after this modification revealed that 76% of
the primary amino groups (61 total) on the protein
were labeled. This total labeling was reproducible (79%
in a second experiment). In spite of this significant
degree of labeling, the albumin remained fully soluble
throughout the procedure, reflecting in part the moder-
ate polarity (as designed) of our electrophore labels. A
control experiment in which albumin was similarly
exposed to the carboxylic acid precursors of com-
pounds 1–6 demonstrated that < 2% of these precursor
compounds were co-recovered with the albumin at the
end of the procedure.

Laser desoprtion of the multiplex electrophore-
labeled albumin was performed according to the
drawing shown in Fig. 2. The purpose of the helium–
neon laser was to provide a visible beam to monitor the
location of the beam from the CO2 laser. A droplet of
the electrophore albumin was evaporated onto poly-
imide membrane (front side) followed by application of
a single pulse of radiation from the CO2 laser to the
back side. The CO2 laser beam was focused with a ZnSe
lens to give an energy density 5 J/cm2. Based on the fact
that a 25 µm thick polyimide membrane has an
absorbance of 0.35 at 10.6 µm, we calculated that the
temperature on the front side of the 25 µm thick
polyimide membrane within the heated zone should
have risen to about 500 °C.13 Since the electrophores
possess a â-hydroxyketo linkage that can undergo a
thermal retro-aldol reaction to form a ketone at the
â-hydroxy site, the laser desorption thereby releases
tetrafluoromethoxybenzyloxy- or bis-trifluoromethyl-
benzyloxy acetophenone-like products. We anticipated
500 °C would be sufficient to release the ketones for
two reasons. First of all, such ketones are observed
when compounds similar to 1–6 are injected into a gasFigure 1.

Figure 2.
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chromatograph fitted with an injector heated at 300 °C,
and the yield was 95% for one tested quantitatively.11

Secondly, â-hydroxyketones are known to undergo a
thermal retro-aldol reaction on a millisecond time scale
at this temperature.14

As shown in Fig. 2, a cold capillary under vacuum is
positioned to trap at least some of the plume of laser-
desorbed ketone electrophores. For a ketone electro-
phore deposited on the membrane, the collection
efficiency was found to be 10% without any effort at
optimization. After the desorption, the capillary was
rinsed with ethyl acetate. Injection of this latter solution
into a GC/EC-MS gave the mass chromatograms shown
in Fig. 3. Six ion channels were monitored, one for each
of the acetylphenolate-like ions anticipated from com-

pounds 1–6. Because the electrophore derived from
compound 2 gives a fragment at m/z 135 with a 1%
relative abundance, a peak at this position is seen in the
m/z 135 chromatogram along with one for the electro-
phore formed from compound 1. All of the ketone
electrophores give a similar electron capture response
(within a factor of 2). Thus the variation in ion intensity
among the six chromatograms arises in part from other
factors such as differences in the reactivity of the
albumin with compounds 1–6. The same pattern of peak
intensities was observed for both preparations of
electrophore-labeled albumin.

The good signal-to-noise ratio that we have obtained
in this experiment encourages further testing along
these lines. Ultimately our goal is to measure the plume

Figure 3.
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of ketone electrophores directly by electron capture
time-of-flight mass spectrometry. This may be a more
difficult challenge in terms of noise, since there will be
no intervening collection capillary or GC separation to
purify the electrophores prior to such detection.
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