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Short Communication

Microchip frontal affinity chromatography
to study the binding of a ligand to
teicoplanin-derivatized microbeads

Microchip frontal affinity chromatography was demonstrated to estimate the binding of
5-carboxyfluorescin-(p-Ala); (1) to magnetic microbeads derivatized with teicoplanin
(Teic) from Actinoplanes teicomyceticus. In this technique, a cross-chip was used whereby
the two side channels contained an identical length (1.5mm) of derivatized Teic
microbeads (affinity column) and underivatized beads (control column), respectively.
Cylindrical NdFeB magnets were fabricated into the PDMS chips to retain the magnetic
beads. Upon application of a voltage, a sample of 1 was continuously introduced into the
affinity column followed by a buffer wash and the same sample from the control channel.
The extent of interaction between 1 and the two types of beads in either microchannel
resulted in differences in migration time of the ligand as detected by fluorescence. This
difference was used to obtain a value for the binding constant between 1 and Teic-beads
of 5.4 x 10* M™". This technique reduces the amount of sample needed for the binding

assay as compared with conventional frontal affinity chromatography techniques.
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Since its inception 40 years ago [1], affinity chromatography
(AC) has been widely applied to separate biochemical
mixtures. More recently, AC has been used in chiral
separations, sample preparation and clean-up, on-line
proteolytic digestion, biocatalysis and for screening libraries
of potential lead-compounds [2-7]. The latter application
used AC in the frontal analysis mode (FAC) [5-7]. The basic
premise of FAC is that a continuous infusion of a
compound will allow for equilibration of the ligand between
the free and bound states. FAC has several advantages. For
example, the interaction in question can be easily measured
without significantly altering the equilibrium. The experi-
mental procedure is simple and the technique yields highly
reproducible and accurate data [8]. Drawbacks of FAC
include large sample consumption (usually mL quantities),
low surface areas, high back pressures, difficulty in filling
columns with beads, and adsorption of biomolecules onto
the hydrophobic surface [9].

Over the past 10 years, MCE has become one of
the most powerful analytical tools due to extremely
low sample and reagent consumption, high separation
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efficiency, miniaturization, high-throughput capabilities
and easy integration [10-14]. MCE offers three modes for
studying the binding of ligands to receptors: (i) microchip
zone CE [15]; (ii) microchip ACE [16-18], and (iii) microchip
frontal analysis [19-20]. Common to all three modes is that
the receptor-ligand pair under investigation must alter the
size, shape, and/or charge of one of the species to produce a
sufficient change in the migration pattern. In microchip
zone CE, the receptor, ligand, and complex should all have
different electrophoretic mobilities to affect separation. In
microchip ACE, the electrophoretic mobility of the free
receptor must differ from the mobility of the complex and
the kinetics of binding needs to be very fast. In microchip
frontal analysis, there are two requirements for its use:
(i) the mobilities of the receptor and complex should be
similar, and (ii) the mobilities of the ligand and complex
should be different.

Herein, we describe an electrokinetically controlled
microfluidic system containing two magnetic microbead
columns fabricated into the microchannels to estimate the
binding of 5-carboxyfluorescin-(p-Ala); (1) to magnetic
microbeads derivatized with teicoplanin (Teic). One column
is filled with Teic-modified beads and is used as the affinity
column. The second column contains non-derivatized beads
and is used as the control. The extent of interaction between
1 and the two types of beads in either microchannel resulted
in differences in migration time of the ligand, and this is
used in the Scatchard analysis to obtain a value for the
binding constant.

The binding study was performed on a homemade
microfluidic system consisting of two high voltage power
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supplies and a confocal LIF detector described previously
[21]. A three-step procedure was used to fabricate the
microchips for microchip frontal AC (MFAC): (i) magnetic
microbead derivatization with Teic; (i) fabrication of a
hydrophilic microchip; and (iii) packing of magnetic beads
into the microchannels. A solution (100 pL) of carboxylic
acid-terminated magnetic beads from a stock solution
(2 x 10’ beads/mL) was washed (5x) with MES buffer
(25mM, pH 5). A solution (60 pL) of Teic (10 mg/mL) in
MES (25mM, pH 5) was added to the beads and mixed. A
solution (30 puL) of freshly prepared N-(3-dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride (EDC) solution
(100 mg/mL in cold water) and MES buffer (10 pL) were
added to the bead solution and the mixture was incubated
for 6h at room temperature with slight shaking. The solu-
tion was then discarded and beads were suspended in Tris
(50 mM, pH 7.4) buffer for 15 min in order to quench non-
reacted carboxylic acid groups. The beads were then washed
with PBS (100 mM, pH 7.4, 150 mM NaCl, 0.1% BSA) (5 x )
and re-suspended in PBS (1 mL) (100 mM, pH 7.4, 150 mM
Nacl) buffer.

The microchip was prepared by conventional soft
photolithography techniques [10]. The cross pattern consis-
ted of 50um wide channels and was designed using
AutoCAD software (San Rafael, CA) and printed as a high-
resolution (20 000 dip) photomask (CAD/Art Services, OR).
Negative-type photoresist (SU-8 2025, Microchem, Newton,
MA) was spin-coated onto a 3 inch silicon wafer at 1200 rpm
for 30s to a thickness of 25 um. The mold was spin-coated
with degassed PDMS pre-polymer solution at 800 rpm for
30s and then kept at 70°C for 15 min. With the help of a
“holding” magnet, two 2 mm diameter rare earth magnets
were placed above the side channels where the magnetic
microbeads were initially packed. Degassed PDMS pre-
polymer solution was poured onto the assembly and baked
for 2 h at 70°C. The assembly was peeled off from the mold.
Holes (3mm diameter) used as the sample and buffer
reservoirs were punched. The PDMS assembly was irrever-
sibly sealed to a glass slide after treating with oxygen plasma
(Fig. 1A). The channel surface was coated following the
method described by Wu et al. [22].
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Figure 1. (A) Microchip and representative microchannel. (B-D)
Microchip frontal analysis chromatography (MFAC) protocol (1,
buffer well; 2, sample well; 3 waste well; 4, control well).
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A solution of 20 mM HEPES (pH 7.40) containing
0.10% Tween-20 was used as the running buffer. The
channel was rinsed with redistilled water and running
buffer, respectively, for 3 min. Aliquots (1.4puL) of the
suspension of carboxylic acid-terminated magnetic beads
and Teic-beads were introduced into the respective wells and
were manipulated into the respective channels using a
peristaltic pump. The channel was rinsed with running
buffer in both directions at increasing speed to firmly pack
the beads.

Figure 1B-D shows the voltage application sequence for
the FAC process. A voltage of 1.0 kV was applied to the Teic
column (Fig. 1B) for 300s, followed by application of a
voltage of 1.0kV to the buffer and waste wells (Fig. 1C) for
100's, and finally a voltage of 1.0kV to the control column
(Fig. 1D) for 300s.

EOF was measured with running buffer using the
current monitoring method described by Huang et al. [23].
Both the affinity and control columns were found to have
the same EOF. Figure 2 shows the fluorescence images of
the affinity and control columns after a solution of 1
(0.10 mg/mL) was washed through the microchannel for
6min followed by a buffer rinse for 3 min. The control
column showed no adsorption of 1, whereas the affinity

Figure 2. Fluorescence micrographs of (A) control channel and
(B) affinity channel after incubation with 1 and after rinsing with
the running buffer.
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Figure 3. Representative electropherogram from a single bind-
ing measurement.

column did, proving that the binding of 1 to the Teic-beads
was specific.

In this study, we first examined the binding of 80 uM 1
to the columns. Figure 3 is a representative electro-
pherogram for a single run. The migration time and profile
of 1 in the affinity column was different from those realized
in the control column under the same conditions. The
migration time and slope of the curve for 1 in the affinity
column is greater and smaller, respectively, than that found
in the control column. We attribute these differences to the
fact that 1 binds to the Teic-beads and has no affinity for
unmodified beads. The amount of bound peptide can be
calculated from

L
q:%(tlfto)*A*C (1)

Here, q, L, to, t;, A, and C were the amount of bound 1,
effective separation length, the migration time in the control
column, the migration time in the affinity column, the
intersection area of the channel, and the sample concen-
tration, respectively. For a single run, the sample
consumption was estimated to be approximately 0.4 pL,
whereas conventional FAC usually requires several mL for
the binding assay.

To estimate the binding constant, six different sample
concentrations were used (Fig. 4A). Scatchard analysis was
used to linearize the binding data and is expressed as

r/C = —kr+nk (2)

Here, r is the ratio of bound 1 to total Teic-beads, C is
the concentration of 1, k is the apparent binding constant,
and n is the number of binding sites present on a Teic-bead.
Substitution of Eq. (1) into Eq. (2) yields, after simplification

(t1 —t0)/to = —kC(t1 — to)/to + nk/(ALqr) (3)

Here, gr stands for the total amount of Teic-beads used
in this study. Figure 4B is a plot of the binding of 1 to the
Teic-beads according to Eq. (3). The binding constant was
calculated to be 5.4 x 10*M ™', The value was is in agree-
ment with previous work [21].

We have described an electrokinetically miniaturized
MFAC system for estimating the binding of a fluorescent
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Figure 4. (A) Representative electropherograms used for the
measurement of the binding constant between 1 and Teic-beads.
([1]1 =a, 100 uM; b, 90 uM; ¢, 80 uM; d, 70 uM; e, 60 puM; f, 50 uM).
(B) Scatchard plot of the data for 1 and Teic-beads.

ligand to the glycopeptide antibiotic Teic. Compared with
conventional FAC, this technique offers several advantages
including extremely low sample consumption, ease of
packing, and reproducibility. Further work involves the
development of other microfluidic-based FAC techniques
and the analysis of other receptor-ligand interactions.
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