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Abstract

Binding constants of the glycopeptide antibiotics teicoplanin (Teic), ristocetin (Rist), and vancomycin (Van), and their derivatives to
D-Ala–D-Ala terminus peptides were determined by on-column ligand and receptor synthesis coupled to affinity capillary electrophoresis
(ACE) or partial filling ACE (PFACE). In the first technique, 9-fluorenylmethoxycarbonyl (Fmoc)–amino acid–D-Ala–D-Ala species are first
synthesized using on-column techniques. The initial sample plug contains a D-Ala–D-Ala terminus peptide and two non-interacting standards.
Plugs two and three contain solutions of Fmoc–amino acid–N-hydroxysuccinimide (NHS) ester and buffer, respectively. Upon electrophoresis,
the initial D-Ala–D-Ala peptide reacts with the Fmoc–amino acid NHS ester yielding the Fmoc–amino acid D-Ala–D-Ala peptide. Continued
electrophoresis results in the overlap of the glycopeptide in the running buffer and the plug of Fmoc–amino acid–D-Ala–D-Ala peptide and
non-interacting markers. Subsequent analysis of the change in the electrophoretic mobility (µ) or relative migration time ratio (RMTR) of the
peptide relative to the non-interacting standards, as a function of the concentration of the antibiotic, yields a value for the binding constant.
In the second technique, derivatives of the glycopeptides Teic and Rist are first synthesized on-column before analysis by ACE or PFACE.
After the column has been partially filled with increasing concentrations of D-Ala–D-Ala terminus peptides, a plug of buffer followed by two
separate plugs of reagents are injected. The order of the reagent plugs containing the antibiotic and two non-interacting standards and the
anhydride varies with the charge of the glycopeptide. Upon electrophoresis, the antibiotic reacts with the anhydride yielding a derivative of
Teic or Rist. Continued electrophoresis results in the overlap of the derivatized antibiotic and the plug of D-Ala–D-Ala peptide. Analysis of
the change in RMTR of the new glycopeptide relative to the non-interacting standards, as a function of the concentration of the D-Ala–D-Ala
ligand yields a value for the binding constant.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Glycopeptide antibiotics of the vancomycin group are
a class of naturally occurring antibiotics produced by the
fermentation of microorganisms[1,2]. They inhibit the
growth of Gram-positive bacteria by hindering cell wall
peptidoglycan biosynthesis[3–8]. These drugs bind to
the D-Ala–D-Ala portion of peptidoglycan intermediates
and inhibit the transglycosylation reaction required for
cross-linking of the cell wall, thereby, resulting in bacte-
riostasis or bacterial cell death.
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The history of the fight against infectious bacteria fo-
cuses on the recurring problem of drug resistance. For ex-
ample, the evolution of methicillin-resistantStaphylococcus
aureus (MRSA), resistant to all established antibiotics, is
now a serious worldwide problem[9]. At present, the only
treatment for MRSA is vancomycin (Van). Unfortunately,
among the most dramatic and worrisome examples of re-
sistance to antimicrobial agents in recent years has been
the emergence and spread of Van resistance in enterococci
(VRE).

Van (Fig. 1A) from Streptomyces orientalis has been
called the antibiotic of last resort because of its effectiveness
in treating infections caused by bacteria resistant to other
antibiotics. Like Van, teicoplanin (Teic) (Fig. 1B) from
Actinoplanes teicomyceticus and ristocetin (Rist) (Fig. 1C)
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Fig. 1. Structures of (A) vancomycin complexed withN-Ac–D-Ala–D-Ala (6), (B) teicoplanin, and (C) ristocetin.
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from Nocardia lurida, inhibit cell wall synthesis by im-
peding the action of transglycosylases and transpeptidases
[10–12]. It is becoming increasingly important to develop
new Van-group antibiotics, study their physicochemical
parameters, and to examine their activity against VRE.
Of equal importance is the development of new analytical
methods that would allow for high-throughput synthesis
and binding analysis of potentially important drug targets.
Current glycopeptide research focuses on one, the design
of new antibiotics to better understand the factors which
promote and hinder binding to their target molecules and,
two, the development of new peptides to mimic surface
modifications on the bacterial cell wall. In order to analyze
these compounds, it is important to develop efficient ana-
lytical techniques to examine the effect the derivatization
of glycopeptides and D-Ala–D-Ala terminus peptides has
on the binding event.

Capillary electrophoresis (CE) is an important analyt-
ical technique in many research laboratories primarily
because of its small sample size requirement and high
speed of analysis. CE separates molecules based on their
charge-to-mass ratio upon application of a voltage gradi-
ent. During the past decade CE has evolved into a pow-
erful analysis technique focusing on water-soluble ionic
species.

Recent advances in molecular biology have aided in
the determination of a great number of molecular in-
teractions including protein–peptide, protein–DNA, and
antibody–antigen. Affinity capillary electrophoresis (ACE)
is one technique that has been used to characterize a num-
ber of receptor-ligand interactions[14–44]. For example,
De Lorenzi et al. used ACE to characterize the interac-
tion between drugs and transthyretin[25]. Progent et al.
used ACE to determine binding constants between anionic
polydispersed polymers and peptides[26]. Finally, Kiessig
et al. probed the binding of the human immunodeficiency
virus (HIV) capsid protein p24 to cyclophilins using ACE
[27]. In ACE, free and bound forms of a receptor can be
distinguished as a function of the concentration of free
ligand in the electrophoresis buffer. Unlike other forms of
binding assays, ACE does not require that free and bound
receptor/ligand be known, hence, ACE simplifies the es-
timation of Kb. In a traditional ACE study, the receptor
is subjected to increasing concentrations of ligand in the
running buffer thereby causing a shift in the migration
time of the receptor. Analysis of this change in migration
time relative to a standard(s) yields a value for the binding
constant.

Herein, we combine on-column derivatization and ACE
to estimate binding constants of D-Ala–D-Ala terminus pep-
tides to the glycopeptide antibiotics Teic, Rist, and Van
(Fig. 2). The data described here demonstrate the advan-
tages of using on-column derivatization and ACE to estimate
binding parameters between ligands and antibiotics. These
techniques can be further developed to evaluate a variety of
on-column modified species.

2. Experimental

2.1. Chemicals and reagents

All chemicals were analytical grade. 9-Fluorenylmethoxy
carbonyl (Fmoc)–Gly–N-hydroxysuccinimide (NHS) es-
ter, Fmoc–Ala–NHS, Gly–Ala–Ala–D-Ala–D-Ala, and
D-Ala–D-Ala–D-Ala–D-Ala were purchased from Bachem
California (Torrance, CA, USA) and used without fur-
ther purification. 4-Carboxybenzenesulfonamide (CBSA)
was purchased from Aldrich (Milwaukee, WI, USA).
D-Ala–D-Ala, D-Ala–D-Ala, nicotinamide adenine dinu-
cleotide (NAD), vancomycin (Van),N-acetyl–D-Ala–D-Ala,
6, and N�,N�-diacetyl–Lys–D-Ala–D-Ala, 7, were pur-
chased from Sigma (St. Louis, MO, USA). Teicoplanin·HCl
was purchased from advanced separation technologies
(Whippany, NJ, USA) and was used without further
purification. Ristocetin was purchased from Bio Data
Corp. (Horsham, PA, USA) and was used without further
purification. Mesityl oxide (MO) was purchased from Cal-
biochem (San Diego, CA, USA). Fmoc–Gly–D-Ala–D-Ala,
1, was synthesized off-column based on literature proce-
dures [13]. For on-column ligand synthesis, stock solu-
tions of Rist, Teic (100�mol/l), and Van (200�mol/l),
Gly–Ala–Ala–D-Ala–D-Ala (0.001 mol/l), D-Ala–D-Ala–
D-Ala–D-Ala (0.001 or 0.01 mol/l), D-Ala–D-Ala (0.001
or 0.01 mol/l), D-Ala–D-Ala–D-Ala (0.001 or 0.01 mol/l),
NAD (2.5 mmol/l), and CBSA (1 or 3 mmol/l) were each
prepared by dissolving in buffer (20 mM phosphate buffer;
pH 7.5). For on-column receptor synthesis, stock solutions
of NAD (1 mg/ml), Teic (0.4 mg/ml), and Rist (1 mg/ml),
were each prepared by dissolving the samples in buffer
(20 mM phosphate, pH 6.9). Stock solutions of acetic anhy-
dride and succinic anhydride were prepared by dissolving
the compounds in acetonitrile.

2.2. Apparatus

The capillary electrophoresis (CE) system used in this
study was a Beckman Model P/ACE 5510 (Fullerton, CA,
USA). The capillary tubing (Polymicro Technologies, Inc.,
Phoenix, AZ, USA) was of uncoated fused silica with an
internal diameter of 50�m, length from inlet to detector
of 40.5 cm and a length from detector to outlet of 6.5 cm.
Data were collected and analyzed with Beckman System
Gold software. The conditions used in CE were as follows:
For on-column ligand synthesis coupled to ACE—voltage:
24 kV; current: 35.4�A; detection: 205 nm; temperature:
23 ± 0.1◦C. For on-column receptor synthesis coupled to
ACE—voltage: 20 kV; current: 22�A; detection: UV detec-
tion at 200, 214, 254 nm; temperature: 23± 0.1◦C.

2.3. Procedures

On-column ligand synthesis coupled to ACE: plugs con-
taining a sample of D-Ala–D-Ala terminus peptide and
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Fig. 2. Schematic of on-column (A) ligand and (B) receptor derivatization using ACE.



M. Azad et al. / J. Chromatogr. A 1027 (2004) 193–202 197

CBSA (also NAD in some studies) (1.2 nl) and Fmoc-amino
acid-NHS in acetonitrile (1.2 nl) were vacuum injected into
the capillary. For the Van studies, an extra plug of buffer
was injected (1.2 nl) to separate zones of sample from Van.
Electrophoresis was carried out using 20 mM phosphate
buffer (pH 7.5) for 5.0 min. In the binding studies, elec-
trophoresis was carried out with Rist dissolved in the buffer
solution at increasing concentration (0–80 or 100�mol/l)
24 kV for 5 min. A similar procedure was used for Teic and
Van except the concentration of Teic and Van in the run-
ning buffer was between 0 to 25�mol/l and 0 to 40�mol/l,
respectively.

On-column receptor synthesis coupled to PFACE: A sam-
ple of D-Ala–D-Ala ligand was vacuum injected into the
capillary for 8.0–12.0 s. Plugs containing buffer (3.6 nl), Teic
(1.2–2.4 nl), and acetic and succinic anhydride (1.2–2.4 nl)
were then introduced by vacuum injection. Electrophore-
sis was carried out using 20 mM phosphate buffer (pH 6.9)
for 5.0 min. A similar procedure with Rist was used ex-
cept that the anhydride plug preceded that of the Rist plug.
On-column receptor synthesis coupled to ACE: the capil-
lary was first equilibrated with buffer (20 mM phosphate; pH
6.9) at increasing concentrations of ligand. Plugs contain-
ing buffer (3.6 nl), Teic (1.2–2.4 nl), and acetic and succinic
anhydride (1.2–2.4 nl), and buffer (3.6 nl) were then intro-
duced by vacuum injection. Electrophoresis was carried out
using increasing concentrations of the D-Ala–D-Ala ligands
for 5.0 min.

3. Results and discussion

We have examined the on-column synthesis of Fmoc-deri-
vatized peptides coupled to standard ACE techniques and
estimated their binding to Teic and Rist. In these ex-
periments, separate plugs of D-Ala–D-Ala–D-Ala and
non-interacting standards, and Fmoc-amino acid NHS es-
ter are injected and electrophoresed in a buffer solution
containing an increasing concentration of antibiotic (in this
case, Teic). From run to run, a reproducible quantity of
derivatized peptide is synthesized since the duration of con-
tact between the two zones of liquid in the capillary column
is constant.

Upon synthesis of the new derivatized species,2, it subse-
quently interacts with Teic forming a complex on migrating
through the capillary column.Fig. 3A is a series of elec-
tropherograms of2 in increasing concentrations of Teic in
the capillary column. Increasing concentrations of Teic in
the electrophoresis buffer causes a greater shift in migration
time of 2 to shorter migration times. Several other peaks
are observed in the electropherograms and were found to be
starting material and hydrolyzed Fmoc reagent.

Fig. 3B is a Scatchard plot of the data for2 using the
change in the electrophoretic mobilityµL of a ligand (L)
on complexation with a receptor (R) present in the buffer
can be correlated to the binding constantKb [16,30–32].

Fig. 3. (A) A representative series of electropherograms of
Fmoc–Gly–D-Ala–D-Ala-D-Ala,2, in 20 mM phosphate buffer (pH 7.5)
at 205 nm containing various concentrations of Van using the column syn-
thesis PFACE technique. The total analysis time in each experiment was
5.0 min at 24 kV (current: 35.4�A) using a 40.5 cm (inlet to detector),
50�m i.d. open, uncoated quartz capillary. Carboxybenzenesulfonamide
(OBSA) was used as an internal standard. (B) Scatchard plot of the data
for 2 according toEq. (1).

Analysis of the magnitude of the change in mobility�µL,R
as a function of the concentration (R) of receptor yieldsKb
(Eq. (1) is used for Scatchard analysis.

�µL,R

[L]
= Kb�µmax

L,R − Kb�µL,R (1)

We have also examined the on-column derivatization
of a series of D-Ala–D-Ala terminus peptides with Fmoc
amino acid NHS esters and estimated the binding con-
stants of the new Fmoc products to Van using PFACE.
In these experiments plugs of D-Ala–D-Ala–D-Ala–D-Ala
and two non-interacting markers dissolved in phosphate
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buffer, Fmoc–Ala–NHS ester dissolved in acetonitrile,
buffer, and Van in phosphate buffer partially-filled into the
capillary column, are injected and electrophoresed. The
plug of buffer is intended to prevent overlap of the Van
and reaction plugs prior to synthesis of the new Fmoc
species. Upon electrophoresis overlap of the separate zones
of species occurs thereby yielding the new Fmoc deriva-
tized product. The zone of Van migrates into the zone of
Fmoc–Ala–D-Ala–D-Ala–D-Ala–D-Ala,3, where a dy-
namic equilibrium is established between the two species.
We used NAD and CBSA as markers in the Scatchard
analysis. Neither of these species interacts with any of the
synthesized compounds in the running buffer during elec-
trophoresis. The migration times of the standards remain
constant during the course of the binding experiment.

Fig. 4A shows a representative series of electrophero-
grams of3, in a capillary partially-filled with increasing
concentrations of Van at 205 nm. The addition of increasing
concentrations of Van in the running buffer shifts the peak
for 3 to the left of its original place relative to the inter-
nal standards. The Van-3 complex has a greater molecular
weight than the ligand itself and, thereby, has less drag than
the individual non-complexed molecules. A 40 s shift in3 is
observed between uncomplexed and complexed forms at the
highest concentrations of Van. The height of the Van plateaus
in Fig. 4A increase due to the increased concentration of
Van partially-filled in the capillary column. The conversion
of D-Ala–Ala–D-Ala–D-Ala to3 is constant throughout the
duration of the experiment as demonstrated by a repro-
ducible Peak area for3 at all concentrations of Van. Three
other peaks (A–C) are observed in the electropherograms
and are identified as (A) unreacted Fmoc–Ala–NHS ester,
(B) D-Ala–D-Ala–D-Ala–D-Ala and, (C) Fmoc–Ala acid.
D-Ala–Ala–D-Ala–D-Ala has some affinity for Van but it
is small relative to3. D-Ala–Ala–D-Ala–D-Ala lacks a car-
bonyl moiety alpha to theN-terminus which greatly reduces
its affinity to glycopeptides.

Fig. 4B is a Scatchard plot of the data for3 using the
RMTR, as the basis for the analysis[21]. In experiments em-
ploying two non-interacting standards,Kb can be estimated
by relating the two standards to the species being studied
using the RMTR (Eq. (2)). Here,tr, ts, andt′s are the mea-
sured migration times of the:

RMTR = tr − t′s
t′s − ts

(2)

peptide ligand and the two non-interacting standards, respec-
tively. A Scatchard plot can be obtained usingEq. (3). Here,
�RMTRL,R is the magnitude of the change in the RMTR
as a:

�RMTRL,R

[L]
= Kb�RMTRmax

L,R − Kb�RMTRL,R (3)

function of the concentration of peptide.Eq. (3)allows for
the estimation ofKb on a relative time scale using two
non-interacting standards and compensates for fluctuations

Fig. 4. (A) A representative series of electropherograms of
Fmoc–Ala–D–Ala–D-Ala–D-Ala,3, in 20 mM phosphate buffer (pH 7.5)
at 205 nm containing various concentrations of Van using the on-column
synthesis PFACE technique. The total analysis time in each experiment
was 5.0 min at 24 kV (current: 35.4�A) using a 40.5 cm (inlet to detector),
50�m i.d. open, uncoated quartz capillary. Nicotinamide adenine dinu-
cleotide (NAD) and 4-carboxybenzenesulfonamide (CBSA) were used as
internal standards. A–C are explained in the text. (B) Scatchard plot of
the data for3 according toEq. (3).
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Table 1
Experimental values of binding constantsKb (103 M−1) of ligands 1–5
to glycopeptide antibiotics measured by the on-column ligand synthesis
ACE technique

Ligand Peptide Antibiotic Kb
a

1 Fmoc–Gly–D-Ala–D-Ala Van 41.6b

2 Fmoc–Gly–D-Ala–D-Ala–D-Ala Van 14.9c

2 Fmoc–Gly–D-Ala–D-Ala–D-Ala Teic 17.9
2 Fmoc–Gly–D-Ala–D-Ala–D-Ala Rist 21.9
3 Fmoc–Ala–D-Ala–D-Ala–D-Ala–D-Ala Van 22.9
3 Fmoc–Ala–D-Ala–D-Ala–D-Ala–D-Ala Teic 44.2
4 Fmoc–Ala–D-Ala–D-Ala Van 174.5
4 Fmoc–Ala–D-Ala–D-Ala Teic 420d

5 Fmoc–Ala–D-Ala–D-Ala Van 34.3
5 Fmoc–Ala–D-Ala–D-Ala Rist 51.8

a The reported binding constants are the average value from two or
three experiments for ligands 1–5.

b Previous estimate[14]: Kb = 19.0 × 103 M−1.
c Previous estimate[14]: Kb = 19.0 × 103 M−1 and 30× 103 M−1.
d Study conducted at pH 8.3.

in the capillary column induced by electrophoresis. In the
present experiment,ts andt′s are the migration times of NAD
and CBSA, respectively.Table 1 summarizes the binding
data for D-Ala–D-Ala terminus peptides to Van obtained by
Eq. (3).

In the next series of experiments, we examined the deriva-
tization of the glycopeptides Teic and Rist by anhydrides.
Teic is sold as a mixture of five compounds with the major
and minor components designated as Teic A2-2 and A2-X
(X = 1, 3–5), respectively. We examined the binding inter-
actions between Teic to the peptide,N-acetyl-D-Ala–D-Ala,
6 using PFACE. A plug of sample containing increasing
concentrations of6 was initially injected to partially fill
the capillary. Initial experiments had correlated the amount
of sample injected to pressure and length of injection. A
plug consisting of electrophoresis buffer was then vacuum
injected into the capillary to separate the reagents from the
ligand plug. The buffer plug serves as a barrier between
Teic and the D-Ala–D-Ala terminus peptides so mixing
does not occur prior to ACE analysis. The third injection
contained Teic and the non-interacting standards MO and
NAD. The final injection contained an equimolar mixture
of succinic and acetic anhydrides. Upon electrophoresis,
the anhydrides and Teic plugs overlap and react forming
new Teic derivatives. The Teic derivatives then migrate into
the zone of6 and a dynamic equilibrium is achieved upon
electrophoresis.

Fig. 5A shows a representative series of electrophero-
grams of Teic and its derivatives. Upon increasing concen-
trations of 6 (0–500�M) partially filled in the column a
box is formed due to the increased absorbance of the lig-
and in the capillary column. The box is not observed below
[6] = 200�M as the peptide is only slightly chromophoric
at 200 nm. All sample compounds used in this study are neg-
atively charged at pH 6.9 and elute alter the neutral marker
MO.

Fig. 5. (A) A representative series of electropherograms of Teic and its
derivatives in 20 mM phosphate buffer (pH 6.9) containing various con-
centrations of6, using on-column receptor synthesis coupled to PFACE.
The total analysis time in each experiment was 5.0 min. at 20 kV using
a 46.5 cm (inlet to detector) 50�m i.d. open, uncoated quartz capillary.
(B) Scatchard plot of Teic and its derivatives with6 using Eq. (3).

Upon addition of increasing concentrations of6 in the
running buffer, the migration times of Teic and its deriva-
tives shift to greater migration times. The complexation be-
tween6 and the Teic derivatives resulted in an increasing
negative charge on the compounds and the complexes are
detected later than the uncomplexed form. At the point of
saturation, the Teic peaks no longer shift to the right despite
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Table 2
Experimental values of binding constantsKb (104 M−1) of Teic and Rist
with ligands 1, 6, and 7 measured by the on-column receptor synthesis
PFACE/ACE technique

Antibiotic Kb

1 6 7

Teic 140 37 65
Teic-A2-X 140 20 130
Teic-acetyl-A2-2 16 13 7.9
Teic-acetyl-A2-X 7.6 6.2 8.7
Teic-succinyl-A2-2 5.0 6.2 12
Teic-suocinyl-X nd 3.4 11
Rist nd 4.8 10
Rist-acetyl nd 1.7 3.1
Rist-succinyl nd 0.9 1.8

nd: not determined.

increasing concentrations of6 in the running buffer.Fig. 5B
is a Scatchard plot of the data for6 using the RMTR form
of analysis.

Similar studies were conducted with ligands1 and7 but
using standard ACE techniques. Here, the column is equi-
librated with ligand, separate plugs of buffer, Teic sample
(also containing the non-interacting standards), anhydride in
actonitrile, and buffer. Electrophoresis proceeds in increas-
ing concentrations of peptide in the running buffer. Overlap
of the separate zones of reagent plugs yield the new deriva-
tized Teic derivatives. The zone of ligand then migrates into
the zone of the Teic derivatives and a dynamic equilibrium
is established prior to detection.

Table 2 summarizes the binding data for Teic and its
derivatives to ligands1, 6, and 7. As can be seen, a de-
crease in binding is found upon derivatizing Teic-A2-2 and
A2-X. The binding constant decreases between the gly-
copeptides and the peptide ligands upon derivatization con-
sistent with previous reports[1]. The data demonstrate that
modifying the charge on the terminus does change the abil-
ity of Teic to complex with D-Ala–D-Ala terminus peptide
ligands.

It has been proposed that the chargedN-terminus plays a
critical role in stabilizing the initial weak coulombic com-
plex between the glycopeptide and D-Ala–D-Ala ligand
[33].

This complex exists for a short time before undergoing
a conformational change to its fully bonded state involving
five hydrogen bonds.

We then examined the on-column acetylation and
succinylation of Rist and subsequent binding constant ana-
lysis for the new derivatives using PFACE. The C-terminus
of Rist is esterified and, hence, it is positively charged
at pH 6.9 and elutes prior to MO. Upon derivatizing the
N-terminus, Rist-acetyl and Rist-succinyl are formed. They
are both negatively charged and differ in charge from the
unmodified Rist by a charge of one and two, respectively.
In these experiments, we examined the interaction of Rist
and its derivatives to peptides6 and7.

A plug containing increasing concentrations of7 was in-
jected to partially fill the capillary. A buffer plug was then
vacuum injected into the capillary to separate the reagents
from the ligand plug. The third injection contained a mix-
ture of succinic and acetic anhydride while the fourth plug
contained Rist, MO, and NAD. Upon electrophoresis, the
overlap of the separate zones of reagent plugs yields the Rist
derivatives. Ligand7 is more negative than the Rist deriva-
tives used in this experiment and, hence, PFACE was used
in this study.

Fig. 6A shows a representative series of electrophero-
grams of Rist in buffer plugs containing increasing concen-
trations of7. The plug of7 is not observed in these electro-
pherograms because unlabeled D-Ala–D-Ala ligands mini-
mally absorb at the detection wavelength of 254 nm at the
low concentrations used in this study. Upon addition of in-
creasing concentrations of7, both Rist derivative peaks shift
to the right. The complexation between7 and Rist-acetyl
and Rist-succinyl resulted in an increasing negative charge
on the derivatives and the complexes are detected later than
the uncomplexed forms. At the point of saturation, the Rist
derivative peaks no longer shift.Fig. 6B is the Scatchard
plot for Rist-acetyl and Rist-succinyl and ligand7. Table 2
summarizes the binding data for Rist and its derivatives to
peptides6 and7. Upon derivatizing the terminus binding to
D-Ala–D-Ala terminus peptides is weakened as that found
for Teic.

The decrease in the binding affinity of Teic and and Rist
for the peptides upon derivatization reaffirms the importance
of a charge on the N-terminus and the role of electrostatics
on binding. The lower affinity of the ligands for Teic than
Rist is similar to that found in previous studies[45]. These
studies suggest that the lipophilic chain of Teic enhances
the binding of it to target ligands by anchoring in a lipid
membrane and increasing the local concentration of it on
the membrane surface. The affinity of the acetylated Teic
for ligands 1, 6, and 7 is 3–8 times weaker than that of
Teic corresponding to a loss of 3 to 7 kJ/mol in the free
energy of binding. The affinity of the acetylated Rist for
ligands1, 6, and7 is three times weaker than that of Rist
corresponding to a loss of 3 kJ/mol in the free energy of
binding.

On-column derivatization coupled to ACE/PFACE has
several advantages as a method for measuring biomolecu-
lar noncovalent interations. First, it requires smaller quan-
tities of either receptor or ligand than in traditional ACE
techniques. Second, purified ligand and/or receptor are not
always required as long as the peak(s) of interest can be
differentiated from other peaks. Third, the technique can be
modifled for high-throughput analysis of bimolecular non-
covalent interactions if the reaction part of the technique af-
fords products on the timescale of CE. Fourth, the commer-
cial availability of automated instrumentation, and the high
reproducibility of data, make it experimentally convenient.
Further work to demonstrate the versatility of this two-step
technique is in progress.
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Fig. 6. (A) A representative series of electropherograms of Rist derivatives
in 20 mM phosphate buffer (pH 6.9) containing various concentrations
of 7, using on-column receptor synthesis coupled to PFACE. The total
analysis time in each experiment was 5.0 min. at 20 kV using a 46.5 cm
(inlet to detector) 50�m i.d. open, uncoated quartz capillary. (B) Scatchard
plot of Rist derivatives with7 using Eq. (3).

4. Conclusions

This report demonstrates the ease of using on-column lig-
and and receptor synthesis coupled to ACE/PFACE and how
it can be utilized to determine binding constants between an-
tibiotics and small peptides. In the present studies, we have
used on-column ligand synthesis to derivatize D-Ala–D-Ala
terminus peptides and examine their binding to Teic, Rist,
and Van and on-column receptor synthesis to derivatize Teic

and Rist and examine their binding to D-Ala–D-Ala pep-
tides. In these studies, the capillary is filled with ligand or
receptor, derivatizing reagent, and complexing molecule and
electrophoresed. Derivatization occurs upon overlap of sep-
arate zones of solution yielding product which upon elec-
trophoresis interacts with the complexing molecule exist-
ing in the capillary at varying concentrations. Binding con-
stants are then estimated using changes in electrophoretic
mobilities or the RMTR. The binding constants obtained by
these techniques are in agreement with those values obtained
in previous ACE techniques and traditional assay methods.
This work establishes the feasibility of using on-column
derivatization to probe binding between glycopeptide antibi-
otics and small peptides.
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