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AbstractÐBinding interactions between several vancomycin tracers and (N,N0-diacetyl)KdAdA in solution were evaluated in a
competition format using a surface plasmon resonance instrument. Tracers derivatized from the carboxy terminus or the N-van-
cosaminyl sugar moiety of vancomycin bind the peptide with an a�nity similar to that of underivatized vancomycin. In contrast, N-
methylleucyl derivatized vancomycin tracers bind the peptide with a reduced a�nity relative to vancomycin. # 2000 Elsevier
Science Ltd. All rights reserved.

Vancomycin is the most widely used glycopeptide anti-
biotic for the treatment of Gram-positive infections
caused by methicillin resistant Staphylococcus aureus and
for the treatment of bacterial infections in patients allergic
to b-lactam antibiotics.1,2 For the safe and e�ective use of
the antibiotic, quanti®cation of its levels in patient serum
is required to maintain therapeutic levels.3,4 Immunoassay
techniques requiring structurally modi®ed vancomycin
tracers are frequently employed for this purpose. Unfor-
tunately, vancomycin is relatively unstable in solution
and is readily degraded to an equilibrium mixture (2:3)
of biologically inactive crystalline degradation products
(CDP-I, Scheme 1). Degradation occurs by rearrangement
of the glycopeptide asparagine residue to an isoaspartate
residue with concomitant hydrolytic loss of ammonia.5

Such degradation has lead to problems associatedwith loss
of antibiotic activity and with stability of immunoassay
components (i.e., calibrators, controls, and tracers).6

Peptide analogues of the bacterial cell wall have been
shown to bind the glycopeptide antibiotic and inhibit the
degradation of vancomycin to CDP-I.7 Thus, binding of
vancomycin itself or vancomycin immunoreagents by
peptide analogues has been utilized for reagent stabiliza-
tion. Stabilization is achieved without interference of anti-
biotic activity or immunoassay reagent performance.6ÿ8

Signi®cantly, a correlation has been identi®ed between the
binding a�nity of vancomycin for the peptide analogues

and the resulting level of reagent stabilization achieved.7

We describe here an evaluation of the solution binding
interactions between a series of labeled vancomycin
tracers developed as potential immunoreagents and a
peptide analogue of the bacterial cell wall.

Vancomycin tracers derivatized from theN-vancosaminyl
carbohydrate, N-methylleucyl, or carboxy terminal moi-
eties were prepared as previously described (Table 1).9

Brie¯y, N-vancosaminyl carbohydrate derivatized tra-
cers were prepared in 81 and 70% yield by reaction of
vancomycin in DMF/Et3N with the NHS active esters
of biotin and chemiluminescent 10-(3-sulfopropyl)-N-
tosyl-N-(3-carboxypropyl)-acridinium-9-carboxamide
(CPSP-acridinium), respectively. Vancomycin tracers
derivatized from the carboxy terminus were prepared in
31 and 35% yield in an identical manner after incor-
poration of a diaminoalkyl linker from the free carboxyl
functionality.10 Tracers bearing a derivatized N-methyl-
leucyl moiety were prepared in 40 and 35% yield,
respectively, by coupling vancomycin in DMSOwith free
biotin or CPSP-acridinium acid in the presence of N,N0-
dicyclohexylcarbodiimide and N-hydroxybenztriazole.
All vancomycin tracers prepared were puri®ed by pre-
parative HPLC.9

Binding interactions between the vancomycin tracers and
(N,N0-diacetyl)KdAdA in solution were evaluated in a
competition format using a BIAcore surface plasmon
resonance instrument.11,12 Speci®cally, immobilization
of aminocaproate-derivatized (NE-acetyl)KdAdA at
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di�erent surface densities on two ¯ow cells of a CM-5
sensor chip (BIAcore, Inc.) provided a gradient surface
that was utilized to correlate binding response with a
concentration of free vancomycin tracer in solution.9,13

Several known concentrations of each vancomycin tracer
were initially injected over these sensor surfaces. The
resulting instrumental response from the lower density
aminocaproate-derivatized (NE-acetyl)KdAdA surface
was subtracted from the higher density surface to eliminate
bulk solvent e�ects and any nonspeci®c binding events.
The true binding response (RU) for each concentration of
tracer injected was then determined by averaging the

response observed between 215±230 s postinjection for
the corrected sensorgram (Fig. 1A). A plot of RU versus
the concentration of antibiotic tracer injected was sub-
sequently ®t using a 4-parameter logistic (general model,
BIAevaluation 3.0) providing a standard curve for each
analogue evaluated (Fig. 1B).

A ®xed concentration of each vancomycin tracer was
then mixed with several concentrations of soluble (N,N0-
diacetyl)KdAdA and the solutions were allowed to
reach equilibrium. The equilibrium mixtures were indivi-
dually injected over the aminocaproate-derivatized (Ne-
acetyl)KdAdA sensor surfaces, and the concentration of
free vancomycin tracer remaining in the solution at
equilibrium was quantitated by determination of the
binding response from the corrected sensorgrams as
described above and the appropriate standard curve
(Fig. 2A). A plot of free vancomycin tracer versus total
concentration of added (N,N0-diacetyl)KdAdA provided
a competition curve (Fig. 2B). A ®t of the data sets utiliz-
ing the solution a�nity model in BIAevaluation soft-
ware (v3.0) yielded equilibrium dissociation constants
for the binding interactions between each vancomycin
tracer and (N,N0-diacetyl)KdAdA in solution.12

Equilibrium dissociation constants for the solution
binding interactions between vancomycin tracers and
(N,N0-diacetyl)KdAdA determined using the competi-
tion format described here are summarized in Table 2.
As a reference, the binding interaction of underivatized
vancomycin with the same tripeptide determined using the

Scheme 1.

Table 1. Structures of vancomycin tracers

Tracer R1 R2 R3

N-vancosaminyl-derived Labela H OH
N-methylleucyl-derived H Label OH
Carboxyl-HDA-derived H H NH(CH2)6NH-Label

aLabel=biotin or CPSP-acridinium.

Figure 1. (A) Representative overlay plot of corrected sensorgrams generated for a vancomycin tracer binding to the aminocaproate-derivatized (NE-
acetyl)KdAdA sensor surface. Data shown is for the carboxyl-HDA-acridinium labeled vancomycin tracer (12.5±250 nM). Binding responses were
obtained from the shaded portion of each sensorgram. (B) Standard curve obtained for binding of the carboxyl-HDA-acridinium labeled vanco-
mycin tracer to the aminocaproate-derivatized (NE-acetyl)KdAdA sensor surface.
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competition format provided an equilibrium dissociation
constant of 2.4 mM. The data shows tracers derivatized
from the N-vancosaminyl sugar moiety or the carboxy
terminus of vancomycin bind (N,N0-diacetyl)KdAdA
with a�nities similar to that of underivatized vancomycin.
These equilibrium dissociation constants are consistent
with literature values reported for vancomycin/tripep-
tide analogue binding interactions in solution.14ÿ16 In
contrast, tracers derivatized from the N-methylleucyl
moiety of vancomycin exhibit a reduced a�nity for the
tripeptide analogue relative to vancomycin. The reduced
binding interaction indicates a disruption of the known
electrostatic interaction between the N-methylleucyl
moiety of vancomycin and the carboxy terminus of the
tripeptide.16 The in¯uence such di�erences in the vanco-
mycin tracer/tripeptide binding a�nity play in terms of
reagent stabilization and ultimately assay performance
are currently being investigated as well as an investigation
into the potential use of these vancomycin compounds as
``chemical probes'' for Gram-positive bacteria.
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Figure 2. (A) Representative overlay plot of corrected sensorgrams generated from a study of vancomycin tracer/tripeptide binding interactions in a
competition format. Data shown is for the carboxyl-HDA-acridinium labeled vancomycin tracer competition study (250 nM tracer, 0.5±100 mM
tripeptide). Binding responses were obtained from the shaded portion of each sensorgram. (B) Nonlinear regression plot of free carboxyl-HDA-
acridinium labeled vancomycin tracer vs total concentration of added (N,N0-diacetyl)KdAdA.

Table 2. Summary of the equilibrium dissociation constants for

binding interactions of vancomcycin tracers with (N,N0-diacetyl)
KdAdA determined utilizing the BIAcore solution competition format

Derivatization site

Derivative N-vancosaminyl N-methylleucyl Carboxyl-HDA

Acridinium 5.4 mM 86 mM 10.6 mM
Biotin 3.7 mM 168 mM 4.8 mM
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