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The binding of vancomycin (Van) to the C-terminalAla-b-
Ala (bADA) group of Gram-positive bacterial cell wall precursors
inhibits the cross-linking of the cell walls and is responsible for
the biological activity of Var:? Williams et al. demonstrated that
Van spontaneously forms a moderately stable, noncovalent dimer
(Kgim &~ 700 M™%),2 and proposed that divaleneyhe simultaneous
interaction of two associated Van moieties with twéDA
groups-—is important in the action of Vafr.® Griffin demonstrated
that a synthetic divalent variant of Van is more active against
Van-resistant organisms than is Van itselfhe interaction of
Van andpApA has been extensively studied in solutigh’® and
the interaction at cellular and other surfaces is now a subject of
researci! This paper compares the binding of Van and a synthetic
divalent version of Van (VanRs—Van, Ry = NHCH,-
CsH4CHoNH)'?2 to N*-Ac-L-Lys-p-Ala-D-Ala  (N*-AcKDADA)
groups presented on self-assembled monolayers (SAMs). This
comparison provides an estimate of the influence of divalency
on the binding in this structurally well-defined model system,

illustrates the value of surface plasmon resonance (SPR) as an

analytical techniqué in examining oligovalent binding at sur-

faces, and demonstrates the synergy between SAMs and SPR in

studying this type of binding.

We generated SAMSs that presentAcKDADA* groups (L*,
the asterisk * indicates aN*-AcKbADA group attached to the
surface of the SAM) by reaction of astamino group of this
tripeptide with a SAM composed of the interchain carboxylic
anhydride derived from 16-mercaptohexadecanoic Hcithe
reaction yielded a mixed SAM presenting roughly equal numbers
of L* and carboxylic acid groups: that ig,- ~ 0.50, wherey,
is the mole fraction of surface groups terminatind.in> X-ray
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Figure 1. (A) The binding of Van to a SAM presenting L* &+ ~

0.50; the concentration of Van in the buffer is indicated by [Van]. The
inset is a Scatchard plot of the data; RUeq is the SPR response=(RU
resonance units) when the binding reaches equilibrium on the surface.
(B) The binding of Van (1quM) to a mixed SAM {,+ ~ 0.50) was
inhibited by the addition of the soluble ligand Ado Van-containing
solution; the concentrations of the soluble ligand ([Acare indicated

in the plot.2There was no Van in this control experiment.

photoelectron spectroscopy of the resulting substrate showed an
N(1s) peak (at 400 eV) and confirmed the coupling-ofo the
SAM.

We measured the binding of Van (at concentrations ranging
from 20 to 0.3uM) to this mixed SAM (Figure 1A). Van in
solution reaches equilibrium rapidly with Van bound I£d.
Scatchard analysis of the amount of Van bound at the surface as
a function of the concentration of Van in the buffer gave a value
for the equilibrium dissociation constant Kf; ~ 1.1 uM;*¢ the
corresponding value in solution isl uM.11%1"The similarity of
these values indicates that the binding of Vanh tat the surface
is thermodynamically comparable to that in solution.

The binding of Van (10uM) to L* was inhibited by the
addition of the substrate analogu¢:<-diacetyl+-Lys-D-Ala-D-

Ala (AcL), to the Van-containing solution (Figure 1B). The
observation that the amount of Van bound to the SAM decreased
with increasing concentrations of Adn solution confirms that

the interaction between Van and' is biospecific. Since the

(15) We did not directly measure the surface densitydfgroup. We
assumed that the interchain anhydride at the surface completely reacted with
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binding constant of Ac to Van in solution is known-1 uM),

it is possible to calculate the concentration of free Van in the
mixture. Scatchard analysis of the amount of Van bound at the
surface as a function of the concentration of free Van in the
solution would, therefore, afford an estimate of the equilibrium
dissociation constant df, in the presence of the soluble ligand
AcL. The inset in Figure 1B indicates a valuekf ~0.13uM;

this value is, surprisingly, about 9 times smaller than that in the
absence of Ac. Why did the presence of a soluble ligand of
Van increasethe binding constant of Van tb* at the surface?
Williams recently reported that Van complexed with LAc
dimerizes more strongly than free Van in solutionG® is 1.3
kcal/mol more favorable for 2Ac-Van == AcL -Van-Van-AcL

than for 2Van= Van-Van 8 This ligand-promoted dimerization
could affect the binding through at least two possible mecha-
nisms: (i) the reaction of the dimeric speciesdA¥an-Van-AcL

in solution with L* on the surface of the SAM is entropically
favorable as a consequence of the release of two molecules of
AcL (AcL-Van-Van-AcL + 2L* == L*-Van-Van-L* + 2AcL),

and (ii) AcL could also promote formation of mixed dimeric

Communications to the Editor

A. Van-R4-Van + L*J

Buffer [Van-Ry-Van] Buffer
(uM)
5.3

I T L 1

1600

)
-
N
o
8
1

8004

Response (RU

400 ]

0.27 (Y, = 0)

T T T T T T T 1
0 100 200 300 400 500 600 700

Time (s)
B.Van-R4-Van + AcL +L*
Van-Rgy-Van (2 uM)
Buffer and ligand AcL Buffer

— Tr

species at the surface (2VanAcL + L* == L*-Van-Van-AcL); 14007
these reactions might be enthalpically favorable. 12001
We then examined the binding of VaiRRy—Van toL* (Figure

2A). The apparent rate of dissociation of this surface-associated 2 10007
complex was clearly much slower than that of the monomeric o 8007
Van at the surface; however, the SPR sensorgrams for both 2 so0
association and dissociation of \VaR;—Van toL* were biphasic, 2

and their kinetic analysis was rendered intractably complicated x 4007
by mass transport and by the presence of at least two binding 200}
modes at the surface: as a monovalent complex and as one or 0

more divalent complexes. We thus set out to estimate the affinity

of the binding of Van-Rs—Van to L* through an inhibition
experiment® We measured the binding of a solution of Van
Rs—Van containing various concentrations oflAover a SAM
with y.« ~ 0.05 (Figure 2Bf° The decrease of the amount of
Van—Ry—Van bound to the SAM with increasing concentrations
of AcL in solution confirms that the interaction between Van
Rqs—Van andL* is also biospecific. We were not able to inhibit
the binding of Van-Ry—Van completely under our experiment
conditions, because the binding of VaRq—Van toL" in these
experiments is too tight. The concentrations of free YRg—
Van were calculated, assuming that the two sites in-Vig-
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Figure 2. (A) The binding of a Van dimer (VanRq—Van) at different
concentrations ([VanrRg—Van]) to a mixed SAM g+ ~ 0.50). The
sensorgram indicated ky+ = 0 had only carboxylic acid groups on the
surface. (B) The binding of Van{R/an (2uM) to a mixed SAM f» ~

0.05) was inhibited by the addition of the soluble ligandLA Van-
containing solution; the concentrations oflAevere 0, 0.15, 1, 2, 3, 5.8

mM, from the top to bottom, respectively. The bulk effects ofLAin

the solution have been examined in separate control runs and subtracted
from the sensorgrams.

Van are identical and independent. Scatchard analysis of the data

yieldedKqy ~ 0.5 nM,; this value is comparable to the dissociation

strength of binding of the divalent derivative of vancomycin to

constant of the complex of this Van dimer and a dimeric derivative tWO0 N*-ACKDADA groups on this surface. The values of binding

of N®-AcKpADA in solution K4 ~ 1.1 nM)*?

This work examines the binding of vancomycin and a divalent
derivative of vancomycin with the surface of a SAM presenting
N*-AcKDbADA groups and provides an estimate of the influence
of divalency—noncovalent and covalentn determining the
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constants support the hypothesis that divalency contributes to the
observed antibacterial activity of a divalent variant of vancomycin
against vancomycin-resistant bactéerlaalso establishes that the
surface of a SAM is capable of organizing ligands for divalent
binding in a way that can be analogous to divalent interactions
in solution, and it demonstrates the synergy of SPR spectroscopy
and SAMs in investigating multivalency interactions at surfaces.
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