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Abstract

The vancomycin group of antibiotics is considered to act by binding the bacterial cell wall mucopeptide precursor
terminating in -L-Lys—D-Ala—D-Ala. The dimerization of these antibiotics is also believed to play a role in the action.
In this paper, we analyzed the equilibria in the in vitro antibacterial activity test of the vancomycin antibiotics both
with and without the cell wall precursor analogue di-acetyl-L-Lys—D-Ala—D-Ala (DALAA). Based on the equilibria
and concentration balance, we obtained 10 equations (seven quadratic equations and three linear equations)
containing 10 equilibrium concentrations which relate to the antibiotic, cell wall precursor and DALAA. A computer
program was written to solve these equations from known dimerization constant and the binding constants (both
monomer and dimer) with DALAA of the antibiotic. The concentrations in the test for vancomycin and eremomycin
were obtained. The antibiotic activity of these antibiotics may be quantitatively correlated with their dimerization
constants and the binding constants through the calculation. By analyzing the calculated results, we concluded that
the cell wall-bound dimer may be the major contributor to the antibiotic activity in the case of eremomycin, while the
cell wall-bound monomer is possibly the determinant for the activity of vancomycin. © 1998 Published by Elsevier
Science B.V. All rights reserved.
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1. Introduction cillin resistant Staphylococcus aureus [1-3]. The
mechanism of antibiotic activity of the antibiotics

The vancomycin group of antibiotics is clini- is of great interest, both for the clinical impor-
cally important for the treatment of Gram-posi- tance mentioned above and because of their com-
tive infections, especially those caused by methi- plexes with small peptides providing an excellent

system for studying substrate—receptor interac-
tions [4—6]. Nieto and Perkins [7] found that
*Corresponding author. mucopeptide precursor molecules of the bacterial
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cell wall containing the terminal -L-Lys—D-Ala—D-
Ala fragment bound strongly to vancomycin. The
attachment of the bulky vancomycin molecules to
the precursor molecules terminating in L-Lys—D-
Ala—D-Ala would prevent their incorporation into
the cell wall structure, and the ability of van-
comycin to form complexes with these peptides
which are unique to the bacteria was linked to the
mechanism of action of the antibiotic. The molec-
ular basis of the binding of cell wall analogues to
a vancomycin group of antibiotics was extensively
investigated using small peptides (2-5 residues)
[8-10]. Although the affinity of these antibiotics
for bacterial cell wall analogues does correlate
with in vitro antibiotic activity in some cases [9], it
has been shown that this is not always the case
[11]. For instance, it has been shown that ere-
momycin is consistently more active than van-
comycin against a range of staphylococcal strains,
despite the former having a lower affinity for the
cell wall analogue di-acetyl-L-Lys—D-Ala—D-Ala
(DALAA). Furthermore, as DALAA is a bacte-
rial cell wall mimic, the addition of DALAA to
the in vitro tests of the glycopeptide activity should
reduce the activity of the antibiotics because of
the competition between DALAA and normally
synthesized cell wall components for the antibi-
otic binding site. Indeed, the addition of DALAA
to the in vitro antibiotic activity tests of van-
comycin decreased the activity. However, the ad-
dition of DALAA unexpectedly increased the ac-
tivities of eremomycin in a low concentration of
DALAA [11,12].

NMR experiments showed that most of the
vancomycin group of antibiotics and their com-
plexes with DALAA examined formed hydrogen
bounded dimers, and there existed a positive
cooperativity between the glycopeptide dimeriza-
tion and the ligand binding [13-16]. Those which
dimerize strongly showed anomalously high in
vitro activity. Therefore the dimerization was
believed to play a role in the mode of action of
these antibiotics [12,14-16]. Furthermore, a
model, the dimer binds to adjacent cell wall pep-
tides of bacteria, for the action of the antibiotics
was proposed [12,16]. However, the mechanism of
the antibiotic activity is far from clear.

If concentrations of the various species in the

in vitro test of the glycopeptide activity could be
obtained, they would be useful for the elucidation
of the mechanism of the antibiotic activity. How-
ever, the concentrations of some of the species
are difficult to determine directly. And no at-
tempt has been made to analyze or calculate the
equilibrium concentrations in the test based on
the chemical equilibria. In this paper, we
thoroughly analyzed equilibria in the in vitro test
of the glycopeptide activity in the presence or the
absence of DALAA. This is a multi-components
and multi-equilibria system. Based on the equilib-
ria and concentration balance, 10 equations con-
taining 10 equilibrium concentrations in the pres-
ence of DALAA were obtained. These equations
are difficult to solve directly. Therefore a com-
puter program was written to solve these equa-
tions. Based on the calculated data, the possible
mode of the action for vancomycin and ere-
momycin was proposed.

2. Method

In the in vitro antibiotic activity test of the
vancomycin group of antibiotics, all equilibrium
components related to the antibiotic and the bac-
terial cell wall mucopeptide precursor are in-
cluded in equilibria [Eqgs. (1a)—(4a)]. The associa-
tion constants corresponding to equilibria [Egs.
(1a)-(3a)] are expressed using Egs. (1b)—(3b).
There is no simple expression for equilibrium
[Eq. (4a)] like the others and so, in the following
quantitative analysis, equilibrium [Eq. (4a)] and
~LAAL ~ are not considered (see Section 3).

2A = AA (1a)
[AA]
dim [A]z ( )
~L+A=~LA (2a)
[~LA]
K= I<TAT (20)
~L+AA=~LAA (3a)
[~ LAA]
~LAA + ~L= ~LAAL ~ (4a)
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where A represents the antibiotic, ~ L represents
the cell wall mucopeptide precursor (ligand).
When DALAA is added in the test, some other
components will form and are included in equilib-
ria [Egs. (5a)—(8a)], and the corresponding associ-
ation constants are expressed using Eqgs. (5b)—(8b).

L+A=1A (5a)
_ [LA]
Ks= LA (5b)
L+ AA=LAA (6a)
_ [LAA]
K, = TLIAA] (6b)
L+ LAA = LAAL (7a)
[LAAL]
K;= TLIILAA] (7b)
~L+LAA=~LAAL (8a)
[~LAAL]
Kg= T~LILAA] (8b)

where L (ligand) represents DALAA. For the
concentration balance of the solution, the fol-
lowing equations are obtained:

[Alr =[A] +[~LA] + [LA] + 2([AA] + [~ LAA]
+[LAA] + [LAAL] + [~ LAAL)) ()]
[~Llr=[~L]+[~LA]l+[~LAA]

+[~LAAL] (10)
[L]t = [L] + [LA] + [LAA] + 2[LAAL]
+[~LAAL] 1)

where [A]; is the total concentration of the
antibiotic, [ ~ L]; is the total concentration of the
precursor on the cell wall, [L]; is the total con-
centration of L (DALAA). We assume that the
cell wall mucopeptide precursor has the same
affinity for the antibiotic (both monomer and
dimer, respectively) as the precursor analogue L
(DALAA). Mackay et al. [16] reported that the
constants of the binding of the first and the
second ligand to the dimer are equal or very
similar. Therefore the following assumptions are
made:

K,=K;=K,

K;=K;=K,=Ks=K,'

where K, is the binding constant of the monomer
with L (DALAA), K, is the binding constant of
the dimer with L (DALAA).

In the test, the values of [Al; and [L]; should
be known. We assume that the value of [~ L]
(related with bacteria in the test) is known. The
values of K,, K,', and K, for vancomycin and
eremomycin have been determined [16]. From
these known values, Eqgs. (1b)-(3b),(5b)-
(8b),(9)—(11) are difficult to solve directly. How-
ever, if values of [A] and [L] are given, we can
obtain [AA] using Eq. (1b), [LA] using Eq. (5b),
and thus [LAA] using Eq. (6b) and [LAAL] using
Eq. (7b). By combining Egs. (2b),(3b),(8b),(10),
and rearranging, we obtain:

[~L]=[~Llr/(1 +K,[A] + K,'[AA]
+K,'[LAAD

so the value of [~ L] can be obtained. Then the
values of [~ LA], [~ LAA] and [~ LAAL] can be
calculated using Egs. (2b),(3b),(8b), respectively.
The values of [A]; and [L]; (which may be dif-
ferent from the initial known values of [A]l; and
[L];, respectively) can be obtained using Eqgs.
(9),(11), respectively. Based on this principle, we
have written a computer program (by Qbasic lan-
guage in Dos 6.22) by which all the equilibrium
concentrations can be calculated using Egs.
(1b)—(3b),(5b)—(8b),(9)—(11) and the known values
of K,, K,), Kgn, [Al;, [~L]l; and [L];. The
procedure is described as follows: a larger value
of [A], denoted as [A];, e.g. [A]l, = 1000[A], and a
smaller value of [A], denoted as [Al,, e.g. [A]l, =
0.001[A];, are given. From the values of [A], and
[Al,, the corresponding values of [A];, denoted as
[Aly, and [Aly,, can be calculated, respectively if
a value of [L], denoted as [L]; (see below), is also
given based on above method. The values of [A]
and [A], are chosen in such a way so that the
initial known value of [A]l; must be between the
values of [Aly, and [Aly,. Then let [A]; = ([A], +
[Al,)/2, and the corresponding value of [Alg,
denoted as [Al;, can be obtained in the same
way. When the value of [A] is less than the
initial known value of [Aly, the value of [A], is
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omitted and the value of [A]; is taken as a new
value of [A],; or when the value of [A]; is larger
than the initial known value of [Al;, the value of
[A], is omitted and the value of [Al; is taken as a
new value of [A],, and then above steps are
repeated until the value of [Aly; is equal to the
initial known value of [A];. The concentrations
obtained in the last repeat are kept. Similarly, a
larger value of [L], denoted as [L],, e.g. [L], =
10[L];, and a smaller value of [L], denoted as
[L],, e.g. [L], = 0.1[L];, are given, and let [L]; =
([L], + [L],)/2. This value of [L]; is used for the
calculation as mentioned above. Then the corre-
sponding value of [L];, denoted as [L]y,, can be
obtained based on Eq. (11). When the value of
[L]; is less than the initial known value of [L];,
the value of [L], is omitted and the value of [L],
is taken as a new value of [L],; or when the value
of [L]; is larger than the initial known value of
[L];, the value of [L], is omitted and the value of
[L]; is taken as a new value of [L],. Then a new
value of [L]; can be obtained from the new values
of [L], and [L],, and above steps are repeated
until the value of [L]y; is equal to the initial
known value of [L];. In this way, when both [A],
and [L],; are equal to the initial known values of
[Al; and [L];, respectively, the corresponding
concentrations, [A], [L], [AA], [LA], [LAA]
[LAALL [~ L], [~ LAL [~ LAA] and [~ LAAL],
are the solution of Egs. (1b)-(3b),(5b)—(8b),(9)-
(11) from the known values of K,, K., Ky,
[Alr, [~ L] and [L];.

Similarly, computer programs have been writ-
ten by which the total antibiotic concentra-
tions, [Alr, can be calculated at constant values
of ([~ LAA]+ [~ LAAL]D or ([~ LA]/60 +
[~ LAA] + [~ LAALY)), respectively.

a’

3. Results and discussion
3.1. Analysis of the equilibria in the antibiotic test

In the in vitro antibiotic activity test of the
vancomycin antibiotics, all the components re-
lated with the antibiotic and the cell wall precur-
sor are included in equilibria [Egs. (1a)—(4a)]
when L (DALAA) is absent. When L (DALAA) is

added in the test, new components LA, LAA,
LAAL and ~ LAAL would form, and thus the
concentrations of the antibiotic monomer, A, and
free dimer, AA, should decrease comparing with
the case without L (DALAA) (due to the equilib-
rium movements, cf. the equilibria above). Subse-
quently, the concentrations of ~ LA, ~LAA and
~ LAAL ~ , which may contribute to the activity,
would decrease based on the equilibria. However,
it has been shown that low concentration of L
(DALAA) increased the antibiotic activity for
eremomycin [11,12]. Among the newly formed
components, LA, LAA, LAAL and ~ LAAL, only
~LAAL may contribute to the activity. There-
fore the formation of ~ LAAL may be the rea-
son for the activity increasing with the addition of
L (DALAA) in the case of eremomycin. As men-
tioned in Section 1, the dimerization was believed
to play a role in the mode of action of these
antibiotics. Therefore we postulate that all the
dimers bound to the bacterial cell wall, including
~LAA, ~LAAL and ~LAAL~, may con-
tribute to the antibiotic activity in the case of
eremomycin.

The equilibria [Egs. (1a)—(3a),(5a)—(8a)] should
definitely exist in the test. However, ~ LAAL ~
may form {equilibrium [Eq. (4a)]} only when the
cell wall precursors are locally concentrated.
Where ~ LAAL ~ exists, it should be much more
stable than the other two cell wall bound dimers
if the two adjacent cell wall ligands are located in
exactly proper positions for chelate forming, be-
cause the binding of the second equivalent of the
antibiotic to the cell wall would be effectively
intramolecular (intramolecular reactions can be
accelerated by up to 10° relative to their inter-
molecular counterparts) [16,17]. It seems that the
ratio of such pairs of cell wall precursors to the
total ones may be small for eremomycin, other-
wise the concentration of ~ LAAL ~ should be
significantly higher relative to the other cell wall-
bound dimers (as the former is much more stable
than the later) and therefore the concentrations
of the latter would be negligible relative to that of
the former, and thus the addition of L (DALAA)
would have not increased the activity. As the
concentration of such pairs is unknown and, as
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shown below, ~LAAL~ is probably not the librium [Eq. (4a)] and ~LAAL ~ are not con-
major contributor to the antibiotic activity, equi- sidered in the quantitative analysis in this paper.

Table 1
Equilibrium concentrations (M) calculated®

[Ll; (L] [A] [AA] [LA] [LAA]
Vancomycin 0 0 9.40%x 107’ 6.19x 1071 0 0
1x107° 5.62x1077 5.18x 1077 1.88x 101 437x1077 222x 10710
2x107° 135%10°° 3.19%x1077 7.12%x 10" ! 6.47%x 1077 2.02x1071°
3x107° 225%10°° 222%x1077 347x10° 1 750 %1077 1.64x 1071
5%107° 415%x10°° 136 1077 1.29x 107! 8.45x 1077 1.12x 1071
1x107° 9.08 %10 ° 6.76 x 10~ % 3.20% 10712 921%x107" 6.10x 10”1
2x107° 1.90x 1073 336%x10°°8 7.89 % 107 9.59 % 10~ 3.16x 101
5%107° 490%x107° 1.34x 1078 125x 1071 9.82%x 1077 1.29x 1071
1x107* 9.90 x 10~° 6.66 % 10~° 311x 10" 9.90 x 10~’ 6.46 x 107 12
Eremomycin 0 0 333%x1077 3321077 0 0
1x1076 9.95x 1077 327x 1077 3.22x 1077 126 x107° 1.24x 1078
2x107° 1.97x10°° 3.22%x1077 3.11x1077 247%x107° 239%x10°%
3x107° 295%10°° 316 %1077 3.00x 1077 3.64%107° 3.46x10°°
4%107° 3.94%10°° 3.11x1077 2.90%x 107" 477%x10°° 445%x10° %
5%10°° 492x10°° 3.05%x1077 2.79% 1077 585%x107° 536%x107°8
1x107° 9.83%10°° 278 %1077 232%x1077 1.07x 1078 8.88%x10° %
2x107° 1.97x107° 2301077 159%x 1077 177%x 1078 122%x1077
5%107° 494%x107° 1.44 %1077 6.23%x10° ¢ 278 %107 ¢ 1.20x 1077
1x107* 9.92%107° 8.60x 10~ % 222%x10°°% 333%x10°°8 858 %107 %
2x107* 1.99x 1074 470%x 1078 6.63x107° 3.65%x10°¢ 515%x10°%
5%107* 499x10"* 1.98x 1078 1.18x107° 3.86x107°% 229%10°%
[LAAL] [~L] [~ LA] [~ LAA] [~ LAAL]
Vancomycin 0 415%x 1078 5.85x107° 539x 10”1 0
262%x107""  562x107° 437%x10°% 222%x10” 1 2.62x10" 1
5741071 676 %1078 324%x10°8 1.01x 107" 287x 101
773%x 107" 749x 1078 250%x 108 546 %1012 258 x 10”1
980x 107" 831x10°° 1.69x 1078 225%x 10712 1.96 x 10~
1.16x107°  9.08x10°°® 921%x10"° 6.10x 10" " 1.16x 10~
1261077 952x1078 4.80x107° 158 %1071 631 %107 12
132x107°  9.80x10°°® 1.96x 107° 257x 10”1 2.65%x 10" 12
134x107°  9.90x107* 9.90 x 10~ 1° 6.46 X 10713 134x 10712
Eremonycin 0 9.86 x 107 ° 128 x 10710 1278 x107° 0
475%x1071"  9.86%x 1078 126 x 10710 1.236 x 1077 4751 x 1071
1.83x107°  9.86x107° 1.24x 1071 1.195x 1077 9.180 x 10~ !
398x107° 9.86x10°° 122%x 10710 1.154x10°° 1329 x 10~ 1°
6.83%x107°  9.86x10"% 1.19x 1071 1.114x107° 1.710x 10710
1.03x107%  986x107° 1.17x 1071 1.074x107° 2.061x 10710
341x107%  987x107% 1.07x 1071 8.911x 10~ 1 3417x 1071
937%x107%  9.88x10°*? 8.88x 10~ ! 6.133x 107 1° 4706 x 1010
231x1077  992x10"% 558x 10" 1 2411x 1071 4.643x 10710
332x1077  995x10°° 334x10° 1 8.608 x 10~ ! 3331x 10710
400x1077  9.98x107° 1.83x 107" 2580 x 101 2.003 % 10710
447%x1077  999x10"% 7.72%x 10" 12 4593 %107 12 8.939 x 10!

K,=15x10° M1, K,/ =2.1x10° M™", Ky, =700 M~! for vancomycin; K, =3.9x10° M™!, K,/ =3.9x 10* M1, Ky, =3
x 10 M~ ! for eremomycin [16]; [A]l; =1 X 107° M, [~ Ll =1X 1077 M.
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3.2. Calculation of the equilibrium concentrations in
the in vitro test

In the in vitro antibiotic active test of van-
comycin antibiotics, if equilibrium [Eq. (4a)] is not
considered, the 10 equilibrium concentrations re-
lated to the antibiotic, the bacterial cell wall
mucopeptide precursor and exogenous L
(DALAA) are included in Egs. (1b)-(3b),(5b)—
(8b),(9)—(11). The values of [A]; and [L]; should
be known and the value of K,, K," and K, for
eremomycin and vancomycin have been de-
termined [16]. We assume [~ L]; is known, e.g.
[~L]l;=10""7 M. Then the concentrations in-
cluded in these equations can be calculated from
these equations and the known association con-
stants by a computer program (see Section 2).
Table 1 shows the calculated results for van-
comycin and eremomycin.

3.3. Application of the calculated data and possible
mode of the action

As mentioned above, as ~ LAAL ~ is not
considered, the cell wall-bound dimers include
~LAA and ~LAAL. As shown in Table 1, in
the case of eremomycin, the concentration of the
total cell wall bound dimers ([~ LAA]+[~
LAAL) is approx. 10 times higher than that of
the cell wall-bound monomer ([ ~ LA]). This sup-
ports the assumption that the cell wall bound
dimers are the major contributors to the antibi-
otic activity for eremomycin. Table 1 shows that
both [~ LA] and [ ~ LAA] decrease with the addi-
tion of L (DALAA), while [~ LAAL] increases
and then decreases as the L (DALAA) concentra-
tion is further increased. Fig. 1 is a plot of the
relative concentration of the total cell wall-bound
dimers, ([~ LAA]+[~LAAL]D/[~LAA], (the
subscript 0 represents the case without L
(DALAA), the same below), against the total
concentration of L (DALAA), [L],. Here ~LAA
is assumed to have the same activity as ~ LAAL
in the same concentrations. It can be seen that
addition of L (DALAA) indeed, although slightly,
increases the concentration of the total cell wall-
bound dimers in the case of eremomycin, while
the concentration of the total cell wall-bound

o
®

o
o

<
»

([-LAA] + [~LAAL]) / [LAA] o

°
N

1 10 100 1000
[Llr (M)
Fig. 1. Plot of relative concentration of the cell wall-bound

dimers against DALAA concentration (data from Table 1).
Inset: locally enlarged curve. @, eremomycin; O vancomycin.

dimers of vancomycin decreased monotonically
with the increasing L (DALAA) concentration, in
good agreement with the previous findings [11,12].
If the total concentration of the cell wall precur-
sor varies in a certain range, e.g. [~L];=1X
107 M or [~L];=1x10"° M, similar results
were obtained (data not shown).

The calculation method should be more suit-
able for applying to the microdilution antibiotic
activity test. Table 2 shows the calculated values
of [~ LA] [~ LAA] and [~ LAAL] from the con-
centrations of added L (DALAA), [L];, and MICs
(minimum inhibitory concentrations; in this pa-
per, [Al; = MIC) of vancomycin and eremomycin
against Staphylococcus aureus by microdilu-
tion test given in Good et al. [11]. Tt can be seen
that, in the case of eremomycin, all the ratios of
([~ LAA]+[~LAAL) to [~ LAA], remain un-
changed (within twofold), in good agreement with
observed results [11], supporting the hypothesis
that the cell wall-bound dimers are the major
contributor to the antibiotic activity for ere-
momycin. Fig. 2 shows the plot of the relative
total concentration of antibiotic, [Al;/[Aly, (cor-
responding relative MIC), against the total con-
centration of L (DALAA) when the values of
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([~ LAA]+[~LAAL]D/[~ LAA], remain to be
1 (the concentrations of the total cell wall-bound
dimers should be same at different concentra-
tions of L (DALAA) at MICs if the bound dimers
are the major contributor to the activity). The
curve for eremomycin (Curve 1) is very close to
the experimental plot of MIC against L (DALAA)
concentration (Fig. 4 in Good et al. [11]). There-
fore the total cell wall-bound dimers, ~ LAA and
~ LAAL, may indeed be the major contributor to
the antibiotic activity for eremomycin. By exclu-
sion, ~LAAL ~ possibly contributes little for
the activity. If this was not the case, the great
changes of the concentration of ~ LAA with the
addition of L (DALAA), as shown in Table 2,
would have caused the concentration of ~ LAAL
~ to change much {cf. equilibrium [Eq. (4a)]} and
thus the concentration of total cell wall bound
dimer ((~LAA]+[~LAAL]+[~LAAL~] at

Table 2
Comparison of MICs and calculated results

MICs would have not remained unchanged (sig-
nificantly exceeding twofold).

Table 2 shows that, in the case of vancomycin,
however, the values of ([~ LAA]+ [~ LAAL]/
[~ LAA], change markedly, and the concentra-
tion of ~LAA is approx. 10 times lower than
that for eremomycin in the absence of L
(DALAA) at MICs (they should be similar if the
cell wall-bound dimers were also the major con-
tributor to the activity for vancomycin). Curve 2
in Fig. 2 deviates much from the experimental
plot (Fig. 4 in Good et al. [11]). Table 1 also
shows that eremomycin has higher [~ LAA] than
vancomycin by a factor of 24 in the absence of L
(DALAA), while the antibiotic activity of the
former is only 2 ~5 times of that of the latter
[11]. Subsequently, it seems that the ~ LAA is
not the only contributor to the antibiotic activity
for vancomycin in the absence of L (DALAA). As

[Ll; (M) 0 8 16 32
Vancomycin MIC (Alp) (uM)* 2 4 4 8
[~LA] (M) 7.74%x 10" % 428 %107 % 234%x10° 8 238x 1078
[~ LAA] (M) 1.40x 10710 2.10x 10”1 4.66 %107 12 4.88x 10" 12
[~LAAL] (M) 0 2.01x 10710 1.20x 1071 249x 1071
([~ LAA] + [~ LAAL]D /[ ~ LAA], 1.00 1.58 0.89 1.81
(I~ LAl/60 + [~ LAA] + [~ LAAL]/
([~ LA],/60 + [~ LAA],) 1.00 0.65 0.36 0.45
Eremomycin MIC (Alp) (M) 1 1 1 2
[~LA] (M) 1.28x 1071 1.11x 1071 9.55%x 10" 1 1.06 x 10~ 1
[~ LAA] (M) 128 x107° 9.61x 10~ 1° 7.10x 10710 8.77x 101
[~ LAAL] (M) 0 295%x 10710 436x10°1° 1.06 x 10~°
(I~ LAA] + [~ LAAL] /[ ~ LAA], 1.00 0.98 0.90 1.51
64 128 256 512
Vancomycin MIC (Alp) (uM)* 16 32 64 > 64
[~LA] (M) 238%x10°° 232x10°% 220%x 1078
[~ LAA] (M) 4.87x107 "2 4.62%x10" " 414% 10" 12
[~ LAAL] (M) 493%x 10710 934x 10" 1 1.67x107°
(I~ LAA] + [~ LAAL) /[ ~ LAA], 3.60 6.73 12.0
(I~ LAl/60 + [~ LAA] + [~ LAAL]/
([~ LA],/60 + [~ LAA],) 0.63 0.93 1.42
Eremomycin MIC (Alp) (M) 2 2 8 8
[~LA](M) 6.83x 10" ! 391x 10" 427x10” 1 2.19%x 10" M
[~ LAA] (M) 3.64%x 10710 1.18x 1071 143x 1071 372%x10” 1
[~ LAAL] (M) 8.88x 10717 5.84x 10710 1.38x107° 731x 1071
(I~ LAA] + [~ LAAL] /[ ~ LAA], 0.98 0.55 1.19 0.60

From Good et al. [11].
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100 |

-
o

[Al+/[Alro

0.1 1 10 100 1000
L} (n M)

Fig. 2. Plot of the relative total concentration of the antibiotic
against the DALAA concentration. ([~ LAA]+ [~
LAAL])/[~ LAA], =1 for curve 1 (eremomycin) and curve 2
(vancomycin). ([~ LA]/60 + [~ LAA] + [~ LAALD/((~
LA],/60 +[~LAA])) =1 for curve 3 (vancomycin). [~ LA],
and [~ LAA], are obtained from Table 2.

mentioned above ~ LAAL ~ contributes little to
the activity for eremomycin. The only reason for
this may be that the concentration of the properly
located adjacent cell wall precursor pairs are
small. Therefore ~ LAAL ~ may also not be the
major contributor to the activity for vancomycin.
What is, then, the major contributor to the antibi-
otic activity for vancomycin? A possible candidate
is the cell wall-bound monomer, ~ LA. It can be
seen from Tables 1 and 2 that the concentration
of ~LA is higher than that of ~LAA by a
factor of 500-1000 for vancomycin, while the
former is approx. 10 times lower than the latter
for eremomycin. The inhibition of cell wall syn-
thesis by glycopeptides may be at least partially
due to the steric hindrance of carbohydrate linking
enzymes by the antibiotic which is bound to the
peptide nearby [18]. Although the cell wall-bound
monomer may possess smaller steric hindrance
than the cell wall-bound dimer, the former is
much more numerous than the latter in the case
of vancomycin, and thus it is possible that the
bound monomer is also contribute, in a lower

magnitude, to the antibiotic activity. By compar-
ing the data in Tables 1 and 2, we conclude that
the bound dimer of eremomycin is approx. 60—90
times more active than the bound monomer of
vancomycin. Then the value of ([~ LA]/60 + [~
LAA]+[~LAAL)] should be the determinant
for the antibiotic activity on the assumption that
the bound dimer of eremomycin and that of van-
comycin possess the same activities. Table 2 shows
that the values of ([~ LA]/60+[~LAA]+ [~
LAAL)) indeed do not change much. The corre-
sponding curve (Curve 3 in Fig. 2) is closer to the
experimental plot (Fig. 4 in Good et al. [11]).

In the analysis above we assume that the cell
wall-bound dimers have the same activities for
both eremomycin and vancomycin. However, the
cell wall-bound dimer for different vancomycin
antibiotics may be different, but the difference
should be relative small compared to the differ-
ence between the cell wall-bound monomer and
the cell wall-bound dimer. For example, ere-
momycin and MM47761 have similar dimeriza-
tion and ligand binding affinities, however, the
former is 2—5 times more active than the latter.

4. Conclusion

For the in vitro antibiotic activity test of van-
comycin and eremomycin, 10 equilibrium concen-
trations related to the antibiotic, the bacterial cell
wall precursor and exogenous L (DALAA) have
been calculated by a computer program. The cal-
culated data shown that the equilibrium concen-
tration of the total cell wall-bound dimers, ~ LAA
and ~ LAAL, increases to reach a plateau and
then decreases with the increasing of L (DALAA)
concentration for eremomycin, in good agree-
ment with the observed result [11] that the
antibacterial activity increased in the presence of
low concentration of L (DALAA); the calculated
relative concentrations of the total cell wall-bound
dimers at MICs [11] remain unchanged. Together
with the fact that the equilibrium concentration
of the total cell wall-bound dimers is 10 times
higher than that of the cell wall-bound monomer
for eremomycin, we concluded that the cell wall-
bound dimer may be the major contributor to the
antibiotic activity of eremomycin. For van-
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comycin, the calculated relative concentrations of
the total cell wall-bound dimers at MICs [11] do
not remain unchanged, together with the equilib-
rium concentration of the cell wall-bound
monomer is higher than that of the total cell
wall-bound dimers by a factor of 500—1000, indi-
cating that the cell wall-bound monomer is possi-
bly the major contributor to the activity of van-
comycin.
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