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We have investigated the binding capacity of
ions by the cell wall of Staphylococcus aureus, with
relation to its polyionic structure. The cell wall,
prepared by Salton’s scheme (M. R. J. Salton,
The bacterial cell wall, p. 58, Elsevier Publishing
Co., New York, 1964) from S. aureus strain 22
ISI (Istituto Sieroterapico Italiano), was further
treated with 0.1 M ethylenediaminetetraacetic acid
(pH 1.5; EDTA). Electron microscopic tests as
well as chemical measurements were used to
check its purity. Experiments were carried out
with 50 mg of lyophilized cell wall in 10 ml of
cation solution, the concentration of which
ranged between 2.5 and 100 meq per liter depend-
ing on the experiment, with an average of 50 meq
per liter. The ions were added as chlorides. Pre-
liminary tests showed that the highest binding
capacity occurred after an incubation period of
20 hr. After incubation for 20 hr at 25 C in re-
ciprocating shaker-baths, the cell wall material
was collected by centrifugation at 7,000 x g for
20 min, and was washed three times with an equal
volume of previously boiled, deionized water.
The liquid from the third washing was cation-
free. The samples were dried at 110 C, weighed,
and then ashed at 500 to 600 C for 6 hr; they
were then suspended again in 6 N HCI, dried, and
finally taken up in a measured quantity of 0.1
N HCl. Na* and K* were measured by flame
photometry with a Beckman model DU spec-
trophotometer; Mg+t and Ca*t were measured
by titration with EDTA, with Eriochrome Black
T (A. Holasek and A. Flaschka, Z. Physiol.
Chem. 288:144, 1951) and murexide (J. R.
Dunstone, Med. J. Australia 2:571, 1957),
respectively, as indicators. Hydrogen ion-binding
capacity was studied by suspending 50 mg of
lyophilized cell wall in 10 ml of HCI at a concen-
tration of 0.01 to 0.000001 N. After 6 hr of incu-
bation at 25 C with shaking in a nitrogen environ-
ment, the hydrogen ion concentration was
measured with a Beckman Expandomatic pH
meter.

S. aureus cell wall bound approximately 14
ueq of Kt and Na* and approximately 85 peq

of Mg** and Ca*+ per g of cell wall (dry weight).
The binding capacity, though different for mono-
valent and bivalent ions, was the same for ions
of the same valence; this indicates that ions of the
same valence may be bound through the same
mechanism. The binding capacity, studied in rela-
tion to the concentration of ions in the incubating
medium, rapidly reached its maximum with con-
centrations above 10 meq per liter. Influence of
anions on the binding capacity of the cell wall
was studied with various salts of K+, Nat+, Ca*t+,
and Mg** in 0.01 M tris(hydroxymethyl)amino-
methane (Tris) buffer at pH 7.4. The anion to
which the cation is bound was of no importance.
The ion-binding capacity varied considerably with
the pH of the medium. High pH levels increased
the amount of ions bound, this phenomenon being
more pronounced with Mg*+ and Catt. Cell
wall preparations at pH 2.0 bound approximately
245 peq of HY per g of cell wall (dry weight),
indicating that a corresponding quantity of dis-
sociable acidic groups was present. The results
are shown in Table 1.

To check the formation of complexes, potenti-

TABLE 1. lon-binding capacity of the cell wall of
Staphylococcus aureus strain 22 IS[s

Amt (ueq) of ion bound per g of cell wall
pH of the (dry wt)
medium
H+ K+ Na* Ca*t Mg+
2.100 245 | — — — —_—
2.30¢ — 5.6 5.6 31.2 | 32.0
3.160 132, — — —
4,28 13 , — — —_ —
4.504 — 7.4 7.5 62.7 | 63.1
7.20¢ — = 14.3 14.7 85.9 86.2
9.10° — ’ 16.8 16.9 | 129.0 | 130.0

¢ Results are the mean values of 10 experiments.
® HCI solution.

¢ Glycine hydrochloride buffer, 0.05 m.

4 Citric acid-sodium citrate buffer, 0.05 m.

¢ Tris chloride buffer, 0.05 m.
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ometric-titration curves of the cell wall in the
presence or the absence of cations were deter-
mined. A 200-mg amount of cell wall was sus-
pended in 50 ml of neutral, deionized water and
titrated with carbonate-free 0.1 N KOH in both
the absence and the presence of cation (0.005 m).
The final volume was 50 ml; 0.5 ml of 0.1 N KOH
was added every 30 min. After every addition of
KOH, the pH was measured with a Beckman Ex-
pandomatic pH meter. Nitrogen was bubbled
through the liquid to obtain good mixing and to
keep the atmosphere above the solution inert.

Figure 1 shows that, when the cell wall sus-
pension was titrated in the presence of Cat* and
Mgtt, the titration curve shows a definite de-
crease of pH, whereas, with Nat and K, the
decrease is noticeably smaller. There was suffi-
cient evidence to indicate that a bivalent cation is
bound by two dissociable acidic groups, thus
forming complexes. Na* and K+ also caused a
decrease in pH which, however, was much smaller
than that observed for Cat+ and Mg+, It has to
be postulated that for Nat and K+ there is also
an ionic-type bond with the acidic groups of the
cell wall. These data suggest that the cell wall be-
haves like a weak ion-exchange resin. Studies on
the cell wall exchange capacity are in progress in
our laboratory.

This investigation was carried out with the help of
the “Consiglio Nazionale delle Ricerche.”
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FiG. 1. Potentiometric titrations of cations in the
presence and absence of cell wall. Symbols: W, 200 mg
of cell wall in water; A, 0.005 » NaCl; X (solid line),
0.005 m KCI; A, 0.005 » CaCly; X (broken line),
0.005 » MgCly; 03, 200 mg of cell wall in water plus
0.005 M NaCl; @, 200 mg of cell wall in water plus
0.005 » KCI; O, 200 mg of cell wall in water plus 0.005
i CaCly; +, 200 mg of cell wall in water plus 0.005 m
MgCl,.



