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Abstract

Staphylococcus aureus, the most salt-tolerant nonhalophilic bacterium, is the only foodborne pathogen
that is able to grow at a. levels below 0.90. The fundamental osmoregulatory strategy used by this
organism involves the accumulation of intracellular compatible solutes such as proline or glycine betaine
which are accumulated by transport and act as osmoregulators in cells. In this study, levels of proline
transport systems and glycine betaine transport system of S. aureus were examined when cells are
grown at high osmolarity. The levels of all three transport systems within S. gureus were elevated
at high osmolarity and the most dramatic increase was found for the low-affinity proline transport
system. However, in 5mM glycine betaine-supplemented medium, the level of the low-affinity proline
transport system did not become elevated when cultures were grown at high osmolarity. The metabolic
fate of the accumulated proline and glycine betaine was investigated by thin-layer chromatography
and found to be not metabolized by S. aureus.
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Fig. 1. Effect of NaCl concentration on proline
uptake by the high-affinity proline trans-
port system of S. aureus.

NaCl was present at a final concentration
of 25 mM in the transport buffer. Proline
was present at a final concentration of
2.5uM, with a specific activity of 100,
000 cpm/nmol. Cells were grown in de-
fined medium with 5uM proline contai-
ning 0% NaCl ((, starved cells, protein
conc., 524ug/m¢ ; @, unstarved cells,
protein conc., 578ug/m¢) or 5% NaCl
(v, starved cells, protein conc., 518ug
/mé ; ¥, unstarved cells, protein conc.,
569ug/m¢). The points shown are the
mean values of triplicate determinations.
Standard deviations were within 10%.
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Fig. 2. Effect of NaCl concentration on proline
uptake by the low-affinity proline trans-
port system of S. aureus.

NaCl was present at a final concentration
of 1M in the transport buffer. Proline was
present at a final concentration of 1TmM,
with a specific activity of 1,000 cpm/nmol.
All abbreviations are the same as Fig. 1.
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Fig. 3. Effect of NaCl concentration on glycine
betaine uptake by the glycine betaine
transport system of S. aureus.
NaCl was present at a final concentra-
tion of 1M in the transport buffer. Gly-
cine betaine was present at a final con-
centration of 50uM, with a specific ac-
tivity of 1,000 cpm/nmol. All abbrevia-
tions are the same as Fig. 1.

Table 1. The effect of NaCl on the level of
proline and glycine betaine trans-
port systems of S. aureus

Transport Concentration of NaCl (%)
system

’ 0% 5%
High-affinity y=0.002X+0061  y=0006"X+0.054

proline system

Low-affinity y=0.057° X +2.308 y=0.627°X +5.103

proline system

Glycine betaine v=0419X~4.094

system

y=0.141'X+3.012

Each equation reveals the calculated slope and y-in-
tercept values. Slopes are expressed as nmoles of subs-
trate transported per second per milligram of protein.
Slopes having different superscripts denote significant
differences in transport rates between the two groups
of cells grown in either basal DFM medium or DFM
medium containing 5% NaCl (p<0.01).
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Fig. 4. Thin-layer chromatographic analysis of an
ethanol extract of S. aureus. Cells incu-
bated in the transport buffer containing
1M NaCl were exposed to [*H]-proline
for 30 minutes. Proline was present at
a concentration of TmM, with specific
activity of 1,000 cpm/nmol.
1mé aliquots of samples were centrifu-
ged, and cell peliets were extracted with
1mé of 70% ethanol. The bracket indi-
cates the position of authentic proline.
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Fig. 5. Combined effects of NaCl and glycine

betaine on proline uptake by the low-
affinity proline transport system of S.
aureus.
Cells were grown in defined medium
with 5 pM proline, 0% NaCl, (¥, pro-
tein conc., 553 ug/m¢) ; 5 uM proline,
5% NaCl, (@. protein conc., 548 ug
/me) ; 5 uM proline, 5 mM glycine
betaine, 0% NaCl, (V, protein conc.,
563 ug/m¢) ; and 5 uM proline, 5 mM
glycine betaine, 5% NaCl, (O,protein
conc., 527 pg/mé). NaCl was present
at a final concentration of 1M in the
transport buffer. Proline was present
at a final concentration of 1TmM, with
a specific activity of 1,000 cpm/nmol.
The points shown are the mean values
of triplicate determinations. Standard
deviations were within 10%.
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