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sites. We found that saliva had different effects
on glucose uptake by several oral microorga-
nisms. Incubation of S. mutans or S. sanguis in
50% (vol/vol) saliva for just 10 min resulted in a
30 to 80% inhibition of glucose uptake. Similar
incubation of A. viscosus, Staphylococcus aure-
us, and S. mitis in saliva had no inhibitory effect.
Based on several considerations, we concluded
that the salivary lactoperoxidase-SCN--H202
system was responsible for the inhibitory action
against S. mutans and S. sanguis. It was sug-
gested that the resistance of A. viscosus, Staph-
ylococcus aureus, and Escherichia coli (a non-
oral, catalase-producing control organism) to
inhibition by saliva was based on their lack of
accumulation of H202. The resistance of S. mitis
(an H202-producing organism similar to S. mu-
tans and S. sanguis) was unexpected and re-
mained unexplained. The results of the study
supported the notion that the salivary lactoper-
oxidase system might be a principal determinant
in the observed site specificities exhibited by S.
mutans and S. sanguis.
As noted above, the previous study used only

a 10-min incubation of bacteria in saliva before
the estimation of glucose uptake. It remained
possible that continuing the incubation of mi-
crobes in saliva might lead to additional inhibi-
tory effects and perhaps to effects not ascribable
to lactoperoxidase. Furthermore, in the case of
S. mitis, it was possible that upon longer expo-
sure of the organism to saliva, lactoperoxidase-
based inhibition might be observed. We there-
fore extended the studies reported earlier. In
this report, we describe the effect of incubation
time (up to 90 min) of S. mutans strains BHT,
Ingbritt, and GS-5; S. mitis strains 9811 and
72X41; and A. viscosus strains T6 and WVU626
in saliva on their subsequent glucose uptake. A
comparison of H202 accumulation by S. mutans
BHT and S. mitis 9811 is also presented.

MATERIALS AND METHODS
Bacteria, saliva, and glucose uptake. The bacteria

used included S. mutans strains BHT, Ingbritt, and
GS-5; S. mitis strains 9811 and 72X41; and A. viscosus
strains T6, WVU626, and WA2. The growth, harvest-
ing, and saliva incubation of the bacteria have been
described in detail previously (4). Fresh whole salivary
supernatant prepared from pools (three or four donors
per pool) of unstimulated saliva (<5 ml per donor) was
collected as described previously (4) and stored on ice
less than 60 min before use. In all cases reported here,
salivary supernatant was used at the desired final
concentrations in 50 mM potassium phosphate buffer
(pH 7.0) (PB) or in PB supplemented with 1 mM MgCl2
(PBMg). [U-14C]glucose uptake was estimated by a
filter paper method (4, 5). Glucose was present in the
uptake mixtures at 200 ,uM (1.5 mCi/mmol).

Estimation of H202 accumulation. Two assay meth-
ods, a scopoletin method (1, 13) and a phenol red
method (11), were used. The basis of each method is

the horseradish peroxidase (HRP)-H202-dependent
oxidation of an exogenous substrate (scopoletin or
phenol red). Oxidation of scopoletin results in a loss of
fluorescence, and oxidation of phenol red is accompa-
nied by a shift in its absorption spectrum (detected at
610 nm) (1, 11). Two experimental protocols were used
in studies of H202 production. In the absence of
saliva, bacteria suspended in PB (to an absorbance of
1.0 at 540 nm) were incubated (stationary in air) at
37°C. At intervals, 1.0-ml samples were removed and
chilled in ice, and the supernatant solutions were
recovered by centrifugation for 5 min at 4°C in a
Beckman microfuge B. Samples of the supernatant
solutions were then incubated at 37°C with 2 ,uM
scopoletin and 2 ,ug of HRP (120 U/mg) (type I; Sigma
Chemical Co., St. Louis, Mo.) per ml in 10 mM
sodium citrate buffer (pH 4.5) for 10 min. Next, the
reaction mixture was diluted 1/10 into 100 mM sodium
borate buffer (pH 10), and the fluorescence was deter-
mined with a Turner fluorometer. This constitutes the
two-step procedure. An alternate procedure (the trap-
ping method) was used in those cases in which bacteria
were suspended in saliva. In this case, the bacteria
were incubated at 37°C in PB or PB plus 50% saliva
together with (i) 100 ,ug of HRP per ml plus 200 ,uM
scopoletin or (ii) 50 p.g of HRP per ml plus 280 ,uM
phenol red. At intervals, samples were removed and
either (i) diluted 1/250 to 1/1,000 into borate buffer
(scopoletin method) or (ii) made alkaline by the addi-
tion of 0.01 volume of 6 N NaOH (phenol red method).
Oxidation of scopoletin was estimated directly as
described above. The alkaline phenol red mixtures
were centrifuged to remove bacteria, the supernatant
solutions were recovered, and the oxidation of phenol
red was estimated by the absorbance change at 610 nm
(11). In all cases, H202 standard curves were prepared
in the same incubation medium (minus bacteria) used
in any given study of H202 production by S. mutans
and S. mitis. In our hands, equivalent results were
obtained under a given set of conditions with either
substrate (scopoletin or phenol red). The phenol red
method, however, was far more convenient.

RESULTS
Saliva inhibition of glucose uptake by S. mu-

tans. The effect of time of exposure of S. mutans
BHT to 50% saliva on its subsequent rate of
glucose uptake is shown in Fig. 1. A rapid
decrease of glucose uptake capacity was ob-
served in the presence of saliva. After 90 min of
exposure to saliva, the cells exhibited a rate of
uptake that was only 8% of that seen in cells
incubated for 90 min in buffer. The steady de-
cline of buffer-suspended cells could be reduced
by about 50% if the buffer was supplemented
with MgCl2 (see below). We have previously
shown (4) that saliva-induced decreases in glu-
cose uptake by S. mutans BHT exposed to
saliva for 10 min are completely prevented if
dithiothreitol (DTT) is present. It was of inter-
est, therefore, to determine whether DTT also
prevented the loss of glucose uptake over longer
exposures to saliva. S. mutans strains BHT,
Ingbritt, and GS-5 were incubated in PBMg or in
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FIG. 1. Effect of time of incubation of S. mutans
BHT in saliva on the rate of glucose uptake. Cells
suspended in PB (0) or PB plus 50% salivary superna-

tant (0) were incubated at 37°C for the desired times.
Radioactive glucose was then added, and the rate of
uptake over 0 to 4 min was determined.

PBMg plus 18, 45, or 82% saliva for 90 min at
37°C. Each of the above suspensions was incu-
bated in both the presence and absence of DTT.
At 90 min, the rates of glucose uptake were

determined (Fig. 2). Consistent with the earlier
results (4), DTT had little or no effect on cells in
buffer. Cells incubated in saliva exhibited mark-
edly reduced rates of glucose uptake; these rates
were less than 5% of the rates obtained from
cells in buffer. Cells incubated in DTT-supple-
mented saliva, however, exhibited rates of glu-
cose uptake that were 150 to 200% of those of
PBMg-suspended cells. The stimulation of S.
mutans glucose uptake by DTT-supplemented
saliva was not due to cell growth. Strains BHT,
GS-5, and Ingbritt exhibited less than a 5%
change in absorbance over 2 h of incubation at
37°C in 82% saliva supplemented with DTT.
Thus, DTT did indeed prevent saliva-dependent
accumulation of cell damage over 90 min of
exposure to saliva. These experiments, in which
DTT was present throughout incubation of the
organisms in saliva, did not distinguish between
inhibition of production of cell damage and
repair of accumulated damage. Thus, to deter-
mine whether DTT could repair already accumu-
lated damage, the following experiment was

performed. S. mutans BHT was incubated in
buffer or in 50% saliva for 60 min at 37°C. Next,
DTT was added (to give 1 mM) to one saliva
suspension, and incubation was continued for
another 10 min. Cells in buffer and in the remain-
ing saliva suspension were also incubated for
another 10 min but were never supplemented
with DTT. Glucose uptake by all cell suspen-
sions was then determined. The results indicated
that cells incubated in saliva (without DTT)

0 50 100 C
% saliva (vol/vol)

FIG. 2. Effect of saliva on glucose uptake by S.
mutans strains BHT (a), Ingbritt (b), and GS-5 (c). The
organisms were incubated in PBMg alone or with the
indicated saliva concentrations for 90 min at 37°C. The
rates of glucose uptake were then determined. Sym-
bols: 0, unsupplemented PBMg or PBMg-saliva; 0,
PBMg or PBMg-saliva supplemented with 1 mM DTT.

exhibited a rate of uptake (2.3 nmol/ml per min)
that was 14% of that of the buffer suspension
(15.8 nmol/ml per min). In the case in which
DTT was added for the final 10 min of exposure
to saliva, the rate of glucose uptake observed
(13.0 nmol/ml per min) indicated that glucose
uptake was restored to 82% of the control (buffer
suspension) rate. Taken together, these results
demonstrate that DTT can both prevent cell
damage and repair a significant proportion of
previously accumulated damage.
Based on considerations stated previously (4),

it was suggested that saliva inhibition of S.
mutans glucose uptake was due to the lactoper-
oxidase system. Accordingly, the lack of inhibi-
tion by DTT-supplemented saliva was taken to
result from inhibition of the H202-dependent
accumulation of OSCN-. If this is true, then
supplementation of saliva with either catalase or
DTT should result in similar magnitudes of pro-
tection to cells. This indeed appears to be the
case. A comparison of the effect of catalase
supplementation with that of DTT supplementa-
tion of saliva on glucose uptake by S. mutans
BHT is shown in Fig. 3. Identical glucose uptake
rates were obtained with cells incubated for 60
min in 50% saliva supplemented with either DTT
or 2,400 U of catalase per ml. Decreased cata-
lase concentrations resulted in reduced protec-
tion. The inclusion of catalase in 90-min incuba-
tion mixtures containing S. mutans GS-5 or S.
mutans Ingbritt in 82% saliva also afforded com-
plete protection (Fig. 4).

Saliva inhibition of glucose uptake by S. mitis.
We previously reported that incubation of S.
mitis 9811 in 50% whole saliva supernatant (or
parotid fluid) for 10 min does not result in the
inhibition of glucose uptake (4). In fact, we
usually observed an increased (up to 30%) rate
of uptake by cells suspended in saliva compared
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FIG. 3. Effect of catalase on saliva inhibition of S.
mutans BHT glucose uptake. The organism was incu-
bated in 50%o saliva-PB (0), or saliva-PB supplement-
ed with 24, 240, or 2,400 U of catalase per ml (A), or
saliva-PB supplemented with 1 mM DTT (0). (a)
Glucose uptake estimated after 60 min at 37°C. (b)
Relationship between catalase concentration and pro-
tection of cells from saliva inhibition.

with buffer-suspended cells. In the present
study, we examined the effect of longer incuba-
tion times in saliva on glucose uptake by the
organism. Consistent with the earlier results, the
rates of glucose uptake exhibited by cells ex-
posed to 50% saliva over 90 min were 30 to 35%
greater in all cases than those of buffer-suspend-
ed cells (Fig. 5). Furthermore, saliva appeared
not to inhibit the organisms over time, in con-
trast to S. mutans. In the case of S. mitis 9811,
the inclusion of 1 mM MgCl2 in the buffer
resulted in increased rates of uptake such that
saliva-suspended and PBMg-suspended cells ex-
hibited similar rates (ratio of rate in PBMg to
rate in saliva = 0.93 and 1.04 for cells incubated
for 10 and 60 min, respectively).

In the light of the finding that the rates of
glucose uptake exhibited by S. mutans suspend-
ed in DTT-supplemented saliva were greater
than those of control (i.e., PBMg-suspended)
cells, we examined S. mitis strains 9811 and
72X41 under the conditions used in the experi-
ments shown in Fig. 2. The results with strain
9811 (Fig. 6a) were totally consistent with the
data in Fig. 5. Note that after 90 min of incuba-
tion in the presence of unsupplemented saliva,
the rates of glucose uptake were higher at all
saliva concentrations compared with PBMg-sus-
pended cells. Note, however, that DTT-supple-
mented saliva promoted even higher rates of
glucose uptake, a finding consistent with the S.
mutans results presented above. As in the case
of S. mutans, incubation of S. mitis 9811 for 2 h
at 37°C in 82% saliva supplemented with DTT
did not result in growth. Therefore, the stimula-
tion of S. mitis 9811 glucose uptake by DTT-
supplemented saliva was not a result of in-
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FIG. 4. Effect of catalase on saliva inhibition of
glucose uptake by S. mutans strains GS-5 (a) and
Ingbritt (b). The organisms were incubated in 82%
saliva-PB (0) or in saliva-PB supplemented with 2,400
U of catalase per ml (0) or 1 mM DTT (A). After 90
min at 37°C, glucose uptake was estimated.

creased cell mass. In another experiment (not
shown), strain 9811 was incubated for 60 min in
50% saliva alone or supplemented with either 1
mM DTT or 2,400 U of catalase per ml. Subse-
quent examination of glucose uptake revealed
that incubation in unsupplemented saliva inhibit-
ed the uptake rate by 16%, whereas cells incu-
bated in catalase-supplemented saliva exhibited
a rate of uptake identical to that observed with
the control (DTT-supplemented saliva). The re-
sults obtained with strain 72X41 (Fig. 6b) are
similar, but not identical, to those with strain
9811. The rate of glucose uptake in PBMg was
unaffected by D1T and essentially equal to the
rates observed in unsupplemented 18 or 45%
saliva (i.e., there was no inhibition or stimula-
tion by saliva). In 82% saliva, glucose uptake
was inhibited by 45% relative to the PBMg-
suspended cells. In DTT-supplemented saliva,
stimulation of glucose uptake was observed at
all saliva concentrations, albeit to a lesser extent
than observed with strain 9811.

Effect of saliva on A. viscosus. We have noted
previously (4) that incubation of A. viscosus in
either PB or saliva for 10 min results in either
similar uptake rates or slightly greater rates by
saliva-suspended cells. To extend these obser-
vations, we increased the saliva exposure time
to 60 min (Fig. 7). The overall response of A.
viscosus was different from that observed with
S. mutans. The rate of uptake by A. viscosus
increased (to 140% of that at time zero) as the
time of incubation in saliva increased. In con-
trast, incubation in PB resulted in a progressive
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FIG. 5. Effect of time of incubation of S. mitis 9811

in saliva on the rate of glucose uptake. Cells suspend-
ed in PB (0) or 50% saliva-PB (@) were incubated at
37°C for the indicated times. Radioactive glucose was
then added, and the rate of uptake was determined
over 4 min.

and extensive decrease in glucose uptake. Note
that at 15 min, the rates of PB- and saliva-
suspended cells were essentially identical, a
result consistent with the 10-min data reported
previously (4). The decay in glucose uptake seen
in PB-suspended cells over 60 min can be almost
eliminated by the addition of MgCl2 (data not
shown). PBMg-suspended cells exhibited 75 to
80% of the glucose uptake activity seen in saliva-
suspended cells after 90 min of incubation. Tris
buffer or supplementation of PB with KCI had
no stabilizing effect on the organism. The in-
crease in the glucose uptake rate of saliva-
suspended cells (Fig. 7) was shown in other
experiments to be associated with a slight in-
crease in cell mass (turbidity) over the time of
incubation, such that about 80% of the increased
glucose uptake disappeared when the rates at
each sampling time were corrected for cell mass
at that sampling time.
An examination of A. viscosus strains T6 and

WVU626 after 90 min of incubation in (i) unsup-
plemented 50% saliva, (ii) 1 mM DTT-supple-
mented saliva, and (iii) catalase (2,400 U/ml)-
supplemented saliva was also performed. We
found equivalent rates of glucose uptake under
the three conditions within each strain (22.1 and
23.7 nmol/ml per min for strains T6 and
WVU626, respectively). In another experiment,
A. viscosus WA2 was incubated for 60 min in
50% saliva with or without 1 mM DTT. Again,
identical rates of glucose uptake were observed
(i.e., there was no inhibition by saliva). Taken

O l
-

v
0 50 1000 50 100

% saliva (vol/vol)
FIG. 6. Effect of saliva on glucose uptake by S.

mitis strains 9811 (a) and 72X41 (b). Suspensions of the
organisms in unsupplemented (0) or 1 mM DTT-
supplemented (@) PBMg with the indicated saliva
concentrations were incubated for 90 min at 37°C.
After the addition of radioactive glucose, the rates of
uptake were determined.

together, these data support the contention that
glucose uptake in A. viscosus is refractory to
inhibition by saliva.
H202 production by S. mutans and S. mitis. We

suggested earlier (4) that perhaps the difference
in the resistance of S. mitis and S. mutans to
inhibition of glucose uptake by saliva was due to
an impairment in H202 production by S. mitis
under our conditions of incubation. To explore
this possibility, we performed the following ex-
periments. First, the accumulations of H202 by
S. mutans BHT and S. mitis 9811 in PB supple-
mented with up to 1 mM glucose were com-
pared. The two organisms were similar in their
rate and extent of H202 accumulation over 60
min (Fig. 8, inset) and in their dependence on
glucose over a 1,000-fold range of concentration
(Fig. 8). This demonstrated that S. mitis had no
inherent deficiency in H202 production relative
to S. mutans. In fact, based on several experi-
ments not reported here, S. mitis usually accu-
mulated more H202 under a given set of condi-
tions in PB than did S. mutans. This can be seen
in Fig. 8 in two cases (inset and with 1 mM
glucose).

Next, we attempted to estimate H202 produc-
tion by the two microbes in the presence of 50%
saliva in PB, a condition which is similar to that
used in the previous study (4) and in the glucose
uptake experiments reported above. We were,
however, unsuccessful in numerous attempts to
examine H202 production in 50% saliva-contain-
ing systems by either the scopoletin or the
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FIG. 7. Effect of preincubation of A. viscosus in

PB (0) or 50%o saliva-PB (0) on the rate of glucose
uptake. See legend to Fig. 1 for details.

phenol red assay method. In either case, at-
tempts to construct a standard curve by the
addition of H202 to PB containing 50% (or less)
saliva, HRP, and the substrate (scopoletin or
phenol red) were unsuccessful; H202 was appar-
ently consumed by saliva. Thus, we abandoned
attempts to determine bacterial H202 accumula-
tion by either assay method in the presence of
unaltered saliva. Dialysis of saliva, however,
was found to completely remove the inhibitory
behavior of saliva as estimated by either assay
method. The basis of the release of inhibition is
unknown to us. Standard curves constructed in
PB or in PB containing 50% dialyzed saliva were
essentially identical if, and only if, the trapping
assay mode (see above) was used. We therefore
examined H202 accumulation by the organisms
incubated in 50% dialyzed saliva as a first ap-
proximation to unaltered saliva. In some cases,
a glucose supplement (200 ,uM final concentra-
tion) was also included. All incubation mixtures
also contained HRP and phenol red (added be-
fore the bacteria). Cell suspensions were incu-
bated at 37°C for up to 90 min, and H202
accumulation was estimated at intervals. In PB
alone, both organisms accumulated less than 10
nmol of H202 per ml over 90 min (Fig. 9a). In the
presence of 200 ,uM glucose, S. mutans and S.
mitis accumulated 40 and 50 nmol of H202 per
ml, respectively. Thus, as noted above, the
organisms were comparable in H202 accumula-
tion in buffer and in glucose-supplemented buff-
er. H202 accumulation by each organism in the
presence of 501% dialyzed saliva, however, was
not as similar as in the case of buffer-suspended
cells. In the absence of glucose, S. mutans
accumulated 20 nmol of H202 per ml, whereas

10 1000

glucose (M)
FIG. 8. Production of H202 by S. mutans (0) and

S. mitis (0). See text for details. Cells were incubated
in PB containing no glucose (arrows) or 10, 100, or
1,000 ILM glucose for 60 min at 37°C. The cells were
then removed by centrifugation, and the H202 in the
supematant solution was estimated by the two-step
scopoletin method (see text). Inset: Cells were incu-
bated in PB containing 100 ,uM glucose as described
above. At the indicated times, samples were removed
and assayed for H202 as described above.

S. mitis accumulated 60 nmol of H202 per ml
(Fig. 9b). This has been a consistent finding in
several experiments with either the scopoletin or
the phenol red assay technique. S. mitis always
accumulated two to five times more H202 than
S. mutans in PB-dialyzed saliva unsupplement-
ed with glucose. In the presence of 200 ,uM
glucose, S. mutans doubled its final level of
accumulated H202 (40 nmol/ml), whereas S.
mitis exhibited only a slight increase in final
level (ca. 75 nmol/ml). Thus, in contrast to
expectations, S. mitis actually accumulated
greater quantities of H202 at greater rates than
S. mutans in the presence of saliva (albeit dia-
lyzed saliva).

DISCUSSION
The observations presented here support and

extend our earlier work (4). Based on our studies
using glucose uptake as a parameter to monitor
saliva effects on a membrane-associated event
(glucose transport) and a metabolic event (sub-
sequent metabolism of transported glucose to
generate phosphoenolpyruvate and thus drive
sustained glucose uptake), we conclude that the
salivary lactoperoxidase system is the only in-
hibitory system expressed under our experimen-
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FIG. 9. Effect of dialyzed saliva and glucose on

H202 production by S. mutans (0, 0) and S. mitis (A,
A). Cells were suspended in PB (a) or in PB plus 50%
dialyzed saliva (b) without glucose (0, A) or with 200
,uM glucose (0, A). All suspensions also contained
HRP and phenol red (trapping assay procedure, see
text). After incubation at 37°C for the indicated times,
samples were removed and processed to estimate
H202 accumulation.

tal conditions. This conclusion follows from (i)
the observations that catalase and DTT provide
equal protection to the streptococci and (ii) the
total absence of saliva inhibition of catalase-
producing A. viscosus. Protection by catalase
presumably results from consumption of H202
produced by the streptococci. Protection by
DTT results from reduction of OSCN- to SCN-
and from regeneration of essential SH groups on
membrane-associated transport proteins from
the oxidized derivatives (e.g., sulfenyl groups).
In agreement with work on E. coli (12), we have
noted that inhibited S. mutans can be "revived"
by DTT. Thus, cellular damage imparted by the
lactoperoxidase system may be reversible in
vivo under the appropriate conditions. Since we
used washed cells under conditions in which
growth was not evident, saliva effects on growth
were not examined. It remains possible, there-
fore, that growth of bacteria in saliva may be
affected by other factors (e.g., lysozyme or

lactoferrin) in addition to lactolperoxidase. Note
that no systematic differences in the saliva sensi-
tivity to glucose uptake were found either among
S. mutans strains representing human (Ingbritt,
GS-5) and nonhuman (BHT) serotypes or among
A. viscosus strains representing human
(WVU626, WA2) and animal (T6) serotypes (3).
In the case of S. mutans, this is in apparent
contrast to interactions between lysozyme and
the organism since strains of the rodent serotype
b exhibit the greatest lysozyme adsorption and
sensitivity to lysozyme growth inhibition (8, 9).
The S. mitis data presented here are in general

agreement with those of our previous study (4):
(i) short-term (10-min) incubation of the orga-
nism in saliva is without consequence on glucose
uptake; and (ii) saliva incubations up to 90 min
do yield reduced uptake, but the magnitude of
inhibition seen is less than that typically seen
with S. mutans strains. Further evidence of a
quantitative difference in lactoperoxidase sensi-
tivity between S. mutans BHT and S. mitis 9811
has also been obtained: (i) the H202 supplemen-
tation of saliva required to cause 50% inhibition
of glucose uptake is 8 (strain BHT) and 14 (strain
9811) ,uM (4); and (ii) the amount of purified
lactoperoxidase required to cause 50% inhibition
of glucose uptake with cells suspended in PBMg
supplemented with 1 mM SCN- and 100 ,uM
H202 is 10 (strain BHT) and 20 (strain 9811) mU/
ml (unpublished data).
Note that conclusions regarding the degree of

resistance or sensitivity of an organism to inhibi-
tion of glucose uptake by saliva depends upon
the particular control that is used. With regard to
S. mitis 9811, in all cases (i.e., with or without
DTT), saliva promoted glucose uptake relative
to that of PBMg (or PB)-suspended cells, hence
the conclusion that S. mitis 9811 is resistant to
salivary inhibition. If, however, one compares
only saliva-suspended cells, inhibition is appar-
ent in the absence of DTT. We have noted with
several strains of S. mutans, S. sanguis, and S.
mitis that consistently higher glucose uptake
rates are obtained with cells suspended in DTT-
supplemented saliva than with buffer (with or
without DTT)-suspended cells. The differences
are most apparent after 30- to 90-min incubation
periods. We have no good explanation for these
responses but can note that growth in saliva is
not the reason. The results of comparisons
among cells suspended in buffer (with or without
DTT) and saliva (with or without DTT) thus
suggest that the most appropriate control for
saliva inhibition studies is cells suspended in
saliva that is treated to inactivate the inhibitory
substance under investigation. This design,
where possible, takes into account any effects
the salivary milieu (versus buffers) may have on
the physiological status (responsiveness) of the
cells. In the studies reported here, supplementa-
tion of saliva with DTT was used to inactivate
the inhibitory potential of lactoperoxidase. This
approach has also been applied to investigations
of the interaction of salivary lysozyme with oral
bacteria (9). In this case, lysozyme-depleted
saliva served as a control and as a suspending
medium in studies of lysozyme adsorption to
oral streptococci and actinomyces.
To explain the relative resistance of glucose

uptake by S. mitis to salivary inhibition, we have
suggested (4) that the organism may be impaired
in its ability to accumulate inhibitory levels of
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H202 in the presence of saliva. The results
presented here do not support that notion. S.
mitis accumulated greater levels of H202 than S.
mutans. We have previously demonstrated that
the addition of 8 to 15 p.M H202 causes 50%
inhibition, and that 50 ,uM H202 causes essen-
tially complete inhibition, of glucose uptake by
saliva-suspended S. mutans and S. mitis (4). In
dialyzed saliva, S. mitis accumulated ca. 25 and
60 ,uM H202 after 10 and 60 min, respectively, of
incubation in the absence of exogenous glucose
(Fig. 9). Clearly, the organism accumulates in-
hibitory levels of H202 in dialyzed saliva. As
already noted, it has been reported that bacteria
repair lactoperoxidase-mediated damage (12). It
is thus possible that S. mitis might possess an
enhanced capacity (relative to S. mutans) to
repair salivary lactoperoxidase-mediated mem-
brane damage. In fact, one might view the
increased H202 production by S. mitis (relative
to S. mutans) in dialyzed saliva as a reflection of
the greater availability of salivary substrates to
S. mitis. Such substrates might provide a source
of reducing power to the organism for either
elimination of OSCN- or repair of membane
damage. The natural rate of H202 production by
saliva-suspended cells (Fig. 9) was ca. 2.5 nmol/
ml per min. In contrast, the previous study (4)
used the instantaneous addition of 10 to 100
nmol of H202 per ml to saliva-suspended cells, a
procedure that resulted in similar sensitivities of
S. mutans and S. mitis to saliva. Perhaps the
rate of addition of H202 used previously over-
whelmed the ability of S. mitis to repair damage
over the observation period. Natural H202 pro-
duction by the organism may be a sufficiently
slow process that continued repair, and thus
preservation of membrane function, occurs.
The sensitivity of S. mutans and S. sanguis

strains to the salivary lactoperoxidase system
may provide a principal basis for the inability of
these species to colonize the oral cavity contain-
ing only shedding surfaces. The 02-dependent
salivary impairment of membrane (and therefore
metabolic) function would render these mi-
crobes competitive only on nonshedding sur-
faces. A nonshedding surface provides the op-
portunity over an extended period of time for
slow-growing organisms (including those initial-
ly impaired in metabolism by salivary factors) to
establish in the flora without constant selective
pressures for initially rapid growth rates. This
condition cannot exist on shedding surfaces.
The formation of dense mixed populations of
bacteria (plaque) over time would progressively
reduce the impact of lactoperoxidase on sensi-
tive microbes via 02 consumption and local
H202 removal. Finally, it seems likely that the
relative importance of adherence phenomena,
salivary factors, and interbacterial relationships

assumes a different order in different oral sites.
Furthermore, the order may even change over
time within certain oral sites. For example, the
lactoperoxidase system may play a dominant
role in determining the ultimate composition of
the flora in sparsely populated sites such as the
cheek mucosa and teeth during stages of plaque
formation, whereas the composition of the flora
in more densely populated sites, such as matur-
ing plaque and the dorsal surface of the tongue,
may be primarily determined by interbacterial
competition.
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