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Brief note
Hydrogen peroxide effects on Streptococcus thermophilus CNRZ 368 cell viability
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Abstract — Streptococcus thermophilus CNRZ368 is an anaerobic aerotolerant bacteria and its ability to survive under
aerobic growth conditions raises the question of the existence of a putative defence system against oxidative stress. Thus
survival of CNRZ368 in the presence of increasing concentrations of hydrogen peroxide was studied. Moreover, the
influence of the physiologic state of the cells, as well as that of a preexposition with sublethal doses of hydrogen peroxide,
uponS. thermophilus CNRZ368 survival were determined. The results suggest3hisermophilus displays a defence

system against oxidative stress and that this system is induciB@01 Editions scientifiques et médicales Elsevier SAS

hydrogen peroxide/ oxidative stress/ S. thermophilus CNRZ368

1. Introduction hydrogen peroxide is notably known to react with

reduced iron or copper ions to generate hydroxyl
The oxidative stress response has been well chafadicals (OH) in the Fenton reaction [11, 12].

acterized for some microorganisms and especially for

the facultative aerobic Gram-negative bactefs > Materials and methods

cherichia coli (for a review, [17]). In this organism, =

two distinct regulons, OxyR [4] and SoxR/S [9, 18],

have been identified and are known to be induced b

two distinct oxidative molecules, 0, and G re-

spectively. The case of streptococci is less well docgg

g.l. Strains and culture conditions

S thermophilus CNRZ368 was purchased from

mented since only the existence of some anti-oxida e Centre National de Ia_ Recherc_he Zootechnique
elonging to the INRA strains collection (France). D

enzymes have been reported [3, 8, 10, 13-15, 19 as isolated in the progeny of strain CNRZ368 after

Moreover, these bacteria lack catalase [16]. serial subclonings. All experiments were performed
Our research focuses on the facultative anaer-

obic Gram-positive bacteriun&reptococcus ther- on this clone. First,  was grown overnight at

, . . . . 42°C in milk medium. Overnight culture was then
mophilus, widely used in dairy product fermentation. q; 0.4 100-fold in fresh TPPY [1] (0.7% tryptose
Its ability to grow under aerobic conditions raises th : '

uestion of the existence of a defence system a air.?0 7% proteose-peptone, 0.2% bacto yeast extract, 2%
9 Y 9aNRctose) and grown at 4.

oxidative stress. Indeed, such a system might be nec-
essary to rescue cells from damage caused by the ig-, Sensitivity to oxidizing agents
evitable reactive oxygen species produced under aer-

obic growth conditions. D, was grown overnight in milk medium, then in-
The aim of our work was to test the effect of gcylated into fresh TPPY medium. During exponen-
oxidative stress o8 thermophllus survival. For this tial growth (OQOO — 06), culture was exposed to
purpose, HO, was used as the oxidative agent:oxidative stress by the addition of hydrogen perox-
ide (0.25 to 30 mM). Cells were left in contact with
hydrogen peroxide for 15 min. Aliquots of the cul-
* Correspondence and reprints. ture were diluted in TPPY, and appro_priate di_luti_o_ns
E-mail address: bourget@nancy.inra.fr (N. Leblond-Bourget).  plated on TPPY agar plates to determine cell viability.
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Plates were stocked in jars provided with the GENboxmodes of killing by HO,. Such an explanation
Anaer system (bioMérieux). Colonies were countechas been proposed to account for two kinetically
after 20-h incubation under anaerobic conditions. Pemdistinguishable modes of cell killing by 4@, in
centage survival was determined by comparing viak. coli. In the first mode, cells are killed primarily
bility with or without treatment. All experiments were by DNA damage caused by GHadicals produced
performed at least in triplicate. during the Fenton reaction. However, higher levels of
H,0, are thought to scavenge GQHhus suppressing
mode one killing. As the concentration of8; rises
still further, viability is decreased by a second mode
. . _ of killing, although the cellular targets in this instance
3.1. Effect of increasing concentrations are not known [11, 12]. Alternatively, the curve
of H202 on survival shape could account for the induction of a protective

The abilty of D cerved fom CNREZ360) to - SSh0nse shove & conceryaton of 0 X
spond to 15-min exposure to a range of hydrogen IOe£\ecreased because of the saturatio1n of they rc?tective
oxide concentrations (0.25-30 mM) was investigate&j | ’ P
and led to a depletion of cell viabilityfiGure 1A). system.

When D, was treated with low doses, the®, dose
response curve was found to be biphasic: between
and 0.5 mM HO, viability decreased, but then rose
again above 0.5 to 1.0 mMigure 1B). Further in- The ability ofE. coli to resist stress has been shown
creases in the level of #, above 1 mM resulted in to increase following prior exposure to low doses
a further loss of viability. The kill curves seenfig-  of the same stress [5]. Therefore, the viability of
ure 1 are very similar to those seenkicoli, although D, was tested with or without pretreatment with a
S thermophilus appears to be inherently more sensi-sublethal level of HO,. As shown infigure 2, a 0.25-

tive to HyOp. mM pretreatment led to a 15-fold increase in survival

Two hypotheses can be proposed to explain thigshen challenged with 5 mM $0,, compared to

biphasic shape: the curve may reflect two differenktrains that had not been pretreated. Moreover, when
A B. challenged with 10 mM bkD,, no more than 80%
of the 0.25 mM HO, pretreated population was
killed, compared to 99% loss of viability for the
non-pretreated control. A 1-mM J@, preexposure

3. Resultsand discussion

2. Theinfluence of preexposure
H»>O, on resistance to oxidative stress

102 led to even higher levels of survival to subsequent
exposure: no more than 30% of the population was
F oo B 1024 killed when subsequently challenged with 10 mM
z g H,0,. Thus, D, when exposed to sublethal levels of
g e 3 H,0O,, was better able to cope with subsequent toxic
L “ doses. These results suggest tgbermophilus cells

1071 104 respond to HO,, probably by activating groups of
genes encoding antioxidant and repair enzymes.

3.3. Theeffect of growth phase on H,O5 tolerance

T e T oy In E. coli and S typhimurium, stationary-phase
cells are more resistant to environmental stress than
Figure 1. Sensitivity of D1 isolate to killing by H>O,. Survival was exponentially growing cells [6]. To test whether this
determined by plating appropriate dilutions of samples after a 15- is the case fosS. thermophilus, the effect of growth

min exposure to H, O3 of exponentially growing cells (ODggg nm = . .
0.6). Surviving fractions were calculated relative to colony counts phase on lzDZ tolerance was lnvestlgated. A culture

without treatment. These experiments were performed in triplicate of D; was split i'nto five _subcult_ures, and262 was
and the results of typical experiments are displayed in the figure. ~ added at four different time points during the ensu-

A. High concentrations of HO». B. Low concentrations of H2O». ing growth period. One culture remained untreated
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] Figure 3. A. Growth curve of S. thermophilus D1 strain. B.
20 Change in H2O; tolerance as a function of physiological state.
| Each point represents the average of a triplicate experiment. Cells
were grown in TPPY medium. H>O, was added at different times
0-H during the ensuing growth period as a function of the ODggp.
0 5 75 10 Cells were treated at ODggonm = 0.15 (O), ODggonm = 0.60 (IJ),
¢ ODgoonm = 0.85 (A) and ODggonm = 2.10 (A).
H,0, (mM) 4. Conclusion
Figure 2. Effect of H,O» pretreatment on cells viability. Cells were . i .
preincubated for 15 min at 42°C in TPPY medium in the absence Our results suggest the existence of an inducible

(D) or in the presence of 0.25 mM H,O, (W) or 1 mM H,0,  defence system against,®, in S thermophilus

(). Cells were then treated again with hydrogen peroxide at the CNRZ368, possibly of the type OxyR-like regulon.

?ndicgted concentration and plated. Percentage of surviving cells Although the search for the structural homologue of

's indicated on the graph. OxyR (the regulator protein of the OxyR regulon) in
Streptococcus mutans has failed [19], the hypothesis
of a functional substitution for the OxyR protein can
be drawn. Such functional substitution has already

and served to determine the growth rate, which Ioropeen identified in another Gram-positive bacteria as

ceeded in TPPY with a doubling time of 30 min PerR inBacillus subtilis [2].

(figure 3A). Figure 3B shows HO, tolerance as a

function of the growth phase.J®, had little effect on ~ Acknowledgements

the viability of stationary phase cells (@ = 2.1),

even up to 5 mM. In contrast, cells in early exponen- We are grateful to Mark Paget for his critical

tial phase (Olgyo = 0.15) were extremely sensitive to reading and his help in the English formulation of the
H,O,, and resistance increased throughout the growtmanuscript.

period (ODQygo = 0.6; ODs0p = 0.85). Thus, nongrow- This work was supported by Le Ministere de

ing S. thermophilus cells appeared to be more toler- I’Education Nationale, de la Recherche et de la
ant to HO, than their actively growing counterparts Technologie.

as found inE. coli. Moreover, since the resistance is

settled down progressively through the growth curveReferences
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