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NOTE

Activities of Oxidative Enzymes Related with Oxygen
Tolerance in Bifidobacterium sp.

SHIN, SOON-YOUNG AND JONG-HYUN PARK*

Korea Food Research Institute, Baekhyun-Dong Bundang-Gu, Songnam 463-420, Korea

To study the relationship between oxygen tolerance and enzyme activity in the oxygen metabolism of
bifidobacteria, the activities of catalase, superoxide dismutase (SOD), NADH oxidase and NADH perox-
idase from six typical bifidobacteria and other bacteria were assayed by spectrophotometry. Catalase ac-
tivity was hardly detected in any of the bifidobacteria tested. SOD activity was detected in every species
including the Clostridium species. In particular SOD activity was notably high in the aerosensitive Bi-
fidobacterium adolescentis. This fact indicates that SOD activity is not a critical factor to ensure aero-
tolerance. Aerosensitive B. adolescentis showed very low NADH oxidative enzyme activity whereas oth-
er aerotolerant bifidobacteria exhibited considerable activity for the enzymes. It seems that detoxification
of H,0, by NADH oxidative enzymes might be an important factor in improving for aerotolerant bi-

fidobacteria survival rates in an oxygen environment.

Bifidobacteria are a predominant species of human
and animal intestinal microorganisms, and are known to
be beneficial to the health of their hosts. Recently, many
researchers have studied the introduction of these strains
to food, feed, drugs, and even to Kimchi (1) in the form
of viable probiotic cells (19). However, it is difficult to
maintain high levels of cell viability in large scale of
fermentations and in applications in the food industry be-
cause these strains are strict anaerobes (9). In general, bi-
fidobacteria do not grow on agar plates in air. However,
some strains show a considerable resistance to air (3).
Many researchers (4, 15, 20) have tried to elucidate the
relationship between oxygen senisitivity and enzyme ac-
tivities in this microorganisms, a definite correlation has
not yet been reported. McCord et al. (14) have reported
on the distribution of catalase, superoxide dismutase
(SOD) in various microorganisms. They suggested that
strict anaerobes exhibited no SOD and generally no ca-
talase activity, and all aerobic organisms containing the
cytochrome system had both SOD and catalase, and aero-
tolerant anaerobes were devoid of catalase but exhibited
SOD activity. However, Hewitt and Morris (5) have re-
futed their observation in that the possession of SOD
was not restricted to organisms capable of growth in air.

In short, susceptability to oxygen and the corre-
spondent enzyme activities of bifidobacteria are still
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unclear. From this background, the objecive of this ex-
periment was to examine the relationship between oxy-
gen tolerance and enzyme activities involved in oxygen
metabolism in bifidobacteria. The assayed enzymes were
catalase, SOD, NADH oxidase and NADH peroxidase in
6 typical bifidobacteria and other reference bacterial
species showing typical responses to oxygen in the en-
vironment.

Six bifidobacteria, B. adolescentis ATCC 15703, B.
animalis ATCC 25527, B. breve ATCC 15700, B. bi-
fidum ATCC 29521, B. infantis ATCC 15697 and B.
longum ATCC 15707 were obtained from the American
Type Culture Collection. As reference bacteria species,
Bacillus subtilis ATCC 14593, Escherichia coli ATCC
25922, Micrococcus luteus ATCC 4698, Lactobacillus
casei ATCC 9018, Clostridium acetobutylicum ATCC
4259 and Clostridium perfrigens ATCC 13124 were also
purchased from ATCC,

For bifidobacteria species, L. casei, and C. aceto-
butylicum, supplemented MRS (SMRS) and MRS (Difco)
media were prepared anaerobically in 150 ml serum vials.
SMRS media consisted of 0.05% (W/V) L-cysteine HCI,
0.075% bacto agar, 0.02% sodium carbonate, and 0.01%
calcium chloride dihydrate in the MRS media. Rein-
forced clostridial medium (RCM) (Difco) was used for C.
perfrigens. Nutrient media were used for B. subtilis and
E. coli, whereas enriched nutrient media containing
1.25% heart infusion, 0.25% yeast extract in nutrient
broth were used for for M. luteus. All tested bacteria ex-
cept M. luteus at 30°C were cultured at 37°C.
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Catalase, SOD, cytochrome c, xanthine, xanthine ox-
idase and NADH were obtained from Sigma. Other reagent
grade chemicals were used through the experiment.

Oxygen sensitivity of bifidobacteria was determined
by plate counting of late exponential phase cells gra-
diently diluted onto the modified bifidobacteria selective
(MBS) media plates which were exposed to air at 37°C
for 24 h. MBS agar medium consisted of 10 g trypticase
{(BBL), 5 g proteose peptone No. 3 (Difco), 3 g am-
monium sulfate, 2 g potassium phosphate (monobasic), 1
g potassium phosphate (dibasic), 0.2 g magnesium sul-
fate, 0.5 g L-cysteine HCl, 10 g sodium propionate, 25
ml oligosaccharide mixture, 15 g agar, 1 ml resazurin
(0.1%) per litre of distilled water, pH 7. The used oli-
gosaccharide mixture consisted of 20% fructooli-
gosaccharide, 10% galactooligosaccharide, and 10% iso-
maltooligosaccharide in distilled water. This mixture
solution was separately autoclaved and added when ne-
eded to prepare MBS media. Dilution solution was pre-
pared anaerobically in anaerobic pressure tubes. The solu-
tion contained 4.5 g potassium phosphate, 6.0 g sodium
phosphate (monobasic), 0.5 g L-cysteine HCl, 05 g
Tween 80, 0.5 g bacto agar and 1 ml resazurin (0.1%
solution) per litre of distilled water. The inoculated
plates were incubated in an anaerobic glove box (H, 5%,
CO, 15%, N, 80%) at 37°C and colonies were counted
after 72 h.

Bacterial cells cultured anaerobically in 150 ml serum
vials or aerobically in 250 ml flasks containing 100 ml
of culture media, were harvested by centrifugation at
8,000 rpm and 4°C for 20 min. The cells were washed
twice with cold saline, and resuspended in 2 ml of saline.
The cell suspensions of bifidobacteria were disrupted in
ice with sonication (Sonic Materials Inc. Connecticut,
U.S.A)) for 10 min. The disrupted cell suspensions were
centrifuged at 14,500 rpm and 4°C for 15 min to obtain
the cell free extract. The protein content of the cell free
extract was assayed by Bradford method using Bio-Rad
protein kit reagents (Bio Rad Laboratories, U.S.A.).

Catalase activity in the cell free extract was measured
according to the method of Beers and Sizer (2). The ac-
tivity was measured by a decrease in absorbance at 240
nm of the molar extinction coefficient of 43.6 M" cm™.
SOD activity was determined according to the method of
McCord and Fredovich (13). One unit of SOD activity
was defined as the protein amount of cell free extract re-
quired to inhibit the reduction rate of cytochrome c by
50% per minute at 25°C. NADH oxidase activity was as-
sayed by determining the rate of NADH oxidation at
37°C spectrophotometrically. The reaction mixture con-
tained 10 ul of 20 mM NADH, 2,390 pl of SO mM phos-
phate buffer at pH 5.5 and 100 pl of cell free extract.
The NADH peroxidase activity was assayed by measur-
ing the rate of NADH oxidation under anaerobic con-
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dition. Fifty mM of phosphate buffer at pH 5.5 and 25
mM of hydrogen peroxide dissolved in the buffer were
prepared anaerobically and kept in an anaerobic glove
box at 37°C before the assay. Activity of NADH oxidase
and NADH peroxidase was determined by calculation
from absorbance differences at 340 nm per min from the
initial linear portion of the curve with a molar extinction
coefficient of 6.22% 10° M cm™ (7).

Growth of 6 strains of bifidobacteria were compared
after exposed to air for 3, 10 and 24 h. As shown in Fig.
1, the growth of 5 species apart from the B. adolescentis
species were not affected by exposure to air for 3, 10, or
even 24 h. These 5 species of bifidobacteria showed a
high tolerance to oxygen. B. adolescentis was the only
strain among the bifidobacteria showing an inhibition of
growth under aerobic conditions. Three species of bi-
fidobacteria, i.e., B. longum, B. breve, and B. infantis,
displayed trace levels of catalase activity compared to
other 3 speices. Organisms in the aerobic category, E.
coli, B. subtilis and M. luteus showed 141, 1,659, and
2,522 units of catalase activity, respectively. Meanwhile
anaerobes, Le., C. acetobutylicum, C. perfrigens, L. caseli,
and the rest of the bifidobacteria strains examined, i.e., B.
adolescentis, B. animalis, and B. bifidum, did not show
any catalase activity as expected. The presence of ca-
talase activity in the 3 bifidobacteria contrasted with the
absence of this enzyme's actvities in the other three bi-
fidobacteria.

In this study, SOD activity was detected in all tested
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Fig. 1. Comparison of aerotolerance of 6 typical strains of bi-
fidobacteria.

Cells taken from SMRS media culture in the late exponential phase
were diluted gradiently and inoculated on the MBS medium. The plates
were incubated at 37°C for 72 h anaerobically before counting colonies.
Symbols: B. adolescentis (@), B. animalis (m), B. breve (&), B. bi-
fidum (W), B. infantis (&), and B. longum (@).
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organisms and ranged from 13 units/mg to 278 units,
and showed 21 fold variation. The activity of B. adoles-
centis, B. breve, and E. coli ranged from 108 to 278
units at the high level, which was more than those of the
aerobes. C. acetobutylicum, a strict anaerobe, showed the
lowest activity level, but still remained at the detectable
level.

The activitiy levels of NADH oxidase in bifido-
bacteria ranged from 0.04 unit (B. adolescentis) to 1.19
unit (B. longum) and those of other organisms ranged
from either nothing (C. acetobutylicum and M. luteus) or
0.03 units (B. subtilis) to 3.71 units (L. casei). The ac-
tivity of B. adolescentis was the lowest among the tested
bifidobacteria. The activity of L. casei was highest than
in any other organism used in this study.

The activities of NADH peroxidase were detected in
every species tested, ranging from 0.01 unit for C.
acetobutylicum to 18 units for L. casei. The activity of B.
adolescentis was the lowest among the other bifido-
bacteria, whereas the activity of L. casei was markedly
higher than any other bacteria. This tendency was the
same as for NADH oxidase. Aerobes, B. subtilis, E. coli
and M. luteus, showed higher levels of catalase activity
and showed an extremely low level of NADH oxidase
and NADH peroxidase.

The results of O, related enzyme activity show that the
distribution of SOD, NADH oxidase and NADH perox-
idase activity does not strictly depend on any aero-
tolerant or the anaerobic character of the organisms and
needs more complex interpretation.

In this experiment, three bifidobacteria showed a trace
level of catalase activities. The authors tried to confirm
this activity qualitatively by applying 3% H,O, into the
cells spread onto the glass slides. However, the three bi-

J. Microbiol. Biotechnol.

fidobacteria showed negative responses to the direct
method for the viable cells. Uesugi and Yajima (21)
have analyzed oxygen metabolism of strictly anaerobic
25 intestinal bacteria. They have observed that several
anaerobes, bifidobacteria and bacteroides had a rea-
sonable level of catalase activity. These results suggest
that catalase may not be the only distributed for aerobes
and needs more observation.

The results of SOD activity in this study revealed
again that SOD levels in organisms might not be es-
sential in differentiating strict anaerobes and aerotolerant
organisms as reported in other papers (5, 8,21). The
SOD activities in this study were found in all species test-
ed. Surprisingly, the activity of aerosensitive B. adoles-
centis was the highest in all species tested including the
aerobes and anaerobes. A representive strict anaerabe, C.
acetobutylicum had a low level of SOD activity. These
results suggest that SOD may be a basic enzyme in-
volved in the detoxification of superoxide radical O, and
that it is not sufficient to remove O,-related damage be-
cause the SOD produces another toxic oxygen related
metabolite, i.e., H,O, (18). Therefore, the bacteria devoid
of catalase essentially needs another system to decom-
pose H,0, to H,0 and O,.

The distribution of activities of NADH oxidase and
NADH peroxidase showed a comparable agreement with
oxygen senstivity in bifidobacteria. The activities in
aerosensitive B. adolescentis were very low, and those in
other aerotorelant bifidobacteria were relatively high,

Because accumulated H,0, was not analysed in the
present study, it can not be shown whether or not the
reaction of NADH oxidase was by a two electron tranfer
or a four electron tranfer system (20). However, the
results suggest that NADH oxidative enzymes play an

Table 1. Comparison of catalase, superoxide dismutase, NADH oxidase, and NADH peroxidase activity of 6 typical strains of bi-

fidobacteria and other species of bacteria.’

Specific activity (unit/mg protein of cell-free extract)’

Species Aerobicity
Catalase SOD NADH oxidase NADH peroxidase

B. adolescentis Strict anaerobe 0 278 0.04 0.06
B. longum Strict anaerobe t 24 1.19 1.25
B. animalis Strict anaerobe 0 33 1.20 1.04
B. breve Strict anaerobe t 108 0.60 0.11
B. bifidum Strict anaerobe 0 39 0.24 0.27
B. infantis Strict anaerobe t 57 0.68 0.27
C. acetobutylicum Strict anaerobe 0 13 0.00 0.01
C. perfrigens Strict anaerobe 0 32 0.50 0.02
E. coli Facultative anaerobe 141 109 0.07 0.03
L. casei Facultative anaerobe 0 16 3.71 18.1

M. luteus Aerobe 2522 31 0.00 0.02
B. subtilis Aerobe 1659 67 0.03 0.03

*Cell-free extracts were prepared from cells at early stationary phase. "The catalase and SOD actitities were evaluated by the method of Beers and Sizer
(2) and McCord and Fridovich (13), respectively, NADH oxidase and NADH peroxidase activities were measured from NADH oxidation at 340 nm.

“Trace.
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important role in detoxifying oxygen damage in bi-
fidobacteria. Many studies on the aerotolerance of lactic
acid bacteria suggest that the balance and intensity of
NADH oxidative enzymes probably contributes to eli-
mination of the environmental oxygen (6, 10, 12, 15-17).
The results of the present experiment show similar trends.
In addition, the authors emphasize that aerotolerance in
this species seems to be closely related to H,0O, eli-
minating capacity as well as the removal of a superoxide
radical by SOD. Therefore, the authors suggest that it is
necessary for bifidobacteria which do not use molecular
oxygen as the terminal electron acceptor to be studied
further and that we need to examine reaction of the
NADH oxidative enzymes in detail. Mutant studies that
are, aerosensitive but have high NADH oxidative en-
zymes and are aerotolerant but have low NADH ox-
idative mutants, will probably contribute to any further
explanation for the oxygen tolerance mechanism of bi-
fidobacteria.

REFERENCES

1. Baik, U. H,, K. H. Park, and S. K. Lee. 1994, The pre-
paration of Kimchii with Bifidobacterium spp. Korean Pa-
tent 94-10747.

2. Beers, R. F. and I. W. Sizer. 1952. A spectrophotometric
method for measuring the breakdown of hydrogen perox-
ide by catalase. J. Biol. Chem. 195: 133-140.

3. Bezorovainy, A. and R. M-C. Bezkorovainy. 1989.
Biochemistry and Physiology of Bifidobacteria, p. 117.
CRC Press, Inc. New York.

4. De Vries, W. and A. H. Stouthamer. 1968. Factors det-
ermining the degree of anaerobiosis of Bifidobacterium
strains. 275. Arch. Mikrobiol. 65: 275-287.

5. Hewitt, J. and J. G. Morris. 1975. Superoxide dismutase in
some obligately anaerobic bacteria. FEBS Lett. 50: 315-
318.

6. Higuchi, M. 1984. The effct of oxygen on the growth and
mannitol fermentation of Streptococcus mutans. J. Gen. Mi-
crobiol. 130: 1819-1826.

7. Horecker, B. L. and A. Komberg. 1948. The extinction
coefficients of the reduced band of pyridine nucleotides. J.
Biol. Chem. 175: 385-390.

8. Hosono, A., M. Suzuki, and H. Otani. 1990. Superoxide
dismutase activity in the crude cell extract from Swrep-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

OXIDATIVE ENZYMES IN BIFIDOBACTERIUM SP. 359

tococcus salivarium subsp. thermophilus 3535. Anim. Sci.
Technol. (Jpn.) 62: 35-44.

. Ishibashi, N. and S. Shimamura. 1993. Bifidobacteria:

research and development in Japan, p. 126-134. IFT Ann.
Meeting & Food expo.
Iwamoto, Y., K. Baba, and 1. Mifuchi. 1979. Oxygen con-
sumption of lactobacilli I. Relation of oxygen consumption
with carbon sources in the medium. Yakugaku Zasshi 99:
354-361.
Kanbe, C. and K. Uchida. 1985. Oxygen consumption by
Pediococcus halophilus. Agric. Biol. Chem. 49: 2931-2937.
Lucey, C. and S. Condon. 1986. Active role of oxygen and
NADH oxidase in growth and energy metabolism of Leu-
conostoc. J. Gen. Microbiol. 132: 1789-1796.
McCord, J. M. and L. Fridovich. 1969. Superoxide dismu-
tase. J. Biol. Chem. 244: 6049-6055.
McCord, J. M., B. B. Keele, and B. Fridovich. 1971. An
enzyme-based theory of obligate anaerobiosis: The phsio-
logical function of superoxide dismutase. Proc. Natl. Acad.
Sci. USA 68:1024-1027.
Mickelson, M. N. 1967. Aerobic metabolism of Strep-
tococcus agalactiae. J. Bacteriol. 94: 184-191.
Shimamura, S., F. Abe, N. Ishibashi, H. Miyakawa, T.
Yaeshima, and M. Tomita. 1990. Endogenous oxygen up-
take and polysaccharide accumulation in Bifidobacterium.
Agric. Biol. Chem. 54: 2869-2874.
Shimamura, S., F. Abe, N. Ishibashi, H. Miyakawa, T.
Yaeshima, T. Araya, and M. Tomita. 1992. Relationship
beween oxygen sensitivity and oxygen metabolism of Bi-
fidobacterium species. J. Dairy Sci. 75: 3296-3306.
Shin, S. Y., E. G. Calvisi, T. C. Beaman, S. Pankratz, P.
Gerhardt, and R. E. Marquis. 1994. Microscopic and ther-
mal characterization of hydrogen peroxide killing and lysis
of spores and protection by transition metal ions, chelators,
and antioxidants. Appl. Environ. Microbiol. 60: 3192-3197.
Tamime A. Y., V. E. Marshall, and R. K. Robinson. 1995.
Review article: Microbiological and technological aspects
of milks fermented by bifidobacteria. J. Dairy Res. 62: 151-
187.
Teraguchi, S., J. Ono, I. Kiyosawa, and S. Okonogi. 1987.
Oxygen uptake activity and aerobic metabolism of Strep-
tococcus thermophilus STM 450. J. Dairy Sci. 70: 514-523.
Uesugi, I. and M. Yajima. 1978. Oxygen and strictly
anaerobic” intestinal bacteria II. Oxygen metabolism in
strictly anaerobic bacteria. Z. Allg. Mikrobiol. 18: 593-601.
(Received May 26, 1997)



