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Effect of NADH-Dependent Enzymes Related to Oxygen Metabolism on
Elimination of Oxygen-Stress of Bifidobacteria

Jun-Bae Ahn* and Jong-Hyun Park'

Department of Culinary Arts & Food Technology, Youngdong University
'Department of Food and Bioengineering, Kyungwon University

Selection of oxygen-tolerant strains and elucidation of their oxygen tolerance mechanism were crucial for
effective use of bifidobacteria. Oxygen-tolerant bifidobacteria were able to significantly remove environmental
oxygen (oxygen removal activity) as compared to oxygen-sensitive strains. Most oxygen removal activity was
inhibited by heat treatment and exposure to extreme pH (2.0) of bifidobacterial cell. NADH oxidase was major
enzyme related to oxygen removal activity. Oxygen-tolerant bifidobacteria possessed high NADH peroxidase
activity level to detoxify H,O, formed from reaction of NADH oxidase. Addition of oxygen to anaerobic culture
broth significantly increased activities of NADH oxidase and NADH peroxidase within 1 hr and rapid increment
of oxygen concentration was prevented. Results showed NADH oxidase and NADH peroxidase of oxygen-tolerant
bifidobacteria played important roles in elimination of oxygen and oxygen metabolite (H,0,).
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o AEFES X8 Avi(1,2). WA,
VAl g 79, dAEE S o w3,
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M, FAE 4 JA "ot 53, Bifidobac-
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£ At £ weiAt@). weba, 71E AR-E A
Attt o2l Bifidobacteriume 20|24 AHsHE A=
7b &3] o] Folx] Yt} 19493 Meyer?t Bifidobacteriums:
frotdFoll A&ahet] 4FsklT 1968 A2l Schiiler
o] §-frell B33} Bifidobacteriums 3t v g3t
HE/HE AT o2 §1, A&, T FAANA AZ7HA
TEE| XA, sour cream, butter milk, ¥, A2} Fole 4
A o1g=H I JATh9-11). FWX= #HIZol Bifidobacterium)
ek A7vE BEs] M) F=Elerty EE 259
ko] o] FX AL ATH(12,13).

Bifidobacteriume “$H ] At @713 2hoA HEsh7] of
ol abae) vl RIZFSl] E wfdo]l HA Pk AHHA
NN Abart 18] viAE Y WiRE HET] oS¢
v gag FAAEY FFo2 ARE] $8IA 4kaol W
Ao] 7st 55 AdalEe Axrt o] FolA Ark(12,13). 2
2\ Bifidobacterium®] Q1 o] 8-& $JEiM = Abhe] YA
S 2re 47 E Adshe AT Yoz Abldl tiE vhHd
2 wtojzlzbel] tigh 7122l Avt Hasch

Streptococcus, Leuconostoc, Pediococcus 2 Lactobacillus &
FAENE A Ak gl B3 s gEs] J9E
o] $tth(14,15). o2 FHibgol A vt PO RE
M0E AASRE THS 7 Aksl &4 7] At
(15). B3 5713 Z7olx wiket e A9 @A Wl

=
o

r

=
[

=l
=
Q

i



952 A E 3 ekE| A A 37 WAl 6 & (2005)

H,0,7t 2 =H o5 AA & 5= A& peroxidase, catalase =
S EA3L Qe Aog ddEAT(14,15).

23} Bifidobacterium®) 7% AU 71 Mgolmg Swt
Hog sk WIZete] 374 Fo) Abael @A o Aslaa
| FEAAE AL AR Bol FAENA ke 2
| Sk A o] Fo)x|A] okott)

2 ardMe JAZPE 28E9312,13,18) A WA bifi-
dobacteria® 0.2 kA 2 ARLGAMAEY) HHEE g4
EASIANL 4bA B ARAARIE S 542 Al AskE ol

Aol g A5 Fsieich

{o

3

LT
25 U ez

A @2 Bifidobacterium longum ATCC15707, Bifidobac-
terium adolescentis ATCC157038 Korean Collection for Type
Culture(KCTO)ZHE 7i5ba] ARE-3S1Tt.

Ao ARE # e delozRE R, $YEen
(12,13,18) Ak WA 522 B. longum 1 1, B. longum 12,
B. longum JR76, B. longum JR89, B. longum E4S A}8-3}3]
I ARARIZY AF2E B adolescentis JR13, B. adolescentis
J2, B. adolescentis Y-1, B. adolescentis K-1, B. adolescentis
IR4-2E ARSIt 2 B 3l kS SlsiME TPHlRI(19)
£ ARSSIaL 2 9] hHuiA=E MRS HiA](Difco, USA)
o 0.02%(w/v) Na,CO,, 0.01%(wAv) CaCl,%F 0.05%(w/) L-
cysteine - HCIE 3713t Supplemented MRS(SMRS) HjA]| & A}
&-st5ith. H33ui A= anaerobic chamber(Coy Laboratory Prod-
uct Inc, USA)ll 12A]7F WR]3te] AAALE A Aste] A8
3 AAMA = Mt 4AARE AAS 3 serum bottled]]
A

2eate] Azskoich

ALK& (oxygen removal activity) &

2t @575 SMRS HiA A 124]7F vieket 5 A F2] 5o
A& 353 0.1 M phosphate buffer(pH 6.0yl 23] | %3}
Atk HE AlEZE 2 gFdel 600 nmellA FFEE 19]
Hes deato] F HEAS Azt Az 4 dgde
anaerobic chambert{oll WshHA 1A]ZF ool Al&-3}9it).
ST o] HMEE F457] $iste 50mLe] 0.1 M phosphate
buffer(pH 6.0 O, A=-g Y3 A45g M paaffine® §
of F-ERE] o] §9YS AEIATE 25°C F2FzoA
1057F wwrete] O, A=+e obgsia LE A FEE
100%2 4HsSITh 2} @#5-¢) A2AARE S Lolny) glat
of FFEEY I mLE Bk B3 18 HHog £ M
o] ®¥slE Al

=y
o
[

MNZoFEE (cell free extract) M=

100 mL SMRSOI 24X]7F wiokd @S 5000X g, 4°CoA 10
B2 A & #AE st A adgel 23] MF
sted smL el el eaict. dgd e 2gut w7
(Sonic Materials Inc, Connecticut, USA)E 487+ uha 3 &
10,000Xg, 4°CollA 1027F Aplitelste] A5ds AlxEvls
EE(cell free extrac)® AH&-stith,

o] =& A7) it protein

assay kit(Bio-Rad Laboratories Inc., USA)S A3}

NADH oxidase @ NADH peroxidase 242 Shin $(20)<]
Wgell F3te] stk NADH oxidase 42 20 mM
NADH 10 uL, 50 mM phosphate buffer(pH 6.0) 2290 uLE X%
e ARG ETEol AETAAFZY 200 uLE H7sto] 37°C)

HEEAIR § 340 nmellA] S3% HElE ZAsslen a4
e Aol eJsf) 4HE BT

U/mg = AA,,/min/(6.22Xmg protein/2.5)

Rl

*

i

NADH peroxidase 274 £4-> 7|50z Fy=Aed
anaerobic chambert] @ A1 spectrophotometer cuvetteol] 20 mM
NADH 10 uL, 50 mM phosphate buffer(pH 6.0) 2290 uyL=- 7}
SR 241 A - 25mM H,0, 100 uLE H7Fk3 1 mLe]
A paraffing 715ted o] §9), &S eI} Anaer-
obic chamberol| 4] cuvetteS 7] MEos)FEE 100 uLE I
7kste] 37°ColA WAL % 340 nmellM FFE wElE 2
silon) a2ggde v A o & sk

U/mg = AA,,/min/(6.22Xmg protein/2.5)

Catalase®’d-& Beers 5(21)e] "ol 38l 24813k =,
S0 mM  phosphate buffer(pH 6.0) 1.9mL, 50 mM phosphate
buffer(pH 6.0) 24E 0.059M H,0, 1 mLe} AlZ3kj o 0.1
mLE H7Isted 240nmolM F4 = Wels FAE0n Th
B2 o Al o) k& ki

U/mg = AA,,/min/(43.6 X mg protein/3)

Higk & MAAERAo] Sy

1.3 L 'FEX(BioStat, Germany)E ©]&3te] A ik & 4k
LAEYEE Fo] AstEie] AUtE S} dreke
A= 12412 A wigFE A i #F 1SmLE 1L
SMRS Hl=Jol] gFste] 37°Col| Al 284178t v FatH A pH,
&& 4kh W8l NADH oxidase @ NADH peroxidase 842
=4kt

MNaiEHAE FEAT)Z) A8t wF 6217 Foll AlgE
3718 10wme] S5 2 wgd Fofl fFYAZHoH &5 44
H3l, NADH oxidase @ NADH peroxidase 8492 Z43lic}.

FEi B -

Bifidobacteria®| &hAK|7{EA

A WA JFet Aba VI @) akaA|AgAge Yo}
= Aa= Fig 13 2ol

Aol ARE A UY 7 5T ETOlAM £F Aas
AAshE 98 3 & 4= Ao, Fig 1o] VERG ups}
2ol B longum J1 12 10% & oF 3%9) &F A2 A3}
= A & F AT v, A U 353 s A
e A3 BolA Kua 288 o dEe) HuM) Sd" A
2ol sl 108 F <k 1% 7HF £ vt Sokskin

pH ¥ dx{2[0fl w2 ArAXHEM

Condon 5(15)°] W= kg 44w vz & g2 2
2E AAste 848 Holud FE A3as g 9dl
g Bk it} Bifidobacteria®l 79w L2 A4 A7
T4t #o Bg Tt Doty ke Aba Ui
bifidobacteria®] & &S 100°CAA 3027+ I sHAY
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Fig. 1. Oxygen removal activities of oxygen-tolerant Bifidobacte-
rium (-@-) and oxygen-sensitive Bifidobacterium (-O-).
Oxygen-tolerant strain was B. longum JI 1 and sensitive strain was
B. adolescentis J2. Each strain was incubated in SMRS broth for 12
hours and harvested. Cells were then resuspended in 0.1 M
phosphate buffer (pH 6.0) and its absorbance at 600 nm was adjusted
to 1.00. After 1 mL of cell suspension was added to 0.1 M phosphate
buffer (pH 6.0), the change of dissolved oxygen was monitored for
10 min.
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Fig. 2. Effect of heat treatment on oxygen removal activity of
oxygen-tolerant Bifidobacterium.

Cell suspension was prepared as described in Fig. 1. The cell
suspension was heated in boiling water for 30 seconds. After 1 mL
of intact cell suspension (-@-) and 1 mL of heat treated cell

suspension (-O-) was added to 0.1 M phosphate buffer (pH 6.0), the
change of dissolved oxygen was monitored for 10 min.
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oA AR AT S 575t BTt

7] T A zANME Fig 28} Fig 39 vebd e} 71
| AbzAl|AgA o] ME FATR] UL 107 98 T OF 8%
1 &3 abaot Zokele abh A @5 o d9de
29le A% b 84 g 45 2kho) IUHE Hdth ol¢t
72 A bifidobacteria #Al9] AAaAAEA 0] AU &
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Bifidobacteria®] 8% AbA A Ao EAavt 4449 9T
gvke sk 2 Zavh FAYAS sl sl 1E 5

o]4S LolrTh Condon S(15r Z kel kAT giAt
A AE pyruvate oxidase, malate oxidase, amino acid oxidase,
glucose oxidase, NADH oxidase 5©]2ta2 3Hict. Bifidobacte-

110
108 | o
106 - o

104
102 | o ©

S K

0 2 4 6 8 10

Relative O.D. (%)

Time (min)

Fig. 3. Effect of pH on oxygen removal activity of oxygen-
tolerant Bifidobacterium.

Cell suspension was prepared as described in Fig. 1. The cell
suspension was added to 0.1 M phosphate buffer at pH 6.0 (-@-) and

0.1 M HCI-KCI buffer at pH 2.0 (-O-), the change of dissolved
oxygen was monitored for 10 min.

ria®] AEZINFEZEA A7) 249 718E 77 At 4t
2AALAHE B9l 3 A Table 13+ o] NADHE %%%o}
AL Aot 2AbnAASHS BHTh T mao] AsAQ]
p-chloromercuribenzoate(PCMB), Cu*, Hg”& NADH$} ZFo
A3 A AnAAGG] A AAHEHE LR Hot
blﬁdobactenar] A AR E G4 ZHgo] 93k Aojn FH
F4E NADH oxidased 2 & 5= U

P - LR HAP‘F-E _.Ej 52 B
£2 Nor ABLEE A Y (redox potential)dll FES 1A &
e 714 Al S-S Asige] dEA Ark22.23). Table 2

off Ve Azt o] 4kA W4 bifidobacteriar
bifidobacteria®ll ¥131 FHtH 2008 ©14 %& NADH oxidase &
AE 7 Ao gejaon ol& ARgete] Al Beld &
73 T g AASkE s AdHATH

789 Shimamura $(24)¢] B2 251 bifidobacteria®l
Z78t= NADH oxidase= AHAE 71242 gl thgat 2ol
kel s sk A S " AP FE 99 o)
o APE FEteadE @ g G

R

% ry

NADH oxidase
0,+NADH +H" ———5 H,0,+NAD"

a2 g 4kk WA bifidobacteria’t A& 2 oA AEES 9
e G 5o s AASE FEHER oz §RAE
ol HO,Z AA & & A& 58L& 7Mook st Abatirlel
o) A7E G254 A A (reactive oxygen species)S Al
Asle nAHE E4ARE superoxide dismutase(SOD), catalase,
peroxidase =°] Z#A 2AtH(14-16). Shimamura 5(24)2 Shin
S0y tlH-E2| bifidobacterial= SOD €432 7 e
A W43 SOD 43k a7t flvkar Barsksd

B AoAE A4 WA bifidobacteria, 2H4 R1734 bifido-
bacteria, 714 Ald 2 BAENA AT catalase &4,
NADH oxidase, NADH peroxidase B4-& Y| @ ste] HUth
(Table 2). Catalase B3-S %717 M Bacillus subtilis*1*]
= W =4 vEiet 54971 Mt Lactobacillus casei
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Table 1. Substrate specificity of oxygen removal activity of oxygen-tolerant bifidobacteria

Oxygen removal activity (AO.D./mg protein/10 min)

Substrate

B. longum" 1 L2 JR76 JR&9

None

Sodium pyruvate (10 mM)
DL-malate (10 mM)

DL-alanine (10 mM)

Glucose (10 mM)

NADH (10 mM)

NADH (10 mM) + Hg™ (1 mM)
NADH (10 mM) + Cu™ (1 mM)
NADH (10 mM)+PCMB? (I mM)

0.1 - 0.1 -

13 9.6 14 12
1.2 0.6 24 0.6
2.0 0.8 3.1 0.8

"Type strain, B. longum ATCC15707.

IThe concentration of dissolved oxygen (0.D.) was not changed or increased for 10 min.

“p-chloromercuribenzoate.

Table 2. Specific activities of oxygen-tolerant and oxygen-sensitive bifidobacterial enzymes related to oxygen metabolism

Specific activity (U/mg protein)

Strains
Catalase NADH oxidase NADH peroxidase
B. longum ATCC 15707 Y 1.19 1.25
B. adolescentis ATCC 15703 - 0.04 0.06
B. longum J1 1! - 1.38 0.96
B. longum L.2' - 1.35 1.06
B. longum JR76' - 2.09 1.34
B. longum JR8Y' - 1.92 1.88
B. longum E4' - 1.74 1.35
B. adolescentis JR13? - 0.07 -
B. adolescentis 12° - 0.01 -
B. adolescentis Y-1° - 0.09 0.01
B. adolescentis K-1° - 0.01 -
B. adolescentis JR4-2° - - -
Lactobacillus. casei - 371 18.1
Bacillus. subtilis 1659 0.03 0.03

"Not detected.
‘Oxygen-tolerant bifidobacteria.
*Oxygen-sensitive bifidobacteria.

2 bifidobacteria®l A= LAF A 29ttt NADH peroxidase &
A& Lactobacillus casei®}t bifidobacteriadl|x] TEZH O Z o)y
Aot 2 BAE Lactobacillus casei?t B4 =9kt) Zu)jze
AV 2, Lactobacillus casei®t bifidobacteria®] NADH oxidase
247} NADH peroxidase S vlusl] 2 Ax A7t &)
st Algo] 7Fedt SN NdSl Lactobacillus caser=
NADH oxidase #4J¢ll 1]s} NADH peroxidase E4J0] €453
2 A2® UERt NADH oxidase®] #H-o )8 71 H,0,
5 8] AlA & 4 9lont 4k WA bifidobacterias NADH
oxidase Z/doll H]8] NADH peroxidase &4do] thh e 7o
2 Hol A4 H,0,5 3] Al & # gge ¢ F U
. A E Shimamura 5(24)2 247} EAel= 274 W=z
® bifidobacteria #*Ujo] H,0, %20 dojbriy W3}
Utk

2k W43 bifidobacteria®t Ak~ 91734 bifidobacteria®] NADH
peroxidase 273 Hlwal| HWA ik WA #FoHE e &+
Fow WAHGO kA R gFolMe ALY wAHR

29kt

oL ¥

b}

o|e} 72 Aol 28] Ak WA bifidobacterias 7 Zo
EAste 8F 44AE NADH oxidase®] 2hgol o)) Al=3]
Az A&o] 7hast AHS vE £ Jon oln A=
+ H,0,+= NADH peroxidaseZ AM&sled A 78l &4 A

g /T 98e 5 A

s WA bifidobacteriaZ E 71 R E sl S A9 u)
F F ALE FHE] dArEYAE SHEUS A 34

A5, & 2k, NADH oxidase % peroxidase 842 =43t
A3 7zt Fig 49} Fig 594 2.

7GR wi sl S - (Fig 4) Wk A wjoolo] &
d & e o 267% oglon Axg AAGI] 9%
e CO, FUL HEE 3lA| edkon) mijk 3 2A17F o
of && A7t Ael EF A =3 NADH oxidase
peroxidase®] A= &F AAE A7 e 717+ B9 Al
d& Ble=d 72 12 Umg, 09 Umgell o128 Hx 59
28 o]} ZolFE & F AT £F ATt BE A AGW

Z o

v

ok wQ



et ) s
30 - 5 12 & 65
K]

25 - 4 ] 10 B 60
w04 £ o8 £ 55
g 8 3
S 154 8 = lsp T
G $ 06 z 50 §
O 101 g |

MR 04 § 45

02 § ao

0 0 4

00 @ L35

Incubation time (hr)

Fig, 4. Changes of NADH oxidase activity and NADH peroxidase
activity of oxygen-tolerant Bifidobacterium during anaeroblc
cultivation.

B. longum JI 1 was inoculated into 1 L of SMRS broth and incubated
for 28 hours. Culture pH was not controlled and nitrogen purging to
expel oxygen was not performed during cultivation. NADH oxidase
activity (-@-), NADH peroxidase activity (- ¥-), cell growth (-O-),
0.D. (-[1-) and pH (-A-) were monitored during incubation.

100 : 10 =
20 @ £

2

[

go 16 i/ L08 §

£ 12 £

g 801 o 06 5
a ‘.g 08 2
o N1 5 04 2
o 0.4 F]

20 1 02 £

0.0 <8

2

0 00 @

0 2 4 6 8 10 12 14
incubation time (hr)
Fig. 5. Effect of oxygen-stress on NADH oxidase activity and
NADH peroxidase activity of oxygen-tolerant Bifidobacterium.
Oxygen-stress was imposed by blowing air at the rate of 10 vvm (a)

during incubation. NADH oxidase activity (-@-), NADH peroxidase
activity (-'¥-), cell growth (-O-)and O.D. (-[J-) were monitored.

A A-5o] Al Hoy 1247k o] Fells AA|7ol =EEile
o} NADH oxidase 2 peroxidase &Xdo] tha 7433t H)
OF I 1447} OJTEEE @A ZA0) %LELTL NADH oxidase
2 peroxidase E4J0] AAHTA §& AL FTkste] 267
7k o] Foll= oF 10%= HoFHTh

Hjok = AAE FFBl] ARAEHAE FAE AT Fig
59} 7bo) Ak FF 5 wAl S £ Ho 2417 o]Fd
£ A9 ZAXSAT. 28t o] 717k F9] NADH oxidase 3
peroxidase €44-& F438] F7lste] 2ollA

U W = = Y
W) A A sk ‘2133 & 4 ATk AAE 07\: Aol ol

[e}

NADH oxidase 2 peroxidase 84°] =4 $A1€ 2417k &<
W) 54% Z7Fsh=t] 23 o). Bifidobacteria A7 SIS A
$- olg} 7he AY xANME WiR7} & AR xshEE
Z7lo|u® o9} 7+-& A= NADH oxidase’} A OE 4%
25 AASFSS Avlsianh. 2 Ak T 24 ]ﬂ o] %
o] NADH oxidase 2 peroxidase o] 23] At
L& Ahe] gx FEFo ArITE F N AR F o
49.8% olg& #&E T F AUk ol 7‘01 A EY S
3kl A bifidobacteria®] WA A7 F3E olf+= Al
Al AkA A bifidobacteria®] NADH oxidase %“3 o] NADH
peroxidase BART} TR E9kWl AHZE v]Fo] B A

w

9} bifidobacteria®] AtA2EH 2= A A 955

Efart 443 @AE @O Shimamura 5(24)°] Bl g
upe} 7o A Wel H,0,9] 3 o] AL 0|2 <13 A
7} Abgsle) gl 9% AAAE A AA 7E7E 4 o)
2oz dAtdch

ol Ao A#AE T8 2k UlA bifidobacteia®] NADH oxidase
9} NADH peroxidaser= 2t 2 tiAMEERQ] H0,0 o5k 74|
£4E WA e ol Fad 9L S & T AU
t}. & A& WA bifidobacteriat T3 7ol A& B
37 9] A4S NADH oxidase?] 2Hgol 28] H0,2 A&
A7) o1& U4 AR NADH peroxidased] ]3] H,0Z
FEAZIOZN 2kh A ARAgAREE ] JAE Hol

k

NADH oxidase

0,+NADH +H" — H,0,+NAD*
NADH peroxidase
H,0,+ NADH + H" 2H,0 + NAD"
(=) (]
A =
Bifidobacteria®] &<l o] 82 fJair= Akl U g% 7+
% #5E Adshs A7 Yot Ak 2EH 20 g 1
gho] gt 7|2He) A7t Pasit) A ERE Bag ﬂ.

_’-: A biﬁdobacterlat ARAALR L TR L AR H ole
4 ©A21 pH(pH 2.0)’5‘P°ﬂ"1 /‘V\Zﬂﬂ:‘ﬂ'ﬂol 2
= O]'E 7t e 7 E SIS BEgE A
i"ﬂﬂ%@% Hol&x ‘I‘F"] Eﬁ:g A5 23 NADHE
% Xo] NADH oxidase’t 5
FS e BAdS ¢ '}F 91‘:} EE A W g e
£ NADH peroxidase 8/4-8 R53 222 Ho} NADH oxi-
dase] zHgof 2sl A== H,0,= NADH peroxidased] €]
8 F-=3t s 202 gdEoh Y T AAE FEEe
AAL2EYAE FE ¢ NADH oxidase®} NADH peroxi-
dase &40l 1A1ZF ool ;7331 SR A I F 2
AZE Fob wiekd F £F AbAavt AA FUFeEA @Stk AkA
TF F 247 o)4o] 775 NADH oxidase®} NADH per-
oxidase &40 A3t &F AAvt F48] FrrelA N Aba
2Edg 2ol gist weo] AAVE BHEe ol FFEHAUG
= Ak 4 bifidobacterias 44 AR FHF AbA
E NADH oxidase® A|Ast3 4=+ H,0,= NADH perox-
idase] oJ3] AAXTIE Wol AAIE 2 S-S & AU

+~

bl}r _18, ou

E o
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