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Antioxidant Activity and Tolerance to Reactive Oxygen Species

of Lactobacillus spp.
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ABSTRACT

The four Lactobacillus spp. were investigated for their antioxidant properties, including antioxidant activity,
tolerance to reactive oxygen species, hydroxy radical scavenging activity and ferrous iron chelating activity.
Also, activities of superoxide dismutase and glutathione peroxidase were investigated. From the results of this
work, the intact cell and cell lysate of L. casei KCTC 3260 were exhibited highest antioxidant activity. L.
casei KCTC 3260 also showed strong tolerance to reactive oxygen species. This strain showed highest gluta-

thione peroxidase activity among the tested strains.
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KCTC 3260, Lactobacillus casei KCTC 3109,
Lactobacillus lactis KCTC 3034 % Lactobacillus
helveticus KCTC 3545+ Sh=rAlgsfl -l
ARpePol A HF ol AT ol dF
= MRS broth(Difco)oll 37 ‘CollA 48417+ 714
(BBL GasPack anaerobic system). o2 v Fs}3ich

2. Intact cell 2 cell lysate

52 MRS brothel] 37 CollA v & ¢
A1 E-2)(4,000 x g, 10%) 3k cellS 3431t
34% cell> 20mM sodium phosphate buffer
(SPB, pH 7.4)= 23] AlA F thr] SPBell
3ko] intact celle 10° CFU/mMeE 2to] ALg-3}
St Cell lysate= @ESE cells 253 A
2 sfskar 47,000 x g, 102)3 & A
oS- 0.45um filter(Milipore) = o] #3135 o, ¢k
w2 a2 Bradford % (Bio-Rad Laboratories)
gatal oF 1mg/me= Z7gste] ARg-ef

[o
fru
I

ALgste] ZA3SEAT) Linoleic acid emulsion
0.1 me linoleic acid(Sigma, 99 %), 0.2m¢é tween
20 183l 197 mee] SHRTE EFPSA Ax
SITh AlE 04me, 20mM PBS 05mes 1me
9] linoleic acid emulsion®} &3 % 0.01%<]
FeSOs 0.2mes #H7kste] 2 E3sidint of7]
ol 056 MM H0, 0.2mes 718k 37 C <
Aof| A wjalAct 6A17F w1k F- 0.4% buty-
lated hydroxytoluene(BHT) 0.2meZ} 4% tri-
chloroacetic acid(TCA) 02me 2 0.8% TBA 2m¢
S #7lslkar 100 ‘CollA 2087 7L &) n-
butanol(Sigma) 2meS 7}ste] FE8FaL YA
st s s FHske] 532 nm(Jasco V530
spectrophotometer, Japan)oll Al FFE=E 743}
o linoleic acid peroxidation 94| HE=E it
3} a3 (%)= JERNATE Positive control 24
dukx o gz ezl 84 vitamin E =]
1 Trolox(Sigma)E AH&3}3ith.

gaksl §3= Lindg} Chang(2000)9] &
= o

Hydrogen peroxideo] st WAdS 743517
8ke]  cell(10” cfu/me)ol 1mM  hydrogen per-
oxide(30 %, Wako)= 718k & 37 CollA] nlij<f
s 1A7 7FZ 02 MRS plate agarol]l A+
TE SABATH

Hydroxy radicaloll ti3F WA HAHS $35+
100mMe]  CuSO, x 5H,02} 10 mM  terephthalic
acid(THA, Sigma)E =313l3, 1mM hydrogen
peroxideS Z7}ske] WSS Z)AIERAL cell(107
cfumeg)¥} viFshaA 9o A WHoE A
5 545k

Superoxide radicaloll gk WA superoxide
radical-S paraquat(1, 1‘-dimethyl-4, 4'-bispyrifium,
Sigma)S  AH&3)o] diffusion assay
(Barreto 5, 1995)% A3}t Cell suspen-
sion(10” cfu/me)S MRS agarel =% ¥ % 10
mM paraquat 10ue7} E-+E paper diskE agar
plated]l X]8}ar 37 TollAl overnight B F
7 A el g mm)= S48kt

st

5. Hydroxy radical &=H=

Hydroxy radical 427152 Kullisaar 5-(2002)<]
o s =A% o1, hydroxy radical> THA
& AF&3le] Fenton reactionoZ % 33T
(Barreto 5, 1995). 10mM THA 2mi< 0.1me
o] ANge} Egtalal, 0.4me CuSO, x 5H0,9F 0.1
me hydrogen peroxideE #HZF-E%=7} 10 mMo]
HEE HUbslgith o] whEow AAdE THA
o} hydroxy radical®] W8-S Fluorescence spec-
trophotometer(Bio-TEK instrument SMF25, Switzerland)
= ARE3Fe] 312 nm excitation, 426 nm emmission©]]
A Z23}] hydroxy radical 2~7°5(%)S T8k

6. Ferrous iron 2&t=

Ferrous irone S22 Yend} Wu(1999)2]
o ®  Z43%ltk. 2mM  ferrous chloride
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(Sigma) 0.1mg3} 5mM ferrozine(Sigma) 0.2 m¢
83 FHFS 46meo] AE 01mes H7ts)

Il 10%7F Aol "kg F 562 nmeol| A 53
52 =439t} Ferrous iron E&5L the9]
2ol oJsle] -l

Ferrous iron &25(%) =
(1-A13e] FF= /279 F35%) %100

7. Superoxide dismutase(SOD), Glutathione
peroxidase(GPX) &HA

SoD¢} GPX A&z AdA kit 2l
RANSOD(Randox Laboratories, UK)<} RANSEL
(Randox Laboratories, UK)S- A}8-51o] S43131t}

8. Azl

SAES Bt TFAE JERNLL Duncan’s
multiple range test(SAS, release 8.01, SAS Institute
Inc, Cary, NC)Z 5% A& G0l Foak=

AA s,

m 23 1%

o

1. giitst 23t

fol

0

2 Ao dub oz AREH AL Q= i-
noleic acid peroxidation system(Wanasundrara <,
1994)& A&} Lactobacillus spp.<] intact cell
I cell lysate®] @bst g3E SASATH
Table 1o Yebd vkl 2Fo] intact cell®] -9
5.3% ~ 36.9%, cell lysate®] 73-9- 23.6% ~79.8%
o] &35 YERAAT. Positive control 24 A}
43k Trolox(10 mM)<] &4Fs) & 7= 89.23 %]
At} L. casei 3260°] & A7l AHEE HFE
< intact cellZ} cell lysateoll A Z}z; 36.9 %%}
798 %=A 7P H2 kst g5 Ve
t} o]A& Liny} Chang(2000)°] X1 3+ L.
acidophilus ATCC 43562] A &3}4k3} o4 &
IH(intact cell; 28%, cell lysate; 48%)L} Kullisaar
5(2002)0] ®.a13k L. fermentume] &3l &3}

(intact cell; 21%, cell lysate; 59%)<} H]uls}oq

=AY

Table 1. Antioxidant activities of Lactobacillus
spp. and Trolox

Antioxidant activity (%)

Strains
Intact cells Cell lysate
Trolox 89.23 +5.4°
L. casei KCTC 3260 369+54° 798%35
L. casei KCTC 3109 53+76 451+34°
L. lactis KCTC 3034 ND 236+54°

L. helveticus KCTC 3545  ND 756 +2.0°

Trolox, a known antioxidant, was used as positive con-

trol at the concentration of 10 mM.

“dy/alues in the same column with different super-
scripts letters are significantly different(P < 0.05).

A7t g wFE BN EA 9

- ,—é—_
oA ksl gt W FFol Hjsle] o 2

Fig. 1o 4
ERQITh Intact cell#} cell lysate =50l A4 &
2bsh a7 =& 75 L. casei 3260 94
¢ ol AEE AL, cell lysateol| A d4Fst &
b AN intact cellol| A &4+3} & 37}

CFU (Log10 cfu/ml)
OFRPNWAMUION®O
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Incubation time (h)

[ -e-3260 3545 -0- 3109 3034 |

Fig. 1. The survival of Lactobacillus spp. in
the presence of hydrogen peroxide.
——L. casei KCTC 3260, = L. helveticus
KCTC 3545, —=L. casei KCTC 3109,
& | lactis KCTC 3034.
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s

oL

EA] ¢F& L. helveticus 3545 H=3F 8A|ZH
A=At Intact cellZ} cell lysate FF
oA kel Gt W #51 L. lactis 3034}
L. casei 3109% 712} 3A13H 2413 Bk AE
3}tk Hydrogen peroxide?] %4 ME AEA
o 1} &33kS- Fm(Deutsch, 1998), E. coli] 7
G- 1~3mMe] FEolA AbEsh=s Zlow Hals
o] AtHImlaye} Linn, 1988). ¥ Ao L.
casei 32602 1mM2] hydrogen peroxideol] thale]
3 AEAR AR s W] o} w2
s 7L S & o ASlTh

Hydroxy radicaloll ti$t W/dS Fig. 20l YR
At} Fenton reaction= ‘&3l hydroxy radical-S
=3}l Lactobacillus spp. cellz} wijokalaA A=
s Ak A3 ksl st w8 A <l
L. casei 32602 7A17F B<t A=k v 3l
T3} S L. lactis 3034+ 2A)7F Foll=
o]l APEsISIT) ool AdfolA] ilkst
Q1 L. casei 3260-> hydroxy radicalol] thalx=

o [e) fu ) PN
2 UdE 2= AE & A%k
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o
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Fig. 2. The survival of Lactobacillus spp. in
the presence of hydroxy radical.
—— L. casei KCTC 3260, -~ L. helveticus
KCTC 3545, —=L. casei KCTC 3109,
| lactis KCTC 3034.

Lactobacillus spp.©] superoxide radicalel] ot
A& superoxide radicalol]l thall Ad7dA el gho]
UER}A] ekgko =2 superoxide radicaloll s}

of WAo] ea & o AU
3. Hydroxy radical =&

Lactobacillus spp.2] hydroxy radical A75%

SA33iT) Table 20 YeRH wie} 7ol 3Mibs)
521 L. casei 3260 intact celllA] 53.1%, cell
lysatecl| Al 77.2 %= =2 hydroxy radical 4~
S YERAY. B]AES] hydroxy radical 7%
S Yehfe A ascorbic acid, o-tocopherol, uric
acid, bilirubin, glutathione 53} -2 scavengers
A2ksl7] wj-o] th(Halliwell 2+ Gutteridge, 1999).
Hydroxy radical 7} Wkg-2do] 73t radical =
] hydroxy radical 7% %A 3aks} o) Ao
7+ HAUFoZ e gt
(Namiki, 1990). uw}2}A] Lactobacillus spp. 2] 3t
2k8} &37) hydroxy radical 2753 B3
A7 s Aow AAEUOH L casei
3109¢} L. lactis 3034 o] &Abst anprf v
772 cell lysatee] hydroxy radical A~75°]
7247} 747 %S} 68.8 %= 7 SAH ] B A
o4& hydroxy radical A~As¥ kst a3
Aol o] oju gk A¥E AHstr]E o sith

a3

Table 2. Hydroxy radical scavenging activities
of Lactobacillus spp. and Trolox

Hydroxy radical
Strains scavenging activity (%)
Intact cells Cell lysate
Trolox 96.0+0.2°
L. casei KCTC 3260 531+49" 772437
L. casei KCTC 3109 388+28 747+09
L. lactis KCTC 3034  251+65° 68.8+33

L. helveticus KCTC 3545 32.7+35° 744+35

Trolox was used as positive control at the concen-

tration of 10 mM.

*IValues in the same column with different super-
scripts letters are significantly different(P < 0.05).

or

4. Ferrous iron %t

HAES] F4 o] FAe S AEY FEE
o] FEA|sl= EDTA, penicillamineZ} desferix-
amine 72 A2l chelatorel]l €3 Ao R o=
< FFolE xSt Abs & AA| g

CHGutteridge 5, 1979). Lactobacillus spp.2] fer-
rous iron 258 FARSH 23} Table 3 e}
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W wkel 7ol intact cellol] A= L. casei 31097}
67.4%% 7P w2 S HERIIAL, L
lactis 3034+ 34.1%=A 71 Wokth Cell ly-
sateo| A]= L. casei 3260, L. lactis 3034 % L.
helveticus 3545 217} 69.0, 67.03} 743 %= =
kL, L. 3109%  522%=  SLU)
Hydroxy radical 2~7% 7l Ae} o] ferrous
iron &% wak kst gkl Ande A9

casei

Table 3. Ferrous iron chelating activities of
Lactobacillus spp. and EDTA

Ferrous iron

Strains chelating activity (%)
Intact cells Cell lysate
EDTA 99.9+0.0°
L. casei KCTC 3260 427+36" 69.0£19
L. casei KCTC 3109 67.4+21° 522+24
L. lactis KCTC 3034 341426 67.0+45

L. helveticus KCTC 3545 542+0.7° 743+31°

EDTA was used as positive control at the concentration

of 600 ppm.

**Values in the same column with different super-
scripts letters are significantly different(P < 0.05).

5. SOD % GPX activity

SOD #AlS A3 A} Table 40| yepbd
Hie} o] BE FFoA] g e g4 A4

Table 4. SOD and GPX activities of Lactobacillus

Spp.
Strains SOD . GPX .
(Urg protein) (Umg protein)
L. casei KCTC 3260 11.7+01° 98+0.7
L. casei KCTC 3109 11.0+0.1*  7.6+0°
L. lactis KCTC 3034 67+0"°  83+0.2°
L. helveticus KCTC 3545 104+16° 030"

“dy/alues in the same column with different super-
scripts letters are significantly different(P < 0.05).
SOD : superoxide dismutase, GPX : glutathione peroxidase.

; Antioxidant Activity of Lactobacillus spp.

< YERNSITEE SOD= superoxide radical=- hy-
drogen peroxide= W3A|AH A3 ] superoxide
radical SIS =Yooz =49 superoxide
radical > 2% A7 8-cH(Fridovich, 1989). At
3} frabrel Al SOD €/do] S48 %A Fdth=
LinZ} Yen(1999)8] X T o= ulFo] Ho}
A d kst ool sOD= A Al wofshs Ao
A7 AT}, Akaike 5-(1992) TS peroxy radi-
calol] th&k W A=<] ksl 282 SoDel ¢
3l Zlo] ol q-tocopherol} L-ascorbateol] <]3F
Aefjekal Bar skl
GPX+= free radicals A73lAY glutathione
(GSH)9] &5 dAeH FAIgto=A AkstA]
EHeBRREH MEE HIBITE F AXY
GPXe] s=7} F7leld Aksl2 ~Ew 2ol o
g5te]  celle] WALE  F7F3cH(Tabatabaie<}
Floyd, 1994). GPXe] ZA& =ARgE A3} L
casei 3260°] 9.8U/mg protein®. 24 74 &2
3L L. helveticus 3545+= 0.3U/mg protein®. = St
otch whebr] Eagaka SlellA] L. casei 32609
=2 A& GPX &4 #Ho] g e
= Azt
NV 2 of
2 AFoAME 4FF9] Lactobacillus spp.2]
atsl gatel gAdakso] 3k WS =43
oty 1 A3} L. casei KCTC 32609 3Haks)
a7} intact cello| Al 36.9%, cell lysateol] A
798%2A =2 kst a¥9E Yepdth =
3k 1mM 52| hydrogen peroxideoll 4] AJ<EA
oﬂ x17<47<4 o7 Oﬂ‘slzo 1:2—]] OLL—_ % ﬂxéﬂ—_/]\_
o oA #=& WS YERAATE e H2
GPX o] EidAita slollAl L. casei KCTC
3260°] A& Fag TS = o

Az,

o

=2
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