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To investigate the effect of lactic acid bacteria on the heavy metal adsorption from internal organs
and blood, lactic acid bacteria were isolated from human feces. Some strains resistant to heavy metals
were selected by incubation in agar media containing each of chrome and cadmium salts. Among
them, a strain named KP-3 was ultimately chosen due to its higher growth rate in selective broth me-
dium containing the heavy metals at the concentration of 0.01%. The strain was identified as
Lactobacillus sp. based on its morphological, cultural and physiological characteristics. For evaluating
the ability to prevent accumulation of heavy metals by selected Lactobacillus sp. strain in vivo, Sprague
Dawley rats were fed with heavy metal salts (cadmium, chrome and lead) with or without cultured
whole cells for 7 days. The amounts of heavy metals accumulated in liver, kidney and blood were
analyzed. As a result, chrome was accumulated to kidney mostly, and lead was frequently found in
liver and kidney. Experimental group (rats fed with lactic acid bacteria) showed less accumulation of
heavy metal than control group (rats fed with saline solution). The inhibition rates of heavy metal
accumulation were calculated to 41.8% (Cd), 33.4% (Cr) and 44.2% (Pb). Especially, feeding lactic acid
bacteria strongly reduced accumulation of cadmium in blood. The results showed that feeding
Lactobacillus sp. KP-3 could prevent the bioaccumulation of heavy metals in the living body.
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Table 1. Composition of isolation medium

Ingredients Amounts (g)
Lactose 10
Sucrose 10
Pancreatic digest of casein 7.5
Thiopeptone 75
NaCl 5
Yeast extract 2
Sodium citrate 2
Sodium deoxycholate 1
Bromocresol purple 0.02
Agar 25

Distilled water up to 11

pH 7.2+0.2 at 25T
autoclaved at 121°C for 15 min




166 BB ULRIX| 2015, Vol. 25. No. 2

79 A 67} 2F TEL (1,000 ppm) 8,000 ppm} &3}
I, 2T OEE B TFT 8 migt EFEST 37C WY
714 1023 HAY ts 24749 wheds A4 28 st
B5dE AAG b #AE FEAZIAG ATtz
T FAAZREY #AY FAE SAsH, AP 4A
FANA gz w4 FAE wol AL FHI FHE
FAE AEFoEZA FA FHE 5 FE& SHA
o},

B 739 %

T4 WA 2 F250 Hold #F75 HFH R A

%% desty 9 :2

AEs 248 AA G,
_]
e}

4, arginine} esculin

ot & &
o ~ |
s
—

i <4
i, 10
=

n

it A 2

o FFA WS 2AEE] 938 oxgallE &

#7E AFoA MIFd o5 A4

s WA & SAsk7] s =7] pHE
brothell #5F& ¥ T 660 nmol

X O

o o [
EICas 1)
=€ X

BN o
L
=
n
o o
Qg
[+5]
=
=2

T

oft
o)
=
i)

1o o2
]Ilol'
)
[l
il
[N
o)
Ql',
4o
fu)

R w127
-

[e-

Sy
s,
g
o
=
R
3
ol
48
2
=
ol
A1k

660 nm)9| BA Ao =2 Fulste] 10 ppme] FFE &

H AT
fz7e a5 &3 24 A AY9FE 11(v/v)E &
ot} Bofst &, Ad A dedy B Ae AdF
£ 11 (v/v)E EFste] B ¥, B9 Ay AEsTnes F
A% o= Fedto e B 100 ml/day? 793t A
w4 &AMt

B3 ST A% Ae 44 9% $91E
ARG 5 FAT F 4A Aaol 97 £ WEA

Alek, Al SE # AR9 BN

Ao A ZE AN 5F B 15 Age A8
b & AP SAANA AL, Sigmart Al
Fo TSt Agetan TS wj gl AR WA B A
kL DifcoAt T+ Junseirte] AEFE o] &34

el Fold o T4 54 dAlTE A A3
A% 4589 +3 Sprague dawley (SD) rat= Fof gHilo] 2
FANA FETo AL, FEEAS] S LYAR

= 25CE fAHor 4
A% % A7 Aolsk A4E AGEA 9 4+ AES
s,

Z7) 9 @Yo 248 FEE FFS Lopry] A&l AA
2] $4E& AZ ASE filter paper® A8 ICP-MS (inductively
coupled plasma-mass spectrometer, Model : ELAN 6,100,
Perkin-Elmer SCIEX, Source : Argon plasma 6,000 k, Mass
Resolution : 0.3-3.0 amu, RF Power : 1150w, Sample injection
Flow rate : 0.86 ml/min)& Ar-&3te] A& B39t} 717]
HZ 3401 ppb=pg/N) = A W 7vh)E et
o 07 ppbitt.

ZRH 3 200709 {4k #F5 0~0.1% Atol9
7}k MRS agard] S 3}

I o
K3
>
=2
a
N
i o
P
r

ox
rp
ol ok

o oM
o
—_
32
fitl
offt ox
ne
e
of

>

oxl

i

brt
o
ot

i

P,E

2

Hir ot eol P

Mo & ke)
@ dlo
o

mlo I‘ZLI



Table 2. Growth test of lactic acid bacteria in MRS agar media

containing cadmium

Selected

Concentration of Cadmium solution (%)

strains

0.0001 0.0005 0.001 0.005 0.01 005 01

KP-1
KP-2
KP-3
KP-4
KP-5
KP-6
KP-7
KP-8
KP-9
KP-10
KP-11
KP-12
KP-13
KP-14
KP-15
KP-16
KP-17
KP-18
KP-19
KP-20

+ 4+ 4+ 4+ + + A+ +++ O

+
+
+

I T T T S S S S e e . T T
+ 4+ 4+ + + + + A+ + + + + + + + + + + +
+ 4+ 4+ 4+ + + + + + o+ o+ +

+

+ + + + + + + + + + + + + + + + A+ + +

+

+
+

+ + + + + + + + + + + + + + + + A+ + +

Table 3. Amounts of adsorbed hexachromium
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KP-3 ¥+ glucoseZHH 7t2~& A4 0} A ?;} kL catalase
2 oxidase EF 24 Z YEYon, 15CHEH 45C7HA ¢
L5 W9 25 ALY pH 2540 E A &35S th(Table
4). API 50 CHL kit 7H4 31 #%9 32E4 B4 2A
73} Table 59 #Z3ktt.

ool A5 7}A 2L APILAB program©.2 43t &
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Table 4. General characteristics of Lactobacilus sp. KP-3

Strains Amounts of adsorbed Cr (ppm)

KP-1 900

KP-2 100

KP-3 2,100

KP-4 100

KP-5 700

KP-6 400

KP-7 0

KP-8 300

KP-9 1,200

KP-10 200

KP-11 400

KP-12 700

KP-13 0

KP-14 400

KP-15 100

KP-16 900

KP-17 100

KP-18 1,200

KP-19 800

KP-20 400
g KP-18 #57} 1,200 ppm?] F5% F&ES BioH, 47
TFe T 7%«] FANNA Zete 4= BAT T
& WS Ad 778 ddos AP gAT a4 F3
T oo mek AE 2 AAE Hole BAFE UE

Item examined Characteristics
Morphology
Shape rod
Gram stain +
Spore -
Motility -
Culture characteristics
Growth in air +
Growth anaerobically +
Growth at 15C +
at 25T +
at 30C +
at 37C +
at 40C +
at 45C +
Growth in broth at pH 2.5 +
pH 3.5 +
pH 45 +
pH 5.5 +
pH 65 +
pH 75 +
pH 85 +
pH 95 +
Physiological characteristics
Catalase

Oxidase -
Gas from glucose -
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Table 5. Fermentation tests for utilizing sugar by Lactobacillus sp. KP-3

Sugar Fermentation Sugar Fermentation

Glycerol +

Erythitol - salicin +

D-Arabinose - cellobiose +

L-Arabinose + Maltose +

Ribose + Lactose +

D-Xylose - Melibiose +

L-Xylose - Saccharose +

Adonitol - Trehalose +

B-Methyl-xyloside - Inulin -

Galactose + Melezitose

D-Glucose + D-Raffinose -

D-Fructose + Amidon (starch) -

D-Mannose + Glycogen -

L-Sorbose - Xylitol -

Rhamnose B-Gentibiose +

Dulcitol - D-Turanose -

Inositol - D-Lyxose -

Mannitol + D-Tagatose -

Sorbitol - D-Fucose -

a-Methyl-D-mannose + L-Fucose -

a-Methyl-D-glucoside - D-Arabitol -

N-Acetylglucosamine + L-Arabitol -

Amygdaline + Gluconate -

Arbutin + 2-Ceto-gluconate -

Esculin + 5-Ceto-gluconate -
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Fig. 1. Bile salt tolerance for Lactobacillus sp. KP-2 grown in vari-
ous concentration of oxgall-containing media.

[o)

T Lactobacillus sp. KP-39 WA & ZAHgF 2 3} (Fig. 2)
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Fig. 2. Acid tolerance for Lactobacillus sp. KP-2 grown in media
with various pH values.
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Fig. 7. Concentration of chromium in kidney of rats. 1) Letter

"a" means significant difference from saline group,
p<0.05, 2) Letter "b" means significant difference from
KP-3 group, p<0.05, 3) Letter "c" means significant differ-
ence from Cr group, p<0.05.
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p<0.05, 2) Letter "c" means significant difference from Cr

group, p<0.05.
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Fig. 9. Concentration of chromium in liver of rats. 1) Letter "a"
means significant difference from saline group, p<0.05,
2) Letter "b" means significant difference from KP-3
group, p<0.05, 3) Letter "c" means significant difference
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'a" means significant difference from saline group,

p<0.05, 2) Letter "b" means significant difference from

KP-3 group, p<0.05, 3) Letter "c" means significant dif-
ference from Pb group, p<0.05.
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means significant difference from saline group, p<0.05,
2) Letter "b" means significant difference from KP-3
group, p<0.05, 3) Letter "c" means significant difference
from Pb group, p<0.05.
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