Kor. ] Appl. Microbiol. Biotechnol.
Vol. 23, No. 3, 352-358 (1995)

87|15 =Sl Hikt2| cadmium =%

AEM* - HHE - dSE - ol2td

UBCHST mBBT, SRR AZHRTL

Accumulation of Cadmium in Lactic Acid Bacteria under
the Anaerobic Condition

Yong-Seo Shin*, Sung-Hyo Kim, Dong-Han Kim' and Kap-Sang Lee
Department of Agricultural Chemistry, Wonkwang University, Iri Chonbuk 570-749, Korea
'Department of Food and Nutrition, Mokpo National University, Mokpo, Chonnam 530-830, Korea

Abstract — In this study, authors investigated the cadmium tolerance, the accumulation of cadmium,
and the cellular distribution of accumlated cadmium in lactic acid bacteria under the anaerobic
condition. Lactic acid bacteria grew fairly well in modified EG medium containing 10 ppm of
cadmium but could hardly grow at 50 ppm of cadmium. Tolerance to cadmium of genus Lactobacil-
lus was greater than that of genus Streptococcus, and Lactobacilius acidophilus showed the higest
cadmium tolerance amomg the bacteria tested. The capacity of cadmium accumlation (9.304~12.428
mg/g wet cell) of lactic acid bacteria was higher than that (6.775 mg/g wet cell) of Escherichia
coli. Lactobactlius casei of them took up the largest amount of cadmium. The cadmium elimination
amount (28.46~29.25%) of lactic acid bacteria from modified EG medium containing cadmium
were also higher than that (14.43%) of Escherichia coli. Accumulated cadmium in Lactobacillus
acidophilus was distributed by 42.41% at cell wall, 28.97% at cytoplasm, and 28.62% at plasma

membrane, respectively.
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Table 1. List of used strains and media for subcul-
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Table 3. Conditions for atomic absorption spectropho-
tometer

fure
Strain Media

Lactobactllus actdophilus MRS broth"
ATCC 4356

Lactobactllus casei MRS broth
IFO 3533

Lactobactllus lactts MRS broth
ATCC 4797

Streptococcus thermophilis MRS broth
KCTC 2185

Lactobacillus bulgaricus MRS broth
ATCC 11842

E. coli ATCC 25922 BHI medium

Lamp current (mA) 3.5
Wavelength (nm) 228.8
Spectral band pass (nm) 0.5
Optimum working range (ug/m/) 0.5~20
Fuel acetylene
Support air

Flame stochiometry oxidizing

ULactobacili MRS broth (Difco)

Table 2. Compaosition of modified EG mediom (unit;

g/l)
Beef extract 2.0
Proteose peptone 10.0
Yeast extract 5.0
Na;HPQO, 4.0
Souble starch 0.5 pH 6.8
Glucose 1.5
L-cystein HCI 0.4
Tween 80 0.52

FA) & Table 29} 2o, AAo] M =3l 3|
+ BCP(Eiken Co. Japan) v %5 A}&3}¢ich

AFEA|24
Agol Ag-=l £F4%L2 cadminum nitrate 2 Shi-
nyo Pure Chemicals Co.(Japan)9] 5 A1efS |4

shsdch,

i el Mo o|Xl= cadmiume HE

HArtel cadmium WA-E 2AFEEZ] #18) cad-
miume| 0, 10, 50 ppm ¥ #H7}¥ modified EG me-
diumE E£g7~(CO, . 15%, H. . 5%, N, : balance)

% bubbling 3t &EAEAE AAX F HARTE

HE3)e]d 37Cel| A 2447 59t anaerobic control-
led glove boxollA] 317]A o= sjefshis pH A
HAEE e File] AAIHLE SAHS

A Fd-S "4 34499(0.85% NaCl, 0.1%
L-cystein HCl, 0.1% sodium thioglycollate)ol] <43
w2 3] A3sle] BCP plate count agarel E3E812
37Col| A 72A17F vl FAF] F et A &S A3t

72! cadmium =&

] 2l AT J-EAel A é_ﬁﬂr
dZo 3 E coli 2] cadmium FAHE -
28 cadmium®] 50 ppm A 7FH modified EG
medium-g E£3%7}~2 bubbling 37 HA#3 E
coli-& 4%(v/v) S A HE8Fe] 37C4 anaerobic con-
trolled glove boxeoll 4 24 A7t FaF §7|H o2 wjek
gk & Al E-2] 7|(Sorvall Instruments, DUPON, Mo-
del RC-5C, 5,000Xg, 30 min, 4C)& #A & 343}
0.01M Tris-HCl buffer(pH 7.0)2 33] ) & sloic)
A el F% cadmium FEE A FA4 Y S
o]8-3to] A& F Halstairt & 3|, AR A
HNO, . HCIO42 : 1)-& 718+ & 70C hot plateei] A
W858 F4o) = ufrix] F-isledc) 57 kR
g Ags ¥ 32 SFTE 7t S0 mlE 4
&} 1. atomic absorption spectrophotometer(Model ©
Varian Spectra AA 30/40)2] F-4A|g 2 A48k
AAS A 7748 Table 33 #r}
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Cultures broth

Centrifuge (5,000 g, 30 min, 4C)

|
Washing three times with 0.01 M Tris-HC! buffer

solution (pH 7.0}

Harvested cells
|
Resuspension with 0.1 M PBS (pH 7.0)

Sonication for 20 min. (16 KHZ)

Centrifuge (5,000 g, 30 min, 47)

l |
Supernatant Pellet {(cell debris)

Centrifuge (27,000Xg, 60 min, 4C) Remaove

I
[ ]

Precipitate Supernatant (Plasmic components)

Treatment of sodiumlauryl sulfate (1.0%)
for 15 hr at 37C
i
Centrifuge (27,000X g, 60 min)
1 _
| ]
Precipitate Supernatant (Plasma membrane)

|
Washing three times with 0.1 M PBS (Cell wall)

Fig. 1. Fractionation of Lactobacillus acidophilus cell.

mium®] 0, 10, 50 ppm M7} modified EG me-
diumel| HAbFE Gkl 37CA] 3d7]H o2 w)
st A HA| Al HAFg, AR A eRpH, H A ALR)
£ 5347 A= Fig 2, 3, 4, 5 63 3

& 5%2 A0 5% cadmiume] 10 ppm #H7H
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g B A ASshkes le® JeRded, cad-
miume] 50 ppm #H7}E wjA]o| = 78] A J-3}A]
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9iek. wat pH, AAAES] Azpel 4 vhehdt wls}

T Atel7h Qe 50 ppm H7bre] Fgele Al
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r£gl cadmiumel &8 A& ¥t Ao Z vlepyich
A ALF7Ee] vl el A Streptococcus 2B ol Lactoba-
cilius %0] B A cadmium WAdel t| Egkom [g-
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Fig. 2. Changes in cell growth and acid production of
Lactobacillus bulgaricus in modified EG medium contai-
ning cadmium under the anaerobic condition.
-@®— control, -~ — 10 ppm, —¥— 50 ppm
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Fig. 3. Changes in cell growth and acid production of
Lactobacillus acidophilus in modified EG medium con-

taining cadmium under the anaerobic condition.
—@— control, —V - 10 ppm, —¥— 50 ppm
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Fig. 4. Changes in cell growth and acid production of
Lactobacillus casei in modified EG medium containing
cadmium under the anaerobic condition.,

~@— control, —V - 10 ppm, ~¥- 50 ppm
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Fig. 5. Changes in cell growth and acid production of
Streptococcus thermophilus in modified EG medium con-
taining cadmium under the anaerobic condition.
—@— control, —v— 10 ppm, —¥— 50 ppm
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Fig. 6. Changes in cell growth and acid production of
Lactobacillus lactis in modified EG medium containing
cadmium under the amaerobic condition.

—@— confrol, —— 10 ppm, —¥— 50 ppm

photometer 2. A% A= Table 42} #Hr}
Al atal 3 Akte] cell wet weight 1 g 9.304
~12.428 mge. & 6.775 mge] E. coliB.x} v33d] g2
2] cadmium2 33w, 53] Lactobacillus
lactis®] 735+ E. coli¥t) oF Sul x| S3eke
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Table 4. Accumulation of cadmium in lactic acid bacte-
ria grown in modified EG medium containing 50 ppm

of cadmium

Accumulated cadmium

Wet in cells
Strains harvested Total Total
cell (mg/  cadmium  cadmium/
200 mi {mg) cell mass
cultures) (mg/g
wet ceil)
E. coli 0.213 - 1.443 6.775
Lactobacillus 0.290 2.925 10.086
actdophilus
Lactobacillus 0.313 2.912 9.304
casel
Lactobacillus (0.229 2.846 12.428
lactis
Streptococcus 0.277 2.876 10.383
thernophilus
Lactobacillus 0.249 2.859 11.482
bulgaricus
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Table 5. Distribution of cadmium in cellular structures
of Lactobacillus acidophilus

Bl RAHE7He] vl A 2 v cadmium WA
Axel= el Lactobacillus %01\ Streptococcus %
o} ZXzke zholzt el e, Lactobacillus casei7)
T TFol] B8] o}a: cadmium =2 ko] A}, w3l
Wl 2|5 cadmium®] FH3H-&Xx FHAlqro| 2846~29.25
%% 14.43%2 E. coliBx} A33] =& 7oz 1}eg}
stet ole{ gk A4 cadmium E4gk 2 228
f12) Eo] B33 x5 2] cadmium v #|o)| 4] 22
A32-E- Ho|le cadmium WA 03 Serratia murces-
cens strain P(Z&A 2 0.35 mg/g wet cell, =48 : 16.
59%) R i AbH3] £2 7o =2 cadmium WAl A
Lol SAEE AN ARIA gl Aoz 7
E,

MAFLHE| cadmium 82X

S4% cadmiume] ZHAFAW BEE =3)35)7)
A8 BAAF Lactobacillus acidophilus 3 A1v}3}ed

50 ppm cadmiume] H7}E vl x| ol A 2417} 3 7]
o2 wjefAZ] oS Fig 13 7o) AE4A, 93 n}
"ﬂfﬁ‘:’ﬂ *é“'?“ﬂi F-3sled AASE cadmium

Sl %‘"_{&"@3 th ol

FAwt g A xH e A FEF2E 52 B
F 3 2 gk of 50~90%e] Wil Aew Ry
(12)=]3 slch B A3 el Lactobacillus acidophilus

cadmium
Structures content Distribution
(mg/g ratio (%)
wet cell)
Cytoplasm 2.922 28.97
Plasma membrane 2.887 28.62
Cell wall 4.277 42.41
of M E FHE cadmium-e 3 A}l 2862%,

AL H | 42.41%, “Le]al Al E 2] 2897% % B ¥
AerTES(dE A ALy)el 71.03%7)
Aoew veht o 45 NAEFFe AT
Ao 2 Jepyth MEA Hols AjEdeln) d3yA
ol W #2 cadmiume] FHHE Z& AiF
A Eute] Mellz FxAd o2 qls)] cadmium® 4] £3
L0220 Ffo] AZE WA & HidHo), A E 9
Hel] EZAsh= W e Sold EASE cad-
mium¥} {AH ZAYPsH7| wjFel e AlgEc)

o] kel ZAAol| A B A2 QAle] Aghy e
23+ cadmium Fixulell A A 83 Bl o]
2} Il F o 24 o} B fa) A Al (R ALE o 4
w E. coli9} v)lxghe] vla) cadmium &3-§o]
58 Fol A S A3l A Foel &3,
g TdsdEe] st 5o AR gal 0}‘43}
T7+e 2 A#H™ cadmiume] A 7%21@.‘1% 23k
-r-i Abg ¥l 22y} cadmium $lel] o} E /iR

ol i3k A+ et ol o]’ FFEH9 A
EEDL Fap7) a3t Al ¥t Rabr)ar aejan Al Zue
| gk Yo} 22 A7) o] AsiEejop &lo

=€l o]

e

AHETE5S B3 i vivo AEo] o)|F o]z} & 7]
O

e

o)

2 o

T74HHE cadmiume] el A Ao zp ==
o2 FH7IA A A #E3qQ HAlge &3
SH=lo)l ¥t A AfE wiEd - Uk A
star, #7)A s oA A Y cadmium WA,
SAFY W AW BELEZ i vitro Aol A EA}%E
et cadmiume] 10 ppm M 7}xl vl R el A & Al
A3 AL RE dEskslent 50 ppmell A ﬂ-‘—l
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WAE 214 Zie® veldtd cadmiume] H7EE
w Rl ol] A 24A]7F s <FA]7] AAbel] £HH cad-
mium-- 9.304~12.428 mg/g wet cell2 6.775 mg2]
E. coliBx} Abvdd] =stow], A & Lactobacillus
casei7} 7} & SAHS Jell ) AR ca-
dmium =*-& HA| 2846~2925%% 14.43%<9] E.
coli¥r} feldoed Eotel HAFAl el cadmi-
um®] ¥ A FEHel| 4241%, Y3 At 28.62%,
A EZ ) 2897%2 vlelgtt)
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