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ABSTRACT

Cadmium ion-tolerant microorganisms were isolated from the sludge and soil of a cadmium ion-
polluted area, a zinc mineralized area, in Kyung Sang Pook Do, Korea.

A strain, C-7, which showed the highest tolerance to cadmium ion was selected by screening from
18 cadmium tolerant microorganisms.

By the taxonomical characteristics of this strain, it was identified as a variant of Erwinia sp.. The
strain grew in a medium cadmium ion up to a concentration of 2,800 yg/m/ and the maximum
intercellular accumulation of Cd%* was measured to be 28.60 mg/g dried cells(57.2%) during incubation

in medium containing 50 gg/ml under aerobic condition at 28 °C for 24 hour.

c Hx gk =z AEMA Tai it o) REY
B cadmiumo] =wlg-Eo) e FHe & g
A YA g 11D

18171 cadmiumo] WA = o]z 19681 cad-

BLSBE 9% FHLHS BRY ABRE mium 9] ESEE ] o3k o ok AFse] Novik

AA =19 £EERAA A& T2 A 1 Peyru¥ & Chopral® So] 9dle] Q7 g uf

TAA =2 sl et W AERAQ SHeA AT & wp F3
AA v Age] W KEHDS BET 2 W A9 ok 1974y Horitsul®o] 28}e] 1,500

el ol 7R A% 7ot AAEZ 9 ppm Cd2re] FHEEHS 22 oo 1978 Odal?

oml® HCwW? F PV FF ATEAY = Cd2 WEE 2y DERES BERE%

_—— 27.3mg 9] cadmium & &% g} AL L nw

* Ok Wiee 1978FE EER HE ME B o
Trgegeel] 23 WrmXY. $E b A S d B9 osle] Cd2*

B

Fol
EE EFabge] FAEd Hegd AT
Fgee A4 A8 AR 9% 5agld

o E R
Yo oo @

— 183 —



WitkE el A 478 & vF Ak 2EY ca
dmium of & P33}y F& Fof & F gk
wetA] cadmium o] R L FANY SA5E T
Wilz tSo] ELBoE B BEAS B,
HEY BEZ B 975 AFg

EHET REEY cadmium o] 5% s}5Ao]
T EESE SR Mo ® BE EEEY cadmium
o A3 WMHES LB Sty BhmEn BB
o EkAe] Cd* Ef Al Axd AAE
B3tz o

RBFH &
1. Cadmium gl ok

Cadmium it#EEe =l ZEF 10g, pepton
10g, BEfE #iHY 5g, RHE 5g & ion TTHIK 1,
000ml o] %3 pHE 7.5 2 233t 4F 3 %
(Cd (NOg)z - 4H,0 ; Hayashi
pure chemical industries, Ltd, Japan)®2A] ca-
dmium ¢] =7} 500 ppm = A A7} & G WA
o A Az YAFE A S RPHE
(reciprocal shaker, 120rpm) F o= cadmium ¢
FEE 1,000ppm HA ArF & FF 24 WA=
A i BEHEES W3l vy $BE o
3 WHEES SN

Cadmium 9] 37} 10, 000 ppm ¢} cadmium ion
LS 248 A WAAR e FES ¥
=2, AL vz A KEPYeE AVt @A
Ak

2. Cadmium ftt 5

RHZ FH S5 AT cadmivm A
cadmium fiitt& A= 3] $13e] Table 19] 3%
W@ A4 WAE AF g & 10,000 ppm
Cr gag ARG s SEE Yow 500

cadmium nitrate

Table 1. Composition of Cultural Medium.
Glucose 208
Peptone 15g
Yeast extract 5g
NaCl lg
MgSO, - TH0 300 mg
KH;PO4 100 mg
Distilled deionization water 1000 mi
Adjust initial pH 6.5

ppm °} 39| Cd* Fxo] AL Cd* o] Moo+
HES Este AAsles FALH BRI
2= MWEE Y

Rl A Y iEEe 28°CaM 1E7L
1208] A wjoksl wjordl & spectrophotometer
(Shimadzu UV-100-01) & 7}43}e 660nm 9] F
FERA, S S BEEL 7Y 4TS W
oz, W 2447 vl mERgeR 797 #F
ste] At

3. Cadmium o} &7

Cadmium 9] g FF Wlke] oot A2
o} 2

W FEAE YA ET(3,000rpm,  20min) 3}
550°C 9o} EHMEAN A F 8 A7 BAKILT £ N-
HCl 2 o] = Fig.15} 7o] APDC (Ammonium
pyrrolidine-dithio-carbamate) chelation 22 0 2 &
B3le] MIBK (Methyl isobutyl ketone) 2 #jiiH%-

San"lple

Asﬁing in Muffle furnance at 550°C for 8 hr.
~——N-HCI 10m!
Boilling for 5min.

Fill up to 100m’
|

101;11 extract in Separation funnel
l-—Z drops of 0.1% methyl orange
Neutralization

l————4 drops of 50% NH,OH (orange color)
—0.2M HAc-NaAc buffer (pH 4.4) 2.5m!
Chelation
l—-—l% APDC 2.5m/
—MIBK 10m{
Sha'king for 2 min.

v

Settling for 15 min.
!
A4

Determination

Fig. 1.

Procedure for Determination of Cadmium

using APDC-Chelation Method.

Table 2. Conditions for Determination of
Cadmium using Atomic Absorption
Spectrophotometer.

Lamp current 4 mA
Wave length 2.288 A

Slit width 2.0A
Rurner height lem
Acetylene 6. 5 cc/min.
Air 5.8 /min.
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Table 29 =702 Unicam (Model SP 1900)
atomic absorption spectrophotometer 2 JEF W&

serdlet

EB "R

1. Cadmium feigEe] el
Cadmium e 28Es 2% E9Y cadmium
of HHE sheAel £ A4 L AASS FR+
(Fig. 2)

Nakdong river

Busen

The Relational Map Isolated Cadmium
Ton-Tolerant Microorganisms, Kyung
Sang Pook Do, Korea.

Fig. 2.

Samling sites;

A : Boungwha-kun sochen-myun daewhaen-ri, an
area of Waenwha mining company,

B : Boungwha-kun zaesan-myun kalsan-ri, an area
of Sanmak mining company,

C : Ulchin-kun pook-myun dackku-ri, an area of
Ulchin minig company,

D : Ulchin-kun on jung-myun seunggu-ri, an area
of Kumzaung minig company,

E : Kunwee-kun koro-myun seksan-dong, an area
Kunwee zinc mining company,

F : Kumi-city, a brook in the Kumi electronic
industrial complex,

G : Daegu-city sue-gu, a Dalsue-brook,

H : Daegu-—city sue-gu, a brook in the third

industrial complex.

Table 3. Numbers of Cadmium Ion-Tolerant
Microorganisms Isolated from Sam-

pling Sites.

Cadmium ion-tolerant microorganisms
1, 000ppm Cd?* 2, 000ppmCd2*
3 0

Sampling site

QmEUOwW >
S A R
©C OO OO M

fust

0

Total 17strains 2strains

Cadmium & FEgE #EAe] 0.01~0.5% &%=
Q% gL RWBHE X2 S 5{ERTY I i
/e 537) sampling site & T3 BEKE FHE 3
8PS 70 sampling site o] 88, Hhilik, A3t
Bak 9 THEKe HRS BAE 19784 84
o #ESS Rz AEA
Stz A 8MHPTY 607 sampling site 255 4L
3] Cd2* 500 ppm &7EHH A 30°Coll A 3L 7t
A #Este £AFE W Cd* 1,000 ppot 54
RS Hohel A TR BEREEES KESY 1,000
ppm o] A9 Cd?* o fHEE Vel 17EFE 3
934 AREA T U WkES B
EEy ok

Table 3¢ vtehd ksl o] 1,000ppm cad-
mium o] 4§ Ze= HAT 17755 ¥l 24
At

2. Witk BB

Table 3¢ 1}t wle} 7te] 1,000 ppm o] o3}
W, 17TEHRS £F EHEst o Fd A%
cadmium fi#¥: g EF P £ B2 FFE1,000
ppm °} 49} cadmium o #3}] L Ve =
2 B 5 RBEYeR 3% A5 AA5E
BT AAR ZAE ANERER A4 S8
g B-7 -2 2,500ppm ¢ cadmium of W48 ey
om AAEE AT B 9 & SR
Hiigke] A F-Edk C-7 FFE 2,800 ppm o] cad-
mium o] kg VeSS (Fig 3). C1 e 7
FEcadmium jittiEgel ek Fete HEEoez A
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Fig. 3. Growth of Isolated Cadmium Ion-
Tolerant Microorganism to Defferent
Cadmium Ton Concentration.

Dilution method in solid media was used for
determinating the degree of tolerance.
A : Media containing 100ug/m! of cadmium ion.
B : Media containing 2,750ug/ml of cadmium
ion.

S5t BN BT B cadmium o]
BWEDS BmEtd
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cadmium W8] C-7 159 BUEMBH S
ek
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Fig. 4. Micrograph of the Isolated Cadmium

Ion-Tolerant Microorganism.

TR Bzt C-THY #9744 Je+= Figd
of AP F FATE £54E 7AY =7
E 0.4~1.0X1.0~1.5m 9] Fgbiolct, RalgF
of Wate] ik, MEEE WEEE 2 g
¥3% e B8t A4S Table 40 Az 8o}
Gram 4, EA4E 74, catalase 443, TET 2
2 FH BE ARAI 5 O-F test 7} Ml o2

Table 4. Morpological and Cultural Characteris-
tics of the Isolated Microorganism C-7.

A. Morphological properties
1. Shape and size : short rods, 0.4~1.0 by

1. 0~1.5Um
2. Motility : motile
3. Endospore : not formed
4. Growth : aerobic
5. Gram stain ! negative

B. Cultural properties
1. Nutrient gelatine and agar stab culture :
filiform

2. Nutrient agar plate

a. Ferm : irregular

b. Elevation : raised

¢. Margin  : undurate

d. Surface : contoured
3. Broth culture : after flocculent, sediment
4. Sediment : flaky

5. Amount of growth : moderate

AT HE. B AHEAGS] IRy H4E2 Table
5ol A3,
oA BR AR HES TSR mRE,

Table 5. Physiological Characteristics of the
Isolated Microorganism C-7.

. Catalase : positive
. Nitrate reduction
. Methyl red test

1

2 : negative
3

4. Voges-Proskauer reaction : negative
5

6

: positive
. Gelatinehydrolysis : negative

. Indol production : after negative for

4days, positive

7. Urea hydrolyzation : negative
8. O-F test : fermentation
9. Simmons’s citrate : positive
10. Growth at 37°C : good growth
11. Oxygen demend : facultative
anaerobic
12. Optimum temperature 1 26~28°C
13. Optimum pH 16.0
14. Acid from carbohydrates
a. Glucose : + b. Fructose +
c. Galactose : + d. Sucrose : 4
e. Lactose + f. Maltose +
g. Mannose : + h. Inositel : —
i. Xylose + j. Melibiose : +
k. Arabinose : + 1. Raffinose : —
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A-] Enterobacteriaceae £} & &5 v} Voges-Proskauer

1S 24, BEEE RIS, urease =4 H k
ﬁ BEBE 26~28°C 24  Erwinjeae 59
Erwinia 2 373 @ < Jh ¥$r] ZEF
Fog ¥ 039 gas & HAA A Hadon
A glucose $} sucrose & o] &3}
5} ethanol & 2 o] &3},

4. MEES £ERERE 9 pH
T+ mEES A% A L5 Table 59 vieb
T kel zro] 26~28°C o A% HAApH £ 6.0
o] 31} (Fig. 5).
25

3] methanol

20 -

[ bt
o e

0D at 660 nm

o

0]
]
Fig. 5. Growth Rate of the Cadmium Ion-
Tolerant at Various pH.
5. &#e PR
B AFd vlA T RS 1dF AR
‘75]-7] w’]d@ 50ppm ] Cd?* -f- WA ol A $Rigks
B WEEES TAd A% 29 Az
Cdzt #37 WA A Y4} vm PrHch

£ MRS REBEHIE FEEERT Ko
Z 0] oF 15% %A =9t} cadmium & )
ol #Agel 2L AFE vy Cd2 9
Azt B& Adasts a4 4

]
[}
5
=
=

6. MERe] &% 0jx|= Cadmium 2] E45

A TS 50 ppm, 100 ppm, 500 ppm % 1, 000

ppm 9 Cd** & i wixe} Cd* & &{3tA
ke wiRl ) Ae AFHEE 660nm o FAEE R

By 2 F4ste w2y Aot Fig 63 A

oD at 660 nm

0 6 12 18 24 30 36"

Cultivation Time [hr.)

Fig. 6. Time Course of the Cadmium Tolerant
in the Various Cd?** Concentration.

: in the absence of Cd?*,

: at 50ug/ml of Cd?*,

: at 100ug/ml of Cd?*,

: at 500ug/ml of Cd?*,

: at 1,000ug/ml of Cd?*

Cadmium o] 3 = =] &L iAo A& k15
A 7kl AR =289 2.n, 50 ppme} 100 ppm
A= && 15A7h 204749 dlkem ke
=25 cadmium ¢] £ Y ASodEs 2 o
Fg AR EFPo. 2y ZFEE Cd2F el 500
ppm 3 1,000 ppm ol A= 242t 284 713} 364] 7He.
2 FAd¢ ==ggcl Cadmium 50ppm o] 4] A
$o HREC wEle o33 20%9 AL R
AZor 100ppmel Az oF 18% 9 AFE H
I3t A3E Jedoh Cadmium o] F37hsl
50 ppm 2 100 ppm o] WA o] & 4 A 7ke] FHEM
% 7k 500 ppm 7} 1, 000 ppm o] A= 6 A 7k}
1347+ §=71% 714 cadmium x| whek &
=7 4% # B ookg Aol vlAE W
A Fxof g

7. Mol &7l o|X|s Cadmium 09|
HEeEel ¥E

2 WEHo] cadmium o] 9o HEPEA N it
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%e AR 93 7FFe HLE ion(CdCh
- 22,0, HgCly, ZnCl, PbCl, CuCl; - 20,
SuCl, - 2H,0, CrCl; - 6H,0) & %% 50 ppm 3+-8-3F
X9k B A Bl Y EFEE 27
Ble] vlm AEFY

olv] Fiitet ket 7ol Cd2* 50 ppm H b=
BIF FAS Bl N9 A S wete] o 20%9)
A48 FX3%le] Hg? & A% & HLBS K
el Fo olFEl 9L v A EFHcoh
thut Hg?" = < 10~13% A=Y A8 AR A
Zh

8. mittEel &%&oil o)X= Cadmium o] B4F

of IZE ZE
Cadmium B8] ZF71 & fifE#e) 45 @
= AEFE AE3 959 4559 Cadmium g
(CdCL - 20,0, Cd(NOy) - 4H0, ~ Cd(CHs
CO0); - 2H,0, 3CdSOy - 8H,0) & 4% 50 ppm &
e L] A9 B AFEE 243t cadmium
chloride #insSiuol Ao Bie] AFES Hh#std

Table 6] A2 55},

Table 6. Bacteriostatic Activity on the Defferent

Cadmium Compounds.

Cadmium salt Relative growth(%)

Cd-chloride 100
Cd-nitrate 110
Cd-acetate 103
Cd-sulfate 98
Table 6o FA =" vk} o] o8 FFe
cadmium E§o] & WHEES ASo+w= ofydl 9

< oA A FHeh
9. Cadmium

A i MRS cadmivm SEEHA W
Sty & HF9 cadmium o] FA| Ao U wht
%3 HE 7 4] 9134 50 ppm E 100 ppm 9]
Cd?* sh-f- stiho] 28°C, 2447} IRBHEESIY B
A9 cadmium & FFREHEA oste] A
RS Table 70 A= gvl. FH@EA A=
cadmium 2 50ppm Cd?* ¥-§ 3Eahe] Wikt #%
REEE EE(g)F 28.60mg & A3 1EHF
cadmium & 57.2 % 233 21} 100 ppm Cd*+ &4
Bothol] A] &= 23. 23 mg 2] cadmium & &4 3}<] 23.2

Table 7. Accumulation of Cadmium Uptake by

the Isolated Microorganism.

Accumulation

Cadmium conta. (mg/g dry cell)

28. 60
23.23

50ppm
100ppm

%2} cadmium & Eetlpspol A BRSNS HHA AT

£ B

Aol mER Ao Fubate AREES
HA3 HhEz Ak HHRES G0B 59
cadmium, 7 (Hg), #+(Pb) ¥ 6{E chromium
Seof & AR o)A FAL Avkst Mg £A

2 UFdx gt 53 cadmium o] 8] ¢
3= ArzAE 25 Ca)st ol ABAA FF
Hol® F4H cadmium & FFES FEl 50~70
%7t &4 "Avtxz f#EEste 9% B @i
Wil A AT B %ﬁfﬂ HUk g W 2
ele] cadmium o] gtz FZ § g} 2 53] 1968
3 59 29 &Y Itai-ital 5L BH: Cd> &
of o3 BigkEe] A ZDwa kel Fgel W
S5 doA HEKERES fERS Fanconi fEEEC]
I AA BAES] Ao duEe] A%iFe
A= ok o] ghzto} cadmium 9] i BEIHE
2 T8 T 5 dden, wAE AdAdE A
vhet G &E v A=Y Bk F cadmiumo] A%

L

z

Table 8. Bacteriostatic Activity of Cadmium Ion.

Strain Cae* (ppm) {ocumuiation o CE*
Microorganism 2, 800 28.6
isolated C-7
Pseudomonas 1,500 23.0
aeruginosa®
Pseudomonas 750 -
aeruginosa IFO 34459
Escherichia colil® 500 —
Bacillus subtilis® 0 —
Enterobacter cloacae’® 1,500 7.8
Klebsiella 1, 000 27.3
rhinoscleromatis
C-810

Staphylococcus aureus™® 500 —

* Microorganism isolated by H. Horitsul®,
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= Z74ge] wer A%
Bl T3] HiEd N 2
EgpA AR G A A EsLE CAit
=3 4= o] 1,000ppm Cd2*e]] S b
E 7ol #d98 95 B sampling site
AA 17FFR T3] HR vtz T F Ak
MW sk Cd2t HATY g w4 EY
47 A EEERRY Cd¥ R (<G~5ug/
ml), shRRE Cd2* W (50~400pg/ml) R 5
Cd?* w4 (700~1, 000pg/ml) 8] 3oz i
o] B 4 rvim geb £ FE WEES fib A%
FEo] oot Feldl cadmium FPEEES WitkA)
¥ 9 WA ERAESS vwehy Table 83 2
oh.

Table 8o w3k upe} zo] E fMEY
Erwinia sp. C-7 72 2,800 ppm Cd2* fitfige] =
2 BRK Cd% Mg R ot Mitke] =& g Cd
it o & 4= 9lv}. Pseudomonas aeruginosal®
ﬂ- Enterobacter cloacae®2- 1,500 ppm & Cd2* [t
oY B iR MfEER T e Cd* mf
P& vt b ofv ek 28.6 mg/g dry cell o] g
T FEE cadmium & FA ] At A
W ERRE JA Wgd] FE wdel 9% IR
o}, 3 A F<el Erwinia sp. C-79] Cd?*figtto] &
3] 73 o] %% filh ATAS) Wlwmste] =& & B
o g d7AE e £ed AEE Asst
T35 K, +38'®, cadmium HYeA S 9] Bk
£ FHiRWE IEHEHETe] g cadmium o] 2%k
HHAGY g Atz & 5 ot B EE
< cadmium o] FERHHOZ EA 5= M FAA
doz I8 FHYPo R FAd EED Wl of
vl olu| FHEel A9 #RE dolnd WA JH54
o] AxZ fittke] wrtm FHHATE vlSol &K i
PEE2 252 cadmium(l, 000ppm) ol A 8] 4%
ke BEMIT 134 7te2 AFE cadmium (50
ppm)efl A B} & 1047+ dAEH F4Ln ©
BAHBE Zrafich ojeh2e Aue olv] BHe
QATFApEID] Aol FAH  Staphylococcus
aureus® £ cadmium o] 9o ELHEH Hslo =
fifthe] @& cadmium HFE Wkl v 2 mHE
2 Hg?" o] ™iete] <F 10~13% A =9 4% Hik
BgRo)l vElton} ohE EeB dHAE cad-
mium 3} Zro] wHetd] fifbEo]l w2 FEENL Bl
ATt ok e HihoE EeEoR HHE B
KR £ B Aol Flgdte et e

t]go] AE HAL2Ert 26~28°C 24 oln] WE
H ohE R wske] ol FAMK Fom
87 v, Cadmium EHhee] IA4 % Table 89
A BE ukeh o) S & HkHES JEh

Enterobacter cloacae™® = 10 ppm & cadmium &
HEHN A A 50 %, Pseudomonas aeruginosa'®
=100 ppm ol A 41 %, Krebsiella rhin_oscleromatis”)
£ 50 ppm o A 53 %9} RS HERR o £ Ttk
B Erwinia sp. C-7-& 50ppm 9] cadmium FF
Kol A 24 A7} IREEESEE A 57.2%,
28.60 mg/g dry cell ¢ cadmium -8 2 AZ .
o] 8} & #4Ep:o. Staphylococous aureas’®e] 70 %
of & vl A A EaAt & ERES /AL 3o
By e FrolA wieksld fRe ) o) W)
& PR EHAE-L Table 7] ]9} 7o) 50 ppm
2.2 wjekA] 28.60 mg/g dry cell o] A cadmium 9)
TEE 100ppm 2B ZF7} A7 =R 23.23mg/g
dry cell 2 EHifto] E Tz gl

ol 4ol ARA ELHES ERe ArE o
F5 Bkl oM

Staphylococous aureus'®= 10 ppm 2] Cd2* 3445
Hiol 49 EHEEl =R E MRS AEol4
Wl oFstd o & 2 ERES vepiE g wedh

Cadmium -& 7}3F SH [HZ#|29.300] ] oxidative
phosphorylation 2] uncoupler3? Z8-5-9] [HEEH
o] &AMt el M-S o] e PR
Foll gt Mol YES) cadmium o] B BN
o (£ G3tel CA S FebIte 25F
T ot AF Fiel =t il oE 4
3} obx e EAEL dErh

H TEE Erwinia sp. C-7¢] 2T
MEE S A RiEE cadmium & Hi3tE BET
A &FS F Qe slol i AEEYN #HRe
v AL QFHAAZA Bk g2 470 e
. gl

cadmium

E 8

TGS SEIL M) HURet 1o 2 KE cadmium
RS He2l & Axdle BE cadmium
W 17 5% ¢F 930 BE cadmium
HEEQl C-7 Tol Mt WA EH 4244 A
2119 cadmium FAo Hste] AEF )

& TitkEd, C-7< Erwinia sp. & EESH P o
2,800 ppm 9] cadmium of S el e @miE
cadmium fitfEEE o] 3 o,
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& fHEE S cadmium 100 ppm 9] FXo] ¥4 7
A9 A& A9 Ze FHE e oW 500ppm
o] 39 FEoAE FEME A4 1,000 ppm
o) 3] FEol AL Mol HiEE Kk & FHER
2 cadmium o] 9¢] FHB HAAE LS
Bt ok

2% cadmium {itEEQl Erwinia sp. C-7 ¥
50ppm & Cd*2 -4 wi=]o) 28°C, 244 7} IR
#® o HErhe] cadmium & 57.2 %, 28.60 mg
/g dry cell 9] cadmium & H#EA ELRAT,

E I
o] HTL AT 1JA cadmium & FES

EohFA WELTAR BEF EdA 443
B Soste ok Qe
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