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Mechanism of Cadmium Accumulation in the Cell of Cadmium-Tolerant
Bacterium, Pseudomonas putida

Jong-Soo Heo, Ju-Sik Cho, Mun-Gyu Han

Abstract

A mechanistic study by which Cadmium-tolerant P.Pufida C1 accumulates high conc of Cd in
its cell body was performed. Approximately 57% Cd accumulated was distributed on the cell wall
and the other 43% portion was in cytoplasm. 84% Cd of the Cd in the cell wall fractions present in
the polyphosphate-polysaccharide fractions, but most of Cd in the cytoplasm fraction was in
protein and nucleic acid.

Cadmium affected the protein synthesis in P Putida. The intracellular protein content was
decreased by cadmium addition, but the soluble protein precipitated by ammonium sulfate (30~75%
satruation) was increased as compared to that from the cells grwon without cadmium.
Furthermore, in the cells grown with of cadmium, high-molecular-weight soluble protein was
increased, with of cadmium, high-molecular-weight soluble protein was increased, compared with
the cells grown without cadmium, but low-molecular-weight soluble protein was decreased.

These results indicate that Cd inhibited the intracellular protein biosynthesis but enhance
biosynthesis of the high-molecular-weight soluble protein precipitate by ammonium sulfate (30~75%
saturation) .
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€ 34359 sulfur, phosphorus ¥ seleniumitx
444 ukg3dlx phosphate, A2 cytenyl
histidyl side group, purine, pteridine %
porphyrine®} 72 ligande] H=t3] 78 A3y
= Ads Aoz gz 9.2

o) 9}zte] FFE&L W Ay PR 4
o253, r|5Ad sulfurhydryl?) & Ad A4S
A sAY Bk ATz FY¥E Fr= 3}
1, oxidative phosphorylation®] ZHZE B4 4
AI7I= 3l 2R Ao 238 FF& o]0
catalytic activity® ¥4 F7E 3t Aoz X
»HE QY.

ol4kmt zke] AT st=E =i, FAAA,
g 2 #5713 BF oY & rid B
obuiel B2 e, A3 wWsrl gl geixy
AXJel FrH st=F AEW EEo tH3zlo
Z A8 AF-N A Pseudomonas aeruginosa®) 2}
359 7l=8L 88%7 cytoplasme] Ex|3l9,®
Escherichia colid) 98 F5€ sl=F2 80%7}
cytoplasmell #EZ=o] gl AR BT §)
o} a2 Enterobacter cloacaed 28 F%
Fl=B-& 37%uto] cytoplasmel] st Ao
dH A5 3l ?

BAEL o] Ad # FAdd LgdAd9 4
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+ &HT AN AHE PKo] 7Hed 2= T}
EEWAEE ¥, FAden EFe] 7AW
FtEE& A A olr] X3 vl glch. geby
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Clel] ol MEel 25 7= AE TAHA
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I. AMS TF A oy

2 Aol A4 FFE BUSe] Fd, Y
Jlef WAFF Pseudomonas putida Cl& A4
gt FA)FY Wk 500ml A& FaiFel
Table 13} 22 £A9 7]¥ul# 100mlE ¥ 2
4F7) AdF Y42 9§, FATE JFIA

30°Coll A zetujoFsigic). ZI=FAH7 AddAe
WAE A, YZFE 2F JEFEY (10, 000ppm
Cd**) & A4l dAZ Jl=F $57 HEF F
dHLE A5t FAIFS st}

Table 1. Composition of Basal Medium

Glucose 10g
Poly peptone 10g
Yeast extract 58
NaCl S5g
D.W 1000ml1
Agar 17g
pH 6.0

2. o9 4% H 7l=E &F

a4 ARL T wgdE 6,000rpme 2 10€7F
A=z FAE Hedte] 33 AXY ¥, =71
el ol 105°Coll M 48A17F AZRAIA AxdA %
22 Yefiddek. =g AL ARexe
<+ Wygo g 9.

3. MZE FHMEH 7289 2EEA

AE FARAENR 7t=F £E2EF 2A87] 9
sl A XE Fig. 1(Hiroyuki Horitsu et al.,
1979)9] whgo2 Yo 7 AEZFHAAELFY
Fte e Akstdct.

& 7l=F & 100ppme F==2 FHI/MRE 7] Eu) %)
o FAE FFE 30°Cell A 48417 A=t
¥ 4L E dAE et FHTE 3Y AF
g &, 22kHz= 2087 289 =43 F 8,
000rpme] %2 YA F-g sl soluble fraction
7} insoluble fractione2 ¥2lstgict. Insoluble
fraction Fig. 2¢] wpgo 2 6717 Aoz ¥
F3ldd3, soluble fraction t}A] 40, 000rpme]
£E2 120¥7 ¥A¥e st microsomal frac-
tion# supernatant fraction®® FRF3lgon,
supernatant fraction® NaCl& F%= 0.14MS A
7}8l32 sodium dodecyl sulfate(SDS)E 0.14%
HA 7lg o& F=e phenolg )3t 307
stirringA]Zl ¥ 1, 000rpmo-2 1087 WAlEels)
o] phenol layere} water layer® He}slgr}:



# % . 7l=% §itE (Pseudomonas putida)oll <& WEEA HR Mk

Cd?*-tolerant bacterium
Culitivated with Cd?*(100ppm)

Centrifugation Cultural fluid(I)
in basal medium® (shaking, 30°C, (6, 000rpm, 10min

s8hr Cell (1) ——}

Insoluble fraction (11-2)

Disruption with oscillator |: (Sequnetial extraction)
(22KHz, 20min)

Soluble fraction(II-1) -
Centrifugation (8, 000rpm, 15min)

Microsomal fraction(II-1-A) —

Centrifugation (40, 000rpm, 120min) [Supematant fraction (1I-1-B) ——
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Nucleic acid ~ (II-1-A-a)

— (II-1-4) [
Phenol extraction Protein (II-1-A-b)
Nucleic acid  (II-1-B-a)

—— (II-1-B) {:
Phenol extraction Protein (I1-1-B-b)

Fig. 1. Fractionation of bacterial components

* ; Basal medium ¢ 1% Glucose, 1% Polypeptone, 0.5% Yeast extract
06.5% NaCl, pH 7.0

Water layer¥ ethyl ether€ 7}3led #HF phenol
£ AAR ¥ AFsAM FFAFHT. Phenol
layerte $%2] ethanol® 713l 1A F<
stirring A|Z1 ¥l 8,000rpm2] $EZ 10¥7 «
Al¥-2]3lglcl. Microsomal fraction® ZF<ell
4#A}71 ¥ supernatant fractiond ZL& WL
2 phenol-SDS A2 & slgd.

4. Mz crey szt 55

Az A Ft=Fe] vHE Q%L 2
A13t7) fste Ftef FA7E A9 st=EE 100
ppme) FEE H7PRE wj R o] FAE HFsto] 48

A7t e Ft F, dAEE FAE HFsid
22kHz® 2087 2859 34§ <& 6, 000rpm3]
£% 2 2087 ¥A¥-25le supernatant fraction
o 30% ammonium sulfate® 7}8le] E3}A|H 4
Cell Al 3412t &<t AA A ¥, 6,000rpme] &%
2 20870 WAy JAHREE AAY e
ammonium sulfate® 718l 75%< ¥E7+ =
AA 517 HA A F 8,000rpme] £X2 30
7 9441¥-28)sls 0.01M phosphate buffer (pH
7.0)} &34 A Backman DU-70 Spectro-
photometer& AM2-38o] S| A3Fg A fsigc}.
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Insoluble fraction (II-2)

Extraction with 0.5N-HCIO,

4C, 2hr
Supernatant Pellets
Extract with 0.2N-HCIO,,
4°C, 2hr
[ 1
- Combine Supernatant Pellets
adjust to
pH 4.5 Homogenize with CHCl,_
CH,O0H(1:2), 2min
[Polyphosphate & 1
Polysaccharide] Supernatant Pellets
Extract with
CHCl, [Lipid]
! 1
Supernatant Pellets

[Poly-B8-hydroxybutyrate]

Reflux with 30%(W/V) KOH, 100°C, 1hr

[ 1

Supernatant Peliets
1009 EtOH Reflux with 0.1N-AcOH,
100°C, 12hr
Pellets
[ 1
Pellets Supernatant
[Lipopolysaccharide
& Polysaccharide] Dialysis
| 1009 EtOH
[Mucopeptide]
Pellets
[Polysaccharide]

Fig. 2. Sequentia

I extraction method for insoluble fraction.
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5. SDS-polyacrylamide gel electrophoresis

=g T4} vl A ¢ F=F (100ppm) & 71
wjzjoll 4] Ak FA Q) protein patterng H]ZL3}7)
sted FA 400mgell dste] 4.6%(W/V) SDS
(sodium dodecyl sulfate), 10% S-mercapto
ethanol, 2% glycerol, 1.5% tris buffer and
bromophenol blue 0.0001%7} X33 sample
solvent® 4mg4¥ ¥ 22kHzZ 20% $¢ 2&3 7
¢ g 8,000rpme] SEE 2087 YAE S
o] supernatant fraction® #3le 100°CeliA 1#
7t heating®t ¥ A7|9E AER A, A
7194 %2 10% (W/V) acrylamide gel& AI-&3 o
7}t lane’ 50u19] sample® F3ted stacking
geldllA] 100VZ 40%7}, resolving gelolA 160V
2 6417 7194 FA 3. A7)9F F Coomassie

Table 2. Cadmium distribution in cells.

brilliant blue R-250(Sigma Co.) 24 247t |4
A7) ¥ methanol : water : acetate(30:63:7 v/

v) e el A FYAF ),

BR 3 EE

I MEZ FHMEHe FIEER

FtEFo] 52 WA AL FAS Ft=F
o] FHEA UL WA A3 YT F =
& A FA A2 7=F FARYE =
a7 flsle Fl=ge] FHEA W2 wiAeA
24X 7} wieFgt FAE 100ppme =& MM
0.9% NaCl 49 718l 30°Cell 4 4827t A&
Q& AL FANS Fl=F FHGAS Hny
A3 Table 29} 2},

. . Amount of Distribution
Culture condition Fraction .
Cd** (mg) index (%)

Grown in medium containing 100

Whole cell 3.95 100.0
Ppm

Cell wall 2.24 56.7
Cd?* for 2 days

Cytoplasm 1.71 43.3
Grown in Cd** free medium for 1 Whole cell 2.96 100.0
day and after that incubated in Cell wall 2.03 68.6
salian with 100ppm Cd** for 2 days Cytoplasm 0.93 31.4

7t TR wixaAN A FAE WAF
Z = B¢ 4 40%7F A FAFHAeH
245 l=F2 o 57%% cell wallel, <F 43%
£ cytoplasmel] &Asilch. vk 433 AA
3 F Jl=FS HAY AL AF & I8
o] oF 30%7t FAA FH=HHoH A st
T B9 ¢k 69%7F cell walldl &Alstgz, <
31%+ cytoplasmell F3 5 1%t

ololzre AG v|Fol Ew Helge WA
#48 Fl=Be FA3twEA F4E BrE ol
9A3) A FAE Fl=F LY &= sl=
S e AW FA4ss A2 AAEHA

*

A FE st=fFe AX FAdERY 2
XX E &AM $Eto FlEgo] TR wAAA
247 wiofg Al E AAEE A 3¢ 5 Fig.
19] ol wet EF3te sl=EES AR A
3= Table 35} zt}.

FAU 4" F sl=F¥FY o 57%7)
insoluble fraction(I[-2)¢l EEHe Hz <
43%+= Soluble fraction(II-1)o] #EH] Qe
o, soluble fraction(Il-1)& ©}A] Microsomal
fraction(II-1-a)3} supernatant fraction (Il
-1-b)y22 B7F319<L 9 microsomal fraction(II
-1-a)ol 9F 65%7F w-¥x° Q%X supernatant
fraction(II-1-b)ell <F 35%7F HEFHo glgdtt.
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Table 3. Distribution of cadmium, protein and nucleic acid in cells.

Components
Fraction Cadmium (Index)
(mg) (%) Protein (mg) Nucleic acid(mg)
Culture Fluid 5.90 - -
(1)
Cells 3.95(100) - -
()
Insoluble 2.24(57.7) - -
(11-2)
Soluble 1.71(43.3) 98.5 52.1
(I1-1) (100)
Microsomal 1.12 42.8 31.2
(II-1-A) ( 65)
Nucleic acid 0.28 6.2 28.4
(II-1-A-a)
Protein 0.84 36.6 3.8
(I1-1-A-b)
Supernatant 0.59 55.7 19.9
(II-1-B) ( 35)
Nucleic acid 0.13 6.4 17.8
(II1-1-B-a)
Protein 0.46 49.3 2.1
(11-1-B-b)

Table 4. Distribution of cadmium in insoluble (2
I1-2)fraction.

Fraction Cd**(mg) Index(%)
Insoluble (1I-2) 2.24 100
Polyphosphate & 1.89 84
Polysaccharide
Lipid 0.04 2
Poly-g-hydroxy- - -
butyrate
Mucopeptide - -
Polysaccharide 0.24 11

Lipopolysaccharide 0.07 3
& Polysaccharide :

Microsomal fraction®} supernatant fraction®
phenol extraction Yol 2J8le] nucleic acide}
protein®.2 F¥3te 4G AR F A¥ 2T
Ft=Fol £EH e HoE vy,

28] 3 insoluble fraction(II-2)¢] 29 sl
B¥E Fig. 29 ubfed] ozl EFsld 23%
A Table 4914 EE nupel ze]  insoluble
fractionell 4H= 7t=§< <F 84%~} polyphos-
phate-polysaccharide fractionell #X=o] 414l
1=

FtEES A7 wiAle} e gg Hoeix e
WA el A A FA ) MEFAIHEL HHE 1)
23 ZAFA= Table 594 BE ule}l o] AMEY
protein ¥ Fl=F-S MG WixAA AP F
A7t Ft=g-S ArlstA] ebsh&o K} oF 35% A
= 2sgen, nucleic acide o 39% 7tad
Art.
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Table 5. Cadmium, protein and nucleic acid in soluble fraction of cells. (mg)

With cadmium?

Without cadmium?

Fraction
Cd?* Protein Nucleic acid Protein Nucleic acid
Soluble 1.71 98.5 52.1 152.8 83.4
(11-1)

Microsomal 1.12 42.8 32.2 74.5 52.7
(II-1-A)

Supernatant 0.59 65.7 19.9 78.3 30.7
(II-1-B)

1) : Cell dry weigth 384mg/100ml-culture
2) ; Cell dry weigth 518mg/100ml-culture

2. Protein E4ol ojx|= FIESS] A&

A EW protein FAd vIXE F=F FHE
A7 $lstd l=gE AR g Wiz
Fr= & (100ppm) ¥t A7 WA a8z sle=f
(100ppm)# 0.1% Trrton X-100& AH7}3 =]
A ujekdt AL protein@FHE FA vy A
T+ Table 63 .

A ZY protein¥F2 FI=FE HAP2E2N 7
Asgen sl= g Triton X-100& #Hrlslge
7§ protein¥F-E =83 AR A5 w3
oq o zaFHAY. ojgR2 A}es AIZU
protein $AL 7l=fo) 93l A& s Triton
X-100 He¥ e 24 protein FAe] o 73tA
Al AL 4 5 Ao

Table B. Protein content in the cells grown in

medium with or without cadmium.

Protein content
Culture condition in the cells Index

(mg/g of dry cells)

Cadmium free 146.9 100
With cadmium B5.9 58
(100ppm)

With cadmium

1

(100ppm) 82.7 56

+0.19% Triton
X-100

oebA Triton X-1002 Ao zn FAHe
Fl=® FA) F71=El+ AL Triton X-1000)
Axet Fapade] XS FAA7)7] WEelzt A7
=t

Ammonium sulfate ((NH,),S0,)& Z 32
soluble protein®] pattern® Z2}3}7] $3to 7}
Z=§°] 100ppm ¥EE F{F 71w NA A3
3 FAZRE ¥2F soluble protein® 77 4
mg/ml2 23§ ¥ ammonium sulfate satura-
tiondt A= Table 77 Zc},

Ammonium sulfate(0-30% saturation)® ¥ 3}
AA 9oz AAED  ammonium  sulfate
(30-75% saturation) 2 FE3}A|A AR super-
natant®] soluble protein®] &L Ft=Fo] &
g iR A FA7} slefo] HoHA @
< XA AR FARG o FAsEe. 28
Y} ammonium sulfate(30-75% saturation)ef £
sled AAHE soluble proteing S 7l=Fo)
€ wixell A A A7 o FrbEd. Al
XU # protein §3-& Table 5904 B uls}
7ol F=F (100ppm)oll  of3te]  FAE g,
ammonjum sulfate (30-75% saturation)el] <3
o A=+ soluble protein® FF& F71= 4]
th. @b Fl=R M AlGA R Az E
2 ¥-2} soluble proteine] 7t=F FAH 7)Aol A
AR FAAdA B FrkEdeY AEA
proteine ZtAH+« ALZ F25H94.
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Table 7. Ammonium sulfate fractionation of soluble protein.(mg)

Culture 0-30% (NH,) SO,

30-75% (NH.,).S0, Total

condition Precipitate

Precipitate

Supernatant protein

Cells grown
without 18.91(18.0)
cadmium

Cells grown
100ppm of 17.25(16.2)

cadmium

43.54(41.5)

| 49.68(46.9)

42.38(40.4) 104.83(100)

39.26(36.9) 106.19(100}

() :Index

3. Soluble protein® electrophoretic pattern

FIEfo] ¥H-H wixlcA AN FA ) Ft=F
A7 A AR FA A E21qE soluble
proteind SDS-polyacrylamide gel electrophor-
esis¥s A Fig. 3¢l4 R wulet 3re] protein
pattern® A9 Bl o KD FI24
protein patterno] <7} o Frisle 222 e
weon, weid o] ¥ protein® cadmium
-binding proteinel A, FI=F EAsNA A&
< A dARHgel F2% IS sl protein®
2 A5},

mw =

Fh= BN AT Pseudomonas putida C12] AL
W 7l=§ 24728 FYsr] Hstd AW &
HE st=fo AE FAAAEY £3xs, A @
g3l g AEPAEAY H3E =AY A3, A
Ede] 24" 7l=F9] F 57%+ cell walls] &
x=o] gleden ¢ 43%+= cytoplasmel #EF
21t} Cytoplasmel| #4% 7t=H2 protein
nucleic acid ¥ A¥ 25 ZEx=He| slxed,
cell walll 4% 71=F9 <F 84% o]atol
polyphosphate-polysaccharide fractions| £%%
o] 9l AL=E eyl

MEW protein A4 vXE =8 ¥E
ZAG A, sl=F FA AN A} FA
9} sl=Feo] FHE wiAAM A FH L) AE
Wl protein ¥FL Fl=FE AR 2 aH

ABCD

KD
66

45

36
29
24

2041

14.2

Fig. 3. Gel electrophoresis soluble protein of pre-

pared cells cultivatied with or without Cd**.

A standard B without cadmium

C: with cadmium(100ppm)

D with cadmium(100ppm) +0.1% Triton X-100

— ; Cd** affected protein
Protein was stained 0.2% Coomassie
brilliant blue R-250
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f12y, ammonium sulfate(30~75% satura-

tion)¢ll 9)&led A=+ soluble protein®] ¥
FtEE-E AV A ARG FAAA o F
7hE it ER FHeA dlAE =g A
Ao wiFE HE7} FI=F FHIL A A W
Fd MEo vlsle FriEgdovt, ARA oA
£ ZAaEdcer. wetd A EW proteine] FAL
Ft=F 98t 592 ammonium sulfate
(30-759% saturation)o) 2dle FAHE n¥A
A AL Flefo sl RS AR
vepgr},
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