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Accumulation in Cell of Heavy Metal-Tolerant Bacteria by Some
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National University, Sunchon 540-742, Korea, *Dept, of Agricultural Chemistry, Gyeongsang

National University, Chin Ju 660-701, Korea)

Abstract
P. chlororaphis and P. stutzeri

Heavy metal-tolerant

and copper, respectively,

with various heavy metals. Metal binding sites in the cells were

microorganisms,

such as Pseudomonas putida, P. aeruginosa,

which possessed the ability to accumulate cadmium, lead, zinc
were isolated from industrial wastewaters and mine wastewaters polluted

investigated by extracting the

components of the cells through pretreatments with hot water, acid, alkli, chloroform-methanol or

chloroform-methanol/concentrated alkali.

The heavy metal accumulation was drastically decreased by pretreatment with alkali or

chloroform-methanol/concentrated alkal, but

the heavy metal accumulation was not changed by

pretreatment with chloroform-methanol. The amount of heavy metal accumulation was remarkably

decreased by decreasing crude protein remaining

in the cell. These results suggested that proteins

of cell components played an important role on the heavy metal accumulation.
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Fave 9 AdHFRRY ol £83% Cd, Pb,
Zn ¥ Cu WAl #F9 Pseudomonas putida, P.
aeruginosa, P. chlororaphis % P, stutzeriE Al&
st em® FFEo wge 7129 A (glucose
10g, polypepton 10g, veast extract 5g, NaCl 5g,
D.W. 1000ml, pH 60)° F3&£& H8F T2
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Pb(NOs):, ZnClk, CuSO)E FEH0L FEEA
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28 e AR BF RS2 55 A Table 1. Dry weight of celis treated with physico-
i hemical .
ste] ZAe) pHE ZARIZOR ZHAZ F, g  cremeal reagent (Unit : mg)
o] 100mg/ 12 T2 AH/E £90] AH 3o Physico-chemical treatment of the cells
0CAN ABAANEAN HFHA|Z) BE FAW F fﬁf;ﬁtm W;‘r‘;‘e P
24 27 A zZAbEYT . . : y - +methanol
R a 4 . microorganisms  cells water  -HCI  -NaOH  +methanol
/4% KOH
. 3 ) P putida ® 19 0 w0 &
x a2 AN =AM
5. MZ TXelof mE f—*’f“;” om|L_r °§§‘Lo o aw (M @Y we %y (G4
HE AAe e AT obvledt 2HEHS Pacrugoa M 1% M6 1% u 0
Sparkman $¢] WY uwgl A BEE AR {Ph) 1000 (108) (843 (435) (829) (445)
amino acid analyzer(LKB-Biochrome 20, Pharmacia, Pchlororaphis 246 Iyl 23 48 20 §
England) & BA 3o (Zn) (00 (695)  (907)  (398)  (894) (3%4)
Pstutzeri o 16 18 17 6
N (Cu) (1000  (B8) (880 (313 (182 (307)
A1 3 o
= ( ) : Index

1. M MXelof T2 mAE Ha A APt gl Az NFo] F&FHo Yoy A

nAEE AAYsty HNZW FHAHES A9F o2 A Yep®
o2 zAYPoEM NI FHPYEFT FFS o9 AX AAE Sy g oA Fe HFE =}
Adstes ¥ 9E 3T F71 Adon, #FAE EF ¥ A= Table 1614 Heviel Zro] Axjg s
2 AMYSA oligodd th2F, @A F 7ligk A %2 FA ) Hvsteg d<4, 0IN-HCl 2 E88¥§
A BHEe] FEH Uen, E22XFH ve I ez AAG FAY A FAEF F
22 AAH NFAH L FE FEHIL, 4 AFe o 10~30%7F 4= AL, 0IN-NaOH ¢
gz AAYstA dRds dFHFVE FEHe F22Y¥EFH WELE AANAF O O 24%-
Roz Ad4A Yot 28y 222X EFN g KOHZ HA 2§ 4A9 ZAfede dAZFol <
AMYE S oA TrEe 4@ §4o= A 55~70%7F ZAaEo] g2 ANz 39& A%
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Hours after treatment Hours after treatment
Fig. 1. The effect of pretreatment of the cells with hot water on accumulation of heavy metals.

(O : Control A : Hot water X : Hot water and centrifugation
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2. MZ Mxjelo mE 534 =5 #§

FTEE] HHA @& NRuANAN wjg #F
Ag dFAgsiA @ FA% 52 147 AH
Zlate] dHEEA o7 2dE £35S 100ne/
1H=% Mg @4, 292 9548 T 948
23t FEde WYz FAT FIF40] 100mg/ !
H7tE &g A #AEY F34 27 W
€ ZAE A3 Fig. 194 REntel go] 944
et & Cd, Pb, Zn ¥ Cu WAZZY Ay
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2l3tA] o2 FM 9 FTFE FHEL 27 oF 63%,
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Mlad Eu oz FE% H880 o} 0%AE pa
S, olgjg Aole ez eate A xy
THE A5l Ade BFEo £2HYY) 9=

o &4 FAL A dojuxg Fas} Aby
7] mEo] thALEgol odte AXys Eoy
T AFE AR @%r) qEd pog xyziy
At o=

132 oligodzt ©9a s 2 78 A
T AE WEEY 25~30%7} 22y g
TAHY F AR FA(Table 1)= A7) 484
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o FAHAN L&5E B0 234 287 Ayg
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Fig. 2. The effect of pretreatment of the celis with acid or alkali solution on ucCuimiliativn G

heavy metals. O : Controf A : 0.1N-HCI

: 0.1N- NaOH
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FEL Fig. 200 REntst o] guiAs tgg
s 10~20%9 MEX W& 8ol FZ¥(Table 1)
0IN-HCIg o2 AA23 Cd, Pb, Zn & Cu W
Ao Mz 48A2F F Cd, Pb, Zn ¥ Cu &%
&2 Zhzb oF 40%, 48%, 25% 2 38% o™, 01N
-NaOH& 9ol 9J3le] wal A% 37~46%9] A E W
4Ec] F&d FA(Table 1)9 224 =382
Ztzb oF 15%, 32%, 13% 2 16%2A AA e sz
& gA vl =ZA ZAEYow, 0.IN-HC
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Sdor HAY A A4S o A ZarEA
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EE22Z¥EH AESE AXNYF gL thA 24%-
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Table 2. Change of crude protein contents in the

cells by physico-chemica! treatment.

(Unit : mg)
Physico-chemical treatment of the cells
Heavy metal whole
[o@erant . dry Hot 0IN  QIN  Chlorcform E:‘ﬁm
microorganisms  cells water  -HCl  -NaOH  +methand /24% KOH
Pputida 429 45 88 155 15 127
{Cd) {00) (571 (893 (%1 (828) (2956)
Paeruginosa 45 302 34 192 401 157
{Pb) (100} (728 (BD (463) (%) (378)
Pchlororaphis 475 34 147 131 423 148
(Zn) (100) (45 (30} (278) (%.1) {31.4)
Pstutzert 437 302 %4 164 53 154
{Cu) (oo} 691 (804 (375) (808} (%52}
( ) : Index

E2¥XE WYL NAS 4% 9L gA 3
T2 ¢y Az dwydol 225o  56~70
%9 ME HgEo] 29 Cd, Pb, Zn & Cu W
<t (Table 1)9] Cd, Pb, Zn ¥ Cu 2% ge 7}
Z+ oF 8%, 21%, 19% B 17%2A AAsge
ZA % vgeH FEeTEA osty z Ao

g
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Fig. 3. The effect of pretreatment of the cells with chloroform+methanol or chloroform +
methanol / concentrated alkali on accumulation of heavy metals.

O : Control
A : Chloroform+methanol
X ! Chiloroform+methanol / 24% KOH
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Table 3. Change of amino acid compositions in heavy metal-tolerant microorganisms by physico
-chemical treatment.

(Unit : mg/g)

Physico-chemical treatment of the cells

Amino
acid P. putida P. aeruginosa
Control Hot  O.AN 0IN  Chloroforrn  Chloroform  Control  Hot 0.IN 0IN  Chloroform  Chloroform
water -HCI -NaOH +methanol +methanol water -HClI  -NaOH +methanol  +methanol
/24% KOH /24% KOH
Asx. 272 311 298 209 241 20.5 452 396 441 336 48.2 28.7
Thr. 97 138 13.2 10.3 10.9 9.1 16.6 154 172 154 142 13.6
Ser. 74 99 94 79 8.3 75 126 11.7 94 8.2 16.7 135
Glx. 294 365 315 252 206 175 508 478 436 395 60.5 36.7
Pro. 75 102 96 85 32 30 47 69 5.3 6.4 89 43
Gly. 145 206 217 16.1 16.1 133 143 148 17.8 143 15.6 116
Ala. 339 494 473 462 48.1 327 60.8 657 686 45.6 63.6 334
Cys. i6 43 39 2.1 45 18 8.3 75 6.3 43 78 3.8
Val, 148 226 216 19.5 16.4 13.6 208 247 255 18.7 249 219
Met. 0.1 1.2 1.3 0.1 0.6 0.5 10.8 838 9.7 97 117 6.2
Tle. 92 142 13.6 111 103 8.6 255 267 237 22.6 276 184
Leu. 180 272 265 235 20.5 175 237 257 263 25.7 289 219
Tyr. 6.3 8.3 7.8 6.7 6.8 7.2 78 85 9.6 12,6 8.6 7.6
Phe 92 128 124 11.2 97 9.8 15.7 175 18.6 115 11.7 99
His. 40 6.1 59 5.1 4.6 38 10.6 116 114 9.7 118 136
Lys. 179 195 18.1 13.5 13.9 12 27.1 235 243 178 29.6 43
Arg. 189 194 192 16.4 156 14 199 227 236 219 187 145
' Physico-chemical treatment of the cells
;A;?;mo P. chlororaphis P. stutzeri
Control Hot  Q.IN 0IN  Chloroform Chloroform  Contrel Hot  O.IN 01N  Chloroform  Chloroform
water -HCI -NaOH +methanol +methanol water -HCI  -NaOH +methanol  +methanol
/24% KOH /24% KOH
Asx 435 397 45.1 336 482 2846 372 395 353 286 346 29.7
Thr. 155 146 16.5 14.6 13.8 12.1 13.6 158 16.9 138 145 12.7
Ser. 10.9 94 79 82 17.8 143 160 19.7 185 16.1 203 18.7
Glx. 461 456 392 355 55.7 313 440 405 318 336 479 38.6
Pro. 137 158 131 143 216 129 194 114 216 13.2 297 146
Cly. 233 246 275 216 26.7 194 196 247 226 145 318 118
Ala, 515 593 63.5 39.8 62.8 31.7 471 531 496 341 60.7 40.6
Cys. 73 52 63 42 75 32 6.3 58 42 3.0 48 37
Val. 206 247 256 198 251 194 19.6 172 218 146 247 18.1
Met. 95 89 10.2 102 11.7 6.2 104 13.6 147 8.7 78 54
Ile. 177 188 154 14.1 216 13.7 176 215 18.6 13.6 249 8.6
Leu 205 224 23.1 227 259 171 23.0 246 231 156 205 175
Tyr. 104 107 123 157 132 9.7 8.8 10.8 93 97 9.8 7.2
Phe 167 177 19.2 116 227 99 16.7 187 184 172 16.9 16.5
His. 107 118 149 10.8 135 95 7.6 9.6 79 6.3 83 38
Lys. 308 265 277 204 331 16.2 247 267 248 135 278 122
Arg. 186 195 22.1 2158 256 145 30.2 271 284 28.2 346 244
Asx. : Asp. + Asn, Glx. : Glu. + Gin.

sl @A A FAHAT WHL
Ao elsted R A
A A 2] 3
ol 7k LA hob(Fig. 3) AJE

F 24 220
FTEH = -

HEY

ol

&

4o e

e
pran

P25 2L 545 54 & 9FE vA=x

=2 oy Meggd FEIZFXES
FET e OA 4zhg] S0z o
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Table 4. Heavy metal accumulation

-chemical treatment.

of heavy metal-tolerant
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H

AAZ v A 2z e fdez A
A3 UG BN F 65~70%7F LAFH =

iz o] FAEA Folme AL ¥F U
on, AAZ Wy @E FAF o FFe
chloroform + methanol {0.IN-HCl < Hot water ¢
0.1N-NaOH < chloroform+ methanol / 24% KOH
A €22 FAHAY. 2z AXE Py o
2 A ZW ofuit Ao o)l Y& Aoz o
e AAHB AT ot 4L EMF
A3 Table 3014 Eeuteh Zro]l Az ¥y o
A olv: it §Fe i}°]7} ARO Y ofn i Ate]
ZAde W3 gle L2 YeggoeH,
Nakajimag® = °4317}Zl§ﬂ§15}’—‘1°1 wyoz A
A ¥ Chlorella regularis M X W9 crude protein
FFFA obueA AL BAME A3 AN iy
o oz} FAFY oWy FFL YF3 Zo|rt

microorganism cells by physico

P. putida P. aeruginosa

Treatment Cru'dgiprotein Accumulation of Cd Cru.dela.protein Accumulation of Pb

of initial cells of initial cells

% (Index) mg/g (Index) % {Index) mg/g (Index)
Control 429 {100) 845 (100) 415 (100) 96.7 (100}
Hot water 245 (57.1) 348 (41.2) 30.2 (72.3) 521 (534)
0.IN~HCI 298 (69.5) 474 (56.1) 314 (75.7) 584 (60.4)
0.IN-NaOH 155 (36.1) 265 (31.4) 19.2 (46.3) 39.7 (41.1)
Chloroform 355 (82.8) 70.2 (83.1) 40.1 (96.6) 93.4 (96.6)
*methancl
Chloroform* 12.7 (29.6) 178 (2L.1) 15.7 (37.8) 36.6 (37.9)
methanol/24%KOH

P. chiororaphis P. stutzeri
>>>>>> Crude protein Accumulation of Zn - Crude protein Accumulation of Cu

Treatment of initial cells of initial cells

% (Index) mg/g Index) % (Index) mg/g (Index)
Control 475 (100) 915 (100) 437 (100) 86.1 (100)
Hot water 35.4 (74.5) 529 (57.8) 302 (69.1) 436 (50.6)
0.IN-HCI 147 (31.0) 30.8 (33.7) 26.4 (60.4) 473 (54.9)
0.IN-NaOH 131 (276) 20.6 (22.5) 16.4 (375) 212 (24.6)
Chloroform 42.8 (90.1) 849 (92.8) 353 (80.8) 65.9 (76.5)
"methancl
Chlorcform* 149 (31.4) 221 (24.2) 15.4 (35.2) 172 {20.0)
methanol/24%KOH

100mg of the cells were suspended in 100ml of a solutlon(pH 6.0) treated ‘with 100mg/ I of heavy metals.
The suspension was stirred continuously at 30°C for 48 hours.
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AR opmjit Aol =
Eigca=3

FF%0] 100mg/ 19 ¥52 Hrdg L9 (pH
6.0) 100me] AHPH FFH WA IZAE 100mgX
Aelste) A 48A17 §£o T EFE =
Apsted #AYe] S&2HA ¥ dolde g a
T L 2 AAS HEF A3} Table
4ol Hute o] A8 AT Folde
zowde] o] met FIE HHFE YT
i}olﬂ weom, Cd WAEFY AS AxstA &
& FAE A 99 gF o 845me] CdS &7 s}
Rom, Aol o oF 3% w¥Ho] F&2H #
A= oF 348mg, AHA 2] 93] 0% Aol
28 FAE F 474md CdE FHsE Aoz
gxtch, 282 dREY NP FE2HJAT @y
A2 828%E TAHIL Jv FEZIXEFN v
2 AANYT FAE oF 7029 CdE ZH3lo A
A stal @2 #A e AY ¥y CdEFEL
el oy, Aol o 64%7t F2E ¥TE £
Hoz2 MM 4A 2 @A & 0% FF
H EE2IEY UE2E AR F OA 2
o] &4y g402 HAAT A= 27 oF 265,
9 178w} CdE = WAsA ¥ FAd
vt A3 ZAEHAUT

ol2idt Aze AAHE Pb, Zn 2 CulAZA
(Table 4)lM = Cd WA @A FAS AFE Y
Buigled, B3 Axd FALd FEHHA {2
doldde zugd dFo] REFE FIFE 3%
Yol AA ZAHE RS BF Ao, o83 2
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