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Distribution of Heavy Metal in the Cell Components of Heavy Metal-Tolerant Microorganisms
Ju-Sik Cho, Won-Kyu Lee”, Hyoung-Sub Choi®, and Jong-Soo Heo”(Central Laboratory, Gyeongsang National Univer-
sity, Chin Ju 660-701, Kovea ; VDept. of Agricultural Chemistry, Gyeongsang National University, Chin Ju 660-701,
Korea)

Abstract . Heavy metal-tolerant microorganisms, such as Pseudomonas putida, P. aeruginosa, P. chlovoraphis and
P. stutzers which possessed the ability to accumulate cadmium, lead, zinc and copper, respectively, were isolated
from industrial wastewaters and mine wastewaters polluted with various heavy metals. The distribution of heavy
metal in the cell components, and amino acid compositions, was investigated.

The distribution of heavy metal in the cell fractions of each heavy metal-tolerant microorganism grown for 20
hours in the basal medium containing 100mg/¢ of each heavy metal was investigated. In the case of cadmium-
tolerant P. putida, lead-tolerant P. aeruginosa and copper-tolerant P. stutzeri, approximately 50~ 60%, 30~40% and
10~17% of each heavy metal absorbed were distributed to cell wall, cell membrane and cytoplasm fractions, respecti-
vely. In the case of zinc-tolerant P. chlororaphis, approximately 32%, 55% and 13% of zinc were distributed to
cell wall, cell membrane and cytoplasm fractions, respectively. These results indicated that the cell wall was a
major adsorbing fraction of cadmium, lead and copper, and the cell membrane was that of zinc.

Total amino acid content per gram of the cell grown in the culture media with heavy metal was higher than
that of the cell grown in the culture media without heavy metal, and the content of acidic amino acids, such as
aspartic acid(Asp.+Asn.) and glutamic acid(Glu.+ Gln.) was higher than that of basic amino acids, such as histidine,

lysine and arginine.
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Table 1. Distribution of cell components in the cell of heavy
metal-tolerant microorganisms.

Heavy metal Amount of each fraction

Cell
-tolerant .

. . fractions
microoranisms mg (Index)
Whole cell 137 (100.0)
P. putida Cell wall 42 (30.7)
(Cd) Cell membrane 16 a1m
Cytoplasm 79 (57.7)
Whioe cell 184 (100.0)
P. aeruginosa Cell wall 67 (36.4)
(Pb) Cell membrane 34 (18.5)
Cytoplasm 83 (45.1)
Whole cell 305 (100.0)
P. chiororaphis Cell wall 100 (32.8)
(Zn) Cell membrane 63 (20.7)
Cytoplasm 142 (46.7)
Whole cell 153 (100.0)
P. stutzeri Cell wall 45 (29.4)
(Cu) Cell membrane 21 (13.7)
Cytoplasm 87 (56.9)

Cultivation was carried out in 400ml of the basal medium treated
with 100mg/¢ of each heavy metal with shaking at 30C for 20
hours.

Table 2. Distribution of heavy metal accumulated in the cell,
classified by cell components.

Heavy metal Cell Amount of each fraction
-tolerant fractions
microoranisms mg (Index)
Whole cell 5.7 (100.0)
P. putida Cell wall 30 (52.6)
(Cd) Cell membrane 1.7 (29.8)
Cytoplasm 1.0 (17.5)
Whioe cell 8.2 (100.0)
P. aeruginosa Cell wall 48 (585)
(Pb) Cell membrane 26 (31.7)
Cytoplasm 0.8 (9.8)
Whole cell 8.8 (100.0)
P. chlororaphis Cell wall 2.8 (31.8)
(Zn) Cell membrane 49 (55.7)
Cytoplasm 1.1 (12.5)
Whole cell 6.1 (100.0)
P. stutzeri Cell wall 30 (49.2)
(Cu) Cell membrane 2.3 (37.7
Cytoplasm 0.8 (13.9)

Cultivation was carried out in 400ml of the basal medium treated
with 100mg/2 of each heavy metal with shaking at 30T for 20
hours.
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A= ¢F 30%2] cell wall, 11%2} cell membrane %

i

Photo. 1. Electron microphotographé of P. pL;tida cell walls be-
fore(A) or after(B) Cd accumulation (40,000X).
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Photo. 2. Electron microphotographs of P. aeruginosa cell walls
before(A) or after(B) Pb accumulation (40,000X%).

Table 3. Distribution of heavy metals in cell wall fractions.

Amount of heavy metals(mg)

Cell wall fraction P putida P aeruginosa P. chlororaphis P. stutzers

(Cd) (Pb) (Zn) (Cw
Whole cell wall 3.0 48 2.8 3.0
(100) (100) (100) (100)
Polyphosphate & 2.28 2.96 1.05 1.95
polysaccharide (75.8) (61.6) (374)  (65.0)
Lipid 0.06 0.25 0.12 0.15
(19 (5.1 (4.3) (5.1)
Poly-B-hydroxy- - 0.05 0.04 0.12
butyrate ) (1D (13) (39
Mucopeptide - - 0.05 -
) S (1.9 G
Polysaccharide 0.53 0.89 1.39 0.62
(175 (18%) (496) (205
Lipopolysaccharide &  0.15 0.66 0.15 0.17
polysaccharide (4.8) 13.7m) (5.5) (5.5)
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Table 4. Amino acid compositions of heavy meter-tolerant microorganism with or without heavy metal.

Amount of amino acid

Amino P. putida(Cd) P. aeruginosa(Pb) P. chlororaphis(Zn) P. stutzeri(Cu)
acid Without With Without Without With Without With
mg/g(%) mg/g{%) mg/g(%) mg/g(%) mg/g(%) mg/g(%) mg/g(%) mg/g(%)
Asx. 37.7(10.5)  40.7(10.8) 55.2(12.1) 56.5(12.1) 483(11.8)  42.9(10.0) 427(10.8)  41.3(10.3)
Thr. 179 (5.00 203 (5.4) 20.5 (4.5) 20.8 (4.5) 172 (4.2) 14.1 (3.3) 149 (3.8) 15.1 {(3.8)
Ser. 126 (35) 156 (4.2) 15,1 (3.3) 158 (3.4) 121 (30) 145 (34) 156 (39) 178 (4.4)
Glx. 384(10.7)  39.1(10.4) 61.2(13.5) 63.5(13.6) 51.2(12.6)  485(11.3) 49.6(126)  489(122)
Pro. 189 (53) 116 (3.1) 6.5 (1.4) 59 (1.3) 152 (3.7) 208 (4.8) 147 (37) 215 (54)
Gly. 211 (59) 234 (6.2) 187 (41) 179 (38) 259 (64) 235 (55) 251 (64) 218 (55)
Ala. 60.1(16.8)  60.5(16.1) 72.5(15.9) 76.0(16.3) 57.2(14.0)  61.7(14.4) 514(13.0)  523(13.1
Cys. 5.7 (1.6) 59 (1.6) 87 (1.9 86 (1.9) 68 (1.7) 69 (1.6) 51 (1.3) 53 (1.3)
Val. 199 (55) 211 (56) 259 (5.7) 251 (5.4) 229 (56) 273 (64) 225 (570 218 (55)
Met. 6.7 (1.9 7.6 (2.0) 121 (2.7 13.5 (2.9) 105 (26) 9.7 (2.2) 120 (3.0) 116 (2.9)
Ile. 147 (41) 154 (4.1) 226 (500 319 (6.8 197 (48) 181 (4.2) 147 (37) 195 (4.9
Leu. 288 (8.0) 307 (82) 313 (69) 296 (6.3) 238 (58) 253 (59) 281 (7.1) 256 (64)
Tyr. 98 (270 113 (3.0) 92 (2.0) 9.7 (2.1 116 (28) 167 (39) 11.7 (3.0) 9.8 (24)
Phe. 153 (4.2) 159 (4.2) 219 (4.8) 19.6 (4.2) 186 (4.6) 154 (36) 170 (4.3) 185 (4.6)
His. 65 (1.8) 7.0 (1.9 137 (3.0) 132 (2.8) 119 (29) 165 (38) 9.8 (25) 84 (21D
Lys. 214 (60) 230 (6.1 339 (74) 339 (7.3) 342 (84) 382 (89) 236 (60) 274 (68)
Arg. 232 (65) 265 (7.1) 263 (58) 249 (5.3) 207 (51 295 (6.8) 365 (9.2) 336 (84)
Total 358.7(100)  375.6(100) 455.3(100)  466.4(100) 407.8(100)  429.6(100) 395.0(100)  400.2(100)

( ) :Index Asx.:Asp.+Asn. Glx ! Glu.+Gln.
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