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Binding Site of Heavy Metals in the Cell of Heavy Metal-Tolerant Microorganisms

Ju-Sik Cho, Hong-Jae Lee”, Young-Han Lee”, Bo-Kyoon Sohn, Yeun-Kyu Jung and Jong-Soo Heo"(Dept. of
Agricultural Chemistry, Sunchon National University, Sunchon 540-742, Korea, “Dept. of Agricultural Chemistry,
Gyeongsang National University, Chin Ju 660-701, Korea)

Abstract : Heavy metal-tolerant microorganisms, such as Pseudomonas putida, P, aeruginosa, P, chlororaphis and
P, stutzeri 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 binding sites of heavy
metal in the cells were investigated by chemical modification of functional groups the cell walls,

To determine the binding sites of heavy metal in the cells, electrochemical charge of amine and carboxyl groups
in the cell walls of heavy metal-tolerant microorganisms were chemically modified. Chemical modifications of
amine groups did not affect the heavy metal uptake as compared to native cell walls, In contrast, modifications of
carboxyl groups drastically decreased heavy metal uptake as compared to native cell walls, and electron
microscopy confirmed that the form and structure of the heavy metal uptake were different from those of native
cell walls. The results suggested that the carboxyl groups were the major sites of heavy metal uptake in the
heavy metal-tolerant microorganism cell.

N £ °0% FBAZL glrpro

A2 vAE AEY FI& o9 237 7)zg P9
s o] $E4E F3se 7|FL MIYLEE 35S A% A7t g¥¢sA AYHT 9o, Nakajima F'&
Fadte 3% AMEYe dNIR A, T2 439 g Eo] FF& ol&g FFde 71FE FYEHI] A8y
peptidoglycan, teichoic acid, ©+3%, ©@¥%3a ¥ P9 & Chlorella regularisg§ 9271 &2 #8t2q Yoz A
A 3& W phosphoryl, carboxyl, sulfhydryl £& hydroxyl AEste AE FHAPES Aoz =FE F AXY
57l AY F&4He Aoz FRE 5 gled, o 534 o9 FFAFES R A A, AN A
A% carboxyl group, phosphoryl group ¥ sulfhydryl ZJe] 3254 &3 Folds crude pritein FFo] ¥
group®] 8% FF& 2Y FHEU Rez A A T& AEY F8& 5H5Yo] A BasH AETAHE
g 283 FF& Fole d¥Ad £AdE amine 2 F9A proteino] FE& FFo FAse FaH R

group, imidazole group, Z2}x WAt} EA 5= purine ojgtz ¥ gow, Beveridge '3} Doyle $V¢ 34 o]
pyrimidine ring®] amine group® heterocyclic nitrogeno) 23 A FEIE A Ao 23450 AYY
s e Aoz g4 dd” A2 qAHe A7 ASE WYANA ¥y A7

HEE fI e FF7E 7HR A8 A4ATERNEISF AR 3% ARFYL HE RA}eY FHINE g
53] 993 FIF& ol vAgE FYE U= carboxyl groupel #8% FZ% binding siteg} T 3o
&A% Cu*, Zn®, Cd™, Co™* 59 FEF4£E3 MYyor E% Tobin 7% R arrhizus7} d&714 F&012L F
A%¥ 4 9t metal-binding proteino] EAF}E 3o &80 ol MES phosphate, carboxylate ¥ tt&
metal-binding protein®] &l F3& oo HgFoz functional group ¥ % YHE B Uz FPod,
A, olg@d AFFAEA+e carboxyl group, Mera 92 B subtilis7t 78 242485382 7HAE o
sulfhydryl group® Z& A3g W B/t s R fr& A X¥o] phosphate, peptidoglycan ¥ glycerol-based
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teichoic acid 522 o|FojA o] A 73 SAHEHE
97 gEelgtr W, 283 Nakajima §93
Horikoshi 5”& #1459 uranium3} & F&£0]2EL
NAES ogstd B % e Q1E sgon,
Strandberg % €AY $AA9 H$F WA 2 S
bacteria& o] &3t AFH AJle A7 HEFY 77
€ *93le 948 4o

netA, & A7 E Ag4AdA on RIE FEFHY
A7 MEW 22 binding siteE 7FH37] 8o A
B9 olojA Bt Wyo R N FW functional group
o AstE WYANA YA AR T4 2¢FHES
Hl2 ZAbst o

e W LY

SAl 25 HHEF 9 x|

2 AYd Y FIE YAFFe Fibe 2 A
HF2Re olm R Cd, Pb, Zn ¥ Cu WAHZFQA
Pseudomonas putida, P. aeruginosa, P. chlororaphis ¥ P,
stutzerig AHEEFoH®, #F3¢ ul%e basal medium
(glucose 10g, polypepton 10g, yeast extract 5g, NaCl 5g,
DW. 1000ml, pH 60)°] F34& ¥ $=2 I7hg
QA E ALt

pics = s bl

A F84 AHYye Z FFS FFE(CdCL,
Pb(NOs), ZnCl, CuSO)& 234 o]& ¥E2A 10,000
mg/ 1o HA RAF BELAL A AT =7t HE
5 235 RTE 34 2Ao Aetg

O B A
SoS W

AU 238 F34 3AFY 245 Holde F
& FEFE Cho 573 22 Wgog A gg AN
o Atomic absorption spectrophotometer(Shimadzu AA-
680, Japan) % Inductively coupled plasma spectro-
meter(ICP, Atomscan25, TJA, US.A.)2 A Fsgc)

Cell wallLf functional group HH&0|| e ZI24 =X
5}

FE&0 AVMEA Fe JRuR Y FNFFEL HF5
o 48A7 WY E FAE AU 3589 French
press(French press, SLM AMINCO, U. S. A)Z 1,800
PSIelA m3sle Cho $%3 Z& wWHozZ cell wall
fractiong #2]3le ¥4 A R(Lyophilizer christ LMC-1,
Germany) A1 ©hE, cell wallle]l 23} functional
groupE < HIPAY F, T340 100ng/ ! E2 H7ME

£9(pH 6.0) 10m] functional groupo] HH A cell wall
10ng S HzJ3te 30CoNAN AFAINAN A7) @&
TS F3YEE 2AEAY. Cell wallF functional
groupE9] W3 BeveridgeS el Wy*®*™ Sonnenfeld £
o g™ % Doyle®d] Wy"E Byslo] g3 7o 3
Ak

(1) Amine group?] ¥3

Amine group® ¥3¥2 s-acetylmercaptosuccinic
anhydride®} sodium iodoacetate® o] 25 WA AT}
S-acetylmercaptosuccinic anhydride®] 9}g W3 s-
acetylmercaptosuccinic anhydride& ethanolo] £&A#
20mMo] HEE FE tg, WEFEFHST 465a) cell wall
50mg 2 VA Ao 20mM s-acetylmercaptosuccinic
anhydride£ 9 5«2 H7}38la s-acetylmercaptosuccinic
anhydride®] 3% ¥ X7} 2mMo] HE &3l pHE 682
2R g, AAV2E 2389 22TAA 6A7 ZuHA]
7 amine’| & &A% 3 A A

Sodium iodoacetates] 2§ WH L cell wall 50mE
0.05M-sodium iodoacetate €9 50mo] FEAZ ¥ pHE
8008 W3t 22TCeoA 6A1ZF ZHAlA amine7| & &
AR,

HEYE cell walle Y4HEYE Fdoq IFFHFE F
3 MRS FAA2AN O $3S FRUYA AHEE
Aot

S-acetylmercaptosuccinic anhydrides} ¢}#jA+ Fig.1(a)
ol Beutel 7o) amine groupES Aoz FA
HojA 3, o7]d LHI}E WL U+ carboxyl groupH}
sulfhydryl groupe] ##=ojAny, sodium iodoacetate:
Figl(b)dlX Reutel 7ol 34 ojdte pH ¥HYdAE
S438& 9 carboxyl groupe] cell wall%e] & amine
groupE°] #Fo] HAT £& pH HHelME hydroxyl
group©| 1}t phenolic groupel ¥2t5e] 3 $£x U,

(2) Carboxyl groupe] H3
Carboxyl group® W¥ & glycine ethyl ester,

[ o -
[ e}
+ _s-HC~-C, — e C e CmCH— C=
(@ {:}-m,+cn;<l:sm': \o {}-nu&ticn,c-o+n,o

cell walt O ML . s-c-cn,
i o
0

anhydride

(b {:}-NH: + ICHCOT
cell walt iodoacetate

_— {:}Nu,-cu,coo‘

Fig. 1. Chemical modification of amine group in the cell walls by
s-acetylmercaptosuccinic anhydride{a) and sodium
iodoacetate(b).
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glycinamide R ethylenediamineg Zt7} o]-&3o WYAR
th & WAZFES 50wl cell wall 50ne e HEAY Ve
Ao} Z} chemical ligand(glycine ethyl ester, glycinamide,
ethylenediamine) 8] %7} 05Me] A zZz Aszse o
£, l-ethyl-3-(3-dimethylaminopropy!) carbodiimide &
carbodiimide ¥%E2AM 02Mo] H%E H7¢ ¥ pHE
4752 2R 8o 22Co)A 6217 ZHAIA carboxyl’| & %
AFRNY T, WYY coll walle PYRAZ H%3he)
HEEFTE 73 Adq FEARAN ¥ FE4 F
ZAYq AHE-E Y.

"’{}-c(i_%n.

$03-CooM + RN=C=NR,
celt wall carbodiimide

9
@
o~ ™NH [}

° » N, {; c’
g}e‘uu,m,cooc;g {}C‘NH.CH.' ‘o NH,CHCH.NH
(@) (b) )

+
w—g-nm‘.
o

Fig. 2. Chemical modification of carboxyl group in the cell walls
by carbodiimide. (a) Glycine ethyl ester (b) Glycinamide
(c) Ethylenediamine

471 M7tA chemical ligandE€ Fig. 2914 R vl
Z+o] carbodiimide ¥Fgol 93l A E & electro-
chemical charge2 A carboxyl groupe] ztz} R & o] o
glycine ethyl estere carboxyl7]¢] charge® 243 A7)
i, glycinamidex carboxyl7]¢] charge® %34l electro-
positivedtA] TE™, ethylenediamine w$ 734
electropositive 8t Bt Ao A1 g} runm

R nk-

Cell walll functional group Bi&0l 2 2= =X

3}

FE&0l AHA ¥ A FF FHE HH
o 2% cell wall® Fig. 1 ¥ Fig. 29 7& uhjoz
cell wallEo] &4 35l functional group® amine groups}
carboxyl group? A3 E 3{FFoz WYAMZY cel wallg
9 3% &3 ¥dE 2AE d3de O 7o
2E 99y e oo F3 9 carboxyl’|$t amine”] & 7b
A lov peptide 2L 3L Ue obv|iite FFo
w2t g P FAo] g, FA pHolAM FH3EE o
© otux e Bl carboxylZl & 7HAZ e A4 oF
0] x4l aspartic acid$} glutamic acid7t 9129, $4 pH

A FHEE o ofuite A7) amineZ| & 7IA X
e g714 oln|xxAkel lysine, arginine, histidine® o] U
e ALE ¢8A U o] delx FA pHAN FAHL Y
R LA EH YA & olpxitEC] ded oES
Z2 hydroxyl7| 9 sulfhydryl?] $€ 7142 e Re=
AL A E dgdye F34& AE L4949
pHE 6002 ZEHHPOEZ carboxylZl & 28 SAHEHE
W amine’le A% FAIHE A € A2 ARHA
ou hydroxyl71$} sulthydryl’le 4 pHAME A4t
JehR L AeE mA ¢oug pH 6004 Fold FF
&9 F&e & 4¥E XA FE AR AZH cel
wall $9¢ carboxy!7| 9} amine’] 9& HYANA FE&

HYg A

(1) Amine group®] WY B& FIF& FHWs
S-acetylmercaptosuccinic anhydride$t sodium iodo-
acetate® o] &3 YAHZNE W e cell wallFe
amine’| 8 SHEAFAA F3& 53 AL 2AE 43
£ Table 1 ¥ Photo. 1, 2014 ®e viet 2d,
GHEE W Y+ amine’) s-acetylmercaptosuccinic

anhydrides] &sjA #tHoz FAsHolAn, of7]d

Table 1. Heavy metal uptake of the cell walls after chemical
modification of amine groups of the cells.

{mg/g cell walls)
Microorganism Modification of amine groups
(Accumulative Native S-acetylmercapto Sodium
heavy metal) cellwalls  succic anhydride  iodoacetate
P, putida 546 60.7 5714
(Cd) (100) {(111.2) (104.6)
P, aeruginosa 782 89.7 825
(Pb) (100) (114.7) (105.5)
P, chiororaphis 495 47.0 529
(Zn) (100) (94.9) (106.9)
P, stutzeri 43.1 46.2 50.7
(Cu) (100) (107.2) (117 6)
() : Index

10mg of the cell walls modified by chemical reagent were suspended
in 10ml of solution (pH 6.0) treated with 100mg/ 1 of each heavy
metal.

SA%E A2 Y& carboxyl”] 9 sulthydryl?] 7} 34k s)o)
Aoz Ay He Aoz @A UA2H[Fig.
1(a)], &3 iodoacetated] M E FA4 ofatel pHY ol
A EASE 93 U= carboxylZl 7 cell wall$ 9 amine
slel Rzslo] Aoz FHEEHY(Fig. 1(b)], ¥
pHY ¢ o) A = hydroxyl groupo]u phenolic groupel]l %3
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Photo. 1. Electron microphotographs of P. putida cell walls
accumulating Cd after chemical modification of amine
groups in the cell walls by Acetylmercaptosuccinic
anhydride(A) or Sodium iodoacetate(B).(40,000 x )

o] HolAd FE 3 QAT sz
Amine?| & WA cell wallE 9 FF4 28 AL 2
At A3, Table 1914 HEvkgl 74o] amine’]7t W3 €
cell wallgol 93 FF4& 232 WL A F cell wall
g9 vad w&dAY 47 9 52 FHFL YehhY
. olR& MHE amine’)7t SHGHE nrh 21 Al
Aoz AZtEY2H, amine’| & W3

aeruginosa cell wallg¥ £§& %7—"]535}15 %jZ]-fﬂUVéi
2 339 Z3 Photo. 1 & 2914 B e} o] B 2
& E3A7 45 de AE #2E F A}

Beveridge 5" Bacillus subtilis cell wallZ 2] amine?) &

HIANA 8714 T84 $3 H3E 2A8 A3, A4y
A7NA G2 cell wallk AY HEEAY ¥ 2859¢
Yt Aom, o] RE cell wallFe GH3E Wi Y=

T A2z ¢EAL

% 4% 9% 249

Photo. 2. Electron microphotographs of P. aeruginosa cell walls
accumulating Pb after chemical modification of amine
groups in the cell walls by Acetyimercaptosuccinic
anhydride(A) or Sodium iodoacetate(B).(40,000 x )

amine’|7t &A33EN7] WEolGy HysHch £ A
HAME amine?| 7} HHE cell wallSol 98 2F&
HE ARZoAM g WANTA L cell walldd A2
HREAY 37§ 52 23598 Yehiden, $£49
el M(OH)s™ E& M(OH)¢ 508 &8s 234

e

)
FO1LE2 M EF9 amine7| 9} Afdl Fo]2HQY F
E4AE F4¢oE EIPE JAT, B AP A=
o Fol Erf HEE W UE amine groupE L FEE
39 & 9L AR Z3E ROE AAHAT

Wdo W 234 28w
Glycine ethyl ester, glycinamide 2 ethylenediamine&

o] &3t FAHINE WI Y& cell wallRY carboxyl’] &

FABHIAL cell wall B8] 335 58 FHS ZAY 2

(2) Carboxyl group9
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Table 2. Heavy metal uptake of the cell walls after chemical
modification of carboxyl groups of the cells.

(mg/g cell walis)
Microorganism Modification of carboxyl groups
(Accumulative  Native  Glycine ethyl Glycinamide® Ethylene
heavy metal)  cell walls ester? diamine®
P, putida 57.8 36.5 226 14.2
(Cd) (100) (63.2) (39.1) (24.6)
P. aeruginosa 69.3 436 19.1 35
(Pb) (100) (62.9) (27.6) (5.1)
P, chlororaphis 432 396 16.6 10.7
(zn) (100 (685) (384)  (248)
P, stutzen 36.7 225 14.3 36
(Cu) (100) 61.3) (39.0) (9.8)
() : Index

10mg of cell walls modified by chemical reagent were suspended in
10mi of solution (pH 6.0) treated with 100mg/ | of each heavy metal.
a) : COO is neutralized.

b) : COO is slightly electropositive

¢} : COOQ is electropositive

& Table 2 ¥ Photo, 3 2 49 7t
Cell wallg®9] carboxylZ]& Fig. 2914 HEupe} 7ho]
glycine ethyl esterd] &3led FA 3= v, glycinamided] &
8o <3 A electropositivedt Al B Tk, 18 I
ethylenediamines] 3| M & wj$ 7}38}A electropositive s}
Al HE g aanss

Carboxyl7] S WEHAZ] cell wallEol] 98 &
e Table 2004 BEvhs o] WHHA §
o 9§ FE& FH % Hlsted carboxyl groupe] MY H
3I7FA) cell wall RFNA A 3A Zixgden, 1 734
He ATE glycine ethyl ester { glycinamide <
ethylenediamine €2 24 carboxyl?]| ¥ &A3}7} <333t
He A5 wgA o & £03 #ZAHAY olyE 2
H}E= carboxyl?]|& WA Z P putida ¥ P. aeruginosa
cell wallE9 3 A Cd € Pb SAHYHE JAT 25
{Photo. 3, 4)AlNE ®H&3A Jebton, glycine ethyl
esterdl] €3] carboxylZ]7} FA3E cell wally) 2S¢ AR
22)el A g dY AFARE cell walld amine’| & W
FAIZ cell wall(Photo, 1, 2) Hts AHYA G o-Ax
FEEHGA L cell wall FHol A AR Y Photo,
3(A), 4(A)], ethylenediamine® & carboxyl7]8] S A3 &
FatAl FABSAZ cell walld] ASoE FEEFA )
o] #&5R o [Photo. 3(C), 4(C)], carboxyl’] &
FAEs} AFE FE wA FRHE FLEFAE 2
A ZaHe RS2 Yelgth

WA amine?|§ HWHAIZ cell walld] 8% FF4% &

oN

O

Photo. 3. Electron microphotographs of P. putida cell walls
accumulating Cd after chemical modification of carboxyl
groups in the cell walls by Glycine ethylester(A),
Glycinamide(B) or Ethylenediamine(C).(40,000 x )

oot o 2 53 582 UshULw (Table 1),
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Photo. 4. Electron microphotographs of P. aeruginosa cell walls
accumulating Pb after chemical modification of carboxyl
groups in the cell walls by Glycine ethylester(A),
Glycinamide(B) or Ethylenediamine(C).(40,000 x )

OJRAL MY P amine’|7t SHINE WAV WEA ROZ
A EQLH, carboxylZ]E HBAZ cell walle] 213 zt

groupE F8% FF4 binding siteQ] RASZ AZHEY
o Cell wallg-9] carboxyl?| 9 FE49 2P 2
AP AH&E FF4(Cd, Pb, Zn, Cu)o] BF 27} o]
olER 27§19 carboxylZl®}t 149 FF& o] Lo AFY
Aoz A=A AEd AF deHE w7 dsME
AT SAE P Ye ol AE B g 2]
o carboxyl7}& 7FAIZ YE ol Ao EEF 9} carboxyl
719 £E ANEY 2HE FF49 %L v BE A
Hol 2% Fastelzsty A4EA)

¥ g

#5082 BE Cd Pb, Zn ¥ Cusd
=1 € AL Ag B ol AW F
& FH%5Y0 +5¥ FFE WA URE FF
Pseudomonas putida, P, aeruginosa, P. chlororaphis @ P.
stutzerig 27t FE3td, d8Hd wyoz ATy
functional groupE 9 A3E UNHCE WHAA HFA
7171 AR F34 AR5 vlZ A dF3E e
3 2o

5184 ¢] WHOZ functional group® chargeS WA
2 cell wallgd] 98 FF4& $HHUIE 2AME AR, cell
wallF amine group$ WHAAE A$ole F35 23§
o] AFAIIA & cell walll Hldtd ¢k7h Z7hEYAY
A9 HKE 23S e Ao, carboxyl groupe H
FAAE At s IA 22390 olg7e A
functional groupE WHAIZ cell wall?] Q8 F3F
ZHYAE AR ALE AFEHPL AT B
A et on, watM, carboxylZlE FL23 FE&
binding site?l A2 HAHU
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