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Biosorption of Heavy Metals onto Gram-Positive Bacteria, Lactobacillus Plantarum

and Micrococcus Luteus

Hideshi SEKI, Aya NOGUCHI*, Akira SUZUKI and Norio INOUE

Division of Marine Life Science, Graduate School of Fisheries Sciences, Hokkaido

University, 3-1-1 Minato-cho, Hakodate-shi, Hokkaido 041-8611, Japan
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Biosorption characteristics of cadmium and lead ions onto steam-sterilized
Gram-positive bacteria, Lactobacillus plantarum and Micrococcus luteus, were
determined. A metal-binding model considering the acid-dissociation and
metal-binding reactions of acidic sites on/in the bacteria was applied to explain the
experimental results. The results showed that the biosorption of bivalent metal ions
onto these bacteria was due to monodentate binding to two different types of acidic
sites: carboxylic and phosphatic. L. plantarum had 1.5-fold more metal binding sites
than M. luteus, but the metal-binding constants of M. luteus were 2 - 5-fold larger than

those of L. plantarum.

* Department of Environmental Chemistry & Engineering, Interdisciplinary
Graduate School of Science & Engineering, Tokyo Institute of Technology, 4259
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&
REKTOFmGELR2AEFECRISRECAEMRESIALD Z &2
bbb kD ZDODEMBEMD R AT KL THROVKE
REAZALTWDS. AECREZGLHEK - REVOLELSAFE S
B TCTHREINTEKEROBEEICEWT, Zii2EWEMZ W
WHEBRE (NAF Y =T vay) TALERFETHY, MEDR
EDEMBEMERWIZIAEFESROWAESBEICE T 2 RNITD
L TW% (Seki and Suzuki, 2002). WAEHIT I A IR /NS W2
FEHACICEHES DD 50, iz M2 E g TE 2 &0 9 H
WP DL. £, WERENIEFIZHN &L, WEBRERIC
WIRDTBEC L > THAEMEZRIN S 2NN FY =TT 47 - 70—
T—va XD EMEPBRF S TWS (Kefala et al., 1999;

T

Aldrich and Feng, 2000; Zouboulis et al., 2003) .

MR XM EREDEVWICEYD 77 G%EE 77 LBER
oI, 77 2B EICRHRAOMBER S TH 57 A4 3 iz
TV CBENFLET L. BROERB AT UMA YA MIEEKIZHE
T 2BEETHL NG, 77 2BHEHIZZ T LAREEREIC
NREWeERBRERNDEAT A ENMFIND. AR ClT 2
o7 7 ABPYERE Lactobacillus plan-tarum 3 X OY Micrococcus
luteus & W T, JKEESRIKE) # O N g <0 iR 7 1 I O JE T8 ~ O & iR
EEEPBELRoTWVWDLI A RITLAELEBRDOWREFBEICDWT
BEat L. BHEOMMELEOH L Rt E Bz BN AR CIZ LY RE
L72®%IZ, pH e RBVBREZZ(LSELLRAFERIZEID F&
BA A OREEBRERE L.



1. % E&

1.1 E&EEH

kM ERFRERFEHARKBRBREHEN» SEINLE
3L B2 FL & )8 Lactobacillus plan-tarum (JCM1149)B L (¥ 7 1 =2 v
# A J& Micrococcus luteus (IFO3333)% 30C CE W MICETST 5 F
TIRGBEE L. 200 LZEEKE A — N7 L —7 TMAKE
(120°C, 20 min) L, AWK T3 EEHF L -BICHEEZELT
V=2 —FIZRKFEL.

12 BHEOEBEMNERTE

EEFHRXTICBVWTHEBEHEEKOISgZzELBRKEZ ~ 7 X T

v J AL —F —THEH L, NOOHE®Z M Z THK pH 10 & L =%
CERE 05 dmPl L. TTEEBORESH A HNO I Z RN
L, pH 2 10 oM ZM LR 2o cRERO pH Z ¥ pH & L T
WE L. FHERBEBEEO pH DK pH3 25 EF T2 OBIELHRD
kL7, #EE 30CHEIE KM TV, A4 58 E i 0.05
mol-dm™® (NaNO3) & L. T _XToOEBRICHMIEMIETE (K)
DESE ST S AN

1.3 AFREOLBELUMRERERER

WLBRE R 005 g 22 0RBBRA~Y I X TF v 7 A X —F7—TH
L, FTEZE® Cd(NO3), £ 7213 Pb(NO3) I8k % I 2, HNO3 %
721X NaOH BRI L W T E D pH i L-%Ic 2% % 0.5 dm®
L. MAEEFmICZLEZRICEKLZZE OB L (3000 rpm, 20
7)), WO pH & & BRE XN E L. &8k EILE %60 E
it (A-1800 72, (#K) A BAfEpr) 2zHWTHIEL, @B %A &
FHHRE O EmIREOEZNDEH Lz, ®AEFERIT 30CHEIR
KA TATV, A A 3 E L 0.05 mol-dm™® (NaNO3) & L 7.



Pb(NO3), #] #1 ¥ F£ 1% 0.5x107%, 1.0x10™* 35 L % 2.0x10™* mol-dm
& L, CA(NO3), #1113 0.2x107% 3 X Y 0.4x10™* mol-dm™@ & L
7.

2. BRLER

21 HAEOBUYEHLBHETHORE
BUNEMEOKENIPLORLZAVWVCEH LEEREZELED
KFEA A W E B Xy [mol-gt] & Ffi pH @ B4R % Figure 1127k 3.

XH:mH_(KW/CHi_KWVcCH)V_(CH_CHi)V (1)

Z 212, Cui [mol-dm®lix M EHMET O KFEA 4 WIW I E, Cq
[mol-dm™]1Z HNOs; Z ¥ M L 721 DK FE A & o V5 E, Ky
[mol?.dm™ iz K D A 4 >, my [mol[iZ ¥R L 72 HNO3 &, V [dm?]
TR E, wgliEGREBREZETHL. HERDO ERKFZA 4 UK
AV A PEAINAVRFT LR, VUoBEBLIOTI VETHY, B
EOKFEA T RFEEITIERATREIND.

= (2)
1+K,Cy 1+K:Cy 1+K,Cy

2202, K [dmPmol'lidk#E A & A EE, N [molg'idE A
WMEEEDOKFA T VG A N ETHY, BT A CBIUP
TENENT I, IAARFUALEBIOY UBEERT.
Figure 1 IC/ R L7 EBRER L Eq.Q)0bH B LIEKEA 4 W E
BEOKRAEVTMPR/NERD KE NOfE%E Table 1 (27 L7z,
Figure 1 ® FE#1X Table 1 ®E % W T Eq.(2)2> 5 HH L 7= #: H &
Thby, ERMEHEFEMEOMICHBEMRE 0990 —HNHFLNE.
L. plan-tarum & M. luteus ® K FE A 4 U S EERIFIZIER CMHE T



boleh, ERAFT VAT A N THLIABMWMT A M (VR
TV UoBEEoR) X L. plan-tarum 23 M. luteus @ %
15 Th o T

22 BEEANDODFIOLBEIUHROKRE

HIRDOS W & & & Ml pH OBk % Figures 2 & 312, » K3
UL R L pH O B4R % Figures 4 & 52T, B LR F
VIVENMBEELIZI U DA pHAN L pHDO EH &L bl EEN
WMLz, BARFT O REEEIT pH 5-6 Tl E & D
BN, pH 6 L LTI Y BRI MREET 5 72 0 B8N L ke
EEZSHN5. L. oplan-tarum ® A E Y% A b X M. luteus @
F1s5fETh 22, R UHWEETO L plan-tarum O 4 8 W %5 &
% M. luteus X W IR W E TH - 7z

bbb I ED~D 2 MeEA A4 > OWAE RIS Bk L
eEAACDE) T T —F (L) MAETHLIZIEEZRELT
VW5 (Sekietal., 1998).

S +M* & -SM* (3)

AT, —SUUXREEL -mEER, M2YX 2fi& R A A B KT

AKMHETCHWLE 772G HEEORIETH D EIRET D &, BB
S RBA T OREAER Ky [dmPmol iz TcEHEN 5.
0
K, =—-
M a@-6)C,, (4)

Z 2, Cumoldm®liZ & B A A v O FEMERE, o -1IZmMERLO
fREEE, o[-l 3&RBA A ICL2BELEOHBRTHS. Wik
BHEEOEBA A RERE Xn [molgliZ A rRF LY o~
EOEBEBA A U HEEOMTRIND.

KMCCM +N KMPCM (5)
“1+KCy+KycCy 1+ KpCph + KyypCy

XM:



Figures 2-5 2R L7 EBRER L EqQGO)MOLHEH LEE&R A 4 %
EBOFEEVTMRRE/NE D KywDfE% Table 2 [Z/R L7, 7z
ZL, KENIZITTable 1ic R Lz Wiz, @A A4 DF)
W E % Cyi [moldm™®]1 &+ 2 & FlRERIKRATERENS.

WX

Cyw =Cwmi— (6)

Figures 2-5 (/8 L 7= FE 1%, Tables 1 & 2 ®fE % v T Egs. (5)
@)L RMLICHREMECTH D . FEBRAME & HEEE TR K
0.96-0.99 T—H L7=. WP oAKIE 2 MEBA 4 OWRERIG
ERANDOANAT T — MG ERELTHIILEER TS 5.
2(-S7) + M** & (-S),M (7)
NAT T —hMEAGTIEEAMBEEENET /T T — GO 1/2
CRDD, TNOLOHRMBOZTIWAEROHEINL &bt ks
. MEBNVRNI FI TV LARERTIHHERBEITITLEALE
MRV, BEBDOZVWHRERICBNTE /T T — MEAIC
FOMREMEEERMENL LS —HLEZ LD, R THWZMK
W ~0 2 @B A A DORERIENE /) T T —MiiE TH
HZ EMbD
ooz, bbb RE L 2FBEO 7 T ARER~O
SULBIOMA A DR A E R % Table 2127~ L 7= (Seki et
al. 1998). AWIETH W7 7 LGHEE O &JE A 4 i & € H 5
77 ABEEEHICERXTREWI E, £ M. luteus D& R A 4 v
WA ES T L plan-tarum @ 2-5ETH DH Z E N bho . kR
RSV, HNOsIEHRIC K DA EBROME B Egs. (5) & (6)I
L oEREME L —FH L.



=
2 BmE o V7 At Lactobacillus plan-tarum & X O
Micrococcus luteus I X257 FI U LB XA A OWE DB
ARk, EBREROMT PO TOMAEZGT.
1.2 fi&EA A TEEKICHFET DO VAR X VL) kA
ce /77 —bF (L) BETL2I LMWL RoT.
2. KIFRRCHWEZ 7 2BEEHOSRB A T A ERIZT 7 &

T

R X kx<, M luteus D& A F o E EHiT L.

plan-tarum ® 2-5 % T& - 7=.



Nomenclature

Chx = equilibrium concentration of hydrogen ion
Cui = initial concentration of hydrogen ion

Cwm = equilibrium concentration of metal ion
Cwmi = initial concentration of metal ion

K =hydrogen ion binding constant

Km = metal binding constant

Kw =ion product of water

my = added amount of HNO3

N =number of sites
V  =liquid volume
w  =cell dry weight

Xn = adsorption amount of hydrogen ion

Xm = adsorption amount of metal ion

o = degree of dissociation

¢ = fractional coverage

<Subscript>
A =amino group
C  =carboxylic group

P = phosphatic group

[mol-dm™]
[mol-dm™]
[mol-dm™]
[mol-dm™]
[dm* mol™]
[dm® mol™]
[mol? dm™®]
[mol]
[mol-g™]
[dm]

[a]
[mol-g]
[mol-g™]

[-]
[-]
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Figure Captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

pH dependence of H adsorption onto M. luteus (circles) and L. plantarum
(triangles). Cell concentration, 1.0 g-dm™; ionic strength, 0.05 mol-dm?

(NaNOs). Solid curves were calculated from Eq. (2)

pH dependence of Pb adsorption onto M. luteus at 30°C. Cell concentration,
0.1 g-dm™; ionic strength, 0.05 mol-dm™ (NaNOs). Solid curves were
calculated from Egs. (5) and (6). Dotted curves were calculated with bidentate

binding model

pH dependence of Pb adsorption onto L. plantarum at 30°C. Cell
concentration, 0.1 g-dm™®; ionic strength, 0.05 mol-dm™ (NaNOs). Solid curves
were calculated from Egs. (5) and (6). Dotted curves were calculated with

bidentate binding model

pH dependence of Cd adsorption onto M. luteus at 30°C. Cell concentration,
0.1 gdm?; ionic strength, 0.05 mol-dm> (NaNOs). Solid curves were
calculated from Egs. (5) and (6). Dotted curves were calculated with bidentate

binding model

pH dependence of Cd adsorption onto L. plantarum at 30°C. Cell
concentration, 0.1 g-dm™; ionic strength, 0.05 mol-dm™ (NaNOs). Solid curves
were calculated from Eqgs. (5) and (6). Dotted curves were calculated with

bidentate binding model
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Fig. 1. Seki et al.
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Table 1 Hydrogen ion binding constants and number of sites

log K N [mol-g™]
M. luteus
Carboxylic 4.78 0.503x10°®
Phosphatic 6.96 0.484x10°
Amino 9.64 0.239x10°
L. plantarum
Carboxylic 4.39 0.738x10°3
Phosphatic 7.08 0.689x10°

Amino 9.39 0.302x10°®




Table 2 Meta binding constants

log K- Pb log K,- Cd

Grram-positive bacteria

M. luteus
Carboxylic 4.16 4.21
Phosphatic 5.32 5.02
L. plantarum
Carboxylic 3.46 3.44
Phosphatic 5.01 4.67
Gram-negative bacteria *
R. sphaeroides
Carboxylic 3.00 2.58
Phosphatic 4.82 3.85
A. eutrophus
Carboxylic 2.92 2.03
Phosphatic 5.13 3.65

* Seki et al. (1998)



