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HMst - MBS - BYS?- 01 - oA
ICHSHD MBS, 247 |CHehD AIBXIRl S5t AL 2BloicStn SISIDE(N, VISCIRBEZIM )

E AFdME A7) = g e sl A Bel g 34 v 3 F§A) ME Rhodopseudomonas sp. KH4 o) 4 A
A d extracellular polysaccharide (EPS)9] 3<% F#454 o) o) &) o 7814t} 100 mg/L9) Cd=} Cud) HA &
F7)(¥X.40°C, Cd; pH 8, Cu; pH 5)| 4 1.0 g/L.8] EPSE A7}8191& o], Cd2] A-$- 30 541 84.2 mg/L, Cud]
2% 103 59700 mg/L7} F35H A =8 CdF Curl 27 100 mg/LA FEF o] 1= 3%, pH 5, 25°Coll A
EPS 1.0 gL 718141 & o] Cas} Curt 42 16.8 mg/L, 48.7 mg/L7} F&= ¢} E8 Langmuir5-& FH4] 02
3] EPS 1.0 g/L, pH 5, 25°Ce| A Cd5} Cu®] F3F-2 47769 mg/L, 67.1 mg/LEZ A A Y X9} & o] & 1B
o] A] gkt ol gt JA Y o2 A7 KH4 strain. 22 3-8 YA @ EPSE gas-liquid chromatography (GLC)&
A ) o8t FAF ¥4 A 3] arabinose, glucose, mannose7} 242} 2.4%, 7.1%, 90.5% & mannose”} o] 238 74
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=5 - AW, U, BA7] AZGA 2 53, AN,
FFAZYA SN WlEshe Bdoiesh dgolt e -
Foll f5lo] Y FIEH] A HULOZA A% B
ohie A2 As R ERE LPNIE F 2 BAVE 5
S1ch19). 730 FF% A Tl F, A9, ol La,
TR ol i Bel SN PES ABSL dirke). ¥
2, 313 Aol WHEe oA 220} wa fA8 AUt
SHehg Bk ohJe), A7) Fge) Ror) A FUEE o)
SeAZL YRR & BAZ} ST 5 o1F X2 e @

He BYe}y| Aate] Hol nlBES o83t TEEE A

s e 9771 e F3AET AThe). vAAEd 93 T34
A WY F AAIFCa, Ao, & o B
o}, 88, FF0], F oA WA AE extracellular
polysaccharide (EPS)oll &3t 534 F& o] F5 o vk,
28, 30). EPSl 2§t S5 F&2 iAol &3 whgof of
yn, 549 gol27 EPSY S0l Atolof|Ae] s =
ot Yoldrii BitH 1 ri(15). PB4 A4 EPS7}
A 5 e olfe dguidel o3 tiELle] sEsid,
AR el 28 ® 397t golsla, 5 pH 9=
AR F Slte S 7R Q1Y) diiEelrhas, 21). ol $
A w2l HT vYEZRRE A2 AE F2A (biosorbent)
ko] F4:3] JaAH 1 Ao} Zis e o3 27] dAleln).

mepA B dolds B4 vdk B3] M Rhodopseudo-
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monas sp. KHAoIA A€ EPSOl| whE F354;

eE, 3349 27 4 27 F8% FH)E 47

<, ST oSy )= @'Q.E’H t’}‘?‘
3345 AA9 +AUAZ gt doln 71k ARE AT

ahet) 27o] Sk

Mg N ek
T 2o Y S5
7ZA71% gkkoll $)X)3F B (pH; 6.8~72, &%; 8.5~15.5°C, F

25 10~15 cmyell 4] wheke] Fa) g AFste] 228t ik
ZZL 0.1% (vvye] T A wiRlell FEste $8F7 2
ol ZE 2,000 lux, 30°ColA 72 B wlFstsact. wiA] =4
2 T H S yeast extract 1.0g, disodium succinate hexahydrate
1.0 g, absolute ethanol 0.5 ml, ferric citrate solution (0.5%) 1.0
ml, KH,PO, 0.5 g, MgSO,- 7H,0 0.4 g, NaCl 0.4 g, NH,Cl 04
g, CaCl,- 2H,0 0.05 g, trace element solution SL-6 1.0 ml9} 2
31, 1 N NaOH9)| 2J8}e] pH 6.8 ZFFAT) Yeast extracts
ScharlauA}l, absolute ethanol= I.T. BakerAl, ferric citrate™
KantoAho] AlekS ARGslHom, 1 9l9] AJ2F2 Daejungil]
Alekg ALE-813T

22 @59 16S 1DNA A71ME 2292 universial primer$]
27F; 5-AGAGTTTGATCMTGGCTCAG-3'¢} 1492R; 5-TACGG
YTACCTTGITACGACTT-3'E AH8-3lo] 71X 9E 49815t
E2lde DNA 97]A¥E-2 basic local alignment search tool
(BLAST)Z ©]-83}>] GenBank database®] G71xg%} vl £A
3t T3t
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EPS 22|

H A& 6,500 x goll Al 302 B2 LA ®ejdle] Aol 45
AEg olehEF L1FHE Wi, 4ColA 12413 o] FzA
EPSZ )3l I AH EpSe 3|8t FF<:(Cd, Cu, Pb,
Ni, Zn, Co) &2 23l AM83191, EPSY 74 A% B4
18t 2 AZ(MODULYOD-115, Thermo, USAZITH

2

EPSO]| 2|8t Cd2} Cull &%

EPSe 93t cd} cu®l HA FE £0& dotry] $3ke
pH (Cd pH 2~8, Cu pH 2~5), 2%(10, 20, 30, 40°C), 27] &
(20, 40, 60, 80, 100, 200, 300 mg/L) WMol W& T2 4F
& AT Cdt Cu®l FEE CdSO, - nH,O (Junsei, Japan),
CuCl,- 2H,0 (Shinyo, Japan) Al9F& AME3led Zhzh 100,000
mg/L 3} 20,000 mg/Le] TxE S48 g HY FrE 3
Asled ALR3tE.oH, pHE 0.1 No| NaOHS} HCIE AHE-3lo]
ZABIL, 2EE I F2E At 2-sdTt Cd Cu
9 27] = BE FEE FFL Lanmuir 52 F2H4 0 3
B3}, &8 cdy cwt A TES S FEF P E<
a17] 915l cdt CuE 42 100 mg/LY) & 200 mg/l 2 FAl
#A pH 5, 25°CollAl Cd¥ Cu®] F2tS 27t elelgtt. Re
ZE4E B Ade EEH0s od" 8 50miol 005 g
(wet-weight)®] EPSE HE3le] 582 F9F wwksl, A7 wat
SRS 2 ml #H3le] ICP (Vista-PRO, Varian, USA)E £}
Ak

EPS0|| 2| §t Cd, Cu 0]2]2] 334N, Co, Zn, Pb) &

Cdz} Cu ©]€]9] EPSol|l 98k F54(Ni, Co, Zn E Pb) 2
FS ZAE) #sk) 29 NiCl-6H,0  (Junsei, Japan),
Co(NO,),-6H,0 (Junsei, Japan), ZnSO,7H,0 (Daejung, Korea),
PbNO,), (Daejung, Korea)2] AJ2F& Al8-3}4] Ni 10,000 mg/L,
Co 20,000 mg/L, Zn 2,500 mg/L, Pb 100,000 mg/Le] F=HS
wredn). 285 Z47ke) $E45S 100 mg/LE A5l pH S,
25°Col| 4] EPS 1.0 L2 37|31 Fa4 345 A8

EPSS| THYE &4

ZF4& A9 AME-E EPS W2 FAF TS galactose
(Sigma, USA)S ¥FE2Z 314 phenol-sulfuricH (11)2.2, 4+
Z 32k B-D-galacturonic acid (Sigma, USA)E BFEZ=E 3
o] m-hydroxybiphenyl'H(8)2. 2 TH & &2 bovine albumin
(Sigma, USA)S EFEAZ 3} Bradfordd(9)2 ztz} #4]
At 2Ela Y 248 JonesH (1402 WP st 24981
o} 2, 10 mge! EPSYll 2 M@] TFA (trifluoracetic acid) (Sigma,
USA) | mlE 93 BZE go]Zx 483t vk, 121°C A
15217 Bt 7Ealsld e, S TFAE 50°ColA] da 7t
22 FHEAA AASIET. 22122 1 M 2 NH,OH (Junsei,
Japan) & 1 mlE& H7Fg ¥, sodium borohydride (NaBH,)
(Sigma, USA)E 2o} alditol® FTHAIZTE Y9 sodium
borohydride:= acetic acid (Daejung, Korea) 1 mlZ ¥-al|A|Z] &
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50°Co| A A 7k2E AZAIZTE Methanol 2 ml F7Fste] A
ZX71e AL 33 vhEste] ZHESRE boric acidE A A8
11, acetic anhydride[(CH,CO),0] (Junsei, Japan) 1 ml®} pyridine
(Junsei, Japan) 0.1 mlZ 37Fsle] 121°CollA] 308 vk AJ7] &
toluene (Daejung, Korea) 1 miE 718l 50°CollA da 7k~
2 AZAAC). 183 chloroform (Daejung, Korea)} T-H4-5
242k 2 ml 7yl PAEE] F, chloroform 55 o} HAxs}
o gas-liquid chromatography (GLC) (Young-Lin, Korea)2 773
ZFE BMFHYY. 72E7]< flame ionization detector (FID)
(Young-Lin, Korea), Z -2 SP-2380 capillary column (30 mx
0.25 mmx0.2 um) (Supelco, USAYS AME-3}AT GC AL, F
P} AE7| LEE BF 250°CE FA5I9eH, 28 &
T 271 60°CellA 183E Bi7) F, B9 30°CH 220007 5
glo] 1283 ti7IskaL, Al B9 8°CH 250°C7HA] s-3te] 15
B2 th71skich. 18l B A (thamnose, fucose, arabinose,
xylose, manose, galactose, glucose) (Sigma, USA)¥} A] S(EPS)
9] retention timeS WISt Alg8Fe] FAAZE A5 T
2] mole%s 7} peakE2] WAL} 7} FATF Y alditol
acetate F-EA] o] EAleko g2 ] AXRSIATT

Za o jxt
7% 22l Y 5N
B71% kol 9IXT BN AlnE Ak Lol

5
slimeo] Wol AAEE d55 & AFlA Hd3ie]rt. 8=
2] 16S rDNAE GenBank database® ¥7|1A 87 Hlwst 4
3} Rhodopseudomonas sp.9F 99%9] =& FAIE H
Rhodopseudomonas sp. KHAZ. 88 3}5] ),

Gl

pH =740l }= EPSQ| Cazt Cuol E&

pHoll WE F54 SRS dolrr] 3l cde] %5 pH
25-E pH 8744, Cu®] 739 pH 2%¥ pH 571 EPS 1.0 gL
2 st A9s st 1 49, a9 49 pH 2% H
pH 874A] Zvzh 15, 1222, 478, 529, 583, 67.0, 71.1 mg/Le
Cdol F2 =90, cu®l A5 pH 2914 pH 5744 722} 25,
257, 443, 62.0 mg/Le] Cwt SAHAkFg. 1). ¥ pHollA]
=2 ¥R EA5ke B o)) a4 o2 XA &
HEell sl A o2 WwhEstal, %8 pHllM= OH o2
SEE W sle] A3 Wi F2HE A 4957}
Famlo] F3 Amrt & AR ALFREHTHGS, 12).

o Derr

oy

25 =40 = EPSQ| Cd} Cu &

100 mg/Le] Cd} Cu®] §~89q0l 1.0g1e] EPSE H7Fsted
25t v GEE FAE A3, 10, 20, 30, 40°ColA Cd9]
7S 308 S<t 755, 767, 82.1, 842 mg/lL7} S&AE oW,
Cu2] 3% 108 59 64.1, 65.9, 66.1, 70.0 mg/L7} &=tk
(Fig. 2). Cd} Cu BF &7 =855 8] i o)kl
A% Rt Sag T@e) Aol waH B St
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Fig. 1. Effect of pH changes on metal adsorption with EPS produced
by Rhodopseudomonas sp. KH4 at 25°C. (A); Cd, (B); Cu.
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E7b F71tn RaE ok 2 Aol A Rhodopseudomonas

sp. KH4oll A} AAAE EPSE 10~40°C2] AP 9)3F 25 w3lo A
= 9 FAE nole] old FASL TH40E 09H # -

HrAgd 5% SAR ¢ 88 222 YzEn. e
n Akl e A i) B A%, cao) A% 3080
Cuel - 1080 F2 HEEG o FThFig. 2). °I= Ozdemir
S22 AFANX Chryseomonas luteola TEMOSZEHE AAIE
EPSE Al83 EPS-alginate bead”} 64.1 mg/Lef Cd 5525
mg/Le] CoE FHsh=tl 608°] asglort & AgtollA A
‘% Rhodopseudomonas sp. KH4ollA AAJE EPSe] 4, Cd
& 30, CuE 1082F o whe FHAHYEL vehigith
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Fig. 2. Effect of temperature changes on metal adsorption with EPS
produced by Rhodopseudomonas sp. KH4. (a); Cd (pH 8), (b); Cu (pH 5),
(O 10°C, (@ );20°C,( V ); 30°C, (W ), 40°C.

olgtal ®E n} QthQ). £ AFdME @ 542 EAF
7% Cdo] Culit} o] B F2& K] v, cdt cwt 27t
100 mg/L7} FE & 749, Cu’} 48.7 mg/L, Cd®] 16.8 mg/LE

E2810] Cwrb canch 3 APl Holee H9I5eicig

3). Sabadell 5(24)°] W= Pb o3} Cy o]0 EFFE 44
Cu o]22] F&he 43 3ht Cd ol F&o] Axdlvhe B
" wb ot EgF B3 a4 FuE &2 B9, cudd
P U FEEE0 did As) F%E A ol AAY F
S Holi, Cost Cd& TE4ES AN AAE Hol B A2
2 483 A3, 23). LY BFHA 20l cwrt FE
Al A Holus olfis £ dyelixle AWd 4= glAvk ¢k

© A7} o Wa=ojo} Sk AzkETh

Langmuir 5= §2&}
Cdt Cud] 7] %ol W& F2F 4YE Lanmuir 5253

Ao) 485500},
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Fig. 3. Comparison of uptake for Cd and Cu at 25°C and pH 5. (metal
concentration: 100mg/L for each ion), ( O ); Cu, ( @ ); Cd.

Lanmuir 5->&2F 4]

Ceq /q = Ceq Qe + 11Q,.D)

q A FAD F2E T4 o292 A melg)

C,; B TES 019 HEY F=(mg/l)

b: S enthalphy THHA ‘F(em® of adsorbent/mg of
adsorbate)

23 i v ¢ FERY) ©] ZF 999%Z Langmuir

)
25°C, EPS 1.0 g/L o4 Langmuir 5% E&to|x] Aal
L Cde] G 769 mglg, Cu2l S 67.1 mg/glE
A FPA(Cd; 71.1 mg/g, Cu; 62.0 mg/g)et E 2ol Ho|
A goket. w3 BE A bgke] Cdo] B 215, Cuol E¢
1.238(Table 1) F% W3} W& F2HE AP} Avie 2434
Ak, 17). WA Rhodopseudomonas sp. KHA A A48
EPSE THUSH AFF97t EASHA] &8 &% FF o8 BpsA
Aol FxHo] F&IA il ddsl F2EE, 5 Sl
ol 2o ZAgHEele) X3kwol W3] glo] ek EE A=
AZETH, 4).

o B

Table 1. Langmuir isotherm model constants for adsorption of Cd and
Cu on Rhodopseudomonas sp. KH4

Langmuir
Heavy metal o, 5 R
Cd 76.92 225 0.999
Cu 67.11 1.23 0.999

Q... ; Maximum adsorption capacity,
b; Langmuir adsorption constant,
R?; Correlation coefficient.
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EPS0{| 2|8t Cd, Cu 0[2/2| SZ%(Ni, Co, Zn, Pb) &%

Cdd} Cu ©]9]ol] TE FFENi, Co, Zn, Pb )oll 3+ F-2hak
= Yol 7] 93t 100 mg/le] Ni, Co, Zn, Pbll pH 5, 25°C
oA EPS 1.0 gLE H7I8ld S8 ZAMS 23, Pbol 82.7
mgLe R 7} e FAS REow Zn, Co, Nil 22} 54.2,
304, 19.7 mg/gC 2 CdBU} v FAE Hol Ni < Co < Zn
< Cd < Cu < Phe] =02 S35 xol& Vet Fig. 4).
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Y 35 o9 7] e A sk AeE By
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Fig. 4. Adsorption of various heavy metals onto EPS produced by
Rhodopseudomonas sp. KH4 at 25°C and pH 5.

Metal adsorption (mg / L)

—r T T

Zn Cd Cu pb

Heavy metal



330 Jeong~HWa Jeong et al.

A

1300000

84,0000 7

Voltage (mV)

18,0000' ) P
1400 1500 00

Retention Time (min)

S0,

o0

Voltage (mV)

3 l
180090 A L
1480 1200 00

Retention Time (min)

Fig. 5. Gas chromatograms of (A) seven neutral monosaccarides (1)
rhamnose, (2) fucose, (3) arabinose, (4) xylose, (5) mannose, (6)
galactose, (7) glucose and (B) EPS produced by Rhodopseudomonas
sp. KH4.
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ABSTRACT : Adsorption of Heavy Metal onto the Extracellular Polysaccharide Produced by the Purple
Nonsulfur Photosynthetic Bacteria Rhodopseudomonas sp. KH4
Jeong-Hwa Jeong, Pil-Soo Seo!, Sung-Ho Kong?, Jong-Yeol Lee’, and Sang-Seob Lee"
(Department of Biological Engineering, Kyonggi University, Suwon 443-760, Korea,
'Department of Korea biological resourse center, Kyonggi University, *Department of Chemical
Engineering, Hanyang University, Seoul 133-791, Korea, *Beautiful Environmental Construc-

tion Co., Ltd, Seoul 135-080, Korea)

In the present study, we examined biosorption characteristics of heavy metals onto the extracelilular polysac-
charide (EPS) produced by the purple nonsulfur photosynthetic bacteria Rhodopseudomonas sp. KH4, which
was isolated from a stream in Anyang, Kyonggi-Do. When Cd (100 mg/L) and Cu (100 mg/L) were added to
EPS (1.0 g/L) in the optimal condition (Cd; pH 8, Cu; pH 5, 40°C), 84.2 mg/L of Cd and 70.0 mg/L of Cu were
adsorbed within 30 min and 10 min, respectively. When 100 mg/L of Cd and Cu were present as mixture, 16.8
mg/L of Cd and 48.7 mg/L of Cu were adsorbed at 25°C, pH 5. The maximum adsorption capacity determined
by fitting Langmuir isotherms model was suitable for describing the biosorption of Cd (76.9 mg/g) and Cu (67.1
mg/g) by EPS. The neutral monosaccharide in the EPS determined by GC consisted of arabinose (2.4%), glu-

cose (7.1%) and mannose (90.5%).



