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SAM d|g ZEM Ml Rhodopseudomonas sp. KH42|
Extracellular polysaccharide?| 3% %
NS - NES - BME’ - OFY’ - Ol
Z7|chetm Modgstng "y (cHstm MEXR SMSH AT Bl SiskEs, VISCk2edid ()

E G Fo A= 77| = eboFel 1= shA A 23 T4 v 3} 33X Al Rhodopseudomonas sp. KH4 9| A A

X=X

A & extracellular polysaccharide (EPS)2] $3<

FAEA o o8 dF3 5k 100 mg/Le] CdF Cul A F3F

Z7 (X 40°C, Cd; pH 8, Cu; pH 5)9l1 A 1.0 /L8] EPSE 71319 & o, Cd2) 79 30% 53t 84.2 mg/L, Cus)
7% 10 52t 70.0 mg/L7t F3FHE ¢l o} =3 CdF Curt 24 100 mg/LA FEF o] AE 7%, pH 5,25°Coll A
EPS 1.0 gLA 718192 o CdZ Curt 2472t 16.8 mg/L, 48.7 mg/L7} F3 = 1o} =3 Langmuirs< §32] 22
¥ EPS 1.0 g/L, pH 5, 25°Cll A CdZ} Cu®] &332 27} 76.9 mg/L, 67.1 mg/LE A A X ¢} & 2}o] 5 1B
o] A ¢kokr}, ol ek A AW 2 2 A A F KHY strain 223 WA F EPSE gas-liquid chromatography (GLC)3

Ao &3 A £ A3}, arabinose, glucose, mannose”} Z+7} 2.4%, 7.1%, 90.5% 2 mannose”} o
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HHo
=
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Ea - AT, AR, =) AxdA $ sk, It
SFEAZGA FolA viEsE AFdHGet Aol AW 5
ol FHrEo] e TEEol shlell P o ZH kg vt
ofte} Q12 Agkr B EUS A= § & HAVE Ha
ATH19). 73l T4 AA 71E2= F2H, I, ol 2wdhy,
A 5ot B s WHS ARSSkaL Slthe). &
g, 31514 A2 WHES VA A7t Bar fAd A7t
Fopek Bk ope), 27| afo] won A7 FAREE ol
YA EAEER F EA7F HaL Qi o5 A7 e o
A& Beksr] flste] Holl HAES o83t TS A
stEe A7 @s] JAEHL QUrke). PI8E % FE5
A W F AR o)A, P A o], &1 W o R vl
glo}, &%, FFo], 2F TolA AAAFAE extracellular
polysaccharide (EPS)ell 2§+ 54 S0l -5 hal lh(7,
28, 30). EPSOll 93t S35 S22 tlAlgol] 93k wkg-o] o}
Un, T340 do]3 EPSO S0l Alolo|xe] A5 28
ofste] dojdriar BaE 3 Qrh(15). v &4 A4HE EPS7E
A FH e olf= Aol 3k g te] Tk,
A2k iR 28 3 397t Bolskal, W pH HLleAE
AR ke ARS 7RI 7] wiEolth(is, 21). o]2igh
A wiol HT vYEZRE A2 AHE F2HA (biosorbent)
o] F453] WY H L 3o} 7ie /e o} 7] G o]t

wtA] B Ao e A B8 3343 Mt Rhodopseudo-
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monas sp. KH4olA AA3E EPSo| w2 F3< &2 54 (pH,
L% 3240 BF 2 27 T34 FE)E A7FOA TF

=1~

Fas AAY FAAR AR o 7% ARE AT
ahedl %ajo] Qirt.

ol Hibd

M=

X OH
T 2L ¥ 53
ZA71% qkkoll 9123k 3L (pH; 6.8~7.2, &%; 8.5~15.5°C, &

4 10~15 cmyell A vh=e] &3t A AFske] Eelskainh. Wi
Z1L 0.1% (vv)] 7= HA iRl FEF3t BAHE] =
aloll = 2,000 lux, 30°CoIA 79 F<t vt wiA 24
S P H 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,* 7TH,0 0.4 g NaCl 0.4 g NH,CI 0.4
g, CaCl,- 2H,0 0.05 g, trace element solution SL-6 1.0 mie} 2
31, 1 N NaOHel &3t pH 6.82 ZA3}ATE. Yeast extract=
ScharlauA}l, absolute ethanol= J.T. BakerA}, ferric citrate™
KantoAR] A|9FS ARG-aFGom, 1 €19 A]9k2 DaejungAto]
Aloks ARg-3k3AT

] #9168 tDNA A7|1ME 42
27F; 5-AGAGTTTGATCMTGGCTCAG-3'9} 1492R; 5-TACGG
YTACCTTGTTACGACTT-3'E ARE-3te] A7 GS 43513}
B9 DNA 97X <L basic local alignment search tool
(BLAST)Z ©]-83}4] GenBank database®] 7|4 <&3} v]nl £
sto] 53kt

universial primer$]
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EPS 22|

Hj kS 6,500 x goll A 308 B2t 94 Eejsle] dojzl A
HE oehEd} LIRIRE Pa1, 4°colA 124]7F o HAHAIA
EPSE H2)3lth. A EPSE 3)48te] F54:(Cd, Cu, Pb,
Ni, Zn, Co) &% Ao AL&3laL, EPSY 74 AR Bas
28ke] FAAZX(MODULYOD-115, Thermo, USA)AZtH.

EPSO| 2|8t Cdz} Cu2l E3t

EPSe]l o3t Cd# Cu®] HA FEF 20ES golr 7] 9|atd]
pH (Cd pH 2~8, Cu pH 2~5), £%(10, 20, 30, 40°C), 7] &
(20, 40, 60, 80, 100, 200, 300 mg/L) W3] W2 &2 2F
S FYATE CdF Cud FE+= CdSO,- nH,0 (Junsei, Japan),
CuCl,- 2H,0 (Shinyo, Japan) Al¢FS A}8-3ke] Z+2} 100,000
mg/L 7} 20,000 mg/Le] 1EE {HS vhEo] A FEF 3
23le] ARSI o™, pHE 0.1 N2 NaOHS} HCIE ARE-3H
ZASRL, LEE FL F25 AN - CdF Cu
9] 7] = B2 FE& FFL Lanmuir 52 FF2dl A
3. T3k cdo cwt A FES AT F3 FEs
7] Y3l cd¥ CuE 242 100 mg/LA & 200 mg/l. L GA]
A pH 5, 25°CoIA Cd#} Cud] F2FS 747} gRlIstnh. =&
TEE TR AL TR 299 489 50mlel 0.05 g
(wet-weight)2] EPSE- HE3l 5% B2t wwkslar, A7t o2}
eBS 2 ml F3}e] ICP (Vista-PRO, Varian, USA)E 23}
Aot

EPSO]| 2|} Cd, Cu 0] 2|2| ZSF%(Ni, Co, Zn, Pb) &3}

Cd#} Cu °]212] EPSell 93 FF4(Ni, Co, Zn 2 Pb) &%
Fe AR Y8t 4ol NiCl6H,0  (Junsei, Japan),
Co(NO,),'6H,0 (Junsei, Japan), ZnSO,7H,0 (Daejung, Korea),
Pb(NO,), (Daejung, Korea)2] Al¢FS AME-3F4] Ni 10,000 mg/L,
Co 20,000 mg/L, Zn 2,500 mg/L, Pb 100,000 mg/L.e] F%qS
AT 18] 4] FEE5S 100 mg/lE 8|43t pH s,
25°Coll A EPS 1.0 g/l.2 75t 554 S8 A8

EPSe| FHHE EY

55 Ay ALeE EPS W FAT L galactose
(Sigma, USA)E ¥FEA= 3} phenol-sulfuricH (11)2-2, 2+
g 338 B-D-galacturonic acid (Sigma, USAYS XFEZ=E 3}
o] m-hydroxybiphenylH(8)2.Z Tl &2 bovine albumin
(Sigma, USA)YS AFEZZ 319 Bradfordd(9)2-2 2z} £
SATh 8] Y 1498 JonesH(14)S W st B4
o} =, 10 mg2 EPSo| 2 M2] TFA (trifluoracetic acid) (Sigma,
USA) 1| miE ¥i HZE HolZ2 Y&t thg, 121°ColA]
L5ARE 52t 7rRalsiad e, & TFAE 50°ColA A 7}
22 FAAA AASATE 282 1 M 9 NH,OH (Junsei,
Japan)& 1 mlE FH7FSF ¥, sodium borohydride (NaBH,)
(Sigma, USAYS Yol alditol2 FHAAAT. Y9 sodium
borohydride=acetic acid (Daejung, Korea) 1 mlZ F3|A]7] 3
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50°ColA A 7k=g AZAIZ T Methanol 2 ml F7Fste]
ZA7 = S 33 dHESle] FESH= boric acidE A A3HA
11, acetic anhydride[(CH,CO),0] (Junsei, Japan) 1 ml<} pyridine
(Junsei, Japan) 0.1 miZ- F713ke] 121 CollA 308 ¥kS- A)71 &
toluene (Dagjung, Korea) 1 miE 3718k 50°ColA] A 7k
2 AZANAY. 283 chloroform (Daejung, Koreay?} SH5E
Z}z} 2 ml F7¥ete] 4R £, chloroform -5 o} %3}
& gas-liquid chromatography (GLC) (Young-Lin, Korea)Z T4
T B3 HT. HE7]= flame ionization detector (FID)
(Young-Lin, Korea), ZH- SP-2380 capillary column (30 mx
0.25 mmx0.2 um) (Supelco, USAYS ARSI GC 1L, F
Ao} AEY) 2EE BF 250°CE FAE00H, eBo o
= Z7] 60°CelA 1373F tl7] =, 3 30°CH 220°C7HA] S
sted 12331 tf718kaL, ThA] 3 8°CH 250°C7HA] S5t 15
E2F di71ekdck a8 5 -4 (thamnose, fucose, arabinose,
xylose, manose, galactose, glucose) (Sigma, USA)Z} A]Z(EPS)
9] retention timeS sl A 55 TGS LA T
A9 mole%= Zt peakE<] WAH|9} ZF FA 9] alditol
acetate - =A]9] BAFO 2 RE] A

R

27 22 ¥ 5%
3715 Qhegel 1A NN ARE AAST Felstel

slimeo] Bo] AAEE 75 B AgdN Ausidr). Auw
2] 16S tDNAS GenBank database®] 714 d} vlwek 2
I} Rhodopseudomonas sp.2t 99%9] L FAIEE HY
Rhodopseudomonas sp. KH4Z. 83} T}

pH =Z10f| 2 EPSS| Cd} Cul| E2

pHell W Fa4 F2FS dohir] 98t cd9l 45 pH
25E] pH 8714, Cu2] 7% pH 2%E pH 57} EPS 1.0 g/L
2 FHrtste] A8 w9 1 A, cde] A5 pH 25%FH
pH 87}A] Z}z} 15, 122, 47.8, 52.9, 58.3, 67.0, 71.1 mg/L<]
cdo] &% = 3laL, Cu®l 7% pH 2014 pH 574A 27} 25,
25.7, 443, 62.0 mg/Le] Cu’} FF=AtHFig. 1). W& pHolA
T B2 FEE EAEe H o]20] T84 ol A &
Z5Lle] i3] AAF e E §EgElal, ¥ pHAE OH °]&
o] FaZol| wiel=lo] EAIet] wiol FEA AA ] S9=T}
FaEo] F2 AErt Z A0Z AR ETKS, 12).

25 =0l 2 EPSe| Cdz} Cu E&

100 mg/Le] Cd¥} Cue] 899 1.0g1.9] EPSE F7}s}he]
227} X FEFS ZARRE A3, 10, 20, 30, 40°ClA] Cde
S 308 Bk 755, 767, 82.1, 842 mg/Lr} FAE oM,
Cu®l A% 102 32 64.1, 659, 66.1, 70.0 mg/L7} 2= Aok
(Fig. 2). Cd&} Cu B5F 57} 5848 F3o| i ZFrleh=
S BoFAh Sag 5(27)¢ ATl waw E8jE Sk
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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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2 BP0 2 A 257} WolAHA F2F =T} FUFHA
, 38 TS FERFS 0 BN 25Tt BoldSE F3 A
e =i _’Q(}iq’ B ATA Rhodopseudomonas
sp. KH49A AAE EPSE 10~40°Ce] FH 3 25 W3}ol A
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(]

HeAdd S5 §3 Zﬂi o] 783 Aoz AZH. 1
I Az W FEES gela) B A3 cde] A 3050l
Cu9] 735 1080 &2 HEFS o] FATHFig. 2). ©= Ozdemir

522)8] AFNA Chryseomonas luteola TEMOSZHFE AAH
EPSE AF&-3} EPS-alginate bead’} 64.1 mg/Le] Cd¥} 5525
mg/Le] Cos FFsh=t] 60%o] 28F ot} B ATrolla] A}
25 Rhodopseudomonas sp. KH4oll 4l AA3E EPS] 7%, Cd
2 30, Cue 10202 1] Whe S-S Yehhlo

EPSO| 2|8t Cd=t Cu_l MS 4ME S&t
T THFY 858 TS Aol B4 oleo] I FHFHA
2] & R LS FEo] Mz A= o] YwhA A
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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, ( VV ); 30°C, ( 'V ); 40°C.

olgfa BuE ul k). B A= v EFZ EAF
74 Cdo] cuRtt ¥ B2 {3 Kol v, cd cwt 47
100 mg/L7} 3& & 745, Cu’l 48.7 mg/L, Cdo] 16.8 mg/L=
F3ste] curt cdETt F2F A Holds FRlsith(Fig.
3). Sabadell 5(24)°] W= pp o] 3} Cu o]2o] 5= ¢
Cu o] FZ& 43 3l Cd o2 FFo] Axsph= 1
vl ok =gk B3 4] FEE AT AT, Cuet
Pb2 O FEEEC Ui Al JEFS AA vl AAV &
= Holal, Cot Cde THEHE] A aAE Wol We 3o
2 484 Ak, 23). %%24 EHHQ el curt FF
BANA FHojus olfi= £ dtdlAe AdE 4 AT &
o2 A7t g ZJﬁEEMOk gt Az

K
o rjﬁ,

;

l

Langmuir S &%}
Cd} cuel 7] F=o WE 2 A¥S Lanmuir 5252

Aol 285)5ck.
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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&5% 4

Ceq /q= Ceq /Quae T 1/Q,,,, D)

q@ T3A FAZ F2E 55 o2 A (mgg)

Cop T TE5 0129 BE F=(mg/ll)

b: &% enthalphy THE S (cm’ of adsorbent/mg of
adsorbate)

Qo T8 F2AN 23] F2He T54 0|22 A (my

I A3} cd} cue] HFE FER?) ©] BF 999%F Langmuir
T2 e & RES & 47 AU cdt cud] pHY} 8%
5, 2% 25°C, EPS 1.0 g/L oA Langmuir & F2tollA] At
A Q, A& Cd9 A$- 769 mglg, Cu®l 7% 67.1 mgglE
A

e
A ket w3 BE A bakol Cde] A 2.15, Cudl Y
1.232(Table 1) F% H3ld] W2 FHE WPl Fuje= A9=
ARk, 17). WebA Rhodopseudomonas sp. KH49I A AYA]H
EPSE T3 AFN-97F EAHA] &2 @ & o® EPSH
Aol FHE ] FHA e A T2, = STl
e} F2A| o] AFE-2le] Fslwe] W} flo] HgE= AoE
AT, 4).

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

Langmuir
Heavy metal
Qmax b R2
Cd 76.92 225 0.999
Cu 67.11 1.23 0.999

Qpax s Maximum adsorption capacity,
b; Langmuir adsorption constant,
R?; Correlation coefficient.
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EPSOI| 2|8t Cd, Cu 0]2]2| & %(Ni, Co, Zn, Pb) E&t

Cd¥} Cu o]9e) Th2 FHF4(Ni, Co, Zn, Pb )l T &3
T Zolr 7] 913k 100 mg/Le] Ni, Co, Zn, Pboll pH 5, 25°C
oA EPS 1.0 gL.E H7Isle &3-S ZARRE A3} Pbo| 82.7
mg/LOZ 7P B FAS BHJor, Zn, Co, Ni& Z}7}; 54.2,
304, 19.7 mg/g® & CdRT}F ¥ {2 B Ni < Co < Zn
< Cd < Cu < Pb9] 02 FA5 AolE YR UTHFIg. 4).
ole} Zo] o] 717 FF&el Uig AEFHAY] 55 &%
YL 35 o9 7] 7 EA 7Idse AeE Bl
ITH20). Brady 5(10) 7S Rhizopus arrhizusoll 2J5le] o
g 7kA] F&50 Uit T5& AATS AR 2, o <
Mn?* < Zn?* < Cd* < Cu?* < Pb*9] o2 Yelttia Ba
ATk, &3k, FAITFQ Phormidium laminosums: ©)-8-3F 54
AA A= Nt < € < Zn?* < Cu?* < Cd 2'< Pb** 2]
o2 YEITH29). wEtA] £ AFelA UERd FE4 AA
Ao} g AFAES] AT ARE THE A AE F3A|
o] FFol weE} ool Aol A#E YA, giAdo=
Pb, Cd, Cu, Zn2 TR T B3] AA7F A== 5500

==
381l Ni, Co AA7F 2 HA & F55d S ¢ F

EPSO| SI81H FdHE &

KH4Z5-E] A/9%¥ EPSS] UbAQl 3}eh4] i 42 flst
o F4F, AT, 9d e 58 Bt 1 A JA
EPSS] 734 F/833 o] B 22} 43%, 26%0]10.0.m,
AT ke AEER] gkt). TR alditol acetate FFEAS
s FATY 1A RS
arabinose, glucose, mannose”} Z+Z} 2.0, 7.3, 90.7%% mannose
7F BiFES ARAISkAL IITH(Fig. 5). HEFelA A4dE EPSS
T EL AYHOZ mannoseES TS J=HI(25, 26),

Kaplane 5(16)2 =<1 Chiorella Xl A% EPSe] <J3t
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Fig. 4. Adsorption of various heavy metals onto EPS produced by
Rhodopseudomonas sp. KH4 at 25°C and pH 5.
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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.

Cu®] F&ol] i3] A3tar, thdfet AFE9] acid®] H3HA]
o} #Ho] o RudPd. 283 Geeseye 5(13)
pyruvate, phosphates, hydroxyl, succinyl®} uronic acidsE E3$}3+
exo-polymer®] =73} functional groups®] ¥ol2] Fa4 o
o} FA3tial HSIATE. Rhodopseudomonas sp. KHAA] A3
J¥l EPSY & ¥4 4y} 7|E9 E1uE EUIZ & @ mannose
2 FA3" gdFiel SH3E 9= functional groupe] AZ &
Aoz AFE Tad Tl BT oz FAHE, ko
2 o] Rl #g A7t o Besiral Azt

B AT M Rhodopseudomonas sp. KH49 A A2+ EPS+=
2e) 9 S5} Bolshi, g A7) FEE] Fo) o]l
AV, Be G FA T 5 U, FAHOE MES BAT 4
Ronz §83 A5 FAARAY ol F54E B il
A A,
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ABSTRACT : Adsorption of Heavy Metal onto the Extracellular Polysaccharide Produced by the Purple
Nonsulfur Photosynthetic Bacteria Rhodopseudomonas sp. KH4
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In the present study, we examined biosorption characteristics of heavy metals onto the extracellular 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%).



