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Abstract

Recombinant E. coli JM109(pZH3-5/pMT) harboring manganese transport gene(mntA)
and metal sequestering protein, metallothionein(MT), was cultivated to accumulate
cadmium in aqueous phase. Bioaccumulation followed Michaelis-Menten type kinetics.
Equilibrium isotherm showed Langmuir type isotherm. The optimum pH for cd” uptake

was 7-7.5.

Introduction

Cadmium®] 54& o8& F540 vlste] go] Lelx AT 54| v X & 7|2 dis}
o= ol A 7tA] BEstA 2R Aol flth(l) AFAA BL #F7F cadmiumE upaked}
' Aoz 4dA &1, ©] F E colit Zn® transport systemE ©]£3t9 cell R E
accumulation Al7]E= RSz W3 A3, Bacillus subtilis®t Staphylococcus aureus$t 7z
gram negative ¥ £-& manganese transport system2 ©] &3l Ao® 4 A 9Urh(2)
ojs} Zo] FUE FEHEC ] vAEo] dAT}E PHoRE efflux FES Tl A
X ftog o] HYEXA, ol F&H3} AEste AL o] LsE Wye] Utk o] F
e njAEo)l F£9 =A 374 thd detoxification A OE B F glon o F F&
3 ZAdste ¢9d F 7 ®Bol 2e8A Ao| metallothionein(MT)e] .
Metallothionein(MT)& ®x}2o] 6000-7000Da®] A #z}#e] cysteine rich proteino 2
zinc, copper, cadmium, mercury, silverge 5% 3 5o]3 oz AL dle FFLH &
Aol thale] detoxification G &L 3t Aoz L&A ok (3)

2 Ay ME yeastZHE B2 metallothionein gene(pMT)¥} manganese transport
systeme LA = gene(pZH3-5(mntA))& AU E colid o] &3le] =g &4
3= cadmiumS EFHAH 2 AASL, ¥ FE9 cadmiume A€ A Ao thale] F3
&k
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Materials and Methods
Plasmids ¢} Bacterial strain

2 Ay AE3F plasmidstE metallothionein gene2 ¥33t= pMT-GST-pGEX S}
manganese transport geneS ¥ 33l pZH3-5 F 7R & A8t host cell2E E. coli
IM109E AH8-5 U
A E g

pMNT®} pZH3-5 5 7}A| plasmids® E%3t+ E coli stock ampicillin (50 ¢ g/mL)%}
spectinomycin (30 zg/mL)e] ¥%¥ Luria Broth (LB) 20mLe] HZFL 3 % 37Co|A
250rpm 2.2 overnight culture® ¥ ¥ #FZ tA] ampicillin® spectinomycine] &%
LB =] ¢] ODsw #tol 0.1°] S =2 HFS AE F 37CoA 250rpme2 wjF3tich.

ODgwo#ke] 05-0.7° =23t9<S o isopropyl A-D-thiogalactosidase (IPTG) 1.0mM<
A7t ©o] F 4A17HE ¢t gened induction AlZ] F 4ToA A EEsle AEE 34
st
Batch System$ ©] £ 3% Cadmium<® Bioaccumulation Test.

Induction ¥ A|X+= YA RS o] &3lo] 343123, 10mMe] phosphate buffer(pH=7.0)
g o] &3led AHL §F oA ODsw #°) 057} E|=2 resuspension AZth. Cadmiume]
Azrel] di@ FHBA dhete] Lolr7] $Jate 4448 M2 Cd” solutionS buffers] 7t
o] A7 FEE5Y] FAFE LolE gt
223 Cadmium® FXe| thd accumulation o] Wslo] thele] Ldolu == 37 93}
o] N2 & ¥E9 Cd'E ¥X¥3la 9= phosphate buffer solutiong ©]&3+d ODgodl
&S 1022 resuspension AlZ1 F 1A1ZF F<F 37Col A @¥E AR, o] F 4ToA 94
B2 E ol&3led AXE 358t 25ug/mLe ice-cold LB-chloramphenicol S ©]£-3fe] Al
Hatdeh 22 oAl QA RYE ol &3t A5 AL AASL AEE 33k
Cadmium analysis

Cadmium bioaccumulation test® A F 94 Egse 454 4o 7t5d cd”
FE7bA 8A s F nlZ atomic absorption spectrophotometer (AA-Scanl(Thermo Jarrell
Ash Corporation, U.S.A)E o]&3te] cadmium %< =4 34tk a8z AXUY=
accumulation® Cd®'%¥< ZAsr7]  $dtd QAR oA cell pelletS
chloramphenicol®] E3%% phosphate buffer & ©] &3} washing 3ta, lysis A7l & %
71 2 348 cellE AAS L AASE ol &t FAsAU. Cell lysis PHL AA 359
pelletS drying A1 ¥ FAE FA38a, olF 60% HNO:E o] &3l 1243t § 45T
oA lysisE A7, FHNeE CF FEAA FHFE o838t 84 ¢ F solution W9
Cd”" %& AASE ol g3te] ®Asgch
pH titration

cd'el A7 sHolMe] pHol Wg JBL L7 sl AXTE biomassE H7Hs7] A
ol pHe| ¥ E 394 9742 A3k pHe =42 0.1 M HNO3;¢ 0.1 M NaOHE At
|3ttt 7] cadmium? =+ 5 mg/L 29, 37CAA 3 34k (1)
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Results

Cd”' Bioaccumulation Kinetics

E. coli ]M109¢} pMT$} pZH3-58 E@ate JM1099] thate] Alzke] i@ Cd™ uptakeE
2487 9std Cd' 4448uM& ©| 839 bioaccumulation test® S @A}
Recombinant®] 74 oF 20% 7}l Z#43AE W A9 maximum accumulation®] ¥eoju}
= AS #FE F JJA T IMI1099] 72 $ maximumS FE & £ AT

Batch System®l] A Bioaccumulation Equilibrium

Recombinant E. coli JM1099] H#delo) e F2 EAL Lolur] Yt tjud %
o] cadmiume] E &= o] 9+ phosphate buffero] ODswzto] 1.00] HEZ cell ¥ 58 9w
F 6023 wEe Atk @712 B0 dig &3 diste] 7H 92 AMSE L, linearize
3}7] 41 Zl°] Langmuir isotherm®]™, linearizedd ¥ el o33 2t}
IMe] _ Ki | [Me]

g s O

7)1 A [Mel= B8 AeloA supernatant®] cadmium ¥ %=(zmol Cd™'/ L)1, ¢=
bicaccumulation® Cd”'®) ¥ %(uzmol Cd*/g dry cell weight), ¢, 2 maximum
bioaccumulation capacity (zmol Cd’'/g dry cell weight), 1231 K, = dissociation
constant( zmol Cd®/L)elth. fig3 ol ®E ulel o] JMI09E o]&% Cd”
bioaccumulation® Langmuir equation® Z wWZE Zo2 HQt o7)dA g, 185
(zmol Cd*/g dry cell weight)o]3, K = 821 (zmol Cd’'/L)e] ¢},
Effect of pH on cadmium bioaccumulation

pHel 9 9&g Lolrr] 948 pHe vE9 WS 304 9744 M3 AARA, Cd™ <
27] $5E€ 448 M2 RAFF AZY E colid] A& Cd' AA $4< 2489
th. Figdt Cd”e A7 237 pHel d&Fo] USS Be F1 gk @¥e pHAME
Cd*el AA sYo| Zaste W pH7F 2242 Cd¥e AA o] Z7lstxn Yot 3t
A gk pH 750140 g9, ¢z FejdHe] vg o4 FAd osto cd¥e AA ¥
o] ZadE AL 471 At waA cd’'e AA7 Frste Avle Zztel pHF 33 4
Abo] z2]i 63} 754 ololtk, EF Zh HH e Cd'el AA T& pH HWHE 7AA 759
=3
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figl. Cadmium bioaccumulation test of JM109 fig2. Double-reciprocal plot of initial Cd*" uptake
rate by induced JM109(pZII3-5/pMNT)

o
°

and recombinant JM109 which contains pZH3-5
and pMNT. ( A : JM109, @: Recombinant )
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fig3. Linearized Langmuir isotherm plot for Cd* figd. Cd“" bioaccumulation by induced Recombinant E.
bioaccumulation by induced JM109 (pZH3-5/ pMT) coli cells which expressed an Mn® transport

system and MT.

Conclusions

Recombinant E. coli® ©]&3te] Cd” bioaccumulation test® F8a%Ach. pMTS} pZH3-5
gene?] o] o3l Cd¥'E HMHAHOR cell WHRE accumulation 5131, Y€ cadmium
< metallothionein® 2892 cell o EA3tA €@t Cadmium® bioaccumulation®]
# 2 pHE 7-75 °©|H, initial uptake rate> Michaelis-Menten kineticsS w21, %34 g
o &= Langmuir isotherms W&t} Qukx 02 batch systemd A= H| 2 affinity7} £-&
T2 Sogs cell R FF59 w0 g B¥o] A8 Wl batch Al A

35S 943 AAT £ v g FEAFNA FTFEY A7 A A g A
He 3387 st do g pZH3-59 pMT geneo] E3¥ % recombinant E. coli JM109E

g woFetel W] 4L AANFm Cd'e AYHY AA 24P FHE dHol,
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