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Table 1 Maximal nickel binding capacities

of different biomasses

Biomass Guax! Mg/ References/source
Candida sp . 10.3 Reference 2
Medicago sativa 4.10 Reference 8
Chlorella vulgaris 1.282 Reference 9
Chlorella miniata 2.985 Reference 9
Kandelia candel 0.472 Reference 10
Fecus vesiculosus 2.85 Reference 11
Rhizopus arrhizus 16.0 Reference 12
Genetically engineered E. coli JM109 10.11 This study
expressing both nickel transport system
and metallothionein
E. coli JM109 1.54 This study
pH

NaOH pH

pH
4
Ni** pH 7
pH pH

4~10
5.9mg/g 20%

Ni** pH

80 %
pH

© HERFERRM

Emﬁ?ﬁﬁﬁﬁﬂ?'ﬁ?ﬁé‘iﬁﬁgﬁ http://journals. im. ac. cn



19

346
8
Ni?* 27f
E 6l
pH =
. st
7 r . / \. . g i
&6 m " §
Tt Z 2f
:::s Fas —s—Genetically engineered £.coli IM109 Y yy
g F ——Original host E.coli TM109 1F A
§ 3? 0 , 200 I 400 I 600 I 800 I 1000
§ 2+ Co-existing heavy metal ion concentraion/(mg/L)
ERl — " 5 Na* Ca Mg
I .°/../. . ..\0. : 2+
0y s ¢ - s 5 0 E. coli IM109 Ni
pH Fig.5 Effects of Na* Ca’* Mg* on Ni**
4 pH bioaccumulation in 10mg/L Ni** solutions
E. coli ]M109 Ni**
i N o Chen E . coli
Fig.4 The pH profile of Ni"* bioaccumulation in
10mg/L Ni** solutions
ng + 4 Mg2 + ng +
2 . 5 Mg2 +
2.6
13 24
Ni Biomass
2+
Ni Yetis 2
5 Na® Ca’*
1000mg/L Ni** N
N%  66% ' Nakajima  Sakaguchi 83
Mg2 + le + 9
Mg** 20mg/L
2+
48 % Mg 200mg/L NiZ+ Strepto-
17% myces albus HUT6047 1.057mg/g
2+ .
Mg nixA He* Cu* Pb* Cd* Cot*
Ni** 17
Ni** 6
ng + Cu2 +
24 .
Ni 1970  Webb E . coli 50mg/l.  Ni*
2+ 14
Mg 84% 66% P  Cd
2+ 2+ 2+
Mg Mg Mg Pt Cd* 50mg/L N2t
Ni2 + M 2+
& 45% 41% 4.5mg/g
2+ 2+
Mg Ni Jasper HE'  Cd
Silver E. coli Ni2*
2+
Mg Winge  Nielson
2+ 15 2+
Ni Mg Hg'* > Cu’* > Cd" >
Ni2+ Zn2+ > Ni2+ S C02+ 18 Cd2+

. 2
nixA © FERZERMEDHARFATIKSHEL http:// Jowhaﬁs, im. ac. cn



3 JM109 347

8.0_
7.5_— ™
o f 5 70 SN
- & [ \
% 8 F m Cu?* E/ 6_5__ l\.
® B 6o0f
£l 5 sl
= - s 3 -
T 6l eq L —e—0Dgy,
g L 3 S 50k —m—Ni >* bioaccumulated|
E°L Z s
g 4l & aof
;§ 3 i Z 35k
Aol 30p ee—e .
2 0 4 8 12 16 20 24
LE t/h
0 . L . L L L L
0 10 20 30 40 50 60
Co-existing heavy metal ion concentraion/(mg/L) 7 E. coli ]M109
6 Cd2+ Cu2+ HgZ + Pb2+ le +
E. coli ]M109 Ni2* Fig.7 Effects of nutrients on Ni** bioaccumulation in 10mg/L
Fig.6 Effects of C* Cu’* Hg* PH* on Ni** Ni** solution by genetically engineered E . coli JM109
bioaccumulation in 10mg/L Ni2* solution by The 10mg/I. Ni** solution contained 10 g glucose
genetically engineered E. coli JM109 pH4 ~ 10 N2+
2.7 1000mg/L
Na*  Ca’*
Ni* Mg 50mg/L.  Cd*"
Pb2+
10mg/L.  Ni** Hg*  Cu™”
10g/L 7 24h Ni**
1h
7.37mg/ 24h 6.26mg/
e 58 REFERENCES
15%
1 Veglio ' Beolchini F' Gasbarro A. Biosorption of toxic metals An
s equilibrium study using free cells of Anthrobacter sp. Process Bio-
Ni chemistry 1999 32 2 99 - 105
Brady 2 Donmez G Aksu A. Bioaccumulation of copper Il and nickel

19 Il by the non-adapted and adapted growing candida sp. Water
Research 2001 35 6 1425 - 1436
3 Chen SL Kim E Shuler M L. Wilson D B. Hg?* removal by ge-
Ni2* netically engineered E . coli in a hollow fiber bioreactor. Biotechnolo-
gy Progress 1998 14 5 667 - 671
4 Chen SL Wilson D B. Genetic engineering of bacteria and their po-
tential for Hg* bioremediation. Biodegradation 1997 8 97 — 103
5 Fulkerson J ' Garner RM  Mobley H L. T. Conserved residues and
motifs in the NixA protein of Helicobacter pylori are critical for the
high affinity transport of nickel ions. Journal of Biological Chemistry
3 1998 273 1 235-241
6 Bartolome B Jubete Y Martinez E et al. Construction and proper-
ties of a family of pACYC184-derived cloning vectors compatible with
. pBR322 and its derivatives. Gene 1991 102 1 75-78
nixA 7  Tommey AM Shi] Lindsay W P et al. Express of the pea gene

E . coli JM109

Ni** PsMT, in E. coli metal-binding properties of the expressed protein.
FEBS Lett 1991 292 1-2 48-52

8 Gardea T J L Tiemann K J Gonzalez J H et al. Removal of nickel

ions from aqueous solution by biomass and silica-immobilized biomass

Ni** E . coli JM109 ) ) :
. of Medicago sativa alfalfa . Journal of Hazardous Materials 1996
6 Ni 492-3 205-216
Langmuir © 9 RNk R TRV TN Y Nickel) biososptionrby e



348 19

chlorella species C. wvulgaris a commercial species and C. mini- neering 1994 44 999 - 1006
ata  a local isolate . Bioresources Technology 2000 73 2 133 - 14 Webb M. Interrelations between the utilization of magnesium and the
137 uptake of other bivalent cations by bacteria. Biochemistry and Bio-
10 ZHENG F Z HONG L'Y ZHENG W J physics Acta 1970 222 2 428 — 439
. A Primary study on adsorption of certain heavy metals on the 15  Jasper P Silver S. Magnesium transport in microorganisms. Microbi-
litter leaf detritus of some mangrove species. Jouwrnal of Xiamen Uni- ology Series 1997 3 microorganism miner 7 — 47
versity Natural Science 1998 16 Yetis U Ozcengiz G Dilek F B. Heavy metal biosorption by white-rot
36 1 137-141 fungi. Water Science and Technology 1999 38 4-5 303 - 330
11 Bakkaloglu T Butter T J Evison L. M. Screening of various types 17 Nakajima A Sakaguchi T. Selective accumulation of heavy metals by
biomass for removal And recovery of heavy metals Zn Cu Ni by microorganisms. Applied Microbiology and Biotechnology 1986 24
biosorption  sedimentation and desorption. Water Science Technolo- 59 - 64
gy 1998 38 6 269 -277 18  Winge D R Nielson K B. Formation of the metal-thiolate clusters of
12 Holan ZR Volesky B. Accumulation of C?* Pb** and Ni?* by rat liver metallothionein. Environmental Health Perspect 1984 54
fungal and wood biosorbents. Applied Biochemistry and Biotechnolo- 129 -133
gy 1995 53 2 133-146 19 Brady D Duncan J R. Bioaccumulation of metal cations by Saccharo-
13 Chang J S Hong J. Biosorption of mercury by the inactivated cells of myces cerevisiae. Applied Microbiology and Biotechnology 1994
Pseudomonas aeuginasa PU21  Rip64 . Biotechnology and Bioengi- 41 149 - 154

Uptake of Nickel from Industrial Wastewater by Genetically
Engineered Escherichia coli JM109

DENG Xu® LI Qing-Biao LU Ying-Hua SUN Dao-Hua HUANG Yi-Li
Department of Chemical Engineering  Xiamen University ~ Xiamen 361005  China

Abstract Heavy metal wastewater poses a serious threat to the environment. In comparison to the existing methods of chemical
precipitation ion exchange and carbon adsorption biosorption is an attractive alternative for the recovery of heavy metals from
industrial effluents. However nickel ion different from other heavy metal ions is a more recalcitrant pollutant and has low af-
finity to many metal tolerant microorganisms. In this study Escherichia coli JM109 was genetically engineered to simultaneously
express a Ni** transport system the product of nixA gene andoverexpress metallothionein  MT . NixA protein has a high affin-
ity for Ni**  and metallothioneins MTs are capable of binding a variety of heavy metals including Ni** . The Ni** bioaccumu-
lation performance of the genetically engineered E. coli JM109 was evaluated. Time-course test showed that the bioaccumulation
rate was rapid and 95% of the accumulation was achieved within the first 10 minutes. The maximum Ni** bioaccumulation by
genetically engineered E. coli cells was dramatically increased from 1.54mg/g to 10.11mg/g a more than five-fold increase
than that of the original E. coli strain. The isotherm was of Langmuir type. Within the tested pH range pH4 ~10  the engi-
neered cells displayed more resistance to pH variation retaining up to 80% of the Ni** binding capacity at pH 4 while the orig-
inal E. coli host cells lost 80% of Ni** binding capacity at pH 4. The presence of Na* and Ca>* affected Ni** bioaccumu-
lation but the effects were not serious as 71% and 66% of the Ni** binding capacities were retained respectively at the con-
centrations of 1000mg/L Na* and 1000mg/L Ca** . However Mg** exerted a severe adverse effect on Ni** bioaccumulation

83% of Ni** accumulating capacity was lost when Mg** concentration reached 200mg/L. The effects of different kinds of heavy
metals on Ni** accumulating were different. The genetically engineered E. coli cell lost less than 45% of its Ni** bioaccumu-
lation activity in the presence of 50mg/L lead or cadmium 66% in the presence of 25mg/L. mercury and 84% in the presence of
40mg/L copper. The presence of glucose did not improve Ni** uptake. Our study suggests that the genetically engineered E .

coli JM109 has potential application for effective and efficient recovery of nickel from aqueous solutions.

Key words Escherichia coli nickel bioaccumulation wastewater treatment
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