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Abstract

Residual chromium compounds in discharged effluents is an important of serious problem, due to
hexavalent chromium or chromate [Cr(VI)] is extremely toxic and shows mutagenic and carcinogenic effects on
living organisms. The bacterial enzymatic Cr(VI) reduction mostly involves and could be an effective method of
detoxifying Cr(VI) pollution. The present study evaluated factors that affect Cr(VI) reductase activity of cell-free
extracts or S, fraction of thermophilic chromate-reducing bacteria, Bacillus fusiformis NTR9. Results showed that
Cr(VI) reductase activity of S,, fraction was maximum at 80°C and pH 7. The reductase activity still remained
60.34% and 26.44% after 30 minutes of exposure to 70 and 90°C, respectively, suggesting a heat stable enzyme.
Moreover, the enzyme was resistant under acidic and neutral condition but its stability was decreased under
alkaline condition. The Cr(VI) reductase activity of S,, fraction was enhanced by CuCl, and FeCl, which were
188.19% and 180.38%, respectively. The Cr(Vl) reductase activity could be reduced to 72.19% and 8.95% in the
presence of MnSO, and AgCl, respectively. While MgCl,, ZnSO,, KH,AsO, and electron acceptors like Na,SO, and
NaNO, had no affect on Cr(Vl) reductase activity. The results showed that Cr(VI) reductase could be a good

candidate for detoxification of Cr(VI) in industrial effluents.

Keywords : Cr(VI) reductase, Cr(VI) reduction, bioremediation of chromate
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Na,Cr,0,+KH,AsO, 0.576+0.02 109.71
Na,Cr,0,+MgCl, 0.530+0.01 100.95
Na,Cr,0,+MnSO, 0.379+0.05 72.19
Na,Cr,0,+AgCl 0.0470.04 8.95
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Wosidud dauandlumsnedl 2 Feaenndesiuianssy
IAsum3anwaues D. vulgaris (Lovley & Phillips, 1994)
P. putida PRS2000 (Ishibashi et al., 1990) E. coli ATCC33456
(Shen & Wang, 1993) Bacillus sp. (Wang & Xiao, 1995)
Bacillus sp. QC1-2 (Campos et al., 1995) waz Bacillus
sp. ES29 (Camargo et al., 2003) wAtnadudafanssy
IASLAIANINATDY P. putida MK1 (Park et al., 2000) A.

radiobacter EPS-916 (Llovera et al., 1993) Ent. cloacae
HO1 (Wang et al., 1989) uag Comamonas testosterone
VMC-2 (Cooke et al., 1995) @ NaNO, Lifinasiofianssu
vanaulel lnsRanssuveveuledidvindu 0.568 gin
w38 108.19 wWosifud dwandlumsail 2 aenndesiuianssu
1AsuIAnMaYes P. putida PRS2000 (Ishibashi et al.,
1990) E. coli ATCC33456 (Shen & Wang, 1993) Bacillus sp.
(Wang & Xiao, 1995) waz B. subtilis (Garbisu et al., 1998)

A19797 2 Wavpdanssudianaseusenanssuveeulsdlasunsanmavesansannainwas B. fusiformis NTR9 laeviinng

Jnseluansazaly MOPS-NaOH buffer (ftawiniu 7.0) Unilgaumall 40 aseiaad@ea) 1unan 30 widl

FUnvaeE15UITNaU nanssuvasaulyd (gin) Relative enzyme activity (%)
Na,Cr,0, 0.525+0.10 100.00
Na,Cr,0,+Na,S0, 0583019 111.04
Na,Cr,0+NaNO, 0.568+0.09 108.19

1.6 wWavasaNslidlanasausananssuvasoulysl
Tastunsaning

Aanssueuleilasiun3aninavesasannanwad
B. fusiformis NTR9 luanmziifansisidnnsousiing1eq
wan1svaassnudiRanssuveaeuleigeiuiiefinglaa
NAWBTOR WASN. AN TATLuNLarerTnsmTuansle
didnasou laelinanssuveeuledivindu 0.71-0.93 wiln
738 135.25-177.14% wagnuin NADH-Lidridudedanssy
yosouleyd Fananslunsedl 3 GeEenndosiussues

Wang wagatde (Wang et al.; 1989) Cooke wagmay
(Cooke et al., 1995) Llovera tlazme (Llovera et al.,
1993) Wang uay Xiao (Wang & Xiao, 1995) kags1ga1u
U89 McLean Wag Beveridge (McLean & Beveridge, 2001)
uAfanIIULASIAIANATDILUATISBUNTEARDINT NADH
Wsauluufisen (Bopp & Ehrlich, 1988; Ishibashi et al.,
1990; Suzuki et al., 1992; Shen & Wang, 1993; Campos
et al., 1995; Oh & Choi, 1997; Garbisu et al., 1998; Park
et al., 2000; Thacker et al., 2006) faudnlAsuASANLE

A1599 3 HaTBsENs WBLaNRTousenanssuveseuludlasnIAnavesansatinanwad B. fusiformis NTR9 laeviinis

pszsiluansazate MOPS-NaOH buffer (fiteivinfiu 7.0) unfigamgil 40 ssrwaidea) iuan 30 undl

siinvasansusenau fanssuvesaulyd (gin) Relative enzyme activity (%)
None 0.53+0.10 100.00
Glucose 0.93+0.09 177.14
Citrate 0.92+0.04 175.24
Glycerol 0.92+0.09 175.24
Malate 0.91+0.01 173.33
Succinate 0.85+0.17 161.90
Acetate 0.71+0.07 135.24
NADH 0.46+0.08 87.62
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210 B. fusiformis NTR9 azifueulasinuainuieusuisen
Auteulssian P. ambigua G-1 (Suzuki et al., 1992) way P.
putida MK1 (Park et al., 2000) Wwsikuaiilse Pseudomonas
sp. Haapsaeiusimdlasunlidluaninzdioandiou
Wity 3edoan1s NADH (Juansl#aidnaseulunissang
Tasun luvafiuuafide B fusiformis NTR9 3aadlasius
Tuanziilifleandwuldiniluannsiioondiau Usd
Walufnstnaa, 2547) 39lddeanns NADH vJuansli
Sidnnseu ansaldlasiuanieasuszneudunisuiingu
Wuanslididnaseuls

#3UNAN3IRY

a1sannanwas wse S, fraction vaslUATIEEYBU
Qounnias B. fusiformis NTR9 Hfanssuieulusilasiunidn
wafmnzanfigumgll 80 esrwaldea fiteviviniu 7.0
wulwifmnuamuseanuiou anniidunsauazidunais
a13Usgnau CuCl, way FeCl, fnalunisnseduianssy
wulwllasmuenianme wiasusznau MnSO, tad ACl dina
FudaRanssuveeulesl arsusznay MgCl,, ZnSO,, waz
KH,ASO, Tasvisansfuidnasen Na SO, uaz NaNo, Taifiua
sefanssuvetoulesl Adlamidululifagihasaiaann
waduuatiSeveveamniigs B fusiformis TUlszandltiile
n1stitndndslssugnainnssudifionmgiad aels
anmeiidunans esanannedindniasdelilasinaud
TasifleuiiAnanuiisendasuiunsneuveslonsenludi
liazaneth shldanunsamdnansdszneuiandeuoonan
idslFednesings venanidangdmiutdainde
Tssnugmamnssufitudeulnswnuaslaveiinduldoshad
UszAnSarmmsiglavevateila (eniuiusniawas
Fares) duasuweuluilasiuesdnivavesiuafiievou
guungiias B. fusiformis NTRO IifiAansauneulesigsiu

AnRNssUUsZNIA

2

ARV VRUAMATNIUUTEINN Lavuyinedy

P

guaT1¥enll Natuayusuuszanaluniside veveunumme
IngrA1ans unInerdeauas1vsill AlianueuAIIe
wispanazanudmsuinuidelunsal

LONEI5D1984

naulssauenamngsa. (2545). #1795 vUtTANATYD.
NINENWUNTUAT: E‘Tll']ﬂllfjﬂ']ﬂiiﬂ%ﬂLL'ﬂﬂéjaMLLﬁﬁ
Uszinelne.

Ul Waufifistwena. (2547). n1sARLenLUATIRENY
onmgilgeiiiuszdvdamlunsiindlasiun. 275879
3991777 4. 8., 6, 53-63.

Ul Wauuddsluena. (2549). nsasusanadasiueiideny
Jufivlnwaduazaisatnainisadiignaiesiae
ndllaweanesed. 275575301@189587190 5804,
15, 1-11.

Beliles, R.P. 1979. The lesser metals In Oehme, F.\W. (Ed.),
Toxicity of Heavy Metals in the Environment: 2 ”d
(pp. 547-616). New York: Marcel Dekker.

Bopp, L H: & Ehrlich, H. L. (1988). Chromate resistance
and reduction in Pseudomonas fluorescens
strain LB300. Archives of Microbiology, 155, 4426-
4431.

Camargo, F. A1 (O, Okeke, F. M., Bento, B. C., &
Frankenberger, W. T. (2003). In vitro reduction of
hexavalent chromium by a cell-free extract of
Bacillus sp. ES29 stimulated by Cu”. Applied
Microbiology and Biotechnology, 62, 569-573.

Campos, J., Martinezpacheco, M., & C. Cervantes.
(1995). Hexavalent-chromium reduction by a
chromate-resistant Bacillus sp. strain. Antonie
Van Leeuwenhoek International Journal of
General and Molecular Microbiology, 68, 203-208.

Cervantes, C., & Silver, S. (1992). Plasmid chromate
resistance and chromate reduction. Plasmid. 27:
65-71.

Chardin, B., Giudici-Orticoni, M. T., DelLuca, G,
Guigliarelli, B., & Bruschi, M. (2003). Hydrogenases
in sulfate-reducing bacteria function as
chromium reductase. Applied and Environmental

Microbiology, 63, 315-321.

64 Tipmomtar Laryai and Pranee Pattanapipitpaisal / Burapha Sci. J. 18 (2013) 1 : 56-66



Cooke, V. M., Hughes, M. N., & Poole, R. K. (1995).
Reduction of chromate by bacteria isolated from
the cooling water of an electricity generating
station. Journal of Industrial Microbiology, 14,
323-328.

Cordoba, A., Vargas, P. & Dussan, J. (2008). Chromate
reduction by Arthobacter CR47 in biofilm packed
bed reactors. Journal of Hazardous Materials,
151, 274-279.

Desai, C., Jain, K, & Madamwar, D. (2008). Hexavalent
chromate reductase activity in cytosolic fraction
of Pseudomonas sp. G,DM,, isolated from Cr(VI)
contaminated industrial landfill. Process
Biochemistry, 43, 713-721.

Ganguli, A.,, & Tripathi, A. K. (2002). Bioremediation of
toxic chromium from electroplating effluent by
chromate-reducing Pseudomonas aeruginosa
A2Chr in two bioreactors. Applied—and
Environmental Microbiology, 58, 416-420.

Garbisu, C., Alkorta, I., Llama, M. J., & Serra, J. L. (1998).
Aerobic chromate reduction by Bacillus subtilis.
Biodegradation, 9, 133-141.

Gibb, H. J., Lees, P. S. J., Pinsky, P. F., & Rooney; B. C.
(2000). Clinical findings of irritation among
chromium chemical production” workers.
American Journal ‘of (Industrial ‘Medicine, 38,
127-131%

Gonzales, C. F., Ackerly, D. F., Lynch, S. V., & Martin, A.
(2005). ChrR, a soluble quinine reductase of
Pseudomonas putida that defends against H,O,.
The Journal of Biological Chemistry, 43, 713-721.

lbrahim, A. S. S., Mohamed, A., El-Tayeb, Elbadawi, Y. B.,
Al-Salamah, A. A., & Antranikian, G. (2012).
Hexavalent chromate reduction by alkaliphilic
Amphibacillus sp. KSUCr3 is mediated by

copper-depend membrane-associated Cr(VI)

reductase. Extremophiles, 16, 659-668.

Ishibashi, Y., Cervantes, C., & Silver, S. (1990). Chromium
reduction in Pseudomonas putida. Applied and
Environmental Microbiology, 56, 2268-2270.

Komori, K., Wang,P., Toda, K., & Ohtake, H. (1989).
Factors affecting chromate reduction in
Enterobacter cloacae HOLl. Applied and
Environmental Microbiology, 31, 567-570.

Kwak, Y. H., Lee, D. S., & Kim, H. B. (2003). Vibrio harveyi
nitroreductase is also a chromate reductase.
Applied and Environmental Microbiology, 69,
4390-4395.

Langard, S. (1982). Biological and Environmental
Aspects of Chromium. New York: Elsevier
Biomedical Press.

Laxman, R. S., & More, S. (2002). Reduction of
hexavalent chromium by, Streptomyces griseus.
Minerals Engineering, 15, 831-837.,

Llovera, S., Bonet, R., Simon-Pujol,-M. D., & Congregado,
F. (1993).-Chromate reduction by resting cells of
Agrobacterium radiobacter EPS-916. Applied and
Environmental Microbiology, 59, 3516-3518.

Lovley, D. R. & Phillips, E. J. P. (1994). Reduction of
chromate by Desulfovibrio vugaris and its C,
Cytochrome. Applied and Environmental
Microbiology, 60, 726-728.

Ma, Z., Zhu, W., Long, H., Chai, L., & Wand Q. (2007).
Chromate reduction by resting cells of
Achromobacter sp. Ch-1 under aerobic
conditions. Process Biochemistry, 42, 1028-1032.

MclLean, J. & Beveridge, T. J. (2001). Chromate
reduction by a Pseudomonad isolated from a
site contaminated with chromate copper
arsenate. Applied and Environmental
Microbiology, 67, 1076-1084.

Nepple, B. B., Kessi, J. & Bachofen R. (2000). Chromate
reduction by Rhodobacter sphaeroides. Journal
of Industrial Microbiology and Biotechnology, 25,
198-203.

nduouen gnulng wae Usdl Wadidslnena / M3ansinereansysni. 18 (2556) 1 : 56-66 65



Oh, Y. S. & Choi, S. C. (1997). Reduction of hexavalent
chromium by Pseudomonas aeruginosa HPO14.
Journal of Microbiology, 35, 25-29.

Opperman, D. J., Piater, L. A, & Van Heerden, E. (2008).
A novel chromate reductase from Thermus
scotoductus SA-01 related to old yellow
enzyme. Journal of Bacteriology, 190, 3076-3082.

Pang, Y., Zeng, G-M, Tang, L., Zhang, Y., Liu, Y-Y, Lei,
X-X, Wu, M-S, Li, Z., & Liu, C. (2011). Cr(VI)
reduction by Pseudomonas aeruginosa
immobilized in a polyvinyl alcohol/ sodium
alginate matrix containing multi-walled carbon
nanotube. Bioresource Technology. 102, 10733-
10736.

Park, C. H., Keyhan, M., Wielinga, B., Fendorf, S., &
Matin, A. (2000). Purification to homogeneity and
characterisation of a novel Pseudomonas putida
chromate reductase. Applied and|Environmental
Microbiology, 66, 1788<1795.

Pattanapipitpaisal, P., Brown, N.(L., & Macaskie, L. E.
(2001). Chromate reduction and 16S rRNA
identification of bacteria isolated from a Cr(VI)
contaminated site. Applied Microbiology and
Biotechnology, 57, 257-261.

Patterson, JW. (1985). Industrial Wastewater Treatment
Technology. Stoneham: Butterworth Publishers.

Pederson, N.B:(1982). The effects of chromium on the
skin. In\ Langard, S. (Ed.), Biological and
Environmental Aspects of Chromium (pp.249-
276). New York: Elsevier.

Petrilli, F.L. & De Flora, S. (1977). Toxicity and
mutagenicity of hexavalent chromium on
Salmonella typhimurium. Applied and
Environmental Microbiology, 33, 805-8009.

Rai, D., Sass, B. M., & Moore, D. A. (1987). Chromium (Ill)

hydrolysis constants and solubility of chromium

(I hydroxide. Inorganic Chemistry, 26, 345-349.

Sau, G. B., Chatterjee, S. & Mukherjee, S. K. (2010).
Chromate reduction by cell-free extract of
Bacillus firmus KUCr1. Polish Journal of
Microbiology, 59, 185-190.

Shen, H. & Wang, Y. T. (1993). Characterisation of
enzymatic reduction of hexavalent chromium by
Escherichia coli ATCC 33456. Applied and
Environmental Microbiology, 59, 3771-3777.

Suzuki, T., Miyata, N., Horitsu, H. & Kawai, K. (1992).
NAD(P)H-dependent chromium(VI) reductase of
Pseudomonas ambigua G-1:'a Cr(V) intermediate
is found during the reduction of Cr(VI) to Cr(lll).
Journal of Bacteriology, 174, 5340-5345.

Thacker, \U., Parikh, R., Shouche, Y., & Madamwar, D.
(2006). Hexavalent chromium reduction by
Providencia sp. Process Biochemistry, 41, 1332-
1337.

Wang, Y. T. & Xiao, €./ (1995). Factors affecting
hexavalent/chromium reduction in pure cultures
of bacteria. Water Research, 24, 2467-2474.

Wang, P, Mori, T., Komori, K., Sasatsu, M., Toda, K, &
Ohtake, H. (1989). Isolation and characterisation
of an Enterobacter cloacae strain that reduces
hexavalent chromium under anaerobic
conditions.
Microbiology, 55, 1665-1669.

Xu, W., Liu, Y., Zeng, G, Li, X, Tang, C., & Yuan, X.

(2005). Enhancing effect of iron on chromate

Applied and Environmental

reduction by Cellulomonas flavigena. Journal of
Hazardous Materials, 126, 17-22.

Xu , L., Lou, M., Jiang, C., Wei, X., Kong, P., Liang, X,
Zhao, J., Yang, L., & Liu, H. (2012). In vitro
reduction of hexavalent chromium by
cytoplasmic fractions of Pannonibacter

phragmitetus LSSE-09 under aerobic and

anaerobic conditions. Applied Biochemistry and

Biotechnology, 166, 933-941.

66 Tipmomtar Laryai and Pranee Pattanapipitpaisal / Burapha Sci. J. 18 (2013) 1 : 56-66



