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BACKGROUND

Environmental Information System (ENVIS) is established in the year 1984 as a network of
Information Centre. It is planned by the Ministry of Environment and Forest. Aim of this
centre is to provide descriptive data and environmental subject related numerical data. Now 78
centres are working under this network on various subject areas in the country. The focal point
of this network is at the Ministry of Environment and Forest, Government of India, New Delhi.

This ENVIS Centre is established for studies on Environmental Biotechnology at the
Department of Environmental Science, University of Kalyani, Nadia-741235, West Bengal.
The objective of this centre is to collect data related to the above mentioned subject, from
different major libraries mainly in West Bengal and also from other states in India, to consult
with different journals, Annual Reviews, Internet and to generate a database and create a
website uploaded with these informations. Besides we publish biannualy Abstract Volume on
our thematic area Environmental Biotechnology under fourteen subheads which contains
abstract of scientific articles from relavent national and international journals. Viewpoint of
this abstract volume is to help the interested research workers, scientist, administrator and the
public.
This is the 9th publication of Abstract Volume of this ENVIS Centre. This contains the abstract
of research papers collected in the area of Environmental Biotechnology from various journals
published during December 2005 onwards. Here various topics like Bioengineering, Biodegradation, Bio-remediation, Bio-transformation etc. are covered. We are grateful to the
various libraries and their staff for their extended cooperation in the collection of the articles.
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Abstract Format

The format of the abstract is as follows:

Abstract :

The abstracts are arranged in different subheads.

Author:

Name of the authors are given in the order in which they appear in
the original document. These names are given in succession.

Address of Authors: Address of the author is given in parenthesis at the end of the
author name. When the address of any other author is found, it is
written after wards delimited by stop(.).
Locus:

6

The name of the journals are followed by the volume number, the
issue number, the year of publication and the page no.
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GENERAL INFORMATION
Abstract have been taken directly from source document like research report,
journals, internet, seminars, proceedings, standards and patents. All the resources
published within the year 2006.
Abstract are broadly classified and arranged under the following 14 heads:
Bioaccumulation: It studies address the buildup of bioaccumulative compounds through
biomagnification and/or bioconcentration. Bioaccumulation means an increase in
the concentration of a chemical in a biological organism over time, compared to
the chemical's concentration in the environment. Compounds accumulate in living
things any time they are taken up and stored faster than they are broken down
(metabolized) or excreted. Understanding the dynamic process of
bioaccumulation is very important in protecting human beings and other
organisms from the adverse effects of chemical exposure, and it has become a
critical consideration in the regulation of chemicals.
Bioremediation: It is a clean-up technology that uses naturally occurring microorganisms
to degrade hazardous substances into less toxic or nontoxic compounds. These
microorganisms may:
1.

Ingest and degrade organic substances as their food and energy source,

2.

Degrade organic substances, such as chlorinated solvents or petroleum
products, that are hazardous to living organisms, including humans,
anddegrade the organic contaminants into inert products.

Because the microorganisms already occur naturally in the environment they pose
no contamination risk.
Bio-Transformation: This is a process of Biological changes of complex compound to
simpler toxic to non-toxic or vice-versa. Several microorganism are capable of
transforming a varity of compound founding nature but generally with respect to
synthetic compound they are unable to show any appropriate action. Biotransfer
appears to be one of the major detoxication method known so far.
Biomarker: It is a biological response to a chemical that gives a measure of exposure and,
sometimes, of toxic effect. Biological markers found in crude oils and source rock
extracts can provide molecular evidence of the correlation among oils and their
sources.
Biofertilizer: To reduce the impact of excess chemical fertilizers in the field of agriculture
the biofertilizer is a potential tool; biologically fixed nitrogen is such a source
which can supply an adequate amount of Nitrogen to plants and other nutrients to
some extent. Many free living and symbiotic bacteria which fix atmospheric
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Nitrogen were used as biofertiliser material as a substitute for Nitrogen fertilizer.
In general two types of biofertiliser are used
1.

Bacterial Biofertilizer

2.

Algal Biofertilizer

Biocomposting: It involves combining organic materials under conditions that enables them
to decompose more quickly than they would in nature. Think about logs and
leaves on the ground in a forest. The leaves will break down and disappear within
a year. Logs of course will take much longer to crumble away. Composting
involves combining organic materials under conditions that enables them to
decompose more quickly than they would in nature.
Biopesticide: pest control by biological antagonism appears to be very useful tool in recent
years. Bacterial pesticides are being developed. Heliothis complex, which lives in
close association with plant roots, consists of two major crop pests budworm and
ball warm. Biological insecticides against both these insects are being prepared
by transfer of a gene from Bacillus thuringiensis
.Biodegradation: It is nature's way of recycling wastes, breaking down organic matter into
nutrients that can be used by other organisms. "Degradation" means decay, and
the "bio-" prefix means that the decay is carried out by a huge assortment of
bacteria, fungi, maggots, worms, and other organisms that eat dead material and
recycle it into new forms.
In nature, there is no waste because everything gets recycled. The waste products
from one organism become the food for others, providing nutrients and energy
while breaking down the waste organic matter. Some organic materials will break
down much faster than others, but all will eventually decay.
By harnessing these natural forces of biodegradation, people can reduce wastes
and clean up some types of environmental contaminants. Through composting,
we accelerate natural biodegradation and convert organic wastes to a valuable
resource.
Biosensor: Biosensor represents biophysical devices which will detect the presence and
measure the quantities of specific substances in a varity of environments. These
specific substances may include sugars, proteins, or humas and varity of toxins in
the industrial effluents. In designing a biosensor an enzyme or an antibody or
even microbial cells are associated with microchip devices which are used for
quantitative estimate of a substance.
Bioengineering: It is a developing speciality featuring a multidisciplinary approach to the
solution of problems in medicine and biology, based on the application of
advances in science, engineering and technology. A major focus for
bioengineering is to improve the quality of life of people with medical conditions
that restrict independent living and integration within the community.

8
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Pollen-Biotechnology: This is a new field of science delaying with the pollen chemistry
allerginicity of aerospora. This subject also covers genetic manipulation of pollen
development of haploid culture. Such haploid plant have remains values in
genetic research.
Biotechnology Policy Issue: Biotechnology appears to be a emerging science in
present decades. Genetic manipulation and development of genetically modified
organism in human welfare is now showed a potential prospect and risk. Thus
researches and application of Biotechnology in diverse field is a major policy
issue in the present decades.
Agricultural Biotechnology: Over the years tremendous success was made in
diverse field of agriculture by applying Biotechnology. It includes development
of genetically modified crops, genetically improvement in sericulture practices,
improvement in Biofertilizer development and similar other aspects. Crop
production against pest and disease stress resistance of crops also considered to
be emerging area of Agricultural Biotechnology.
Bioenergy: In recent decades, efforts were made for evolving were non-polluting bioenergy
sources or energy generation from organic waste or biomass. These are all
ecofreindly solution. Biomass energy supply demand balances have become a
component of energy sector analysis and planning and assumed greater
importance in countries. These are variety of biological energy sources. Biomass,
Biogas, Hydrogen are the example of Bioenergy.
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ABBREVIATIONS USED IN ADDRESSES AND CITED JOURNALS
Acad
Adm
Admn
Adv
Agric
Agrici
Amer,
An
Analyt
Anat
Anim
Ann
Appt
Arch
Archaeo
Archaeol
Architect
Assoc
Asst
Atom
Bacterio
Bacteriol
Bd
Bio
Biochem
Biochemi
Bioengng
Biol
BiometeO
Biophys
Biometeol
Biotech
Biotechno
Biotechnol
Bidg
Bot
Boti
Br
Bull
Cent
Centl
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Academy
Administration
Administrative
Advance
Agriculture
Agricultural
American
Annual
Analytical
Anatomy
Animal
Annals
Applied
Archives
Archaeology
Archaeological
Architecture
Association
Assistant
Atomic
Bacteriology
Bacteriological
Board
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Biochemistry
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Develop
Dig
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Dte
Dy
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Endocrinol
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Env
Environ
Epidemic
Epidemiol
Estb
Ethnopharmaco
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Chemistry
Chemical
Clinical
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College
Committee
Commission
Comparative
Conference
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Experiment
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Bioaccumulation
Jan Dick1, Wim De Windt1, Bernard De Graef2, Hans Saveyn3, Paul Van der Meeren3,
Nele De Belie2 and Willy Verstraete1. (1Laboratory of Microbial Ecology and Technology
(LabMET), Ghent University, Coupure Links 653, B-9000, Ghent, Belgium, 2Magnel
Laboratory for Concrete Research, Dept. of Structural Engineering, Ghent University,
Technologiepark Zwijnaarde 904, B-9052, Ghent, Belgium, 3Laboratory of Applied
Physical Chemistry, Particle and Interfacal Technology Group, Ghent University, Coupure
links 653, B-9000, Ghent, Belgium, Willy Verstraete, Email: Willy.Verstraete@UGent.be).
Bio-deposition of a calcium carbonate layer on degraded limestone by Bacillus species.
Biodegradation, Volume 17(4), (2006): 357 – 367.
To obtain a restoring and protective calcite layer on degraded limestone, five different strains of
the Bacillus sphaericus group and one strain of Bacillus lentus were tested for their ureolytic
driven calcium carbonate precipitation. Although all the Bacillus strains were capable of
depositing calcium carbonate, differences occurred in the amount of precipitated calcium
carbonate on agar plate colonies. Seven parameters involved in the process were examined:
calcite deposition on limestone cubes, pH increase, urea degrading capacity, extracellular
polymeric substances (EPS)-production, biofilm formation, ζ-potential and deposition of dense
crystal layers. The strain selection for optimal deposition of a dense CaCO3 layer on limestone,
was based on decrease in water absorption rate by treated limestone. Not all of the bacterial
strains were effective in the restoration of deteriorated Euville limestone. The best calcite
precipitating strains were characterised by high ureolytic efficiency, homogeneous calcite
deposition on limestone cubes and a very negative ζ-potential.
Key words: biofilm - biomineralisation - CaCO3 - urea degrading activity - ζ-potential
Duried M. Kassab1 and Timberley M. Roane2 . (1Department of Biology, University of
Colorado at Denver, Denver, USA, 2Department of Biology, University of Colorado,
Campus Box 171, P.O. Box 173364, Denver, CO 80217–3364, US. Timberley M. Roane,
Email: Timberley.Roane@cudenver.edu). Differential responses of a mine tailings
Pseudomonas isolate to cadmium and lead exposures. Biodegradation, Volume 17(4),
(2006): 379 – 387.
We examined cadmium and lead resistance in Pseudomonas sp. S8A, an isolate obtained from
mine tailings-contaminated soil. Resistant to soluble metal concentrations up to 200 mg l−1
cadmium and 300 mg l−1 lead, S8A produced both exopolymer and biosurfactant. Upon growth,
this pseudomonad diverged into two morphologically distinct colony subtypes; small and round
or large and flat. In the presence of lead and in the no metal control the large morphotype
appeared only in late stationary phase. With cadmium the large morphotype appeared
immediately following exposure. Results show that the large morphotype produced greater
amounts of surfactant than the small morphotype, suggesting a unique subpopulation response to
cadmium toxicity. Results also indicate that an unidentified 28 kDa protein was expressed
following exposure to >10 mg l−1 cadmium. This study demonstrates new links between
surfactant production, differential subpopulation response and metal exposure.
Keywords: cadmium - colony - lead - morphotype - metal resistance - Pseudomonas
Abstract Vol. No. 9, December 2006
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J. Baxter1 and S. P. Cummings1 . (1School of Applied Sciences, University of Northumbria,
Ellison Building, NE1 8ST Newcastle-upon-Tyne, UK. S. P. Cummings, Email:
stephen.cummings@unn.ac.uk). The Impact of Bioaugmentation on Metal Cyanide
Degradation and Soil Bacteria Community Structure. Biodegradation, Volume 17(3),
(2006): 207 – 217.
Metal cyanides are significant contaminants of many soils found at the site of former industrial
activity. In this study we isolated bacteria capable of degrading ferric ferrocyanide and
K2Ni(CN)4. One of these bacteria a Rhodococcus spp. was subsequently used to bioaugment a
minimal medium broth, spiked with K2Ni(CN)4, containing 1 g of either an uncontaminated
topsoil or a former coke works site soil. Degradation of the K2Ni(CN)4 was observed in both
soils, however, bioaugmentation did not significantly impact the rate or degree of K2Ni(CN)4
removal. Statistical analysis of denaturing gradient gel electrophoresis profiles showed that the
topsoil bacterial community had a higher biodiversity, and its structure was not significantly
affected by either K2Ni(CN)4 or bioaugmentation. In contrast, profiles from the coke works site
indicated significant changes in the bacterial community in response to these additions.
Moreover, in both soils although bioaugmentation did not affect rates of biodegradation the
Rhodococcus spp. did become established in the communities in broths containing both top and
coke works soil. We conclude that bacterial communities from contaminated soils with low
biodiversity are much more readily perturbed through interventions such as contamination events
or bioaugmentation treatments and discuss the implications of these findings for bioremediation
studies.
Keywords: biodegradation - DGGE - K2Ni(CN)4 soil bacterial populations
Adrian Hetzer,1* Christopher J. Daughney,2 and Hugh W. Morgan1 . (1Thermophile
Research Unit, University of Waikato, Te Whare Wananga o Waikato, Hamilton, New
Zealand, 2Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand. *
Corresponding author. Mailing address: Thermophile Research Unit, University of
Waikato, Te Whare Wananga o Waikato, Gate 1 Knighton Road, Private Bag 3105,
Hamilton, New Zealand. Phone: (64) 7-838 4466-8265. Fax: (64) 7-838-4324. E-mail:
hetzer.adrian@web.de). Cadmium Ion Biosorption by the Thermophilic Bacteria
Geobacillus stearothermophilus and G. thermocatenulatus. Applied and Environmental
Microbiology, Vol. 72 (6), (2006): 4020-4027.
This study reports surface complexation models (SCMs) for quantifying metal ion adsorption by
thermophilic microorganisms. In initial cadmium ion toxicity tests, members of the genus
Geobacillus displayed the highest tolerance to CdCl2 (as high as 400 to 3,200 µM). The
thermophilic, gram-positive bacteria Geobacillus stearothermophilus and G. thermocatenulatus
were selected for further electrophoretic mobility, potentiometric titration, and Cd2+ adsorption
experiments to characterize Cd2+ complexation by functional groups within and on the cell wall.
Distinct one-site SCMs described the extent of cadmium ion adsorption by both studied
Geobacillus sp. strains over a range of pH values and metal/bacteria concentration ratios. The
results indicate that a functional group with a deprotonation constant pK value of approximately
3.8 accounts for 66% and 80% of all titratable sites for G. thermocatenulatus and G.
stearothermophilus, respectively, and is dominant in Cd2+ adsorption reactions. The results
suggest a different type of functional group may be involved in cadmium biosorption for both
thermophilic strains investigated here, compared to previous reports for mesophilic bacteria.
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Jianlong Wanga, b and Can Chena. (aLaboratory of Environmental Technology, INET,
Tsinghua University, Beijing 100084, PR China, bState Key Joint Laoboratory of
Environment Simulation and Pollution Control, Tsinghua University, Beijing 100084, PR
China. Corresponding author. Laboratory of Environmental Technology, INET, Tsinghua,
University, Beijing 100084, PR China. Tel.: +86 10 62784843; fax: +86 1062771150).
Biosorption of heavy metals by Saccharomyces cerevisiae: A review. Biotechnology
Advances, Volume 24 (5), (2006):427-451.
Heavy metal pollution has become one of the most serious environmental problems today.
Biosorption, using biomaterials such as bacteria, fungi, yeast and algae, is regarded as a costeffective biotechnology for the treatment of high volume and low concentration complex
wastewaters containing heavy metal(s) in the order of 1 to 100 mg/L. Among the promising
biosorbents for heavy metal removal which have been researched during the past decades,
Saccharomyces cerevisiae has received increasing attention due to the unique nature in spite of
its mediocre capacity for metal uptake compared with other fungi. S. cerevisiae is widely used in
food and beverage production, is easily cultivated using cheap media, is also a by-product in
large quantity as a waste of the fermentation industry, and is easily manipulated at molecular
level.
The state of the art in the field of biosorption of heavy metals by S. cerevisiae not only in China,
but also worldwide, is reviewed in this paper, based on a substantial number of relevant
references published recently on the background of biosorption achievements and development.
Characteristics of S. cerevisiae in heavy metal biosorption are extensively discussed. The yeast
can be studied in various forms for different purposes. Metal-binding capacity for various heavy
metals by S. cerevisiae under different conditions is compared. Lead and uranium, for instances,
could be removed from dilute solutions more effectively in comparison with other metals. The
yeast biosorption largely depends on parameters such as pH, the ratio of the initial metal ion and
initial biomass concentration, culture conditions, presence of various ligands and competitive
metal ions in solution and to a limited extent on temperature. An assessment of the isotherm
equilibrium model, as well as kinetics was performed. The mechanisms of biosorption are
understood only to a limited extent. Elucidation of the mechanism of metal uptake is a real
challenge in the field of biosorption. Various mechanism assumptions of metal uptake by S.
cerevisiae are summarized.
D.K. Bakshi1, S. Saha2, I. Sindhu3 and P. Sharma3 . (1Department of Experimental
Medicine, PGIMER, Chandigarh, India. 2Institute of Microbial Technology, Chandigarh,
India, 3Department of Microbiology, Panjab University, 160014 Chandigarh, India.
Corresponding author: P. Sharma, Email: princess@pu.ac.in, Phone: +91-172-2541770,
Fax: +91-172-2545425). Use of Phanerochaete chrysosporium biomass for the removal of
textile dyes from a synthetic effluent. World Journal of Microbiology and Biotechnology,
Volume 22(8), (2006): 835-839.
The use of Phanerochaete chrysosporium biomass for the removal of Reactofix Golden Yellow
from aqueous solution and eight textile dyes (four azo and four anthraquinone) from a synthetic
effluent (0.6 g/l) at different pH, temperature and biomass concentrations was studied.
Adsorption was maximum at pH 2.0 and 40 °C using 2.45 g mycelial biomass. The rate constant
of adsorption was 1.95×10−1/min for Reactofix Golden Yellow and 1.64×10−1/min for synthetic
effluent. In both cases, the equilibrium data fitted well in the Langmuir but not the Freundlich
model of adsorption, and the adsorption was biphasic. Adsorption decreased the COD of
Abstract Vol. No. 9, December 2006
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Reactofix Golden Yellow and synthetic effluent by 54 and 57%, respectively. Desorption (80–
84%) of dyes from P. chrysosporium mycelial surface occurred as the pH increased from 2 to
10.
Keywords: Adsorption dynamics - isotherms effluent

Phanerochaete chrysosporium - textile dye

Bioremediation
Federico Aulenta1, Monica Potalivo1, Mauro Majone1, Marco Petrangeli Papini1 and
Valter Tandoi2 (1Department of Chemistry, University of Rome “La Sapienza”, P.le Aldo
Moro 5, 00185 Rome, Italy, 2Water Research Institute, National Research Council (IRSACNR), Via Reno 1, 00198 Rome, Italy. Corresponding author: Federico Aulenta, Email:
federico.aulenta@uniroma1.it). Anaerobic Bioremediation of Groundwater Containing a
Mixture of 1,1,2,2-Tetrachloroethane and Chloroethenes. Biodegradation, Volume 17(3),
(2006): 193 – 206.
This study investigated the biotransformation pathways of 1,1,2,2-tetrachloroethane (1,1,2,2TeCA) in the presence of chloroethenes (i.e. tetrachloroethene, PCE; trichloroethene, TCE) in
anaerobic microcosms constructed with subsurface soil and groundwater from a contaminated
site. When amended with yeast extract, lactate, butyrate, or H2 and acetate, 1,1,2,2-TeCA was
initially dechlorinated via both hydrogenolysis to 1,1,2-trichloroethane (1,1,2-TCA) (major
pathway) and dichloroelimination to dichloroethenes (DCEs) (minor pathway), with both
reactions occurring under sulfidogenic conditions. In the presence of only H2, the hydrogenolysis
of 1,1,2,2-TeCA to 1,1,2-TCA apparently required the presence of acetate to occur. Once
formed, 1,1,2-TCA was degraded predominantly via dichloroelimination to vinyl chloride (VC).
Ultimately, chloroethanes were converted to chloroethenes (mainly VC and DCEs) which
persisted in the microcosms for very long periods along with PCE and TCE originally present in
the groundwater. Hydrogenolysis of chloroethenes occurred only after highly reducing
methanogenic conditions were established. However, substantial conversion to ethene (ETH)
was observed only in microcosms amended with yeast extract (200 mg/l), suggesting that
groundwater lacked some nutritional factors which were likely provided to dechlorinating
microorganisms by this complex organic substrate. Bioaugmentation with an H2-utilizing PCEdechlorinating Dehalococcoides spp. -containing culture resulted in the conversion of 1,1,2,2TeCA, PCE and TCE to ETH and VC. No chloroethanes accumulated during degradation
suggesting that 1,1,2,2-TeCA was degraded through initial dichloroelimination into DCEs and
then typical hydrogenolysis into ETH and VC.
Keywords bioremediation - Dehalococcoides - dechlorination - microcosm - tetrachloroethane trichloroethene
Tomomichi Miyasaka1, 2, 3, Hiroki Asami1 and Kazuya Watanabe1 . (1Laboratory of
Applied Microbiology, Marine Biotechnology Institute, Heita, Kamaishi Iwate, 026-0001,
Japan, 2Department of Marine Science, Kitasato University, Ohfunato Iwate, 022-0101,
Japan, 3Present address: Organochemical Research Group, Department of Environmental
Chemistry, National Institute for Agro-environmental Science, 3-1-3 Kannondai,
Tsukuba Ibaraki, 305-8604, Japan. Corresponding author: Kazuya Watanabe, Email:
kazuya.watanabe@mbio.jp). Impacts of Bioremediation Schemes on Bacterial Population
16
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in Naphthalene-Contaminated Marine Sediments. Biodegradation, Volume 17(3), (2006):
227 – 235.
Microcosm experiments were conduced in which the surface of marine sediment was
contaminated with naphthalene and subjected to either of three different bioremediation
schemes, i.e., biostimulation (BS) by supplementing with slow-release nitrogen and phosphorus
fertilizers, bioaugmentation (BA) by inoculating with Cycloclasticus sp. E2, an aromaticsdegrading bacterium identified to play an important role for aromatic-hydrocarbon degradation
in marine environments and combination (CB) of BS and BA. These three schemes were found
to be similarly effective for removing naphthalene, while naphthalene disappearance in sediment
without any treatment (WT) was slower than those in the treated sediments. Shifts in bacterial
populations during and after bioremediation were analyzed by denaturing gradient gel
electrophoresis (DGGE) of PCR-amplified 16S rRNA gene fragments. It was found that the
Cycloclasticus rRNA type occurred as the strongest bands in the course of naphthalene
degradation. Clustering analysis of DGGE profiles showed that bacterial populations in the WT,
BS and CB sediments differed consistently from those in the uncontaminated control, while the
profile for the BA sediment was finally included in the cluster for uncontaminated control
sediments after a 150-day treatment. The results suggest that bioaugmentation with ecologically
competent pollutant-degrading bacteria is an ecologically promising bioremediation scheme.
Keywords: community fingerprint - polycyclic aromatic hydrocarbon - 16S rRNA
Zhonghui Zhang1, Qing Hong1, Jianghong Xu1, Xiaozhou Zhang1 and Shunpeng Li1 . (1Key
Lab of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture,
College of Life Science, Nanjing Agricultural University, 210095 Nanjing, Jiangsu
Province, P.R. China. Corresponding author: Shunpeng Li, Email: lsp@njau.edu.cn).
Isolation of Fenitrothion-degrading Strain Burkholderia sp. FDS-1 and Cloning of mpd
Gene. Biodegradation, Volume 17(3), (2006): 275 – 283.
A short rod shaped, gram-negative bacterium strain Burkholderia sp. FDS-1 was isolated from
the sludge of the wastewater treating system of an organophosphorus pesticides manufacturer.
The isolate was capable of using fenitrothion as the sole carbon source for its growth. FDS-1
first hydrolyzed fenitrothion to 3-methyl-4-nitrophenol, which was further metabolized to nitrite
and methylhydroquinone. The addition of other carbon source and omitting phosphorus source
had little effect on the hydrolysis of fenitrothion. The gene encoding the organophosphorus
hydrolytic enzyme was cloned and sequenced. The sequence was similar to mpd, a gene
previously shown to encode a parathion-methyl-hydrolyzing enzyme in Plesiomonas sp. M6.
The inoculation of strain FDS-1 (106 cells g−1) to soil treated with 100 mg fenitrothion
emulsion kg−1 resulted in a higher degradation rate than in noninoculated soils regardless of the
soil sterilized or nonsterilized. These results highlight the potential of this bacterium to be used
in the cleanup of contaminated pesticide waste in the environment.
Keywords: biodegradation - Burkholderia - fenitrothion - mpd gene
José A. Marín1, José L. Moreno1 , Teresa Hernández1 and Carlos García1. (1Department of
Soil and Water Conservation and Waste Management, CEBAS-CSIC, P.O. Box 164,
30100 Espinardo, Murcia, Spain. Corresponding author: José L. Moreno, Email:
jlmoreno@cebas.csic.es). Bioremediation by Composting of Heavy Oil Refinery Sludge in
Semiarid Conditions. Biodegradation, Volume 17(3), (2006): 251 – 261.
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The present work attempts to ascertain the efficacy of low cost technology (in our case,
composting) as a bioremediation technique for reducing the hydrocarbon content of oil refinery
sludge with a large total hydrocarbon content (250–300 g kg−1), in semiarid conditions. The oil
sludge was produced in a refinery sited in SE Spain The composting system designed, which
involved open air piles turned periodically over a period of 3 months, proved to be inexpensive
and reliable. The influence on hydrocarbon biodegradation of adding a bulking agent (wood
shavings) and inoculation of the composting piles with pig slurry (a liquid organic fertiliser
which adds nutrients and microbial biomass to the pile) was also studied. The most difficult part
during the composting process was maintaining a suitable level of humidity in the piles. The
most effective treatment was the one in which the bulking agent was added, where the initial
hydrocarbon content was reduced by 60% in 3 months, compared with the 32% reduction
achieved without the bulking agent. The introduction of the organic fertiliser did not
significantly improve the degree of hydrocarbon degradation (56% hydrocarbon degraded). The
composting process undoubtedly led to the biodegradation of toxic compounds, as was
demonstrated by ecotoxicity tests using luminescent bacteria and tests on plants in Petri dishes.
Keywords: bioremediation - composting - ecotoxicity - oil sludge
Alison Webstera and Eric Maya. (aSchool of Biological Sciences, University of Portsmouth,
Portsmouth, Hampshire, PO1 2DY, UK). Bioremediation of weathered-building stone
surfaces. Trends in Biotechnology, Volume 24(6) (2006): 255-260.
Atmospheric pollution and weathering of stone surfaces in urban historic buildings frequently
results in disfigurement or damage by salt crust formation (often gypsum), presenting
opportunities for bioremediation using microorganisms. Conventional techniques for the
removal of these salt crusts from stone have several disadvantages: they can cause colour
changes; adversely affect the movement of salts within the stone structure; or remove excessive
amounts of the original surface. Although microorganisms are commonly associated with
detrimental effects to the integrity of stone structures, there is growing evidence that they can be
used to treat this type of stone deterioration in objects of historical and cultural significance. In
particular, the ability and potential of different microorganisms to either remove sulfate crusts or
form sacrificial layers of calcite that consolidate mineral surfaces have been demonstrated.
Current research suggests that bioremediation has the potential to offer an additional technology
to conservators working to restore stone surfaces in heritage buildings.
Alejandro R. Gentilia, María A. Cubittoa, Marcela Ferrerob and María S. Rodriguézc.
(aDepartamento de Biología, Bioquímica y Farmacia, Universidad Nacional del Sur, San
Juan 670, 8000 Bahía Blanca, Argentina, bPlanta Piloto de Procesos Industriales
Microbiológicos (CONICET), Av. Belgrano y Caseros, 4000 Tucumán, Argentina,
c
Departamento de Química, Universidad Nacional del Sur, Alem 1253, (8000) Bahía
Blanca, Argentina). Bioremediation of crude oil polluted seawater by a hydrocarbondegrading bacterial strain immobilized on chitin and chitosan flakes. International
Biodeterioration & Biodegradation, Volume 57(4) (2006): 222-228.
In this laboratory-scale study, we examined the potential of chitin and chitosan flakes obtained
from shrimp wastes as carrier material for a hydrocarbon-degrading bacterial strain. Flakes
decontamination, immobilization conditions and the survival of the immobilized bacterial strain
under different storage temperatures were evaluated. The potential of immobilized hydrocarbondegrading bacterial strain for crude oil polluted seawater bioremediation was tested in seawater
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microcosms. In terms of removal percentage of crude oil after 15 days, the microcosms treated
with the immobilized inoculants proved to be the most successful. The inoculants formulated
with chitin and chitosan as carrier materials improved the survival and the activity of the
immobilized strain. It is important to emphasize that the inoculants formulated with chitin
showed the best performance during storage and seawater bioremediation.
Keywords: Bioaugmentation; Hydrocarbon-degrading bacterial strain; Chitin; Chitosan;
Immobilization; Bioremediation
P N Sarma*, S Venkata Mohan, M Rama Krishna and S Shailaja. Bioremediation of
pendimethalin contaminated soil by augmented bioslurry phase reactor operated in
sequential batch (SBR) mode: Effect of substrate concentration†. Indian Journal of
Biotechnology, Vol 5, (2006): 169-174.
Bioslurry phase reactor augmented with ETP microflora was studied for the degradation of
pendimethalin contaminated soil. The effect of substrate concentration on the process
performance was evaluated in the slurry phase reactor operated in sequence batch mode under
anoxic-aerobic-anoxic microenvironment with a total cycle period of 120 h. The performance of
augmented slurry phase system was found to be effective among the studied experiments. The
degradation of the substrate in slurry system was found to be governed by the substrate loading
rate. The system performance was sustained upto 5000 µg/g of substrate loading. Increase of
concentration above 7,500 µg/g resulted in process inhibition. The degradation of pendimethalin
in slurry phase system was found to be compared to the degradation in the soil phase. The halflife of pendimethalin in slurry phase system was found to be about 40 h which was quite rapid
compared to the rate of degradation in the soil phase. The augmented slurry phase system
coupled with sequential batch mode operation appears to have resulted in effective performance
at higher substrate concentration.
Keywords: pendimethalin, slurry phase reactor, soil remediation, sequential batch reactor,
bioaugmentation, half-life period
Paola S. Gonzáleza, Cristian E. Capozuccaa, Horacio A. Tigier , a, Silvia R. Milrada and
Elizabeth Agostini a. (aDepartamento de Biología Molecular, FCEFQN, Universidad
Nacional de Río Cuarto, 5800 Río Cuarto, Córdoba, Argentina. Corresponding author.
Tel.: +54 358 4676537; fax: +54 358 4676232, In memory of Horacio A. Tigier (1936–
2005). Phytoremediation of phenol from wastewater, by peroxidases of tomato hairy root
cultures. Enzyme and Microbial Technology, Volume 39 (4), (2006): 647-653.
Phenolic compounds present in the drainage from several industries are harmful pollutants and
represent a potential danger to human health. Here, we describe the removal of phenol from
water using tomato hairy root cultures as source of enzymes, particularly peroxidases, which
were capable to oxidise these compounds. Roots were able to remove phenol in the presence of
H2O2 5 mM, from solutions containing 100 mg/l of pollutant. Removal reached high values
within 1 h and over a wide range of pH (4.0–9.0) and temperatures (20–60 °C).
After phenol treatment, peroxidase activity of hairy root extracts decreased and isoenzyme
patterns were affected. Neutral and basic peroxidases isoenzymes were slightly inactivated while
the activities of acidic peroxidase isoenzymes remained without changes. Removal assays and
kinetic studies performed using root extracts and purified peroxidases suggest that basic
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peroxidase isoenzymes would be the main peroxidases implicated in removal processes and they
could be inactivated during the treatment. However, acidic peroxidase isoenzymes seemed to
have little participation and retained their activities. These findings contribute to a better
understanding of the enzymatic processes involved in phytoremediation of phenol and might
have important implications in the use of these roots or their enzymes as inexpensive systems for
decontamination of polluted environments.
Keywords: Hairy roots; Peroxidase isoenzymes; Phenol; Tomato
Xiao-yun Jiang1, Guang-ming Zeng1, Dan-lian Huang1, Yang Chen1, Fang Liu2, Guohe Huang1, 3, Jian-bing Li1, 4, Bei-dou Xi5 and Hong-liang Liu1, 5. (1College of
Environmental Science and Engineering, Hunan University, 410082 Changsha, Hunan,
China, 2Institute of Mineral and Waste Processing and Dumping Technology, Clausthal
University of Technology, D-38678 Clausthal-Zellerfeld, Germany, 3Faculty of
Engineering, University of Regina, S4S 0A2 Regina, Canada, 4Environmental Engineering
Program, University of Northern British Columbia, V2N 4Z9 Prince George, Canada,
5
Chinese Research Academy of Environmental Science, 100012 Beijing, P.R. China.
Corresponding author: Guang-ming Zeng, Email: zgming@hnu.cn, Phone: +86-7318822754, Fax: +86-731-8823701). Remediation of pentachlorophenol-contaminated soil by
composting with immobilized Phanerochaete chrysosporium. World Journal of
Microbiology and Biotechnology, Volume 22(9), (2006): 909-913.
To reduce and eliminate the hazards of pentachlorophenol (PCP) to the soil, the method of
inoculating free and immobilized white rot fungi, Phanerochaete chrysosporium to PCP-polluted
soils was investigated. Three parallel beakers A, B, C are adopted with the same components of
soil, yard waste, straw and bran for aerated composting to degrade the PCP in soil. A was with
no inoculants as control, B was added with the inoculants of immobilized P.␣chrysosporium, C
was inoculated with non-immobilized P. chrysosporium, and additionally D contained only PCPcontaminated soils also as control. By contrastive analyses, the feasibility of applying
composting to the bioremediation of the PCP-polluted soil was discussed. From the experimental
results, it could be seen that the degradation rate of PCP by the immobilized fungi exceeded 50%
at day 9, while that of the non-immobilized fungi achieved the same rate at day 16. However, the
final degradation rates of PCP for both of them were beyond 90% at day 60 and that the rate of
A was much lower than the others. The above data have shown that the degradation effect of
inoculating P. chrysosporium was better than that of no inoculation, and that of the immobilized
fungi was better than that of non-immobilized ones. Meanwhile, shown by all the indicators the
composts of A, B and C were mature and stabilized at the end of the experiment. Therefore, the
method of composting with immobilized P.chrysosporium is effective for the bioremediation of
PCP-contaminated soil.
Keywords: Composting - degradation - immobilization - pentachlorophenol (PCP) Phanerochaete chrysosporium - soil remediation
S. Koray Yesiladalı1, Gülseren Pekin1, Hakan Bermek1, İdil Arslan-Alaton2, Derin Orhon2
and Candan Tamerler1. (1Department of Molecular Biology and Genetics, Faculty of
Science and Letters, Istanbul Technical University, 34469 Maslak, Istanbul/Turkey,
2
Department of Environmental Engineering, Faculty of Civil Engineering, Istanbul
Technical University, 34469 Maslak, Istanbul/Turkey. Corresponding author:
Candan Tamerler, Email: tamerler@itu.edu.tr, Phone: +90-212-2853301, Fax: +90-21220
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2856386). Bioremediation of Textile Azo Dyes by Trichophyton rubrum LSK-27. World
Journal of Microbiology and Biotechnology Volume 22(10), (2006): 1027-1031.
The potential of a recently isolated wood-degrading fungus, Trichophyton rubrum LSK-27, for
effective decolorization of textile azo dyes was evaluated. Within two days of dye addition, the
fungus was able to decolorize 83% of Remazol Tiefschwarz, 86% of Remazol Blue RR and 80%
of Supranol Turquoise GGL in liquid cultures. The reactive dyes, Remazol Tiefschwarz and
Remazol Blue, were removed by fungal biodegradation, while decolorization of the acid dye,
Supranol Turquoise GGL, was accomplished mainly by bioadsorption. Therefore the fungus
proved to be efficiently capable of both biodegradation and biosorption as the major dye removal
mechanisms. The extent of biodegradation was associated with the levels of the extracellular
ligninolytic enzymes such as manganese peroxidase and laccase.
Keywords: Biodegradation - decolorization - laccase - MnP - textile dyes - Trichophyton
rubrum LSK-27 - white-rot fungi
G.T. Kleinheinz,a, , B.M. Langolfa and E. Engleberta. (aDepartment of Biology and
Microbiology, University of Wisconsin – Oshkosh, 800 Algoma Boulevard, Oshkosh,
Wisconsin 54901, USA. Corresponding author. Tel.: +1 920 424 1100; fax:
+1 920 424 1101). Characterization of airborne fungal levels after mold remediation.
Microbiological Research, Volume 161(4), (2006): 367-376.
The overall objective of this project was to evaluate levels of airborne fungi present after a mold
remediation project and determine the effectiveness of this remediation using airborne mold
levels to determine the success of these projects. Andersen N6 (viable) and Air-O-Cell (nonviable) sampling techniques were utilized. Both test methodologies demonstrated that levels of
mold in the successfully remediated portions of buildings were significantly different (p<0.05)
from the levels found in non-complaint and outdoor samples from the same building,
respectively. Conversely, levels in unsuccessful remediation projects were not significantly
different (p>0.05) to non-complaint and outdoor samples. Both techniques showed high
variability in the overall mold levels found between sites; however, the ratios of specific mold
groups in each area tested, within the same site, were remarkably similar. The use of either
viable or non-viable mold sampling techniques after mold remediation is essential for
determining the success of such projects. This project demonstrates the relationship between
mold levels and the success of a mold remediation projects, and will assist in the interpretation
of data collected at the conclusion of a mold remediation project.
Keywords: Mold remediation; Airborne fungal levels; Mold; Indoor air quality
Abdul G. Khan†1,2. (1Department of Environmental Science, Faculty of Science, Allama
Iqbal Open University, Islamabad 44000, Pakistan, 2University of Western Sydney, Fac.
Sci., Sch. Sci., Penrith, NSW 1797, Australia. †E-mail:a.khan@uws.edu.au, Email:
lasara37@hotmail.com).
Mycorrhizoremediation—an
enhanced
form
of
phytoremediation*. Journal of Zhejiang University Science, 7(7), (2006): 503–514.
Study of plant roots and the diversity of soil micro biota, such as bacteria, fungi and microfauna
associated with them, is important for understanding the ecological complexities between
diverse plants, microbes, soil and climates and their role in phytoremediation of contaminated
soils. The arbuscular mycorrhizal fungi (AMF) are universal and ubiquitous rhizosphere
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microflora forming symbiosis with plant roots and acting as biofertilizers, bioprotactants, and
biodegraders. In addition to AMF, soils also contain various antagonistic and beneficial bacteria
such as root pathogens, plant growth promoting rhizobacteria including free-living and
symbiotic N-fixers, and mycorrhiza helping bacteria. Their potential role in phytoremediation of
heavy metal (HM) contaminated soils and water is becoming evident although there is need to
completely understand the ecological complexities of the plant-microbe-soil interactions and
their better exploitation as consortia in remediation strategies employed for contaminated soils.
These multitrophic root microbial associations deserve multi-disciplinary investigations using
molecular, biochemical, and physiological techniques. Ecosystem restoration of heavy metal
contaminated soils practices need to incorporate microbial biotechnology research and
development. This review highlights the ecological complexity and diversity of plant-microbesoil combinations, particularly AM and provides an overview on the recent developments in this
area. It also discusses the role AMF play in phytorestoration of HM contaminated soils, i.e.
mycorrhizoremediation.
Keywords: Phytoremediation, Plant growth promoting rhizobacteria, Arbuscular mycorrhizae
(AM), Mycorrhizoremediation, Mycorrhiza helping bacteria, Ecosystem restoration,
Phytorestoration, Heavy metal (HM)

Biotransformation
D. Chrikishvilia, T. Sadunishvilia, and G. Zaalishvilia . (aDurmishidze Institute of
Biochemistry and Biotechnology, Tbilisi 0159, Georgia. Corresponding author. Fax:
+99532 520 618). Benzoic acid transformation via conjugation with peptides and final fate
of conjugates in higher plants. Ecotoxicology and Environmental Safety, Volume 64(3),
(2006): 390-399.
Transformation of [114C]- and [714C] benzoic acids in sterile seedlings of maize (Zea mays) and
pea (Pisum sativum) was studied. The tested labeled compounds were supplied in plants through
roots as water solutions. The larger part of the assimilated benzoic acid forms conjugates with
low-molecular-weight plant peptides. As a result of hydrolytic cleavage of the conjugation
products, initial labeled benzoic acid molecules and unlabeled amino acids are released. It is
supposed that conjugation takes place between the benzoic acid carboxyl group and the peptide
functional groups. The amino acid composition of the conjugate peptides was determined. After
removal of the plants from the labeled benzoic-acids-containing medium, the amount of
conjugation products gradually decreases and the process is accompanied by the emission of
labeled carbon dioxide, indicating that the conjugation products are degraded and that their
radioactive component carbon atoms are then oxidized to carbon dioxide. Parallel to the
conjugation reaction, a smaller part of the benzoic acid that entered the plant is transformed via
oxidation, as a result of which an aromatic ring is cleaved and the resulting aliphatic fragment is
incorporated into regular cell metabolism. The smallest part of the assimilated benzoic acid
radiolabel is incorporated into a cell biopolymer fraction. Benzoic acid, of which the radioactive
label is detected in the plant subcellular organelles and finally deposited in the vacuoles, affects
the cell ultrastructural organization and the activities of the main metabolic enzymes.
Intensification of catabolic processes takes place, indicating an energy demand needed for
xenobiotic detoxification.
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Keywords: [114C]Benzoic acid; [714C]Benzoic acid; Detoxification; Conjugation; Peptides; Cell
ultrastructure; Glutamate dehydrogenase; Malate dehydrogenase; Glutamine synthetase; Maize;
Pea
S.M. Mousavia, b, A. Jafarib, S. Yaghmaeia, M. Vossoughia and R. Roostaazada .
(aDepartment of Chemical and Petroleum Engineering, Sharif University of Technology,
Tehran, Iran, bDepartment of Energy and Environmental Engineering, Lappeenranta
University of Technology, Lappeenranta, Finland. Corresponding author. Department of
Chemical and Petroleum Engineering, Sharif University of Technology, Tehran, Iran. Tel.:
+98 21 66165494; fax: +98 21 66005417). Bioleaching of low-grade sphalerite using a
column reactor. Hydrometallurgy, Volume 82(1-2), (2006): 75-82.
The effects of several variables on zinc recovery in column bioleaching have been investigated.
The ore contained sphalerite and pyrite as the main sulfide minerals and chalcopyrite and galena
as minor minerals. Tests were carried out using a bench-scale column leach reactor which was
inoculated with mesophilic (Acidithiobacillus ferrooxidans) and thermophilic (Sulfobacillus)
iron oxidizing bacteria; initially isolated from the Sarcheshmeh chalcopyrite concentrate
(Kerman, Iran) and Kooshk sphalerite concentrate (Yazd, Iran), respectively. In the inoculated
column, jarosite and elemental sulfur were formed. The leaching rate of sphalerite tended to
increase with dissolved ferric ion concentration. Microscopic counts of bacteria in the solution
tended to be higher at lower pH ranges. Furthermore, the effect of a decreasing particle size on
the rate of zinc leaching was enhanced at low pH values. Results show that the maximum zinc
recovery was achieved using a thermophilic culture. Zinc dissolution reached 72% and 85% for
the mesophilic and thermophilic strains, respectively, after 120 days at column temperatures
ranging from 28 to 42 °C.
Keywords: Bioleaching; Zinc; Sulfide ore; Column reactor; Sulfobacillus; Acidithiobacillus
Gregory J. Olsona, Corale L. Brierleyb, Andrew P. Briggsc and Ernesto Calmetd. (aLittle
Bear Laboratories, Inc., 5906 McIntyre St., Bldg. 2, Golden, CO 80403, USA, bBrierley
Consultancy LLC, P.O. Box 260012, Highlands Ranch, CO 80126-0012, USA, cFluor Chile,
S.A., Reyes Lavalle 3340—7th Floor, Los Condes, Santiago, Chile, dMinera Aurifera
Calpa, S.A., Av. Arequipa 330 OF 101, Lima 1, Peru. Corresponding author. Tel.: +1 303
273 5697; fax: +1 303 273 0494). Biooxidation of thiocyanate-containing refractory gold
tailings from Minacalpa, Peru. Hydrometallurgy, Volume 81(3-4) (2006): 159-166
Refractory, sulfidic tailings from gold mining operations may be biooxidized to increase the
amount of gold recoverable by cyanide extraction. Tailings containing thiocyanate must be
pretreated to remove thiocyanate prior to biooxidation due to its toxicity to microorganisms that
oxidize sulfide minerals. Thiocyanate in tailings at Minacalpa, Peru, was only partially
extractable with water or with dilute sulfuric acid. The thiocyanate also was not completely
biodegradable at neutral pH. Consequently, tailings remained inhibitory toward biooxidation
after these treatments, releasing thiocyanate into bioleach solutions. The non-extractable form of
thiocyanate in Minacalpa tailings was probably copper thiocyanate. A novel approach was
developed to remove this thiocyanate using ferric sulfate solution. Tailings were detoxified by
washing with either reagent ferric sulfate or solutions derived from biooxidation of pyrite.
Detoxified tailings, i.e., those thoroughly washed with ferric sulfate solution, were biooxidized,
exhibiting a fairly linear relationship between sulfide-S oxidation and cyanide gold recovery. A
process for biooxidation of Minacalpa tailings would involve an initial washing step with
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biooxidation solutions followed by stirred tank biooxidation or agglomeration of detoxified
tailings onto support rock and biooxidation in heaps.
Keywords: Biooxidation of tailings; Refractory gold; Thiocyanate
Claudia Guerrero-Barajas1 and Jim A. Field*1. (1Department of Chemical and
Environmental Engineering, University of Arizona, Tucson, AZ 85721-0011, USA.
Jim A. Field; Email: jimfield@email.arizona.edu). Enhanced anaerobic biotransformation
of carbon tetrachloride with precursors of vitamin B12 biosynthesis. Biodegradation,
Volume 17(4) (2006): 317 - 329
Relatively low concentrations of Vitamin B12 are known to accelerate the anaerobic
biotransformation of carbon tetrachloride (CT) and chloroform (CF). However, the addition of
vitamin B12 for field-scale bioremediation is expected to be costly. The present study considered
a strategy to generate vitamin B12 by addition of biosynthetic precursors. One of the precursors,
porphobilinogen (PB) involved in the formation of the corrin ring, significantly increased the CT
biotransformation rates by 2.7−, 8.8- and 10.9-fold when supplemented at 160, 500 and 900 µM,
respectively. A positive control with 10 µM of vitamin B12 resulted in a 5.9-fold increase in the
CT-bioconversion rate. PB additions provided high molar yields of inorganic chloride (57% of
CT organochlorine), comparable to that obtained with vitamin B12 supplemented cultures. The
primary substrate, methanol, known to induce vitamin B12 production in methanogens and
acetogens, was required for PB to have a significant impact on CT conversion. The observation
suggests that PB’s role was due to stimulating vitamin B12 biosynthesis. The present study
therefore provides insights on how to achieve vitamin B12 enhanced rates of CT bioremediation
through the use of less complex compounds that are precursors of vitamin B12. Although PB is a
costly chemical, its large impact points to corrin ring formation as the rate-limiting step.
Keywords: biodegradation - chloromethanes - cobalamin - corrinoid - dechlorination halomethanes - reductive dehalogenation – tetrachloromethane
Carla C.C.R. de Carvalho and M. Manuela R. da Fonseca. (Centro de Engenharia
Biológica e Química, Instituto Superior Técnico, Av. Rovisco Pais, 1049-001 Lisboa,
Portugal. Corresponding author. Tel.: +351 21 8417681; fax: +351 21 8419062).
Biotransformation of terpenes. Biotechnology Advances, Volume 24(2) (2006): 134-142
The main application of terpenes as fragrances and flavors depends on the absolute configuration
of the compounds because enantiomers present different organoleptic properties.
Biotransformations allow the production of regio- and stereoselective compounds under mild
conditions. These products may be labeled as “natural”. Commercially useful chemical buildingblocks and pharmaceutical stereo isomers can also be produced by bioconversion of terpenes.
Enzymes and extracts from bacteria, cyanobacteria, yeasts, microalgae, fungi, plants, and animal
cells have been used for the production and/or bioconversion of terpenes. In addition, whole cell
catalysis has also been used. A variety of media and reactors have been assessed for these
biotransformations and have produced encouraging results, as discussed in this review.
Keywords: Monoterpenes; Terpenoids; Biotransformations; Enantiomeric resolution
B Senthil Kumar and G Prabakaran1*. Production of PHB (bioplastics) using bio-effluent
as substrate by Alcaligens eutrophus. Indian Journal of Biotechnology, Vol. 5 (2006): 76-79
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Alcaligenes eutrophus MTCC 1285 produced bioplastics (PHB) in N2 deficient medium
containing carbon (glucose concentration 2%). Using sago effluent, thippi and molasses as
substrates and at different pH (6.9-8.0) the production of PHB was recorded; higher production
of the biopolymer was obtained at pH 8.0 in the molasses based production media. The amount
of PHB produced at pH 6.9 was 0.8, 0.5, 0.4, and 0.73 (g/mL-1) and 1.1, 0.65, 0.55 and 1.0
(g/mL-1), respectively in glucose, sago, thippi, molasses substrate based media. The present
investigation revealed that bio effluents could be used for the production of PHB so as to
decrease the pollution caused by them.
Keywords: PHB, Alcaligens eutrophus, bio-effluent, bioplastics
Xuejun Pan 1 *, Neil Gilkes 1, John Kadla 1, Kendall Pye 2, Shiro Saka 3, David Gregg 1,
Katsunobu Ehara 3, Dan Xie 1, Dexter Lam 1, Jack Saddler 1. (1Department of Wood
Science, University of British Columbia, 2424 Main Mall, Vancouver, BC, Canada V6T
1Z4; telephone: 604-822-6775; fax: 604-822-9104, 2Lignol Innovations Corp., 3650
Wesbrook Mall, Vancouver, British Columbia, Canada V6S 2L2, 3Graduate School of
Energy Science, Kyoto University, Yoshida Hon-machi, Sakyo-ku, Kyoto 606-8501, Japan.
email: Xuejun Pan: xuepan@forestry.ubc.ca). Bioconversion of hybrid poplar to ethanol
and co-products using an organosolv fractionation process: Optimization of process yields.
Biotechnology and Bioengineering, Volume 94 (5) (2006): 851 - 861
An organosolv process involving extraction with hot aqueous ethanol has been evaluated for
bioconversion of hybrid poplar to ethanol. The process resulted in fractionation of poplar chips
into a cellulose-rich solids fraction, an ethanol organosolv lignin (EOL) fraction, and a watersoluble fraction containing hemicellulosic sugars, sugar breakdown products, degraded lignin,
and other components. The influence of four independent process variables (temperature, time,
catalyst dose, and ethanol concentration) on product yields was analyzed over a broad range
using a small composite design and response surface methodology. Center point conditions for
the composite design (180°C, 60 min, 1.25% H2SO4, and 60% ethanol), yielded a solids fraction
containing 88% of the cellulose present in the untreated poplar. Approximately 82% of the
total cellulose in the untreated poplar was recovered as monomeric glucose after hydrolysis of
the solids fraction for 24 h using a low enzyme loading (20 filter paper units of cellulase/g
cellulose); 85% was recovered after 48 h hydrolysis. Total recovery of xylose (soluble and
insoluble) was equivalent to 72% of the xylose present in untreated wood. Approximately 74%
of the lignin in untreated wood was recovered as EOL. Other cooking conditions resulted in
either similar or inferior product yields although the distribution of components between the
various fractions differed markedly. Data analysis generated regression models that describe
process responses for any combination of the four variables.
Keywords: bioconversion • bioethanol • biorefinery • organosolv • lignocellulose • hybrid
poplar
Ana T. Lombardi1 , Oswaldo Garcia Jr.2 and Waldenir A. N. Menezes2. (1Centro de
Estudos do Mar, Universidade Federal do Paraná, Avenida Beira-Mar s/n, C. P. 50002,
83255-000 Pontaldo Parand, Paraná, Brazil, 2Dept. Bioquímica e Tecnologia Química,
UNESP, Campus Araraquara, C.P. 355, SP CEP: 14801-970 Araraquara, Brazil.
Corresponding author: Ana T. Lombardi, Email: lombardi@ufpr.br, Phone: +55 41 4551333,
Fax: +55 41 4551105). The Effects of Bacterial Leaching on Metal Partitioning in Sewage
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Sludge. World Journal of Microbiology and Biotechnology, Volume 22(10), (2006): 10131019.
The partitioning of Mn, Al, Zn, Cu and Ti ions in municipal sewage sludge was investigated
before and after bioleaching processes effectuated by Acidithiobacillus ferrooxidans and
Acidithiobacillus thiooxidans. Oxidation–reduction potential increase and pH decrease were
obtained as a result of bacterial activity. A less pronounced and constant decrease was obtained
with A. ferrooxidans, whereas A. thiooxidans presented a lag phase before a steep pH decrease.
Metal solubilization was accomplished in experimental systems supplemented with energy
source, Fe2+ for A. ferrooxidans and S0 for A. thiooxidans. Solubilization efficiency differed for
each metal except for Al, and was relatively similar for either organism. Metal partitioning was
conducted using a five-step sequential extraction procedure before and after the bioleaching. The
results indicated that Zn and Mn ions were mostly associated with the organic fraction, whereas
Cu, Al and Ti ions with the sulphide/residue fraction. The bioleaching process caused prompt
solubilization of metals mostly associated with the more labile fractions (exchangeable, adsorbed
and organically bound metals), whereas those associated to the less labile ones (EDTA and
sulphide/residue fractions) were exchanged towards more labile fractions.
Keywords: A. ferrooxidans
sludge - bacterial leaching.

-

A. thiooxidans

- bioleaching - metal partitioning - sewage

Sagarika Mohanty1, Nishant Dafale1 and Nageswara Neti Rao1. (1National Environmental
Engineering Research Institute, Nehru Marg, 440020 Nagpur, India. Corresponding
author: Nageswara Neti Rao, Email: dr_nnrao@rediffmail.com).Biodegradation, Volume
17(5), (2006): 403-413.
A two-stage anaerobic–aerobic treatment process based on mixed culture of bacteria isolated
from textile dye effluent was used to degrade reactive black 5 dye (RB-5). The anaerobic step
was studied in more detail by varying the dye concentration from 100 to 3000 mg l−1. The results
showed that major decolorization was achieved during the anaerobic process. The time required
for decolorization by > 90% increased as the concentration of the dye increased. It was also
found that maintaining dissolved oxygen (DO) concentration below 0.5 mg l−1 and addition of a
co-substrate viz., glucose, facilitates anaerobic decolorization reaction remarkably. An attempt
was made to identify the metabolites formed in anaerobic process by using high performance
liquid chromatography (HPLC) and UV–VIS spectrophotometry. A plate assay was performed
for the detection of dominant decolorizing bacteria. Only a few bacterial colonies with high
clearing zones (decolorization zones) were found. The results showed that under anaerobic
condition RB-5 molecules were reduced and aromatic amines were generated. The aromatic
amine metabolite was partly removed in subsequent aerobic bio-treatment. It was possible to
achieve more than 90% decolorization and approximately 46% reduction in amine metabolite
concentration through two-stage anaerobic–aerobic treatment after a reaction period of 2 days.
Keywords: biological decolorization - reactive black 5 - textile sludge - two-stage anaerobic–
aerobic reactor
Rojan P. John1, K. Madhavan Nampoothiri1 and Ashok Pandey1. (1Biotechnology Division,
Regional Research Laboratory (CSIR), Trivandrum, 695 019, Kerala, India.
Corresponding author: Ashok Pandey, Email: madhavan85@hotmail.com).Biotechnology
Letters, Volume 28(22), (2006): 1823-1826.
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Protease-treated wheat bran (20% w/v) of particle size less than 300 µm containing 65% (w/w)
starch was used for the simultaneous saccharification and L-(+)-lactic acid fermentation by the
mixed cultures of Lactobacillus casei and Lactobacillus delbrueckii. Maximum lactate yield
after various process optimizations was 123 gl−1 with a productivity of 2.3 gl−1 h−1 corresponding
to a conversion of 0.95 g lactic acid per gram starch after 54 h at 37°C. By using protease-treated
wheat bran around tenfold decrease in supplementation of the costly medium component, like
yeast extract, was achieved together with a considerable increase in the production level.
Keywords: Fermentation - Lactic acid - Lactobacilli - Protease - Saccharification - Wheat bran
Sarah J. Brooksa, b, Evelyn M. Doylea and Kevin E. O’Connorb. (aDepartment of Industrial
Microbiology, National University of Ireland, University College Dublin, Belfield, Dublin 4,
Ireland, bDepartment of Industrial Microbiology, Centre for Synthesis and Chemical
Biology, Conway Institute for Biomolecular and Biomedical Research, Ardmore House,
National University of Ireland, University College Dublin, Belfield, Dublin 4, Ireland.
Corresponding author. Tel.: +353 1 716 1307; fax: +353 1 716 1183). Tyrosol to
hydroxytyrosol biotransformation by immobilised cell extracts of Pseudomonas putida F6.
Enzyme and Microbial Technology, Volume 39(2) (2006): 191-196
Cell extracts of Pseudomonas putida F6 expressing tyrosinase activity were immobilised in a
calcium alginate matrix. Immobilised cell extracts consumed 21% more tyrosol substrate
(2.5 mM) than non-immobilised cell extracts of P. putida F6. However, approximately the same
level of hydroxytyrosol accumulation was observed. A number of approaches were attempted for
complete removal of tyrosol substrate and maximum hydroxytyrosol accumulation. These
approaches included addition of ascorbic acid, washing and re-use of immobilised cell extracts,
sequential addition of fresh immobilised cell extracts to the biotransformation, and alteration of
the starting concentration of tyrosol. Complete substrate removal was observed in the presence
of both 1.0 and 2.5 mM tyrosol with equimolar concentrations of ascorbic acid. The sequential
addition of immobilised cell extracts was required to ensure complete removal of 2.5 mM
substrate. However, only 6% of the 2.5 mM substrate accumulated as product (hydroxytyrosol).
The biotransformation of 1 mM tyrosol resulted in the accumulation of 0.8 mM hydroxytyrosol
in a single biotransformation with immobilised cell extracts. Ninety-six percent of the
hydroxytyrosol was subsequently recovered from the biotransformation reaction using an
Amberlite XAD-4® resin. Immobilised cell extracts retained 58% of their activity after 9 days of
storage on filter paper at 4 °C while cell free extracts retained only 22% of their activity under
the same storage conditions.
Keywords: Pseudomonas putida F6; Tyrosol; Hydroxytyrosol
Y. V. Nancharaiah, H. M. Joshi, T. V. K. Mohan, V. P. Venugopalan* and S. V.
Narasimhan. (Water and Steam Chemistry Division, BARC Facilities, Kalpakkam 603 102,
India). Aerobic granular biomass: a novel biomaterial for efficient uranium removal.
Current Science, Vol. 91(4), (2006): 503- 509.
Aerobic microbial granules, self-immobilized microbial consortia cultured in aerobically
operated bioreactors, primarily consist of mixed species of bacteria ensconced in an extracellular
polymeric matrix of their own creation. Such aerobically grown microbial granules have
attracted considerable research interest in environmental biotechnology. In recent times, it has
been demonstrated that the granules could be used for efficient degradation of recalcitrant
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organic compounds and for the treatment of a growing number of wastes. The objective of this
study was to investigate whether aerobic granules could be used as novel biomass material for
biosorption of uranium from aqueous solutions. The granular biomass for biosorption
experiments was cultivated in a laboratory-scale sequencing batch reactor by feeding with
synthetic wastewater. Biosorption of uranium [U(VI)] was studied at different initial pH values
(1 to 8) and different initial uranium concentrations (6 to 750 mg l–1). Biosorption was observed
to be rapid (<1 h) in acidic pH range (1 to 6) compared to that at pH 7.0 or above. Almost
complete removal of uranium was observed in the range 6–100 mg l–1 in less than 1 h. Redlich–
Peterson model gave the best fit when the experimental data were analysed using different
adsorption isotherm equations. The maximum biosorption capacity of U(VI) was determined to
be 218 2 mg g–1 dry granular biomass. Further, it was observed that cations such as Na+, K+,
Mg+2, and Ca+2 were simultaneously released into the bulk solution during U(VI) biosorption,
indicating the involvement of ion exchange mechanism in radionuclide uptake. Live and dead
biomass did not show significant difference in U removal, indicating the involvement of a
passive sorption process. The study suggests that aerobic granular biomass has the potential to be
employed as an effective biosorbent material for recovering/removing uranium (and probably
other radionuclides) from dilute nuclear wastes.
Keywords: Aerobic granular sludge, biosorption, microbial granules, radionuclide, uranium.

Biomarker
XQ Liang,1,2 M Luo,1,3 CC Holbrook,4 and BZ Guo1. (1USDA-ARS, Crop Protection and
Management Research Unit, Tifton, GA, USA, 2Guangdong Academy of Agricultural
Sciences, Institute of Crop Sciences, Guangzhou, China, 3University of Georgia,
Department of Crop and Soil Sciences, Tifton, GA, USA, 4USDA-ARS, Crop Genetics and
Breeding Research Unit, Tifton, GA, USA. Corresponding author: XQ Liang:
liang804@yahoo.com;
M
Luo:
mluo@tifton.uga.edu;
CC
Holbrook:
holbrook@tifton.usda.gov; BZ Guo: bguo@tifton.usda.gov). Storage protein profiles in
Spanish and runner market type peanuts and potential markers. BMC Plant Biol., 2006; 6:
24. (Online)
Proteomic analysis has proven to be the most powerful method for describing plant species and
lines, and for identification of proteins in complex mixtures. The strength of this method resides
in high resolving power of two-dimensional electrophoresis (2-DE), coupled with highly
sensitive mass spectrometry (MS), and sequence homology search. By using this method, we
might find polymorphic markers to differentiate peanut subspecies.
Results
Total proteins extracted from seeds of 12 different genotypes of cultivated peanut (Arachis
hypogaea L.), comprised of runner market (A. hypogaea ssp. hypogaea) and Spanish-bunch
market type (A. hypogaea ssp. fastigiata), were separated by electrophoresis on both one- and
two-dimensional SDS-PAGE gels. The protein profiles were similar on one-dimensional gels for
all tested peanut genotypes. However, peanut genotype A13 lacked one major band with a
molecular weight of about 35 kDa. There was one minor band with a molecular weight of 27
kDa that was present in all runner peanut genotypes and the Spanish-derivatives (GT-YY7, GTYY20, and GT-YY79). The Spanish-derivatives have a runner-type peanut in their pedigrees.
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The 35 kDa protein in A13 and the 27 kDa protein in runner-type peanut genotypes were
confirmed on the 2-D SDS-PAGE gels. Among more than 150 main protein spots on the 2-D
gels, four protein spots that were individually marked as spots 1–4 showed polymorphic patterns
between runner-type and Spanish-bunch peanuts. Spot 1 (ca. 22.5 kDa, pI 3.9) and spot 2 (ca.
23.5 kDa, pI 5.7) were observed in all Spanish-bunch genotypes, but were not found in runner
types. In contrast, spot 3 (ca. 23 kDa, pI 6.6) and spot 4 (ca. 22 kDa, pI 6.8) were present in all
runner peanut genotypes but not in Spanish-bunch genotypes. These four protein spots were
sequenced. Based on the internal and N-terminal amino acid sequences, these proteins are
isoforms (iso-Ara h3) of each other, are iso-allergens and may be modified by post-translational
cleavage.
Conclusion
These results suggest that there may be an association between these polymorphic storage
protein isoforms and peanut subspecies fastigiata (Spanish type) and hypogaea (runner type).
The polymorphic protein peptides distinguished by 2-D PAGE could be used as markers for
identification of runner and Spanish peanuts.
Sai Jyothi Pattnaik, N. D. Raghupati Rao and Parvathi Chary*. (Department of
Biosciences, Sri Sathya Sai Institute of Higher Learning, Prashanthi Nilayam Campus,
Puttaparthi 515 134, India). Ecomorphometric markers reflect variations in AzadirachtinA content of Azadirachta indica A. Juss (Meliaceae) in select regions of Andhra Pradesh,
India. Current Science, Vol. 91(5), (2006): 628 – 636.
Ecomorphometric markers reflect quantitative variations in the potent antifeedant, azadirachtinA from neem. Fifty accessions from five ecogeographically distinct regions in Andhra Pradesh,
India were studied. Significant disparity in azadirachtin-A density, 100 seed weight and total
azadirachtin-A was observed in accessions between the extremely-arid-alkaline and deltawet
regions. Statistical tools such as Linear Multiple Regression Analysis, Duncan’s New Multiple
Range Test and Pearson Correlation were used to find out the relationship between independent
variables (leaf, fruit/seed and soil parameters) and dependent variables (azadirachtin-A density
and total azadirachtin-A content).
Keywords: Azadirachtin-A, extraction, ecomorphometry, HPLC, neem.

Biofertilizer
Julie J. Enticknap, Hirofumi Nonogaki, Allen R. Place,* and Russell T. Hill*. (Center of
Marine Biotechnology, University of Maryland Biotechnology Institute, Baltimore,
Maryland 21202. *Corresponding author. Mailing address: Center of Marine
Biotechnology, Columbus Center Suite 236, 701 E. Pratt Street, Baltimore, MD 21202.
Phone for Allen R. Place: (410) 234-8828. Fax: (410) 234-8896. E-mail:
place@umbi.und.edu. Phone for Russell T. Hill: (410) 234-8883. Fax: (410) 234-8896. Email: hillr@umbi.umd.edu). Microbial Diversity Associated with Odor Modification for
Production of Fertilizers from Chicken Litter†. Appl Environ Microbiol., 72(6), (2006):
4105–4114.
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Litter from the chicken industry can present several environmental challenges, including
offensive odors and runoff into waterways leading to eutrophication. An economically viable
solution to the disposal of waste from chicken houses is treatment to produce a natural,
granulated fertilizer that can be commercially marketed for garden and commercial use. Odor of
the final product is important in consumer acceptance, and an earthy odor is desirable. By
understanding and manipulating the microbial processes occurring during this process, it may be
possible to modify the odors produced. Geosmin and related volatiles produced by soil
actinomycetes are responsible for earthy odors, and actinomycetes are likely to be present in the
composting manure. Bacterial communities at each stage of the process were analyzed by
culturing studies and denaturing gradient gel electrophoresis (DGGE). The processing steps
changed the culturable bacterial community, but the total community was shown by DGGE to be
stable throughout the process. A local agricultural soil was analyzed in parallel as a potential
source of geosmin-producing actinomycetes. This agricultural soil had higher microbial diversity
than the compost at both the culturable and the molecular levels. Actinomycete bacteria were
isolated and analyzed by AromaTrax, a gas chromatography-olfactometry system. This system
enables the odor production of individual isolates to be monitored, allowing for rational selection
of strains for augmentation experiments to improve the odor of the final fertilizer product.

Biocomposting
Sukhbir K. Grewal,1 Sreekumari Rajeev,3 Srinand Sreevatsan,2* and Frederick C. Michel,
Jr.1*. (Departments of Food, Agricultural & Biological Engineering, 1Food Animal Health
Research Program, The Ohio State University, Ohio Agricultural Research and
Development Center, 1680 Madison Avenue, Wooster, Ohio 44691, 2Animal Disease
Diagnostic Laboratory, Ohio Department of Agriculture, 8995 East Main St.,
Reynoldsburg, Ohio 430683. *Corresponding author. Mailing address for Frederick C.
Michel, Jr.: Department of Food, Agricultural & Biological Engineering, The Ohio State
University, Ohio Agricultural Research and Development Center, 1680 Madison Avenue,
Wooster, OH 44691. Phone: (330) 263-3859. Fax: (330) 263-3670. E-mail:
michel.36@osu.edu. Mailing address for Srinand Sreevatsan: Veterinary Population
Medicine Department, Center for Animal Health and Food Safety, 136 Andrew Boss
Laboratory, 1354 Eckles Avenue, St. Paul, MN 55108. Phone: (612) 625-3769. Fax: (612)
624-4906. E-mail: sreev001@umn.edu). Persistence of Mycobacterium avium subsp.
paratuberculosis and Other Zoonotic Pathogens during Simulated Composting, Manure
Packing, and Liquid Storage of Dairy Manure. Appl Environ Microbiol., 72(1), (2006):
565–574.
Livestock manures contain numerous microorganisms which can infect humans and/or animals,
such as Escherichia coli O157:H7, Listeria monocytogenes, Salmonella spp., and
Mycobacterium avium subsp. paratuberculosis (Mycobacterium paratuberculosis). The effects
of commonly used manure treatments on the persistence of these pathogens have rarely been
compared. The objective of this study was to compare the persistence of artificially inoculated
M. paratuberculosis, as well as other naturally occurring pathogens, during the treatment of
dairy manure under conditions that simulate three commonly used manure management
methods: thermophilic composting at 55°C, manure packing at 25°C (or low-temperature
composting), and liquid lagoon storage. Straw and sawdust amendments used for composting
and packing were also compared. Manure was obtained from a large Ohio free-stall dairy herd
and was inoculated with M. paratuberculosis at 106 CFU/g in the final mixes. For compost and
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pack treatments, this manure was amended with sawdust or straw to provide an optimal moisture
content (60%) for composting for 56 days. To simulate liquid storage, water was added to the
manure (to simulate liquid flushing and storage) and the slurry was placed in triplicate covered
4-liter Erlenmeyer flasks, incubated under ambient conditions for 175 days. The treatments were
sampled on days 0, 3, 7, 14, 28, and 56 for the detection of pathogens. The persistence of M.
paratuberculosis was also assessed by a PCR hybridization assay. After 56 days of composting,
from 45 to 60% of the carbon in the compost treatments was converted to CO2, while no
significant change in carbon content was observed in the liquid slurry. Escherichia coli,
Salmonella, and Listeria were all detected in the manure and all of the treatments on day 0. After
3 days of composting at 55°C, none of these organisms were detectable. In liquid manure and
pack treatments, some of these microorganisms were detectable up to 28 days. M.
paratuberculosis was detected by standard culture only on day 0 in all the treatments, but was
undetectable in any treatment at 3 and 7 days. On days 14, 28, and 56, M. paratuberculosis was
detected in the liquid storage treatment but remained undetectable in the compost and pack
treatments. However, M. paratuberculosis DNA was detectable through day 56 in all treatments
and up to day 175 in liquid storage treatments. Taken together, the results indicate that hightemperature composting is more effective than pack storage or liquid storage of manure in
reducing these pathogens in dairy manure. Therefore, thermophilic composting is recommended
for treatment of manures destined for pathogen-sensitive environments such as those for
vegetable production, residential gardening, or application to rapidly draining fields.
S. Swain1, T. Harnik1, M. Mejia-Chang1, K. Hayden1, W. Bakx2, J. Creque3 and M.
Garbelotto1. (1Department of Environmental Science, Policy, and Management, University
of California, Berkeley, CA, USA, 2Sonoma Compost, Sonoma, CA, USA, 3McEvoy Ranch,
Marin, CA, USA. Correspondence: M. Garbelotto, Department of Environmental Science,
Policy, and Management, 151 Hilgard Hall 3110, Berkeley, CA 94720-3110, USA. E-mail:
matteo@nature.berkeley.edu). Composting is an effective treatment option for sanitization
of Phytophthora ramorum-infected plant material. Journal of Applied Microbiology,
Volume 101(4), (2006): 815.
Aims: To determine the effects of heat and composting treatments on the viability of the plant
pathogen Phytophthora ramorum grown on both artificial and various natural substrates.
Methods and Results: Phytophthora ramorum was grown on V8 agar, inoculated on bay laurel
leaves (Umbellularia californica) and on woody tissues of coast live oak (Quercus agrifolia).
Effects on growth, viability and survival were measured as a result of treatment in ovens and
compost piles. Direct plating onto PARP medium and pear-baiting techniques were used to
determine post-treatment viability. No P. ramorum was recovered at the end of the composting
process, regardless of the isolation technique used. By using a PCR assay designed to detect the
DNA of P. ramorum, we were able to conclude the pathogen was absent from mature compost
and not merely suppressed or dormant.
Conclusions: Some heat and composting treatments eliminate P. ramorum to lower than
detectable levels on all substrates tested.
Significance and Impact of the Study: Composting is an effective treatment option for
sanitization of P. ramorum-infected plant material. Assaying for pathogen viability in compost
requires a direct test capable of differentiating between pathogen suppression and pathogen
elimination.

Biopesticides
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Dishant Kumar and Rajinder K Gupta*. Biocontrol of wood-rotting fungi. Indian Journal
of Biotechnology, Vol. 5 (2006): 20-25
Fungal decay and deterioration of softwood and hardwood trees are the most common and
damaging problems of forest and timber industries worldwide. A range of microbial as well as
insect deteriogens can attack wood. Although some wood types contain chemical extractives that
confer resistance against wood decay fungi, most are non-durable and subject to attack by a wide
range of fungi, thereby necessitating a broad spectrum controlling action. The wood preserving
industry uses chemical wood preservatives that pose adverse health and environmental effects.
To avoid this, new biological and biochemical control systems are needed for the preservation of
wood decay. This review summarizes the state of art in research and prospective use of wood
and rhizosphere-inhabiting actinomycetes as biocontrol agents for brown- and white-rot fungi.
Keywords: biocontrol agents, wood-rotting fungi, antibiosis, mycoparasitism, Streptomyces
violaceusniger, chitinase
Karine Prévost1,
Geneviève Couture1,
Bill Shipley1,
Ryszard Brzezinski1
and
Carole Beaulieu1. (1Département de biologie, Université de Sherbrooke, Sherbrooke,
Québec, J1K 2R1, Canada. Corresponding author: Carole Beaulieu, Email:
carole.beaulieu@usherbrooke.ca). Effect of chitosan and a biocontrol streptomycete on
field and potato tuber bacterial communities. Biocontrol, Volume 51(4), (2006) : 533-546.
Four treatments applied on potato seed tubers i.e. talc only, chitosan only, Streptomyces
melanosporofaciens strain EF-76 in talc and S. melanosporofaciens strain EF-76 in chitosan
were compared for their efficiency to reduce common scab incidence. As previously reported the
joint application of the geldanamycin-producing S. melanosporofaciens strain EF-76 and
chitosan was effective to control common scab of potato. Nevertheless, field application of S.
melanosporofaciens EF-76 did not allow the selection of geldanamycin-resistant actinomycetes
(GRA) in the bulk soil during the potato growing season. The number of GRA on harvested
potato tubers was, however, significantly higher in treatments that contained chitosan than in
other treatments suggesting that chitosan might promote the establishment of the antagonistic
actinomycete on progeny tubers. Biolog EcoPlates were used to determine the metabolic profiles
of the bacterial soil communities. A permutation MANOVA analysis detected significant
differences within the metabolic profiles of the bacterial communities at the potato flowering
period but not at the beginning of the season or a week before harvest. A combination of S.
melanosporofaciens EF-76 and chitosan thus represents a promising tool against common scab,
with low short-term impact on soil bacterial communities.
Keywords: biocontrol - Biolog - chitosan – geldanamycin
Corina M. Berón1 and Graciela L. Salerno1. (1Centro de Investigaciones Biológicas,
Fundación para Investigaciones Biológicas Aplicadas (FIBA), CONICET, Vieytes 3103,
C.C. 1348, 7600 Mar del Plata, Argentina. Corresponding author: Corina M. Berón,
Email: cberon@fiba.org.ar). Characterization of Bacillus thuringiensis isolates from
Argentina that are potentially useful in insect pest control. BioControl, Volume 51(6),
(2006): 779-794.
In order to find novel strains of Bacillus thuringiensis that are toxic to some of the major pests
that impact economically important crops in Argentina, we initiated a search for B. thuringiensis
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isolates native to Argentina. We succeeded in assembling a collection of 41 isolates, some of
which show a high potential to be used in biological control programs against lepidopteran and
coleopteran pests. About 90% of the strains showed toxicity against Spodoptera frugiperda and
Anticarsia gemmatalis, two important lepidopteran pests in Argentina. It is noteworthy that only
one of these strains contained a cry1-type gene, while another isolate showed a dual toxicity
against the lepidopteran and coleopteran insects assayed. Genetic characterization of the strains
suggests that the collection likely harbors novel Cry proteins that may be of potential use in
biological insect pest control.
Keywords: Bacillus thuringiensis - isolation - insecticidal
collection

activity - native

strains - strain

N. Crickmore. Beyond the spore – past and future developments of Bacillus thuringiensis
as a biopesticide. Journal of Applied Microbiology, Volume 101(3), (2006): 616.
Formulated and sporulated cultures of Bacillus thuringiensis (Bt) are widely used as foliar sprays
as part of integrated pest management strategies against insect pests of agricultural crops.
Although in several cases the presence of the spore has been shown to improve the activity of the
product, other Bt-based insecticides have been developed in which the spore is absent. The most
notable of these are transgenic plants expressing just the insect toxin gene from the bacterium.
This paper will discuss these developments, and the advantages and disadvantages of having the
spore present.
S.A. Sattar. (Correspondence: Syed A. Sattar, Centre for Research on Environmental
Microbiology (CREM), Faculty of Medicine, University of Ottawa, 451 Smyth Road,
Ottawa, ON, Canada K1H 8M5. E-mail: ssattar@uottawa.ca. Centre for Research on
Environmental Microbiology (CREM), Faculty of Medicine, University of Ottawa, Ottawa,
ON, Canada). The use of microbiocides in infection control: a critical look at safety, testing
and applications. Journal of Applied Microbiology 101 (4), (2006): 743-753.
Microbial pathogens continue as major threats to health. Indeed, many ongoing societal changes
are enhancing our vulnerability and exposure to several frank and opportunistic pathogens. This,
together with rampant antimicrobial resistance and reduced prospects for newer drugs and
vaccines, is forcing a higher reliance on microbiocides in infection prevention and control. That
this reliance may not be well-founded becomes apparent from a closer look at current ways of
testing and registering microbiocides, their label claims as well as human and environmental
safety of certain widely used microbicidal chemicals. Many methods to test microbiocides for
registration are flawed and/or entail test conditions irrelevant to field use. Pathogens listed on
product labels may not be among those amenable to interruption through microbiocide use. The
wide variations and discrepancies in existing national/regional regulations for registering
microbiocides for sale stifle innovation. This is a critical look at the above-mentioned issues with
emphasis on chemicals meant for use on environmental surfaces and medical devices. It
highlights better ways to test microbiocides and to attain global harmonization of testing and
product registration. It also details the known and potential dangers of microbiocide use and
what to consider in choosing such formulations for optimal safety and effectiveness. End users
are advised to be more critical and prudent in the selection and application of microbicidal
chemicals, manufacturers are encouraged to explore infection control products and technologies
that are safer in the workplace and for the environment, and regulators are urged to review and
update the requirements and procedures for premarket review of microbiocide efficacy data and
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label claims. Independent investigations are also urgently needed to document the proportion of
nosocomial infections that would be amenable to prevention through chemical disinfection of
environmental surfaces.
Arti Prasad* and Yogita Wadhwani. (Insect Microbial and Herbal Control Laboratory,
Department of Zoology, University College of Science, Mohanlal Sukhadia University,
Udaipur 313 001, India). Pathogenic virus and insect tissues: an effective way of pest
control. Current Science, Vol. 91(6), (2006): 803-807.
When different doses, i.e. 0.1, 0.25 0.5 and 0.75 ml of 2 x109 polyhedra per ml of SlNPV were
used against fourth instar larvae of Spodoptera litura (Fab) and observations were taken after 24,
48 and 96 h, F-value in CRD ANOVA was highly significant for doses as well as time period.
Per cent mortality increased from 5.43 to 78.91 as the dose was increased from 0.1 to 0.75 ml of
2 x109 polyhedra per ml solution. Various viral pathological symptoms such as flaccid and
swollen body, stumpy legs, shrinkage of body segments at midgut area and extremely moist
droppings were observed. Histopathological studies of fourth instar treated with highest dose, i.e.
0.75 ml, revealed the effect of the virus on various midgut cells, fat bodies, connective tissues
and also on the integument. These tissues either lost their identity or became highly
disorganized. The virions were found scattered in different tissues and deposited heavily on the
body wall, suggesting the spread of infection in almost all the tissues of the larvae.
Keywords: Histopathological studies, pathogenic effect, Spodoptera litura, virions.

Biodegradation
Maria del Pilar Corenaa, Peter van den Hurkb, He Zhongc, Catherine Brockc, Richard
Moweryd, Jodie V. Johnsone and Paul J. Linsera. (aThe Whitney Laboratory, University of
Florida, St. Augustine, FL 32080, USA, bDepartment of Environmental Toxicology,
Clemson University, Pendleton, SC, USA, cPublic Health Entomology Research and
Education Center, Panama City, FL, USA, dDepartment of Chemistry and Biochemistry,
Baylor University, Waco, TX, USA, eChemistry Department, University of Florida,
Gainesville, FL, USA. Corresponding author. Fax: +1 904 461 4008). Degradation and
effects of the potential mosquito larvicides methazolamide and acetazolamide in
sheepshead minnow (Cyprinodon variegates). Ecotoxicology and Environmental Safety,
Volume 64(3), (2006): 369-376.
To test for environmental persistence in order to determine the potential of carbonic anhydrase
inhibitors as larvicides, the decomposition and degradation of samples containing
methazolamide (MTZ) and acetazolamide (ACZ) in aqueous solution were monitored under
different conditions. Additionally, nontarget species impact was assessed in an acute toxicity test
using sheepshead minnow (Cyprinodon variegatus). The fish were exposed for 120 h to 10−3 and
10−4 M each compound in replicate seawater tanks. In the high-MTZ treatment, all fish died
within 48 h, while mortality in the low-MTZ treatment was 27% at 120 h. In the high-ACZ
treatment mortality reached 83% at 120 h. We observed no mortality for the lowest dose of
ACZ. Tissue samples were collected from the fish to investigate absorption of the compounds. In
the gills, MTZ concentrations were around 40 µg g−1 and ACZ reached concentrations up to
80 µg g−1. Liver concentrations were low for MTZ probably due to metabolism.
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Keywords: Methazolamide; Acetazolamide; Fish; Mosquito larvae; Carbonic anhydrase
inhibitors
K. Vermaa, N. Agrawala, M. Farooqa, R.B. Misraa and R.K. Hansa. (aPhotobiology Division,
Industrial Toxicology Research Center, P.O. Box No. 80, Mahatma Gandhi Marg,
Lucknow 226001, India. Corresponding author. Fax: +91 522 2228227). Endosulfan
degradation by a Rhodococcus strain isolated from earthworm gut. Ecotoxicology and
Environmental Safety, Volume 64(3), (2006): 377-381.
A Rhodococcus MTCC 6716 bacterial strain was isolated apparently for the first time from the
gut microflora of an Indian earthworm (Metaphire posthuma). Endosulfan was used as a carbon
source by the strain and degraded it up to 92.58% within 15 days. Furthermore, the isolated
strain of the bacterium did not produce the persistent form of the toxic metabolite endosulfan
sulfate. This strain exhibits luxury growth in minimal medium with high concentrations of
endosulfan (80 µg mL−1). Degradation of the endosulfan occurred simultaneously with bacterial
growth and an increase in chloride ion (87.1%) in the growth medium, suggesting nearly
complete degradation of the insecticide. This strain is able to tolerate 45 °C and retain its
degradation potential even under sunlight exposure. Since endosulfan is used worldwide for pest
control and its residues have been retained for long periods in soil, water, and agricultural
products, the strain isolated by us is valuable for bioremediation of endosulfan-contaminated soil
and water.
Keywords: Earthworm; Endosulfan; Bioremediation; Gut microflora; Rhodococcus MTCC
6716
Sengottayan Senthil Nathana, b, Paul Gene Chunga and Kadarkarai Muruganb.
(aDepartment of Environmental Engineering, Chonbuk National University, Jeonju City,
Chonbuk 561 756, South Korea, bDepartment of Zoology, Bharathiar University,
Coimbatore, Tamil nadu, 641046, India. Corresponding author. Department of
Environmental Engineering, Chonbuk National University, Jeonju City, Chonbuk 561 756,
South Korea. Fax: +82 63 270 2449). Combined effect of biopesticides on the digestive
enzymatic profiles of Cnaphalocrocis medinalis (Guenée) (the rice leaffolder) (Insecta:
Lepidoptera: Pyralidae). Ecotoxicology and Environmental Safety, Volume 64(3), (2006):
382-389.
Plant extracts, especially botanical insecticides, are currently studied more and more because of
the possibility of their use in plant protection. Many of the natural plant compounds and organic
compounds used in the control of insect pests are known to affect digestive enzymes. When fed a
diet of rice leaves treated with botanical insecticides and bacterial toxins in bioassays, activities
of the digestive enzymes protease, amylase, and lipase in the rice leaffolder larvae are affected.
Digestive enzyme activities were affected by botanical insecticides and bacterial toxins
individually and in combination. When combined, the effect was more severe at low
concentration. There were statistically significant differences (P 0.05) in enzyme activities in
combined and individual treatments. The combination of Btk and botanical insecticides caused a
two-fold decrease in enzyme activity even at reduced concentration. Clear dose–response
relationships were established with respect to enzyme activity. A synergistic effect of botanical
insecticides and bacterial toxins was found when combined in low doses. These effects are most
pronounced in early instars.
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Keywords: Neem; Vitex; Bt; Biopesticides; Cnaphalocrocis medinalis; Toxicity; Enzyme;
Protease; Amylase; Lipase
Shiwei Jin1, 2, 3, Tao Zhu1, Xudong Xu1 and Ying Xu1. (1State Key Laboratory of
Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan, Hubei, 430072, China, 2School of Chemical Engineering and Pharmacy,
Wuhan Institute of Chemical Technology, Wuhan, Hubei, 430073, China, 3Graduate
School, Chinese Academy of Sciences, 19A Yuquan Road, Beijing, 100039, China. Ying Xu,
Email: xuying@ihb.ac.cn). Biodegradation of Dibenzofuran by Janibacter terrae Strain XJ1. Current Microbiology, Volume 53(1), (2006): 30 – 36.
The dibenzofuran (DF)-degrading bacterium, Janibacter terrae strain XJ-1, was isolated from
sediment from East Lake in Wuhan, China. This strain grows aerobically on DF as the sole
source of carbon and energy; it has a doubling time of 12 hours at 30°C; and it almost
completely degraded 100 mg/L−1 DF in 5 days, producing 2,2′,3-trihydroxybiphenyl, salicylic
acid, gentisic acid, and other metabolites. The dbdA (DF dioxygenase) gene cluster in the strain
is almost identical to that on a large plasmid in Terrabacter sp. YK3. Unlike Janibacter sp.
strain YY-1, XJ-1 accumulates gentisic acid rather than catechol as a final product of DF
degradation.
Wei Li1, Miao-Dong Wang1, Han Chen1, Jian-Meng Chen2 and Yao Shi1. (1Institute of
Environmental Engineering, Zhejiang University, Yuquan Campus, Hangzhou, 310027,
China, 2College of Biological and Environmental Engineering, Zhejiang University of
Technology, Hangzhou, 310032, China). Biodesulfurization of dibenzothiophene by
growing cells of Gordonia sp. in batch cultures. Biotechnology Letters, Volume 28(15),
(2006):1175 – 1179.
A new isolate, identified as Gordonia sp. ZD-7 by 16S rDNA sequence analysis, grew in nhexadecane containing dibenzothiophene (DBT) which was degraded from 2.8 mM to 0.2 mM
within 48 h. Biodesulfurization could be repeatedly performed for more than 190 h, with average
desulfurization rates of 5 mmol DBT kg cells (dry wt)−1 h−1.
Keywords: Biodesulfurization - Dibenzothiophene - Gordonia sp.
Iona M. Mitchell a. (aTasmanian Aquaculture and Fisheries Institute, University of
Tasmania, Nubeena Crescent, Taroona, Tasmania 7053, Australia. Corresponding to
author: 43 Fergusson Avenue, Tinderbox, Tasmania, 7054, Australia. Tel.: +61 3 6229
3855). In situ biodeposition rates of Pacific oysters (Crassostrea gigas) on a marine farm in
Southern Tasmania (Australia). Aquaculture, Volume 257(1-4), (2006): 194-203.
In situ biodeposition rates of farmed Pacific oysters (Crassostrea gigas) were determined over
2–3 consecutive days in November 1995 and June 1996 as a means of assessing biodeposit
loadings. The study was conducted on a 10 ha commercial intertidal oyster farm located in a
marine lagoon in southern Tasmania. The farm had approximately 9.5 km of racks and at the
time of study was being used to on-grow and condition oysters at a density of 360 oysters/m of
racking. The hydrological characteristics of the lagoon were calculated using tide data recorded
from gauges located within the lagoon.
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Average daily biodeposition rates differed between the two time periods with 180.5 g m− 2 day− 1
in November and 39.6 g m− 2 day− 1 in June, although background sedimentation rates were
similar (7.28 and 8.00 g m− 2 day− 1, respectively). Biodeposit load from the lease at each
sampling time was calculated based on the estimated percentage of baskets containing oysters. A
daily average of 494 kg (dry wt) from 10 ha was calculated for the November period and 185 kg
(dry wt) for June. Sediment samples collected showed low organic matter content (1.9–2.5%)
and suggested that minimal biodeposits were accumulating under the racks, indicating that they
were being transported and deposited elsewhere. Average residence time of water in the lagoon
was approximately 1.5 days with an average exchange ratio of 0.53 and maximum of 0.97,
indicating that at times there is near complete turnover of lagoon water within a tidal cycle. The
average difference in total volume and low water volume was 1.38 million m3, with a mean tidal
prism of approximately 73% of the total volume.
Variation in biodeposition rates were attributed to the time of year and stocking density. Minimal
enrichment of the sediment was found under the culture structures indicating that tidal water
movement within the intertidal culture area is sufficient to disperse biodeposits. However, the
impact of this material being transported and accumulating elsewhere in the lagoon remains
unknown.
Keywords: Pacific oysters; Crassostrea gigas; Biodeposition; Hydrology; Sedimentation
Ladan Rashidi, Ghasemali Mohebali, Jafar Towfighi darian, Behnam Rasekh.
Biodesulfurization of dibenzothiophene and its alkylated derivatives through the sulfurspecific pathway by the bacterium RIPI-S81 African Journal of Biotechnology, VOL. 5(4),
(2006): 351-356.
RIPI-S81 is a new dibenzothiophene (DBT)-desulfurizing bacterium, which was isolated by
Research Institute of Petroleum Industry in Iran. Resting cells and growing cells of RIPI-S81
was able to convert alkylated dibenzothiophenes (Cx-DBTs) to hydroxybiphenyls such that they
were almost stoichiometrically accumulated as the dead-end metabolites of Cx-DBTs
desulfurization in the medium containing minimal salt (MSM) and nutrients. RIPI-S81 could
desulfurize up to 80% of 4,6-dimethyldibenzothiophene and 50% of methyldibenzothiophene in
the MSM containing 40 mg/l of a sulfur source. The molecular structures of metabolites and the
reduction of Cx-DBTs were analyzed using GC-MS and HPLC. The position of alkyl substitutes
and the sulfur substrate affected desulfurization rates.
Keywords: Biodesulfurization,
methyldibenzothiophene.
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Xuedong Wang1, Sumei Zhou2, Huili Wang1 and Shao Yang3. (1Key Laboratory of
Pesticide and Chemical Biology, Ministry of Education College of Chemistry, Central
China Normal University, 430079 Wuhan, China, 2College of Agronomy, Henan
Agricultural University, 450002 Zhengzhou, China, 3College of Life Science, Central China
Normal University, 430079 Wuhan, China. Xuedong Wang, Email: zjuwxd@eyou.com).
Biodegradation of hexazinone by two isolated bacterial strains (WFX-1 and WFX-2).
Biodegradation, Volume 17(4), (2006): 331 – 339.
Two hexazinone-degrading bacterial strains were isolated from soil by enrichment culture
technique, and identified as Pseudomonas sp. and Enterobacter cloacap, respectively. The two
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purified isolates, designated as WFX-1 and WFX-2, could rapidly degrade hexazinone with halflives of 3.08 and 2.95 days in mineral salts medium (hereafter referred to as MSM). In contrast,
their mixed bacterial culture (herein abbreviated as MBC) was found to degrade hexazinone, at
an initial concentration of 50 mg l−1, by enhancing 2.3-fold over that when the isolates were used
alone. The degradation of hexazinone by MBC in MSM clearly decreased concomitant with the
increase of initial concentration, and the level of hexazinone that was toxic enough to totally
inhibit degradation was in the range of 150–200 mg l−1. The appropriately combined conditions
for hexazinone degradation by MBC in MSM were studied, and found to be pH 5.5, 30 °C and at
agitation of 120 rpm. The addition of MBC to soil had a greater impact on disappearance of
hexazinone, which nearly increased fivefold over that of the control set. As a result, findings in
the present investigation provide useful information for soil and water decontamination of
hexazinone.
Keywords: Hexazinone - MSM - MBC - soil - WFX-1 - WFX-2
Jianbo Guo1, Jiti Zhou1, Dong Wang1, Xueming Xiang1, Hui Yu1, Cunping Tian1 and
Zhiyong Song1. (1School of Environmental and Biological Science and Technology, Dalian
University of Technology, 116023 Dalian, P.R. China. Jianbo Guo; Email:
jianbguo@yahoo.com.cn). Correlation of anaerobic biodegradability and the
electrochemical characteristic of azo dyes. Biodegradation, Volume 17(4), (2006): 341 –
346.
Some experiments were conducted to study some electrochemical factors affecting the bacterial
reduction (cleavage) of azo dyes, knowledge of which will be useful in the wastewater
treatments of azo dyes. A common mixed culture was used as a test organism and the reductions
of Acid Yellow 4, 11, 17 and Acid Yellow BIS were studied. It was found that the azo dyes were
reduced at different rates, which could be correlated with the reduction potential of the azo
compounds in cyclic voltammetric experiments. Acid Yellow BIS (E r − 616.75 mV) was reduced
at the highest rate of 0.0284 mol g dry cell weight−1 h−1, Acid Yellow 11 (E r − 593.25 mV) at
0.0245 mol g dry cell weight−1 h−1 and Acid Yellow 4 (E r − 513 mV) at 0.0178 mol g dry cell
weight−1 h−1. At the same time, the decolourization rate of Acid Yellow 17 (E r − 627.5 mV) was
0.0238 mol g dry cell weight−1 h−1, which was affected by the nature of chlorine substituent.
Reduction of these azo dyes did not occur under aeration conditions. These studies with a
common mixed culture indicate that the reduction of azo dyes may be influenced by the
chemical nature of the azo compound. The reduction potential is a preliminary tool to predict the
decolourization capacity of oxidative and reductive biocatalysts.
Key words: azo dyes - biodegradation - cyclic voltammetric - reduction potential
Keren Embar1, Chaim Forgacs1 and Alex Sivan2 . (1The Unit of Environmental
Engineering, Ben Gurion University of The Negev, P.O. Box 653, 84105 Beer Sheva, Israel,
2
The Department of Biotechnology Engineering, Ben Gurion University of The Negev, P.O.
Box 653, 84105 Beer Sheva, Israel. Alex Sivan; Email: sivan@bgumail.bgu.ac.il). The role
of indigenous bacterial and fungal soil populations in the biodegradation of crude oil in a
desert soil. Biodegradation, Volume 17(4), (2006): 369 – 377.
The biodegradation capacity of indigenous microbial populations was examined in a desert soil
contaminated with crude oil. To evaluate biodegradation, soil samples supplemented with 5, 10
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or 20% (w/w) of crude oil were incubated for 90 days at 30 °C. The effect of augmentation of
the soil with vermiculite (50% v/v) as a bulking agent providing increased surface/volume ratio
and improved soil aeration was also tested. Maximal biodegradation (91%) was obtained in soil
containing the highest concentration of crude oil (20%) and supplemented with vermiculite; only
74% of the oil was degraded in samples containing the same level of crude oil but lacking
vermiculite. Gas chromatograms of distilled fractions of crude oil extracted from the soil before
and after incubation demonstrated that most of the light and part of the intermediate weight
fractions initially present in the oil extracts could not be detected after incubation. Monitoring of
microbial population densities revealed an initial decline in bacterial viable counts after exposure
to oil, presumably as a result of the crude oil’s toxicity. This decline was followed by a steep
recovery in microbial population density, then by a moderate increase that persisted until the end
of incubation. By contrast, the inhibitory effect of crude oil on the fungal population was
minimal. Furthermore, the overall increased growth response of the fungal population, at all
three levels of contamination, was about one order of magnitude higher than that of the bacterial
population.
Keywords: biodegradation - crude oil - desert soil - indigenous microbial populations
Jun Xu1, 3, Xinghui Qiu1, Jiayin Dai1, Hong Cao1, Min Yang2, Jing Zhang2 and Muqi Xu1. (1
Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology,
Chinese Academy of Sciences, 25 Beisihuanxi Lu, Haidian, P.O. Box 94, 100080 Beijing,
P.R. China, 2Research Centre of Eco-environmental Sciences, Chinese Academy of
Sciences, Beijing, P.R. China, 3Graduate School of the Chinese Academy of Sciences,
Beijing, P.R. China. Muqi Xu; Email: xumq@ioz.ac.cn). Isolation and Characterization of
a Pseudomonas Oleovorans Degrading the Chloroacetamide Herbicide Acetochlor.
Biodegradation, Volume 17(3), (2006): 219 – 225.
To date, no pure bacterial cultures that could degrade acetochlor have been described. In this
study, one strain of microorganism capable of degrading acetochlor, designated as LCa2, was
isolated from acetochlor-contaminated soil. The strain LCa2 is Pseudomonas oleovorans
according to the criteria of Bergey’s manual of determinative bacteriology and sequence analysis
of the partial 16S rRNA gene. Optimum growth temperature and pH were 35 °C and 8.0,
respectively. The strain could degrade 98.03% of acetochlor treated at a concentration of
7.6 mg l−1 after 7 days of incubation and could tolerate 200 mg l−1 of acetochlor. When the
acetochlor concentration became higher, the degradation cycle became longer. The acetochlor
biodegradation products were identified by GC–MS based on mass spectral data and
fragmentation patterns. The main plausible degradative pathways involved dechlorination,
hydroxylation, N-dealkylation, C-dealkylation and dehydrogenation.
Keywords: acetochlor - degradation - isolation - Pseudomonas oleovorans
Juan-Pedro Elissetchea, André Ferrazb, Juanita Freera and Jaime Rodrígueza, c.
(aRenewable Resources Laboratory, Chemical Sciences Faculty, Universidad de
Concepción, Casilla 160-C, Concepción, Chile, bDepartamento de Biotecnologia, Faculdade
de Engenharia Química de Lorena, CP 116, 12600-970 Lorena, SP, Brazil, cForest Science
Faculty, Universidad de Concepción, Casilla 160-C, Concepción, Chile. Corresponding
author. Forest Science Faculty, Universidad de Concepción, Casilla 160-C, Concepción,
Chile. Tel.: +56 41 204 601; fax: +56 41 247 517). Influence of forest soil on biodegradation
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of Drimys winteri by Ganoderma australe. International Biodeterioration & Biodegradation,
Volume 57(3), (2006): 174-178.
The basidiomycete Ganoderma australe is responsible for a unique field biodegradation process
resulting in completely white-rotted logs known as “palo podrido” in southern Chile. Although
the field formation of “palo podrido” has been evaluated, attempts to reproduce this selective
delignification in vitro have failed. In this study, a native wood species, Drimys winteri, was
exposed to G. australe in soil-containing and control cultures in which vermiculite replaced soil.
In the former, fungal growth and wood decay were more intense than in the vermiculitesupported cultures. However, lignin removal was not selective in either. In soil-containing
cultures, diffusion and fungal translocation of Fe, Mn and Cu was significant, while the
translocation of these metals was limited in vermiculite-containing cultures. Movement of soil
nutrients into wood was relevant for improving fungal growth and wood decay, but was not a
critical factor determining the selective biodelignification observed in field biodegradation of D.
winteri by G. australe.
Keywords: Ganoderma australe; Drimys winteri; Metal translocation; Wood biodegradation;
White-rot fungi
Y. Veeranagouda, M.H. Vijaykumar, Neelakanteshwar K. Patil, Anand S. Nayak and T.B.
Karegoudar. (Department of Biochemistry, Gulbarga University, Gulbarga 585106 ,
Karnataka, India. Corresponding author. Tel.: +91 8472 248819; fax: +91 8472 245632).
Degradation of 1-butanol by solvent-tolerant Enterobacter sp. VKGH12. International
Biodeterioration & Biodegradation, Volume 57(3), (2006): 186-189.
Biodegradation of solution-phase 1-butanol by solvent-tolerant Enterobacter sp. VKGH12
(NCIM 5221), which utilizes 1-butanol as its sole source of carbon and energy, was investigated.
At an initial loading of 0.4% and 0.8% (v/v) 1-butanol, freely suspended cells degraded 76% and
26%, whereas calcium alginate-immobilized cells degraded 96% and 92% 1-butanol,
respectively, in batch cultures. At these loadings, alginate-immobilized cells could be reused for
10 and 7 cycles, respectively, without significant loss in degradation efficiency. A packed-bed
reactor containing immobilized cells efficiently degraded 1-butanol at a flow rate of 25–
75 ml h−1 at an initial loading of 0.4% (v/v), and could be continuously operated for 10 days at
an influent concentration of 0.4% (v/v) 1-butanol without a loss in degradation efficiency. The
results suggest the application of immobilized solvent-tolerant bacterium in treatment of solvent
waste streams.
Keywords: Enterobacter sp.; Immobilization; Voc; Packed-bed reactor
Tomas L. Östberga, Anders P. Jonssonb and Ulla S. Lundströmc. (aDepartment of Natural
Science, Mid Sweden University, SE-83125 Östersund, Sweden, bDepartment of
Engineering, Physics and Mathematics, Mid Sweden University, SE-83125 Östersund,
Sweden, cDepartment of Natural Science, Mid Sweden University, SE-83170 Sundsvall,
Sweden. Corresponding author. Tel.: +46 63 165300; fax: +46 63 165500). Accelerated
biodegradation of n-alkanes in aqueous solution by the addition of fermented whey.
International Biodeterioration & Biodegradation, Volume 57(3), (2006): 190-194.
The effect of fermented whey on the aerobic degradation of n-alkanes by a microbial consortium
was investigated in an aqueous system. Microbial degradation of 100 mg n-alkanes l−1 (C12, C14,
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C16 and C18) in mineral nutrient medium was assessed by measuring the decrease in n-alkanes,
production of CO2 and increase in biomass. The addition of fermented whey at a concentration
of 5 mg dry weight l−1 to a nutrient medium receiving a small-sized inoculum (103.4 CFU ml−1)
shortened the lag phase from 8 to 3 days, but the degradation rate during the degradation phase
was not enhanced. The shortened lag phase at low initial concentration of microorganisms
indicates that the fermented whey stimulates growth in the initial phase, without reducing the
consortium's capacity for n-alkane degradation.
Keywords: Fermented whey; Degradation; n-Alkanes; Petroleum hydrocarbons; Mineralization
K. Pielech-Przybylska, K. Ziemiński and J.St. Szopa. (Institute of Fermentation
Technology and Microbiology, Technical University of Lodz, ul. Wolczanska 171/173, 90924 Lodz, Poland. Corresponding author. Tel.: +48 42 631 34 85; fax: +48 42 636 65 56).
Acetone biodegradation in a trickle-bed biofilter. International Biodeterioration &
Biodegradation, Volume 57(4), (2006): 200-206.
Laboratory scale-studies on acetone biodegradation in a trickle-bed biofilter were carried out
using using two identically sized columns, one of which was packed with coconut fibre and the
other with plexiglass chips. The columns were inoculated with two strains of bacteria:
Burkholderia cepacia (syn. Pseudomonas cepacia) and Acinetobacter baumannii. The
continuous process of air purification was carried out at incremental acetone concentrations from
0.3 to 2.5 g m−3 air and air flow-rates from 0.1 to 0.3 m3 h−1. A maximum acetone elimination
capacity of 95.8 g m−3 filter bed h−1 was achieved at air flow-rate of 36 m h−1.
Keywords: Acetone; Trickle-bed air biofilter; Coconut fibre; Plexiglass chips
Shuchi Vermaa, Renu Bhargavaa and Vikas Pruthib. (aDepartment of Civil Engineering,
Indian Institute of Technology, Roorkee 247667, India, bDepartment of Biotechnology,
Indian Institute of Technology, Roorkee 247667, India. Corresponding author. Tel./fax:
+91 1332 285530/273560). Oily sludge degradation by bacteria from Ankleshwar, India.
International Biodeterioration & Biodegradation, Volume 57(4), (2006): 207-213.
Three bacterial strains, Bacillus sp. SV9, Acinetobacter sp. SV4 and Pseudomonas sp., SV17
from contaminated soil in Ankleshwar, India were tested for their ability to degrade the complex
mixture of petroleum hydrocarbons (such as alkanes, aromatics, resins and asphaltenes),
sediments, heavy metals and water known as oily sludge. Gravimetric analysis showed that
Bacillus sp. SV9 degraded approx. 59% of the oily sludge in 5 days at 30 °C whereas
Acinetobacter sp. SV4 and Pseudomonas sp. SV17 degraded 37% and 35%. Capillary gas
chromatographic analysis revealed that after 5 days the Bacillus strain was able to degrade oily
sludge components of chain length C12–C30 and aromatics more effectively than the other two
strains. Maximum drop in surface tension (from 70 to 28.4 mN/m) was accompanied by
maximum biosurfactant production (6.7 g l−1) in Bacillus sp. SV9 after 72 h, these results
collectively indicating that this bacterial strain has considerable potential for bioremediation of
oily sludge.
Keywords: Oily sludge; Petroleum hydrocarbons; Microbial degradation; Bacterial isolates;
Bacillus sp.; Acinetobacter sp.; Pseudomonas sp
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Varima Nagpal and K M Paknikar*. Integrated biological approach for the enhanced
degradation of lindane. Indian Journal of Biotechnology, Vol 5 (Suppl), (2006): 400-406.
Lindane is a persistent organic pollutant (POP) and its removal from various environmental
compartments is a global priority. In the present study, three lindane degrading bacterial
cultures, viz. Pseudoarthrobacter sp., Pseudomonas sp. and Klebsiella sp., were selected from
among ten isolates obtained from lindane-exposed soils by enrichment culture technique. The
cultures exhibited a maximum lindane degradation efficiency of ~50%, having little significance
in bioremediation. However, in the presence of protozoa (ciliates) obtained from the same
enrichment culture, lindane degradation efficiency of bacterial cultures increased to the tune of
90-92% with concomitant formation of 1,2,4-trichlorobenzene, a key degradation product.
Lindane degradation by the bacterial cultures was also found to get enhanced by 10-15% in the
presence of root exudates of lindane-tolerant plants, viz. corn, chili and coriander, even though
these plants were unable to uptake any lindane and thus were unsuitable for phytoremediation
per se. These data highlight the need for an intensive investigation on (a) bacteria-protozoa
interactions for bioremediation of POPs and (b) use of POP-degrading bioinoculants in the
rhizospheric soil of resistant plants as a possible alternative, in the absence of a viable
conventional remedial option.
Keywords: lindane, bioremediation, phytoremediation, root exudates, protozoa
G D Saratale, S D Kalme And S P Govindwar*. Decolorisation of textile dyes by
Aspergillus ochraceus (NCIM-1146). Indian Journal of Biotechnology, Vol 5 (Suppl),
(2006): 407-410.
Aspergillus ochraceus (NCIM-1146) has ability to decolorize various xenobiotic dyes.
Biodegradation of dyes was demonstrated by their decolorisation in the culture medium. The
extent of biodegradation was determined by monitoring the decrease in absorbance of each dye.
Malachite green decolorisation activity is affected by various conditions such as composition of
media, concentration of dye, amount of mycelia and agitation. The durability of decolorisation
activity under optimum conditions was investigated in repeated batch mode. An increase in the
amount of mycelia positively affected the durability of decolorisation activity. The decrease in
dye decolorisation capability of mycelia occurred with increasing dye concentration in repeated
batch mode. Spectrophotometric data revealed that the process involved in decolorisation is
through microbial metabolism but not biosorption. This study showed that fungal mycelia (A.
ochraceus) could effectively be used as an alternative to the traditional physico-chemical
process.
Keywords: decolorisation; Aspergillus ochraceus; malachite green; textile dyes, repeated batch
mode
Meenal Kulkarni and Ambalal Chaudhari*. Efficient Pseudomonas putida for degradation
of p-nitrophenol. Indian Journal of Biotechnology, Vol 5 (Suppl), (2006): 411-415.
Exploration of Pseudomonas putida for controlling environmental (p-nitrophenol) PNP pollution
revealed that 0.5 OD inoculum at 600 nm degraded 100 ppm of PNP completely under the
ambient conditions within 24 h as established by UV-visible spectrophotometric and TLC
analysis of treated broth and confirmed the same by HPLC analysis. An attempt to elucidate the
mechanism of PNP degradation indicated that (i) it was oxidative with a stoichiometric release
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of nitrite, (ii) PNP was converted to hydroquinone, which accumulated in the presence of 2,2′dipyridyl, (iii) hydroquinone was the first product of ring oxygenation and nitrite removal, as
confirmed by TLC and HPLC analysis and (iv) concomitant formation of a keto acid by ring
fission, which was confirmed by Rothera's test.
Keywords: p-nitrophenol; biodegradation; Pseudomonas putida; hydroquinone; ring fission
M N Chavan, M V Kulkarni*, V P Zope and P P Mahulikar. Microbial degradation of
melanoidins in distillery spent wash by an indigenous isolate. Indian Journal of
Biotechnology, Vol 5 (Suppl), (2006): 416-421.
Spent wash is pollution intensive wastewater generated by distilleries. Its dark brown colour is
due to recalcitrant melanoidin pigments. Bacterial cultures were screened for the ability to
degrade these pigments. One isolate, identified as Pseudomonas sp., was selected for
degradation studies. Spent wash dilution up to 10% and addition of externally added carbon
source was essential for decolorisation. The optimum conditions for decolorisation were pH 6.87.2, temperature 30-35°C and glucose 0.4 g%, (W/V) of the spent wash medium. The maximum
decolorisation up to 56% and 63% reduction in COD of the spent wash could be achieved after
72 h by the microbial treatment. Spectrophotometric and HPLC analysis of treated effluent
confirmed biodegradation of melanoidin pigments by the isolate. This approach could be used to
develop a cost-effective, eco-friendly biotechnology package for the bioremediation of spent
wash before its disposal.
Keywords: biodegradation, decolorisation, melanoidins, spent wash
Suresh Kumar, K P Sharma*, Shweta Sharma1, Ruby Grover, Pawan Kumar, Pratima
Soni and Subhasini Sharma1. Optimization of microbial degradation of an azo dye (methyl
red) in fixed film bioreactors. Indian Journal of Biotechnology, Vol. 5, (2006): 68-75.
The effects of inorganic (5 ppm PO4-P and 50 ppm NO3-N) and organic (30 mL/day milk whey)
nutrients were examined on the microbial degradation of 100 ppm methyl red (MR) at one day
retention period under aerobic and anaerobic conditions in two types of fixed film bioreactors;
one prepared by using only gravel while the other, by using a mixture (3:1) of gravel and coarse
river sand. The performance of the bioreactor outflows was judged (with reference to the four
types of inflows used) on the basis of their per cent decolourisation, reduction in COD load and
toxicity to Lemna, which was found to be more sensitive than Hydrilla. The order of their
performance was as follows: MR (100 ppm) +PO4-P (5 ppm) >/≈ MR (100 ppm) + PO4-P+NO3N+ Milk whey > MR (100 ppm) + PO4-P+NO3-N (50 ppm) >/≈MR (100 ppm). In MR +PO4-P
treatment, the outflows from aerated bioreactors were found non-toxic to Lemna and percentage
reduction in COD load (63-70%) and decolourisation (90-94%) were also maximum. They,
however, were found toxic in other treatments. Among the bioreactors, gravel bed exhibited
excellent performance.
Keywords: bioreactor, solid matrix-texture, aerated and non-aerated conditions, inorganic and
organic nutrients, methyl red, Bacillus sp., fungi
Khaled M. Khleifata. (aMutah University, Department of Biology, Karak, Mutah 61710,
Jordan. Tel.: +962 3 2372380; fax: +962 3 2375540). Biodegradation of linear alkylbenzene
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sulfonate by a two-member facultative anaerobic bacterial consortium. Enzyme and
Microbial Technology, Volume 39(5), (2006): 1030-1035.
A bacterial consortium capable of degrading the linear alkylbenzene sulfonate (LAS) was
isolated from the wastewater treatment plant. The bacterial consortium consisted of two
members, Pantoea agglomerans and Serratia odorifera 2. Cells were grown evenly together in a
minimal medium (M9) and nutrient broth (NB). The bacterial consortium was able to grow in
the minimal medium containing LAS as the only carbon source. The percentage degradation of
200 ppm LAS by this bacterial consortium was better when cells were grown in NB ( 70%)
than in the M9 medium (36%). Also, the degradation ability by the bacterial consortium was
very much higher than by its individual cells. This work shows that the two bacteria complement
each other in the degrading ability of LAS, indicating catabolic cooperation between the two
consortium members. An incubation temperature of 32 °C, an agitation rate of 250 rev min−1,
and the addition of different carbon and nitrogen sources all independently caused complete
mineralization of 200 mg L−1 LAS within 48–72 h.
Keywords: LAS; Surfactants; Biodegradation
Ivanka Stoilovaa, Albert Krastanova, Veselin Stanchevb, David Danielc, Maria Gerginovad
and Zlatka Alexievad. (aDepartment of Biotechnology, University of Food Technologies,
4002 Plovdiv, Bulgaria, bDepartment of Automatics, Information and Control Systems,
University of Food Technologies, 4002 Plovdiv, Bulgaria, cDepartment of Chemical
Engineering, Vellore Institute of Technology, Vellore 632014, India, dInstitute of
Microbiology, Bulgarian Academy of Sciences, 26 Acad. G. Bontchev Str., 1113 Sofia,
Bulgaria). Biodegradation of high amounts of phenol, catechol, 2,4-dichlorophenol and 2,6dimethoxyphenol by Aspergillus awamori cells. Enzyme and Microbial Technology, Volume
39(5), (2006): 1036-1041.
The mycelium (or conidia) of Aspergillus awamori NRRL 3112 was investigated for its ability
to degrade phenol, catechol, 2,4-dichlorophenol and 2,6-dimethoxyphenol in high
concentrations. The biodegradation studies were performed in a liquid medium with the phenolic
compounds as a sole carbon and energy source. The organism had mineralized phenol
concentration of 0.3 g/l in 60 h, 0.6 g/l in 72 h and 1.0 g/l in 7–8 days. A. awamori had fully
degraded catechol concentration of 1.0 g/l in 82 h, 2.0 g/l in 108 h and 3.0 g/l in 124 h. Five days
are sufficient for complete biodegradation of 1.0 and 2.0 g/l 2,4-dichlorophenol. The higher
concentration of 3.0 g/l was degraded at a rate of 85% for 6 days. The degradation of 2,6dimethoxyphenol goes slow and only 1.0 g/l concentration was fully degraded for 7 days. In case
of 2.0 and 3.0 g/l no complete degradation can be observed even after 8 days of the process.
Successfully simulated phenols degradation profiles in all studies were obtained by Haldane-type
kinetics. The values of endogenous or decay and yield coefficients for all phenols at different
concentrations were also determined.
Keywords: Aspergillus awamori; Biodegradation; Phenol; Catechol; 2,4-Dichlorophenol; 2,6Dimethoxyphenol
Leandro Papinuttia, Nora Mousoa and Flavia Forchiassina. (aLaboratorio de Micología
Experimental, Departamento de Biodiversidad y Biología Experimental, Facultad de
Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad Autónoma de Buenos
Aires, Argentina. Corresponding author. Tel.: +54 11 45763384; fax: +54 11 45763384).
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Removal and degradation of the fungicide dye malachite green from aqueous solution
using the system wheat bran–Fomes sclerodermeus. Enzyme and Microbial Technology,
Volume 39(4), (2006): 848-853.
The triphenylmethane dye malachite green (MG), commonly used as fungicide, was adsorbed
onto wheat bran (WB) by using a batch technique. The effects of contact time, dye concentration
and pH were investigated. The equilibrium was attained after 40 min of contact time irrespective
of MG concentration. The pH of MG aqueous solution greatly influenced the adsorption capacity
and intensity, it was found that maximum adsorption of dye occurred at pH range 7–9, where the
amount of dye removed was nearly 90%. Data obtained on adsorption at different dye
concentrations and pH range 4–7 were used to plot the Freundlich isotherms. WB with MG
adsorbed at pH range 4–7 was used as substrate for the growth of the white rot fungi Fomes
sclerodermeus and Phanerochaete chrysosporium. The presence of MG (nearly 24 mg g−1 dry
WB) delayed the fungal growth. MG was completely degraded by F. sclerodermeus cultures at
pH 5, in concordance with the highest ligninases production. Thus, pH values not only
influenced the adsorption capacity of WB but they were also important for growth, enzyme
production and finally, dye degradation. This technique should have broad applications in
bioremediation processes of water and wastewater.
Keywords: Adsorption; Bioremediation; Dyes; Ligninases; White rot fungi
Marco S. Lucasa, b, Carla Amarala, Ana Sampaioa, José A. Peresb and Albino A. Diasa,.
(aCETAV, Departamento de Engenharia Biológica e Ambiental, Universidade de Trás-osMontes e Alto Douro, Apartado 1013, 5000-911 Vila Real, Portugal, bCentro de Química,
Departamento de Química, Universidade de Trás-os-Montes e Alto Douro, Apartado 1013,
5000-911 Vila Real, Portugal. Corresponding author. Tel.: +351 259 350725; fax: +351 259
350266). Biodegradation of the diazo dye Reactive Black 5 by a wild isolate of Candida
oleophila. Enzyme and Microbial Technology, Volume 39(1), (2006): 51-55.
This work looks for a better understanding of the biodegradation of xenobiotic azo dyes
mediated by yeasts. During a screening program of phenolic acid assimilating capacities it was
found that a non-conventional ascomycetous yeast isolate, identified as Candida oleophila,
efficiently decolorizes agar plates supplemented with the commercial textile diazo dye Reactive
Black 5. Aerobic batch cultures of C. oleophila could completely decolorize up to
200 mg dye l−1, an ability not yet reported for this yeast species. Moreover, this performance has
been achieved in just 24 h of incubation at 26 °C in the presence of as little as 5 g glucose l−1 and
without visible signs of dye adsorption to yeast cells. It was found that decolorization occurs
during the exponential growth phase and neither laccase nor manganese-dependent peroxidase
activities were detected in the culture medium. As far as the decolorization mechanism is
concerned, our results indirectly suggest the involvement of an azoreductase-like activity in azo
bonds cleavage.
Keywords: Azo dyes; Bioremediation; Decolorization; Wastewater; Yeasts
Neelima Garg1 and Om Prakash2. (1Division of Post Harvest Management, Central
Institute for Subtropical Horticulture, Rehmankhera, Lucknow, Kakori 227107, India, 2
Division of Crop Protection, Central Institute for Subtropical Horticulture, Rehmankhera,
Lucknow, Kakori 227107, India. Neelima Garg; Email: neelimagargg@rediffmail.com).
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Biodegradation of mango kernel by Syncephalastrum racemosum and its biological control.
BioControl, Volume 51(3), (2006): 353 – 361.
Poor germination of mango seed due to fungal decay is a common problem in mango nurseries.
The main causal fungus behind this problem is a black spore producing fungus, Syncephalastrum
racemosum. This fungus exhibited high amylolytic activity and hence utilised the starch present
in mango kernel for its own growth, thereby resulting in the death of emerging radical and
plumule, which ultimately causes the death of emerging seedlings. A simple biocontrol device
has been worked out by modifying the storage conditions of the mango seeds from aerobic to
facultative. This change resulted in yeast growth on the pulp sticking to the mango seed, which
in turn produced alcohol and prevented the growth of this fungus. The germination of such seeds
has been found to be about 85–90%.
Keywords: baker’s yeast - biocontrol - biodegradation - fungus - kernel - mango - seed Syncephalastrum racemosum
D. Hernández-Rodríguez1, J. E. Sánchez1, M. G. Nieto1 and F. J. Márquez-Rocha2. (1El
Colegio de la Frontera Sur, Post Box 36, 30700 Tapachula, Chiapas, México, 2Centro de
Investigación Científica y Educación Superior de Ensenada, Km. 107 carretera TijuanaEnsenada, Baja California, México. J. E. Sánchez; Email: esanchez@tap-ecosur.edu.mx,
Phone: +52-962-628-9800, Fax: +52-962-628-9806). Degradation of endosulfan during
substrate preparation and cultivation of Pleurotus pulmonarius. World Journal of
Microbiology and Biotechnology, Volume 22(7), (2006): 753 – 760.
Endosulfan is an insecticide used on many vegetable crops. In mushroom cultivation, vegetable
materials used as a growth substrate may contain residues of endosulfan that may accumulate in
the final mushroom biomass. After preparing the substrate, it is subjected to pasteurization
and/or composting and then inoculated with the desired fungus. The purpose of this research was
to determine the rate and extent of endosulfan reduction from a grass substrate that was either
composted or sterilized by autoclaving. In addition, the rate and extent of removal of endosulfan
from substrate colonized with Pleurotus pulmonarius was determined. The degradation of
65 mg/kg endosulfan was analyzed on both, the substrate preparation and the culture of P.
pulmonarius on the grass Digitaria decumbens. During composting in presence of Ca(OH)2 for
120 h, the concentrations of α and β endosulfan were reduced by 61.4 and 49.5% respectively,
significantly higher compared with the control (without Ca(OH)2,) in which the reduction was
38.5%. After sterilization the concentration of α and β endosulfan was reduced by 84.8 and
87.5% respectively. After the colonization of substrate by P. pulmonarius (15 days after
spawning) α and β endosulfan were reduced by 96% and at the end of cultivation (35 days after
spawning) were reduced by 99%. When carpophores were analyzed, residues of α and β
endosulfan were observed between 0.019–0.084 mg/kg. The results showed that α and β
endosulfan were partially removed during the preparation of substrate and entirely eliminated
during fungal colonization on the substrate.
Keywords: biodegradation - cultivation of Pleurotus - endosulfan - Pleurotus pulmonarius substrate preparation
Manuela da Silvaa, A.M.L. Moraesb, M.M. Nishikawaa, M.J.A. Gattic, M.A. Vallim de
Alencard, L.E. Brandãod and A. Nóbregac (aDepartment of Microbiology,
INCQS/Fundação Oswaldo Cruz, 4365 Avenida Brasil, Manguinhos, Rio de Janeiro, RJ
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21045-900, Brazil, bDepartment of Mycology, Fundação Oswaldo Cruz, 4365 Av. Brasil,
CEP: 21040-900, Manguinhos, cDepartment of Biology, IOC, Fundação Oswaldo Cruz,
d
4365
Av.
Brasil,
CEP:
21040-900,
Manguinhos,
Department
of
Radioprotection/IEN/UFRJ, Cidade Universitária, Ilha do Fundão, Rio de Janeiro, RJ,
Brazil. Corresponding author. Tel.: +55 21 3865 5186; fax: +55 21 2290 0915). Inactivation
of fungi from deteriorated paper materials by radiation. International Biodeterioration &
Biodegradation, Volume 57 (3), (2006): 163-167.
Books and documents are subject to decay by a variety of organisms, including mould.
Experiments were conducted to find the lowest gamma radiation dose needed to inactivate fungi.
Aspergillus versicolor and Eurotium chevalieri, previously isolated from naturally contaminated
book from a Brazilian public library and from the environment, respectively, were cultivated and
treated in a Co60 irradiation unit with doses ranging from 14.5 to 25 kGy. The minimum dose
required to kill these fungi was 16 kGy. Thus, this dose was applied directly to a severely
attacked book and deteriorated old documents. Pieces of damaged paper from these materials
were incubated in culture media before and after the treatment. Several fungi were isolated and
identified, including representatives of Acremonium, Aspergillus, Cladosporium, Fusarium,
Penicillium and Trichosporon. After the treatment, no living fungi were detected from the
irradiated material. The book was maintained in favorable conditions for new fungal attack for 2
months and no fungal growth was detected. These results are very promising and demonstrate
the effectiveness of gamma-ray radiation for the recovery of severely damaged books and old
documents, leading to the preservation of our cultural heritage and prevention of diseases caused
by moulds in libraries and archives.
Keywords: Fungi; Gamma radiation; Preservation; Books; Documents
Claudio Milanesia, Franco Baldib, Sara Borinc, Rita Vignania, Fabrizio Ciampolinic,
Claudia Faleria and Mauro Crestia. (aDepartment of Environmental Science ‘G. Sarfatti’,
University of Siena, P.A. Mattioli 4, 53100 Siena, Italy, bDepartment of Environmental
Science, Cà Foscari University, Calle Larga S. Marta, 30121 Venezia, Italy, cDepartment of
Food Science and Technology, University of Milan, Celoria 2, 20133 Milan Italy).
Biodeterioration of a fresco by biofilm forming bacteria. International Biodeterioration &
Biodegradation, Volume 57 (3), (2006): 168-173.
Three areas of the 18th century fresco by Sebastiano Conca in the apse of the church (Santissima
Annunziata, Siena, Italy) showed signs of deterioration. Twelve small fragments with a total
weight of about 15 mg were detached from each of three damaged areas of the fresco and
analysed. Element composition of specimens was determined by scanning electron microscopy
(SEM) with energy dispersive X-ray analysis (EDX). Some fragments were incubated in mineral
medium without organic carbon. Samples from the lower part of the fresco (area A) produced
colonies of heterotrophic aerobic bacteria on the carbon available in this medium. Fragments
from two other two areas (areas B and C) did not produce any microorganisms. Two strains were
isolated from area A and identified as Kocuria erythromyxa strain CV1 and Sphingomonas
echinoides strain CV2 by sequencing gene 16S rDNA. When fresco fragments were soaked in
mineral medium without carbon source, Sphigomonas echinoides grew rapidly. This strain
produced a visible biofilm on the fresco fragments. The mucilage consisted mainly of
extracellular polymeric substances (EPS) detected in situ by confocal scanning laser microscopy
(CSLM) with Con-A fluorescent lectin and confirmed by transmission electron microscopy
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(TEM) observations. Ultrastructural analysis of sections of the microorganisms by TEM showed
that only strain CV2 adhered to the substrate and caused biological deterioration of the fresco.
Keywords: Biodeterioration; Endogenous carbon; Extracellular polymeric substances; Kocuria
erythromyxa; Sphingomonas echinoides
Federica Abbondanzia, Luigi Bruzzib, Tiziana Campisia, Annalisa Frezzatia, Roberta
Guerrab and Antonella Iacondinia. (aCentro Ricerche e Servizi Ambientali Fenice spa, via
C. Menotti, 48 I-48023 Marina di Ravenna (RA), Italy, bUniversity of Bologna. Interfaculty
Department for Environmental Science Research. Via dell’Agricoltura, 5, I-48100
Ravenna, Italy. Corresponding author. Fax:+39 0544 538 663). Biotreatability of polycyclic
aromatic hydrocarbons in brackish sediments: Preliminary studies of an integrated
monitoring. International Biodeterioration & Biodegradation, Volume 57 (4), (2006): 214221.
An integrated monitoring, of chemical, microbiological and ecotoxicological parameters, was
performed for a biotreatability study of polycyclic aromatic hydrocarbons (PAHs)—
contaminated brackish sediments. Three slurry reactors were prepared, consisting of (a) a slurry
with sediment and seawater called TQ slurry, to evaluate the intrinsic bioremediation potential,
(b) a slurry with the addition of a selected microbial consotrium called BIO slurry, to evaluate
the bioaugmentation effect, (c) a slurry with the addition of Soya lecithin called LEC slurry, to
evaluate the effect of the addition of a natural surfactant. Biodegradation results showed that
both BIO and LEC slurries enhanced PAHs removal, increasing the biodegradation rate for 5and 6-ring PAHs. Furthermore, ecotoxicological response (Microtox® assay on whole sediment,
aqueous extract and organic extract) demonstrated a detoxification of the PAHs initial mixture
only for BIO slurry. The findings that aerobic PAHs degradation can be stimulated via
inoculation with adapted sediment bacteria suggest that a bioaugmentation process may be a
useful strategy for ex-situ treatment.
Keywords: Polycyclic aromatic hydrocarbons (PAHs); Brackish sediments; Vibrio fischeri;
Bioaugmentation; Biosurfactant
L. Valentína, 1, G. Feijooa, M.T. Moreirab, and J.M. Lemab. (aDepartment of Chemical
Engineering, Institute of Technology, University of Santiago de Compostela, E-15782
Santiago, Spain, bDepartment of Chemical Engineering, School of Engineering, University
of Santiago de Compostela, E-15782 Santiago, Spain. Corresponding author. Fax:
+34981528050. 1Present address: Department of Applied Chemistry and Microbiology,
University of Helsinki, 00014 Helsinki, Finland). Biodegradation of polycyclic aromatic
hydrocarbons in forest and salt marsh soils by white-rot fungi. International
Biodeterioration & Biodegradation,Volume 58 (1), (2006): 15-21.
Single strains of nine white-rot fungal species were screened for the ability to degrade polycyclic
aromatic hydrocarbons (PAHs) in forest and salt marsh soils. Of these, Bjerkandera adusta,
Irpex lacteus and Lentinus tigrinus were outstanding PAH degraders in both saline and nonsaline conditions. These three strains were tested in parallel to investigate the levels of salinity
and PAH concentration which had negative effects on the ligninolytic activity of the fungi as
measured by the anthraquinone dye Poly R-487. Salinity characteristic of sea water had minimal
effect on ligninolytic activity of I. lacteus and L. tigrinus, while in B. adusta, activity was
inhibited by salinity levels of 32‰. The results also indicated that the concentration of each
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single PAH should be <10 mg l−1, equivalent to a concentration of 100 mg kg−1 polluted soil.
These results were statistically analysed using analyses of covariance (ANCOVA). The
statistical analyses confirmed that the decolourization rate varied with salinity and PAH
concentration, and between fungi. In the light of these results, future research should be focused
on the selection of the most appropriate bioreactor configuration for soil detoxification.
Keywords: Biodegradation; Polycyclic aromatic hydrocarbons (PAHs); Soil-slurry system;
White-rot fungi; Marsh soil; Forest soil; Salinity
Jong-Su Seoa, Young-Soo Keuma, Il Kyu Choa and Qing X. Li a. (aDepartment of Molecular
Biosciences and Bioengineering, University of Hawaii, 1955 East-West Road, Honolulu, HI
96822, USA. Corresponding author. Tel.: +1 808 956 2011; fax: +1 808 956 3542).
Degradation of dibenzothiophene and carbazole by Arthrobacter sp. P1-1. International
Biodeterioration & Biodegradation,Volume 58 (1), (2006): 36 - 43.
Arthrobacter sp. P1-1 was isolated from a polycyclic aromatic hydrocarbon (PAH)-contaminated
site in Hilo, HI, USA. This strain can degrade approximately 82% of dibenzothiophene (DBT)
(40 mg l−1) and 57% of carbazole (CBZ) (40 mg l−1) in 14 days incubation. Dibenzothiophene5,5′-dioxide was formed from sulfur oxidation of DBT. Dibenzothiophene diols that were
transformed from 1,2- and 3,4-dioxygenations of DBT underwent ortho- and meta-ring
cleavages to produce benzo[b]thiophene-2,3-dicarboxylic acid and hydroxyl-benzo[b]thiophene
carboxylic acid, respectively. These products were converged into benzo[b]thiophene-2,3-diol,
which was further transformed to 2,2′-dithiosalicylic acid via 2-mercaptobenzoic acid. These
results indicate that strain P1-1 has diverse lateral dioxygenase systems and subsequent
metabolic enzyme systems. The five detected CBZ metabolites by strain P1-1 were 4-(3hydroxy-1H-indol-2-yl)-2-oxobut-3-enoic acid, 2-(2-carboxy-vinyl)-1H-indole-3-carboxylic
acid, pyrido[1,2-a]indole-6,10-dione, indole-2,3-dicarboxylic acid, and 2-aminobenzoic acid.
The results suggest that CBZ degradation underwent 3,4-dioxygenation followed by ortho- and
meta-ring cleavage.
Keywords: Arthrobacter; Biodegradation; Carbazole; Dibenzothiophene; Lateral dioxygenation
Gabriela A. Vázquez-Rodrígueza, Anne Calmonb, Françoise Silvestreb, Gérard Gomac and
Jean-Luc Rolsd . (aCentro de Investigaciones Químicas, Universidad Autónoma del Estado
de Hidalgo, Carr. Pachuca-Tulancingo km. 4.5, C.P. 42076 Pachuca Hgo., Mexico,
b
Laboratoire de Chimie Agro-Industrielle, UA INRA 31A1010, École Nationale Supérieure
de Chimie, 118 Route de Narbonne, 31077 Toulouse Cedex 4, France, cCentre de
Bioingénierie Gilbert Durand, UMR-CNRS 5504, UR-INRA 792, Institut National des
Sciences Appliquées, 135 Avenue de Rangueil, 31077 Toulouse Cedex 4, France,
d
Laboratoire d’Écologie des Hydrosystèmes, UMR-CNRS 5177, Université Paul Sabatier,
118 Route de Narbonne, 31062 Toulouse Cedex 4, France. Corresponding author. Tel.:
+52 771 717 2000X6501; fax: +52 771 717 2000X6502). Effect of the inoculation level in
aerobic biodegradability tests of polymeric materials. International Biodeterioration &
Biodegradation,Volume 58 (1), (2006): 44-47.
The composition and the quantity of the microbial inoculum are well-known factors affecting the
reproducibility of results of biodegradability tests. Experiments with polyhydroxy–
butyrate/valerate (PHBV, a biopolymer), cellulose (natural polymer) and acetate (soluble
substance) as substrates were carried out to evaluate the impact of non-controlled inocula on test
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response. The European Committee of Normalization (ECN) Standard for packaging materials
was the method chosen to evaluate the ultimate aerobic biodegradability, in order to establish
carbon balances. Inocula were obtained from activated sludges sampled in the aerated tank of a
municipal wastewater treatment plant. Activated sludges were collected at different periods, so
the inoculum concentration (X0) in the test was dependent on the seasonal variations of the
source. As the initial carbon content (S0) was maintained to a well-defined value, various S0/X0
ratios were obtained. At high S0/X0 ratios, cellular growth and soluble residual carbon
accumulation were favoured and low mineralization levels were obtained. An increase in the
quantity of mineralized carbon due to a low S0/X0 ratio seems to support the notion of
standardized biodegradability tests in relation to this parameter, which could enhance the
reliability of test results of polymeric materials.
Keywords: Biodegradability test; Inoculum; Polymeric material; Carbon balance; S0/X0 ratio;
Mineralization
Yun Long Yu1, Hua Fang1, Xiao Wang1, Xiao Mao Wu1, Min Shan1 and Jing Quan Yu2.
(1Department of Plant Protection, College of Agriculture & Biotechnology, Zhejiang
University, 310029 Hangzhou, Zhejiang, People’s Republic of China, 2Department of
Horticulture, College of Agriculture & Biotechnology, Zhejiang University,
310029 Hangzhou, Zhejiang, People’s Republic of China. Corresponding author:
Yun Long Yu, Email: ylyu@zju.edu.cn). Chatacterization of a fungal strain capable of
degrading chlorpyrifos and its use in detoxification of the insecticide on vegetables.
Biodegradation, Volume 17 (5), (2006): 487-494.
A fungal strain capable of utilizing chlorpyrifos as sole carbon and energy sources was isolated
from soil by enrichment cultivation approach. The half-lives of degradation (DT50) for
chlorpyrifos at concentrations of 1, 10, and 100 mg l−1 by the fungal strain DSP in mineral salt
medium were measured to be 2.03, 2.93, and 3.49 days, respectively. Two cell-free extracts [E
(1:10) and E (1:20)] from the fungal strain DSP in bran–glucose medium were prepared and used
to enhance chlorpyrifos degradation on vegetables. Compared with the controls, the DT50 of
chlorpyrifos were reduced by 70.3%, 65.6%, 80.6%, 80.6%, and 86.1%, and by 53.8%, 43.2%,
66.0%, 54.3%, and 67.7% on E (1:20) and E (1:10) treated pakchoi, water spinach, Malabar
spinach, haricot beans, and pepper, respectively. The 7-day residual values (R 7) of chlorpyrifos
on E (1:10) treated vegetables were all lower than the corresponding maximum residue levels of
European Union (EU MRLs), except that the R 7 value on haricot beans was slightly higher than
the corresponding EU MRLs. The results indicate that cell-free extracts could rapidly degrade
chlorpyrifos residues on vegetables.
Keywords: biodegradation - cell-free extract - chlorpyrifos - microorganism - residue vegetable
J.P. Osborne1, A. Dubé Morneau2 and R. Mira de Orduña2. (1Department of Chemistry,
The University of Auckland, Auckland, New Zealand, 2 Department of Food Science,
University of Guelph, Guelph, Ontario, Canada. Correspondence author: R. Mira de
Orduña, Department of Food Science, University of Guelph, Guelph, Ontario, Canada
N1G 2W1, E-mail: rmira@uoguelph.ca). Degradation of free and sulfur-dioxide-bound
acetaldehyde by malolactic lactic acid bacteria in white wine. Journal of Applied
Microbiology, Volume 101(2), (2006): 474-479.
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Aims: Acetaldehyde is the major carbonyl compound formed during winemaking and has
implications for sensory and colour qualities of wines as well as for the use of the wine
preservative SO2. The current work investigated the degradation of acetaldehyde and SO2-bound
acetaldehyde by two commercial Oenococcus oeni starters in white wine.
Methods and Results: Wines were produced by alcoholic fermentation with commercial yeast
and adjusted to pH 3.3 and 3.6. While acetaldehyde was degraded rapidly and concurrently with
malic acid at both pH values, SO2-bound acetaldehyde caused sluggish bacterial growth. Strain
differences were small.
Conclusions: Efficient degradation of acetaldehyde can be achieved by commercial starters of
O. oeni. According to the results, the degradation of acetaldehyde could not be separated from
malolactic conversion by oenococci. While this may be desirable in white winemaking, it may
be necessary to delay malolactic fermentation (MLF) in order to allow for colour development in
red wines. SO2-bound acetaldehyde itself maybe responsible for the sluggish or stuck MLF, and
thus bound SO2 should be considered next to free SO2 in order to evaluate malolactic
fermentability.
Significance and Impact of the Study: The current study provides new results regarding the
metabolism of acetaldehyde and SO2-bound acetaldehyde during the MLF in white wine. The
information is of significance to the wine industry and may contribute to reducing the
concentration of wine preservative SO2.
A. Valle1, G. Boschin2, M. Negri1, P. Abbruscato1, C. Sorlini1, A. D'Agostina2 and E.
Zanardini3. (1Dipartimento di Scienze e Tecnologie Alimentari e Microbiologiche
(DISTAM), Sezione MAAE, Università degli Studi di Milano, Milan, Italy, 2Dipartimento
di Scienze Molecolari Agroalimentari (DISMA), Sezione di Chimica, Università degli Studi
di Milano, Milan, Italy, 3Dipartimento di Scienze Chimiche ed Ambientali, Università
dell'Insubria, Como, Italy. Correspondence author: A. Valle, DISTAM, Via Celoria 2,
20133 Milan, Italy. E-mail: anna.valle@unimi.it). The microbial degradation of
azimsulfuron and its effect on the soil bacterial community. Journal of Applied
Microbiology, Volume 101(2), (2006): 443-452.
Aims: Azimsulfuron is a recently introduced sulfonylurea herbicide useful in controlling weeds
in paddy fields. To date very little information is available on the biodegradation of this pesticide
and on its effect on the soil microbial community. The aim of this work was to study its
biodegradation both in slurry soil microcosms and in batch tests with mixed and pure cultures.
Methods and Results: Azimsulfuron was applied to forest bulk soil in order to study its effect
on the structure of the bacterial soil community, as detectable by denaturant gradient gel
electrophoresis (DGGE) analyses. Biodegradation and abiotic processes were investigated by
HPLC analyses. In addition, a microbial consortium was selected, that was able to use
azimsulfuron as the sole energy and carbon source. One of the metabolites produced by the
consortium was isolated and identified through LC-MS analyses. Cultivable bacteria of the
consortium were isolated and identified by 16S rDNA sequencing (1400 bp).
Conclusions: Azimsulfuron treatment seems to have the ability to cause changes in the bacterial
community structure that are detectable by DGGE analyses. It is easily biodegraded both in
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microcosms and in batch tests, with the formation of an intermediate that was identified as 2methyl-4-(2-methyl-2H-tetrazol-5-yl)-2H-pyrazole-3-sulfonamide.
Significance and Impact of the Study: The study increases the knowledge on the
biodegradation of azimsulfuron and its effects on the soil microbiota.
Harrison Ifeanyichukwu Atagana1. (1School of Earth Sciences, Mangosuthu Technikon,
P.O. Box 12363, Jacobs, Durban, South Africa. Harrison Ifeanyichukwu Atagana, Email:
atagana@yahoo.com, Phone: +27-82-200-9855, Fax: +27-31-907-7611). Biodegradation of
polyacyclic aromatic hydrocarbons in contaminated soil by biostimulation and
bioaugmentation in the presence of copper(II) ions. World Journal of Microbiology and
Biotechnology, Volume 22(11), (2006): 1145-1153.
The effect of a combination of biostimulation, bioaugmentation and the presence of CuSO4 on
the biodegradation of the polycyclic aromatic hydrocarbons (PAHs) dibenzofuran 210 mg kg−1,
benzo(a)anthracene 200 mg kg−1, dibenzo-p-dioxine 100 mg kg−1 and 9-fluorenone 100 mg kg−1
in a sandy loam soil was studied. The pH of the soil was raised from 5 to 7 with agricultural
lime. The soil was then divided into two sets labelled Treatments A and B. Six subsets numbered
1–6 were established for each of Treatments A and B. Treatment A was not amended with
CuSO4 while Treatment B was amended with 5% CuSO4. Sterile control was established for
both sets of treatment by adding 75 g sodium azide twice during the treatment period to
Treatment 1. Treatment 2 was established as a natural control, without further amendments.
Treatments 3–6 were tilled daily and maintained at 70% moisture. Mono-ammonium phosphate
(MAP) (1 g kg−1 soil) was added to Treatments 4–6 twice during the treatment period. H2O2 at
500 mg l−1 (600 µl of a 39% solution) was added weekly to Treatment 5. A biosupplement was
added to Treatment 6 every week. The experiments were incubated for 10 weeks at ambient
temperature. The C:N:P ratio of the soil after the addition of MAP was 38:1:2.2. Counts of
microorganisms were larger in the treatments not amended with CuSO4. For example counts
were 77×106 in A6, as compared to 61×106 in B6. CO2 evolution was also consistently lower in
the CuSO4-amended treatments. Reduction in the concentrations of the PAHs in the treatments
without CuSO4 reached a maximum of 28.6% (dibenzofuran) in the sterile control and 39.1%
(dibenzofuran) in the natural control. In contrast, maximum reduction in Treatment 3 reached
85% (dibenzofuran). Reduction in Treatments 4, 5 and 6 was between 90% and 100% in both
Treatments A and B after 10 weeks. The combination of biostimulation and bioaugmentation
(Treatment 6) enhanced PAH reduction by 100% reduction of all PAHs tested, better than only
biostimulation (Treatments 4 & 5), which reduced the PAHs concentrations by between 90% and
100%. The effect of CuSO4 on the biodegradation of the tested PAHs was more prominent
during the early stages of the experiment. However, there was no significant difference in the
overall residual concentrations of the PAHs in both treatments A and B at the end of the
treatment period.
Keywords Bioaugmentation - Biodegradation - Biostimulation - CuSO4 - PAHs – Soil
Zhengjian Wang1 and Charles Banks1 . (1School of Civil Engineering and Environment,
University of Southampton, SO17 1BJ Southampton, UK. Corresponding author:
Charles Banks, Email: cjb@soton.ac.uk). An investigation into the microbial clogging
potential of selected filter media as a result of biodegradation of a high-strength sulphaterich alkaline leachate. Biodegradation, Volume 17(5), (2006): 415-422.
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The research examines the potential for bio-clogging in filter packs containing fine sand of the
type typically used in extraction wells for pumping leachates containing fine particulate matter,
such as cement kiln dust (CKD). Three filter media with different particle sizes were used: 1.7–
4.75, 0.35–1.0, and 0.235–0.45 mm. Each sand filter was tested using a leachate recirculating
column reactor with a free drainage layer, on top of which was placed the filtration medium
which was kept saturated and at a positive hydrostatic head by a 2-l reservoir of leachate. The
leachate was collected from a landfill site that had been used for the co-disposal of municipal
solid waste (MSW) and CKD. The leachate used was filtered by passing through a Whatman
GFA filter paper before being added to the reactors in order to eliminate as far as possible the
non-biological clogging which might have resulted from the introduction of particulate matter in
the form of CKD. The filters and a control experiment were run under anaerobic conditions at
35 °C. The bio-clogging potential was observed by taking differential manometer readings from
manometers located in the drainage and reservoir sections of the reactor. No clogging was
detected using the coarser of the filter media, but there was some clogging when a finer filter
medium was used. Head space gas analysis indicated that methanogenic activity was inhibited
and analysis of the liquid phase indicated that the microbial process responsible for removal of
chemical oxygen demand (COD) was principally one of sulphate reduction.
Keywords anaerobic biodegradation - cement kiln dust - clogging - filter pack - landfill leachate
Y.J. Yuan, Z.X. Lu, L.J. Huang, X.M. Bie, F.X. Lü and Y. Li. (College of Food Science and
Technology, Nanjing Agricultural University, Key Laboratory of Food Processing and
Quality Control of Ministry of Agriculture, Nanjing, China. Z.X. Lu, College of Food
Science and Technology, Nanjing Agricultural University, 1 Weigang, Nanjing 210095,
China. E-mail: fmb@njau.edu.cn). Optimization of a medium for enhancing nicotine
biodegradation by Ochrobactrum intermedium DN2. Journal of Applied Microbiology,
Volume 101 (3), (2006): 691.
Aims: To optimize a medium for nicotine degradation by Ochrobactrum intermedium DN2 in
presence of yeast extract, glucose and Tween 80 using response surface methodology (RSM).
Methods and Results: In this study, the effects of yeast extract, glucose and Tween 80 on
nicotine degradation were investigated in flasks using a novel nicotine-degrading bacterium, O.
intermedium DN2. A full factorial central composite design was applied in the design of
experiments and in the analysis of the experimental data. The results showed that the most
significant variable influencing nicotine degradation was yeast extract, followed by glucose, and
then Tween 80. Moreover these three factors interacted with each other and combined to produce
positive effects on nicotine degradation. The experimental data also allowed the development of
an empirical model (P < 0·0001) describing the inter-relationship between independent and
dependent variables. By solving the regression equation, the optimal values of the variables were
determined as: yeast extracts 0·094%, glucose 0·101% and Tween 80 0·080%. Using the medium
obtained, about 1220 mg l 1 of nicotine was degraded (95·55%) within 10 h at the specific
biodegradation of 116·59 mg l 1 h 1 in 30-l bioreactor containing 25-l tobacco extract.
Conclusions: An optimal medium of nicotine degradation by the strain DN2 was obtained.
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Significance and Impact of the Study: RSM proved to be reliable in developing the model,
optimizing factors and analysing interaction effects. The results provide better understanding on
the interactions between yeast extract, glucose and Tween 80 for nicotine biodegradation.

Biosensor
Sergey Shleeva,b, Per Perssona, Galina Shumakovichb, Yulia Mazhugob, Alexander
Yaropolovb, Tautgirdas Ruzgasa and Lo Gortona. (aDepartment of Analytical Chemistry,
Lund University, P.O. Box 124, SE-221 00 Lund, Sweden, bA.N. Bach Institute of
Biochemistry, RAS, Leninsky Prospekt 33, 119071 Moscow, Russia. Corresponding author.
Tel.: +46 46 222 8191; fax: +46 46 222 4544). Laccase-based biosensors for monitoring
lignin. Enzyme and Microbial Technology, Volume 39 (4), (2006): 835-840.
Four different ways to detect Kraft and soluble pine lignin using either soluble or immobilised
Trametes hirsuta laccase have been investigated. In the first, the concentration of lignin was
measured using laccase in homogeneous medium with a Clark electrode. In the second, laccase
immobilised onto aminated porous glass beads was used in a reactor submerged into the lignin
containing solution and the reaction was followed with a Clark electrode. The third and fourth
techniques involved lignin detection using laccase modified spectrographic graphite electrodes,
either used in flow injection mode or in batch mode, where lignin solutions were injected into an
electrochemical cell. It was shown that the use of laccase modified graphite electrodes in
conjunction with flow injection for amperometric lignin detection is an attractive perspective and
our data form the basis for designing laccase-based biosensors to be applied for measuring lignin
and its model compounds in waste water, e.g. from the pulp and paper industry.
Keywords: Lignin; Laccase; Biosensor; Amperometry
Roumen Zlateva, Jean-Pierre Magninb, Patrick Ozilb and Margarita Stoytchevac.
(aAutonomous University of Baja California, Institute of Engineering, Blvd. Benito Juares
S/N 21280 Mexicali, Baja California, Mexico, bLaboratoire d’Electrochimie et de Physicochimie des Matériaux et Interfaces (LEPMI), UMR 5631, CNRS/UJF/INPG, BP75, 38402
St. Martin d’Hères, France,University of Mining and Geology, Department of Chemistry,
Studentski grad, 1700 Sofia, Bulgaria. Corresponding author. Tel.: +359 296 27220x518;
fax: +359 262 4240). Bacterial sensors based on Acidithiobacillus ferrooxidan. Part II.
Cr(VI) determination. Biosensors and Bioelectronics, Volume 21(8), (2006): 1501-1506.
The aerobic acidophilic bacterium Acidithiobacillus ferrooxidans oxidizes Fe2+ and S2O32− ions
by consuming oxygen. An amperometric biosensor was designed including an oxygen probe as
transducer and a recognition element immobilized by a suitable home-made membrane. This
biosensor was used for the indirect amperometric determination of Cr2O72− ions owing to
methods based on a mediator (Fe2+) or titration.
Using the mediator, the biosensor response versus Cr2O72− was linear up to 0.4 mmol L−1, with a
response time of, respectively, 51 s (2 × 10−5 mol L−1 Cr2O72−) and 61 s (6 × 10−5 mol L−1
Cr2O72−). The method sensitivity was 816 µA L mol−1. Response time and measurement
sensitivity depended on membrane material and technique for biomass immobilization. For
example, their values were 90 s—200 µA L mol−1 when using a glass-felt membrane and
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540 s—4.95 µA L mol−1 with a carbon felt one to determine a concentration of 2 × 10−5 mol L−1
Cr2O72−.
For the titration method, the biosensor is used to determine the equivalence point. The relative
error of quantitative analysis was lower than 5%.
Keywords: Biosensor; Acidithiobacillus ferrooxidans; Cr(VI) determination
Vijay Shyam Tripathi, Vivek Babu Kandimalla and Huangxian Ju. (Key Laboratory of
Analytical Chemistry for Life Science (Education Ministry of China), Department of
Chemistry, Nanjing University, Nanjing 210093, China. Corresponding author. Tel.: +86
25 83593593; fax: +86 25 83593593). Amperometric biosensor for hydrogen peroxide based
on ferrocene-bovine serum albumin and multiwall carbon nanotube modified ormosil
composite. Biosensors and Bioelectronics, Volume 21 (8), (2006):1529-1535.
A novel amperometric biosensor for hydrogen peroxide (H2O2) was developed by entrapping
horseradish peroxidase (HRP) in a new ormosil composite doped with ferrocene monocarboxylic
acid–bovine serum albumin conjugate and multiwall carbon nanotubes (MWNTs). The ormosil
was prepared using 3-(aminopropyl)triethoxysilane and 2-(3,4 epoxycyclohexyl)ethyltrimethoxy silane as monomers. The encapsulated conjugate showed excellent
electrochemistry and acted as an electron transfer mediator. The presence of MWNTs improved
the conductivity of the composite film. This matrix showed a biocompatible microenvironment
for retaining the native activity of the entrapped HRP and a very low mass transport barrier to
the substrate, which provided a fast amperometric response to H2O2. The proposed H2O2
biosensor exhibited a linear range of 0.02–4.0 mM with a detection limit of 5.0 µM (S/N = 3)
and a
value of 2.0 mM. It could be used for flow injection analysis of hydrogen peroxide
with a liner range from 0.02 to 4.5 mM, sensitivity of 0.042 µA/mM and analytical time of 20 s
per sample. This biosensor possessed good analytical performance and storage stability.
Keywords: Ormosil; Ferrocene monocarboxylic acid–bovine serum albumin conjugate;
Multiwall carbon nanotubes; Horseradish peroxidase; Hydrogen peroxide; Biosensors
Anjan Kumar Basu, Parimal Chattopadhyay, Utpal Roychudhuri and Runu Chakraborty.
(Department of Food Technology and Biochemical Engineering, Jadavpur University,
Kolkata 700032, India. Corresponding author. Tel.: +91 32 16233638; fax: +91 33
24137121). A biosensor based on co-immobilized L-glutamate oxidase and L-glutamate
dehydrogenase for analysis of monosodium glutamate in food. Biosensors and
Bioelectronics, Volume 21 (10), (2006): 1968-1972.
A monosodium glutamate (MSG) biosensor made by co-immobilized L-glutamate oxidase (LGLOD) and L-glutamate dehydrogenase (L-GLDH) as the bio-component based on substrate
recycling for highly sensitive MSG or L-glutamate determination, has been developed.
Regeneration of MSG by substrate recycling provided an amplification of the sensor response.
Higher signal amplification was found in the presence of ammonium ion. The sensor was
standardized to determine MSG in the range of 0.02–3.0 mg/L. Linearity was obtained from 0.02
to 1.2 mg/L in presence of ammonium ion (10 mM) and NADPH (reduced nicotinamide adenine
dinucleotide phosphate) (2 mM), but in absence of L-GLDH, the detection limit of MSG is
confined to 0.1 mg/L. The apparent Km for MSG with L-GLOD–L-GLDH coupled reaction was
0.4451 mM but 1.9222 mM when only L-GLOD was immobilized. Cross linking with
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glutaraldehyde in the presence of bovine serum albumin (BSA) as a spacer molecule has been
used for the method of immobilization. The response time of the sensor was 2 min. The optimum
pH and temperature of the biosensor has been determined as 7 ± 2 and 25 ± 2 °C, respectively.
The enzyme immobilized on the membrane was used for over 50 measurements. The standard
error of the sample measurement was 4–5%. The activity of the enzyme-immobilized membrane
was tested over a period of 60 days.
Keywords: MSG biosensor; Substrate recycling; L-GLOD–L-GLDH co-immobilization; pH and
temperature optimization; Signal amplification
Roger C.H. Kwana, b, Phoebe Y.T. Hona, W.C. Maka, L.Y. Lawa, Jamie Huc and Reinhard
Renneberga, b. (aSino-German Nano-Analytical Lab (SiGNAL), Department of Chemistry,
The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong
Kong SAR, China, bMarine Sensor & Biosensor Group, Atmospheric, Marine and Coastal
Environment (AMCE) Program, The Hong Kong University of Science and Technology,
Clear Water Bay, Kowloon, Hong Kong SAR, China, cBioScan Inc., No. 47, West Guilin
Street, Shanghai 200233,China). Biosensor for rapid determination of 3-hydroxybutyrate
using bienzyme system. Biosensors and Bioelectronics, Volume 21 (7), (2006): 1101-1106.
A bienzyme-based Clark electrode was developed for the determination of 3-hydroxybutyrate.
This sensor is based on the specific dehydrogenation by 3-hydroxybutyrate dehydrogenase
(HBDH, E.C. 1.1.1.30) in combination with salicylate hydroxylase (SHL E.C. 1.14.13.1). The
enzymes were entrapped by a poly(carbamoyl) sulfonate (PCS) hydrogel on a Teflon membrane.
The principle of the determination scheme is as follows: the specific detecting enzyme, HBDH,
catalyses the specific dehydrogenation of 3-hydroxybutyrate consuming NAD+. The products,
NADH, initiate the irreversible decarboxylation and the hydroxylation of salicylate by SHL in
the presence of oxygen. SHL forces the equilibrium of dehydrogenation of 3-hydroxybutyrate by
HBDH to the product side by consuming NADH. Dissolved oxygen acts as an essential material
for SHL during its enzymatic reactions. This results in a detectable signal due to the SHLenzymatic consumptions of dissolved oxygen in the measurement of 3-hydroxybutyrate.
Interferences from different amino acids and electroactive substances were found to be minimal
due to the specificity of HBDH and the application of a Teflon membrane. The sensor has a fast
response (2 s) and short recovery time (2 min) with a linear range between 8 and 800 µM 3hydroxybutyrate and a detection limit of 3.9 µM. A good agreement (R2 = 0.9925) with
theoretical calculation was obtained in spiked serum sample measurements.
Keywords: Biosensor;
dehydrogenase

3-Hydroxybutyrate;

Salicylate

hydroxylase;

3-Hydroxybutyrate

Md. Aminur Rahmana, Deog-Su Parka, Seung-Cheol Changb, Calum J. McNeilb and YoonBo Shima,. (aDepartment of Chemistry and Center for Innovative Bio. Physio Sensor
Technology, Pusan National University, Keumjeong-Ku, Busan 609-735, South Korea,
b
School of Clinical & Laboratory Sciences, University of Newcastle upon Tyne, UK). The
biosensor based on the pyruvate oxidase modified conducting polymer for phosphate ions
determinations. Biosensors and Bioelectronics, Volume 21(7), (2006): 1116-1124.
An enzymatic biosensor was fabricated by the covalent immobilization of pyruvate oxidase
(PyO) onto the nano-particle comprised poly-5,2′:5′,2″-terthiophene-3′-carboxylic acid, polyTTCA (nano-CP) layers on a glassy carbon electrode (GCE) for the amperometric detection of
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the phosphate ions. The direct electron transfer reaction of the immobilized PyO onto the nanoCP layers was investigated and the electron transfer rate constant was determined to be 0.65 s−1.
The electrochemically prepared nano-CP lowered the oxidation potential (+0.40 V versus
Ag/AgCl) of an enzymatically generated H2O2 by PyO in a phosphate solution. Experimental
parameters affecting the sensitivity of the biosensors, such as amounts of the cofactors, the pH,
the applied potential, and the temperature were optimized. A linear response for the detection of
the phosphate ion was observed between 1.0 µM and 100 µM and the detection limit was
determined to be about 0.3 µM. The response time of the biosensors was about 6 s. The
biosensor showed good selectivity towards other interfering anions. The long-term storage
stability of the phosphate biosensor was studied and the sensor was applied in a human serum
sample for the phosphate ions detection.
Keywords: Direct electron transfer; Nano-particle composed conducting polymer; Phosphate
biosensor; Pyruvate oxidase
Moni Magrissoa, Ohad Etzionc, Greg Pilchd, Alex Novodvoretza, Galit Perez-Avrahamc,
Francisc Schlaefferc and Robert Marksa, b. (aNational Institute for Biotechnology in The
Negev, Ben-Gurion University of the Negev, P.O. Box 653, Beer-Sheva 84105, Israel,
b
Department of Biotechnology Engineering, Ben-Gurion University of The Negev, P.O. Box
653, Beer-Sheva 84105, Israel, cDepartment of Internal Medicine E, Soroka University
Medical Center, P.O. Box, Beer-Sheva 84105, Israel, dDepartment of Industrial
Engineering & Management, Ben-Gurion University of the Negev, P.O. Box 653, BeerSheva 84105, Israel). Fiber-optic biosensor to assess circulating phagocyte activity by
chemiluminescence. Biosensors and Bioelectronics, Volume 21(7), (2006): 1210-1218.
We describe herein the construction of a novel computerized multi-sample temperaturecontrolled luminometer for a fiber array-based biosensor to monitor circulating phagocyte
activity. It can perform simultaneously integral measurements of chemiluminescence emitted
from up to six samples containing less than 0.5 µl whole blood while the samples and detector do
not change their position during the measurement cycle. The optical fibers in this luminometer
are used as both light guides and solid phase sample holders. The latter feature of the instrument
design simplifies the assessment process of both the extra-cellular and the intra-cellular parts of
the phagocyte-emitted chemiluminescence using the same system. We describe some examples
or proof of principle for the use of the biosensor. This new technology may find use in a wide
range of analytical luminescence applications in biology, biophysics, biochemistry, toxicology
and clinical medicine.
Keywords: Fiber-optics; Blood; Phagocyte; Biosensor; Luminometer; Chemiluminescence
Abbreviations: CFU, colony forming units; CL, chemiluminescence; fMLP, n-formylmethionyl-leucyl-phenylalanine; KRP, Krebs-Ringer phosphate medium; NA, numerical
aperture; OZ, opsonized zymosan; PLC, programmable logic controller; PMNs,
polymorphonuclear neutrophil granulocytes; PMT, photomultiplier tube; ROS, reactive oxygen
species; UTI, urinary tract infections
Valtencir Zucolottoa, Andressa P.A. Pintoa, Tathyana Tumolob, Marli L. Moraesa,
Maurício S. Baptistab, Antonio Riul, Jr.c, Ana Paula U. Araújoa and Osvaldo N. Oliveira,
Jr.a. (aInstituto de Física de São Carlos, USP, CP 369, 13560-970 So Carlos, SP, Brazil,
b
Instituto de Química, USP, CP 26077, 05513-970 São Paulo, SP, Brazil, cDFQB,
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Universidade Estadual Paulista, CP 467, 19060-900 Presidente Prudente, SP, Brazil).
Catechol biosensing using a nanostructured layer-by-layer film containing Cl-catechol 1,2dioxygenase. Biosensors and Bioelectronics, Volume 21(7), (2006): 1320-1326.
The detection of aromatic compounds from pesticides and industrial wastewater has become of
great interest, since these compounds withstand chemical oxidation and biological degradation,
accumulating in the environment. In this work, a highly sensitive biosensor for detecting
catechol was obtained with the immobilization of Cl-catechol 1,2-dioxygenase (CCD) in
nanostructured films. CCD layers were alternated with poly(amidoamine) generation 4
(PAMAM G4) dendrimer using the electrostatic layer-by-layer (LbL) technique. Circular
dichroism (CD) measurements indicated that the immobilized CCD preserved the same
conformation as in solution. The thickness of the very first CCD layers in the LbL films was
estimated at ca. 3.6 nm, as revealed by surface plasmon resonance (SPR). PAMAM/CCD 10bilayer films were employed in detecting diluted catechol solutions using either an optical or
electrical approach. Due to the mild immobilization conditions employed, especially regarding
the pH and ionic strength of the dipping solutions, CCD remained active in the films for periods
longer than 3 weeks. The optical detection comprised absorption experiments in which the
formation of cis–cis muconic acid, resulting from the reaction between CCD and catechol, was
monitored by measuring the absorbance at 260 nm after film immersion in catechol solutions.
The electrical detection was carried out using LbL films deposited onto gold-interdigitated
electrodes immersed in aqueous solutions at different catechol concentrations. Using impedance
spectroscopy in a broad frequency range (1Hz–1kHz), we could detect catechol in solutions at
concentrations as low as 10−10 M.
Keywords: Biosensor; Layer-by-layer; Enzyme immobilization; Cl-catechol 1,2-dioxygenase
M. K. Sharma1, A. K. Goel1, L. Singh1 and V. K. Rao1. (1Defence Research & Development
Establishment, Jhansi Road, Gwalior, 474002 , India. Corresponding author: V. K. Rao,
Email: vepakrao@yahoo.com, Phone: +91-751-2342214, Fax: +91-751-2341148).
Immunological Biosensor for Detection of Vibrio cholerae O1in Environmental Water
Samples. World Journal of Microbiology and Biotechnology, Volume 22(11), (2006): 11551159.
Environmental surveillance for the presence of Vibrio cholerae O1 is of utmost importance for
the effective public health protection of cholera. In the present study, an amperometric
immunosensor was developed for detection of Vibrio cholerae in environmental samples by
using disposable screen-printed electrodes (SPEs). For this purpose, the experiments done
include fabrication of SPEs by using carbon ink, electrochemical characterization of electrodes,
optimization of dilutions of antibodies and immobilization of antibody. V. cholerae O1 bacteria
were spiked in various environmental water samples in known number. The seeded samples
were filtered through a 0.22 µm membrane, and the filters enriched in alkaline peptone water for
6 h and then used directly for detection of V. cholerae using the immunosensor. The
immunosensor could detect as few as 8 c.f.u./ml in hand-pump water (ground water) and
seawater, and 80 c.f.u./ml in sewer water and tap water. The total time taken in this detection
assay was 55 min. Thus, the proposed method is simple and can be used for environmental
monitoring of V.␣cholerae.
Keywords: Screen-printed electrodes - Immunosensors - Carbon inks - Vibrio cholerae Amperometry and environmental monitoring
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Shigeru Kurosawaa, Jong-Won Parka, Hidenobu Aizawaa, Shin-Ichi Wakidaa, Hiroaki
Taoa and Kazuhiko Ishiharab. (aInstitute for Environmental Management Technology,
National Institute of Advanced Industrial Science and Technology (AIST), 1-1 Higashi,
Tsukuba 305-8565, Japan, bDepartment of Materials Engineering, School of Engineering,
Center for NanoBioIntegration, The University of Tokyo, 7-3-1, Hongo, Bunkyo-Ku, Tokyo
113-8656, Japan. Corresponding author. Tel.: +81 29 861 4746; fax: +81 29 861 4746).
Quartz crystal microbalance immunosensors for environmental monitoring. Biosensors
and Bioelectronics, Volume 22(4), (2006): 473-481.
This paper presents discussion of quartz crystal microbalance (QCM) immunosensors for
environmental monitoring. Factors limiting the practical application of antibodies to analytical
problems are also presented. Among several candidates for the QCM immunosensor device,
selected QCM devices and oscillating circuits were tested thoroughly and developed to obtain
highly stable and sensitive frequency signals. The biointerface of QCM immunosensor was
designed and controlled to immobilize antibody on the QCM surface, to reduce non-specific
binding and to suppress denaturation of immobilizing antibody by self-assembled monolayer
technique and artificial phospholipid (2-methacryloyloxyethyl phosphorylcholine (MPC))
polymer. MPC polymer as a antibody-stabilizing reagent was added to reduce non-specific
binding of the antigen solution and stabilize the immunologic activity of the antibodyimmobilized QCM. In addition, it provides examples for detection and quantitation of
environmental samples using QCM immunosensors. The analytical results for fly ash extracted
samples of dioxins using the QCM immunosensor indicated a good relationship with GC/MS
methods. The integrating protocols of the competitive immunoassay and signal-enhancing step
are for detecting low molecular analytes with extremely low detection limits using an QCM
immunosensor. Furthermore, its detect limitation was extended from 0.1 to 0.01 ng/ml by the
signal-enhancing step when the anti-bisphenol-A antibody conjugated MPC polymeric
nanoparticles was used. The QCM immunosensor method has demonstrated its effectiveness as
an alternative screening method for environmental monitoring because these results were
compared with results obtained through environmental monitoring methods such as ELISA and
GC/MS.
Keywords: QCM; Monoclonal antibody; MPC copolymer; Dioxin; Bisphenol-A; Signal
amplification; Environmental monitoring
Yung-Chien Luoa,b, Jing-Shan Doa and Chung-Chiun Liub. (aCenter of Nanoscience,
Nanotechnology, Department of Chemical Engineering, Tunghai University, Taichung,
Taiwan 40704, ROC, bElectronics Design Center, Case Western Reserve University, 44106,
USA. Corresponding author. Tel.: +886 4 23590262; fax: +886 4 23590009). An
amperometric uric acid biosensor based on modified Ir–C electrode. Biosensors and
Bioelectronics, Volume 22(4), (2006): 482-488.
The level of uric acid (UA) has a high relationship with gout, hyperuricemia and Lesch-Nyan
syndrome. The determination of UA is an important indicator for clinics and diagnoses of kidney
failure. An amperometric UA biosensor based on an Ir-modified carbon (Ir–C) working
electrode with immobilizing uricase (EC 1.7.3.3) was developed by thick film screen printing
technique. This is the first time to report the utilization of an uricase/Ir–C electrode for the
determination of UA by using chronoamperometric (CA) method. The high selectivity of UA
biosensor was achieved due to the reduction of H2O2 oxidation potential based on Ir–C electrode.
Using uricase/Ir–C as the sensing electrode, the interference from the electroactive biological
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species, such as ascorbic acid (AA) and UA (might be directly oxidized on the sensing electrode)
was slight at the sensing potential of 0.25 V (versus Ag/AgCl). UA was detected
amperometrically based on uricase/Ir–C electrode with a sensitivity of 16.60 µA mM−1 over the
concentration range of 0.1–0.8 mM UA, which was within the normal range in blood. The
detection limit of UA biosensor was 0.01 mM (S/N = 6.18) in pH 7 phosphate buffer solution
(PBS) at 37 °C. The effects of pH, temperature, and enzymatic loading on the sensing
characteristics of the UA biosensor were also investigated in this study.
Keywords: Uricase; Uric acid; Amperometric biosensor; Iridium
Tsao-Jen Lina,, Kuang-Tse Huanga and Chia-Yu Liua. (aDepartment of Chemical
Engineering, National Chung-Cheng University, Chia-Yi 621, Taiwan. Corresponding
author. Tel.: +886 5 2720411x33405; fax: +886 5 2721206). Determination of
organophosphorous pesticides by a novel biosensor based on localized surface plasmon
resonance. Biosensors and Bioelectronics, Volume 22(4), (2006): 513-518.
Liquid and gas chromatography are commonly used to measure organophosphorus pesticides.
However, these methods are relatively time consuming and require a tedious sample
pretreatment. Here, we applied the localized surface plasmon resonance (LSPR) of gold
nanoparticles covalently coupled with acetylcholinesterase (AChE) to create a biosensor for
detecting an example of serial signals responding to paraoxon in the range of 1–100 ppb by an
AChE modified LSPR sensor immersing in a 0.05 mM ACh solution. The underlying
mechanism is that paraoxon prevents acetylcholine chloride (ACh) reacting with AChE by
destroying the OH bond of serine in AChE. We found that the AChE modified LSPR sensors
prepared by incubation with 12.5 mU/mL of AChE in phosphate buffer solution at pH 8.5 room
temperature for 14 h have the best linear inhibition response with a 0.234 ppb limit of paraoxon
detection. A 14% of inhibition on the sensor corresponds to the change of paraoxon
concentration from 1 to 100 ppb. The sensor remained 94% of its original activity after six
cycles of inhibition with 500 ppb paraoxon followed with reactivation of AChE by 0.5 mM 2pyriding-aldoxime methoiodide (2-PAM). In addition, the sensor retains activity and gives
reproducible results after storage in dry state at 4 °C for 60 days. In conclusion, we demonstrated
that the AChE modified LSPR sensors can be used to determine the concentration of paraoxon
biosensor with high sensitive and stable characteristics.
Keywords: Localized surface plasmon resonance;
Organophosphorous pesticide; Acetylcholinesterase

Biosensor;

Gold

nanoparticle;

Jhen-Gang Huanga, Chen-Lung Leea, Hsueh-Min Linb, Tsung-Liang Chuanga, Way-Seen
Wangd, Rong-Huey Juange, Ching-Ho Wangf, Chih Kung Leeg, Shi-Ming Linh and ChiiWann Lina, b, c. (aInstitute of Biomedical Engineering, National Taiwan University, Taipei,
Taiwan, bDepartment of Electrical Engineering, National Taiwan University, Taipei,
Taiwan, cCenter for Nano Science and Technology, National Taiwan University, Taipei,
Taiwan, dInstitute of Electro-Optical Engineering, National Taiwan University, Taipei,
Taiwan, eDepartment of Biochemical Science and Technology, National Taiwan University,
Taipei, Taiwan, fDepartment of Veterinary Medicine, National Taiwan University, Taipei,
Taiwan, gInstitute of Applied Mechanics, National Taiwan University, Taipei, Taiwan,
h
Center for Optoelectronic Biomedicine, National Taiwan University, Taipei, Taiwan.
Corresponding author at: Institute of Biomedical Engineering, National Taiwan
University, No. 1, Sec. 4, Roosevelt Road, Taipei 106, Taiwan, ROC. Tel.: +886 2 33665271;
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fax: +886 2 23620586). A miniaturized germanium-doped silicon dioxide-based surface
plasmon resonance waveguide sensor for immunoassay detection. Biosensors and
Bioelectronics, Volume 22(4), (2006):519-525.
A surface plasmon resonance (SPR) waveguide immunosensor fabricated by germanium-doped
silicon dioxide was investigated in this study. The designed waveguide sensor consisted of a
10 µm SiO2 substrate layer (n = 1.469), a 10 µm Ge–SiO2 channel guide (n = 1.492) and a 50 nm
gold film layer for immobilization of biomolecules and SPR signal detection. The resultant
spectral signal was measured by a portable spectrophotometer, where the sensor was aligned by
a custom-designed micro-positioner. The results of the glycerol calibration standards showed
that the resonance wavelength shifted from 628 to 758 nm due to changes of refractive index
from 1.36 to 1.418. Flow-through immunoassay on waveguide sensors also showed the
interactions of protein A, monoclonal antibody (mAb ALV-J) and avian leucosis virus (ALVs)
resulted in wavelength shifting of 4.17, 3.03 and 2.18 nm, respectively. The SPR dynamic
interaction could also be demonstrated successfully in 4 min as the sensor was integrated with a
lateral flow nitrocellulose strip. These results suggest that SPR detection could be carried out on
designed waveguide sensor, and the integration of nitrocellulose strip for sample filtering and
fluid carrier would facilitate applications in point-of-care portable system.
Keywords: Surface plasmon resonance; Waveguide; Immunosensor
Aynsley C. Tizzardb, 1, Joost H. Bergsmaa and Gareth Lloyd-Jonesa. (aLandcare Research,
PO Box 69, Lincoln 8152, New Zealand, bLincoln Ventures, Lincoln University, PO Box
133, Lincoln 8152, New Zealand. Corresponding author at: Scion, Te Papa Tipu
Innovation Park, 49 Sala Street, Private Bag 3020, Rotorua, New Zealand. Tel.: +64 7 343
5899; fax: +64 7 343 5507. 1 Present address: Ensis, Forestry Road, PO Box 29237,
Christchurch, New Zealand). A resazurin-based biosensor for organic pollutants.
Biosensors and Bioelectronics, Volume 22(5), (2006): 759-763.
A new rapid biosensor method employing the dye resazurin as an indicator of bacterial
respiration has been developed to provide a rapid, facile and specific biosensor for
environmental contaminants that does not rely on genetic modification techniques, is suitable for
a high-throughput multiwell format, and is ideally suited to resource-constrained environmental
monitoring situations. This whole-cell biosensor has been applied to the test analyte toluene
using natural toluene-degrading bacteria as the biological component and is competitive with
more complex recombinant approaches. The redox-driven biosensor is dependent on the
catabolism of a specific compound, concomitantly reducing the redox indicator resazurin to
provide the analytical signal in a whole-cell biosensor assay.
Keywords: Resazurin; Toluene; BTEX; Pseudomonas; Burkholderia; Redox-dye
Yue Cui1, John P. Barford1 and Reinhard Renneberg2. (1Department of Chemical
Engineering, Hong Kong University of Science and Technology, Clear Water Bay,
Kowloon, Hong Kong, 2Department of Chemistry, Hong Kong University of Science and
Technology, Clear Water Bay, Kowloon, Hong Kong. Corresponding author: Yue Cui,
Email: kecuiyue@ust.hk, Fax: +852-23580054). Biotechnology Letters, Volume 28(22),
(2006): 1835-1840.
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This work reports a novel strategy for the development of an O2-rich biosensor. The principle is
based on an enzymatic reaction between catalase and H2O2 to release O2, thus to increase the O2
amount in the enzyme matrix. This method improves the determination reliability by alleviating
the O2 dependence.
Keywords: Biosensor - Oxygen - Catalase - Hydrogen peroxide

Bioengineering
Mark Dopsona, Jan-Eric Sundkvistb and E. Börje Lindströma. (aDepartment of Molecular
Biology, Umeå University, SE-901 87 Umeå, Sweden, bBoliden Mineral AB, SE-936 81
Boliden, Sweden. Corresponding author. Tel.: +46 90 7856765; fax: +46 90 772630).
Toxicity of metal extraction and flotation chemicals to Sulfolobus metallicus and
chalcopyrite bioleaching. Hydrometallurgy, Volume 81 (3-4), (2006): 205-213.
The effect of chemicals used in preparation of mineral concentrates and subsequent extraction of
metals to the thermophilic, acidophilic microorganism Sulfolobus metallicus has been tested. The
chemicals tested included collectors and frothers employed during flotation of the ore to produce
a mineral concentrate, solvent extraction reagents used to remove metals after leaching, and
thiocyanate produced as a decomposition product during cyanidation for gold recovery. The
effect of these chemicals to S. metallicus depends on the conditions and time frame that the
experiments were carried out due to their mode of toxicity and stability in acid pH. The metal
extraction chemical that had the least effect on bioleaching was potassium amyl xanthate that
increased the leaching rate, possibly due to solubilization of sulfur that can form passivation
layers on the surface of minerals. The frother Flotanol C-7 decreased the chalcopyrite leaching
rate, despite having no effect on Fe2+ oxidation by S. metallicus resting cells. This is probably
due to inhibition of oxygen transfer during bioleaching that had little effect on Fe2+ oxidation
over 20 min. Solvent extraction chemicals inhibited both Fe2+ oxidation and bioleaching
suggesting their mode of inhibition is due to Fe2+ oxidation. The results suggest that relevant
concentrations of metal extraction and flotation chemicals can be toxic to chalcopyrite
bioleaching by S. metallicus.
Keywords: Bioleaching; Sulfolobus metallicus; Toxicity; Flotation chemicals; Thiocyanate;
Solvent extraction reagent.
M.A. Askari Zamania, b, c, N. Hiroyoshia,, M. Tsunekawaa, R. Vagharb and M. Oliazadehb.
(aGraduate School of Engineering, Hokkaido University, Kita 13 Nishi 8, Sapporo 0608628, Japan, bFaculty of Engineering, University of Tehran, 14395/731 Tehran, Iran,
c
Faculty of Engineering, Yasuj University, 353 Yasuj, Iran. Corresponding author. Fax:
+81 11 706 6313). Bioleaching of Sarcheshmeh molybdenite concentrate for extraction of
rhenium. Hydrometallurgy, Volume 80 (1-2), (2005): 23-31.
Bioleaching of Sarcheshmeh (Iran) molybdenite concentrate using a native strain of
Acidithiobacillus ferrooxidans for extraction of rhenium was evaluated. Bioleaching tests
showed that rhenium was extracted from the molybdenite concentrate, but rhenium extraction
was low. Maximum rhenium extraction was 7.3%, while molybdenum extraction was 0.54%.
The native strain of the Acidithiobacillus ferrooxidans had been able to grow on media that
contain up to 250 mg/L molybdenum by the addition of pyrite as an energy source,
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approximately three times more molybdenum than those that had been reported for
Acidithiobacillus ferrooxidans.
Keywords: Bioleaching; Molybdenite concentrate; Acidithiobacillus ferrooxidans; Rhenium
S.M. Mousavia, S. Yaghmaeia,, M. Vossoughia, A. Jafarib and S.A. Hoseinia. (aDepartment
of Chemical and Petroleum Engineering, Sharif University of Technology, Tehran, Iran,
b
Department of Energy and Environmental Engineering, Lappeenranta University of
Technology, Lappeenranta, Finland. Corresponding author. Tel.: +98 21 6165428; fax: +98
21 6005417). Comparison of bioleaching ability of two native mesophilic and thermophilic
bacteria on copper recovery from chalcopyrite concentrate in an airlift bioreactor.
Hydrometallurgy, Volume 80 (1-2), (2005): 139-144.
A mesophilic iron oxidizing bacterium, Acidithiobacillus ferrooxidans, has been isolated (33 °C)
from a typical chalcopyrite copper concentrate of the Sarcheshmeh copper mine in the region of
Kerman located in the south of Iran. In addition, a thermophilic iron oxidizing bacterium,
Sulfobacillus, has been isolated (60 °C) from the Kooshk lead and zinc mine near the city of
Yazd in central Iran. Effects of some variable parameters such as solids concentration,
temperature and pH on the bioleaching of chalcopyrite obtained from Sarcheshmeh copper mine
were investigated. Bioleaching experiments were carried out in two batch airlift bioreactors with
a recycling stream. The results indicate that the efficiency of copper extraction is dependent on
all the variables studied for both microorganisms. Maximum copper recovery was achieved
using a thermophilic culture. Copper dissolution reached 85% with Sulfobacillus and 70% with
Acidithiobacillus ferrooxidans at 10% w/v pulp density, after 10 days.
Keywords: Bioleaching; Acidithiobacillus ferrooxidans; Sulfobacillus; Airlift bioreactor;
Chalcopyrite; Copper extraction
Prem L. Bhallaa,. (aPlant Molecular Biology and Biotechnology Laboratory, Australian
Research Council Centre of Excellence for Integrative Legume Research, Faculty of Land
and Food Resources, The University of Melbourne, Parkville, Victoria 3010, Australia).
Genetic engineering of wheat – current challenges and opportunities. Trends in
Biotechnology, Volume 24(7), (2006): 305-311.
Wheat is one of the major staple food crops grown worldwide; however, productivity in cereal
crops has not kept pace with the world population growth. A significant increase in wheat
production (>40% by 2020) is needed simply to keep up with the growing demand. This increase
is unlikely to be achieved by conventional plant breeding methods because of the limited gene
pool available. The application of recombinant techniques to improve wheat quality and yield is
not only desirable but also has potential to open up new opportunities. Although there has been
significant progress in developing gene-transformation technologies for improving these traits,
this remains an important challenge for plant biotechnology. Obstacles to translate the full
potential of the genomic era to wheat breeding include the need to develop elite wheat varieties
without selectable markers, introducing minimal or nil intergenic DNA and social and market
issues concerning genetically engineered food products.

Pollen Biotechnology
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Paul Bowyer, 1 Marcin Fraczek,1 and David W Denning1. (1Faculty of Medicine and
Human Sciences, University of Manchester, Wythenshawe Hospital, Manchester, M23
9LT, UK. Corresponding author: Paul Bowyer: paul.bowyer@manchester.ac.uk; Marcin
Fraczek:
marcin.fraczek@
postgrad.manchester.ac.uk;
David
W
Denning:
ddenning@manchester.ac.uk). Comparative genomics of fungal allergens and epitopes
shows widespread distribution of closely related allergen and epitope orthologues. BMC
Genomics. Volume 7, (2006): 251. (Online)
Allergy is a common debilitating and occasionally life threatening condition. The fungal
kingdom contains a number of species that produce a wide range of well defined protein
allergens although the vast majority of fungal species have unknown allergenic potential. The
recent genome sequencing of a variety of fungi provides the opportunity to assess the occurrence
of allergen orthologues across the fungal kingdom. Here we use comparative genomics to survey
the occurrence of allergen orthologues in fungi.
Results
A database of 82 allergen sequences was compiled and used to search 22 fungal genomes.
Additionally we were able to model allergen structure for representative members of several
highly homologous allergen orthologue classes. We found that some allergen orthologue classes
that had predicted structural congruence to allergens and allergen epitopes were ubiquitous in all
fungi. Other allergen orthologues classes were less well conserved and may not possess
conserved allergen epitope orthologues in all fungi. A final group of allergen orthologues,
including the major allergens Asp f 1 and Alt a 1, appear to be present in only a limited number
of species.
Conclusion
These results imply that most fungi may possess proteins that have potential to be allergens or to
cross react with allergens. This, together with the observation that important allergens such as
Asp f 1 are limited to genera or species, has significant implications for understating fungal
sensitization, and interpreting diagnosis and management of fungal allergy.
A. J. Solomon Raju*, K. Henry Jonathan and A. Vijaya Lakshmi. (Department of
Environmental Sciences, Andhra University, Visakhapatnam 530 003, India). Pollination
biology of Ceriops decandra (Griff.) Ding Hou (Rhizophoraceae), an important true
viviparous mangrove tree species. Current Science, Vol. 91(9), (2006): 1235-1238.
Ceriops decandra is a shrubby mangrove species, which shows budding, flowering and fruiting
continuously throughout the year. It is an obligate outcrosser and fruit set occurs only in the
presence of pollinators. The flowers have a simple pollination mechanism and are adapted for
pollination during daytime by Nomia bees and Odynerus wasps. The plant shows a high per cent
of bud and flower abortion. Fruit abortion is absent, but only one ovule produces seeds in all
flowers. Abortion at different stages of the reproductive unit is considered to be a strategy to
adjust the available maternal resources to the growing fruits and seedlings. The seedling
characteristics suggest true vivipary, but the seedlings stay on the maternal parent for a short
period, which is a characteristic of cryptoviviparous mangrove species. Viviparous growth is
considered to be an adaptive strategy for seedlings to overcome the harsh mangrove environment
prior to establishment.
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Biotechnology Policy Issue
Diane C. Rein.(PhD, MLS, Molecular Biosciences Specialist and Assistant Professor of
Library Sciences, Life Sciences Library, Purdue University Libraries, West Lafayette,
Indiana 47907. Diane C. Rein: drein@purdue.edu). Developing library bioinformatics
services in context: the Purdue University Libraries bioinformationist program, J Med
Libr Assoc., 94(3), (2006): 314-320.
Setting: Purdue University is a major agricultural, engineering, biomedical, and applied life
science research institution with an increasing focus on bioinformatics research that spans
multiple disciplines and campus academic units. The Purdue University Libraries (PUL) hired a
molecular biosciences specialist to discover, engage, and support bioinformatics needs across the
campus.
Program Components: After an extended period of information needs assessment and
environmental scanning, the specialist developed a week of focused bioinformatics instruction
(Bioinformatics Week) to launch system-wide, library-based bioinformatics services.
Evaluation Mechanisms: The specialist employed a two-tiered approach to assess user
information requirements and expectations. The first phase involved careful observation and
collection of information needs in-context throughout the campus, attending laboratory
meetings, interviewing department chairs and individual researchers, and engaging in strategic
planning efforts. Based on the information gathered during the integration phase, several survey
instruments were developed to facilitate more critical user assessment and the recovery of
quantifiable data prior to planning.
Next Steps/Future Directions: Given information gathered while working with clients and
through formal needs assessments, as well as the success of instructional approaches used in
Bioinformatics Week, the specialist is developing bioinformatics support services for the Purdue
community. The specialist is also engaged in training PUL faculty librarians in bioinformatics to
provide a sustaining culture of library-based bioinformatics support and understanding of
Purdue's bioinformatics-related decision and policy making.
Charles Margulis. (Center for Food Safety, San Francisco, California, E-mail:
cmargulis@icta.org). The Hazards of Genetically Engineered Foods. Environ Health
Perspect., Volume 114(3), (2006): A146–A147.
“Genetically Modified Foods: Breeding Uncertainty” (Schmidt 2005) overlooked many serious
concerns about the environmental and health risks of this new technology. Potential problems
from antibiotic-resistant genes used in gene-altered crops, risks from unintended effects of the
genetic engineering process, the increases in pesticide use stemming from widespread planting
of gene-spliced varieties—these and several other concerns were ignored or hardly mentioned in
the lengthy article. Additional information on this topic is available from the Center for Food
Safety (CFS 2000, 2004).
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Instead, Schmidt’s article states that “GM agriculture is here to stay” (Schmidt 2005) and gives
readers the false impression that safety and regulatory issues have been adequately addressed by
industry and government. Nothing could be further from the truth. For example, regarding the
risk of allergies from gene-altered foods, Schmidt stated that biotech companies avoid allergy
problems by avoiding genes from the most common allergens. However, in an editorial in the
New England Journal of Medicine, Nestle (1996) pointed out that this approach leaves many
uncertainties:
Most biotechnology companies use microorganisms rather than food plants as gene donors, even
though the allergenic potential of these newly introduced microbial proteins is uncertain,
unpredictable, and untestable …. Because FDA requirements do not apply to foods that are
rarely allergenic or to donor organisms of unknown allergenicity, the policy would appear to
favor industry over consumer protection.
Schmidt (2005) went on to assert that after a 1993 study alerted them to the possibility of
introducing allergens, biotech companies developed better screens and learned to abandon
varieties that could not be deemed allergen-free. Far from abandoning a risky new variety 5
years after this study, industry marketed a new genetically engineered corn variety, despite
warning signs that it might trigger allergies in people. Although it was registered only for
nonfood uses, the altered corn, called StarLink, contaminated hundreds of food products sold in
supermarkets nationwide and cost industry and farmers hundreds of millions of dollars to clean
up. Aventis paid $110 million to compensate farmers for lost markets due to StarLink
contamination, and analysts estimated that the company spent an additional $500 million to pay
for losses to farmers, food processors, and grain handlers (Harl 2003; Jacobs 2003). Despite this
and other troubling contamination episodes, such as those described by Gillis (2002), Nichols
(2002), and Greenpeace (2005), the biotech industry continues to grow open fields of genetically
engineered pharmaceutical crops (crops altered to produce experimental drugs or industrial
proteins) that have never been assessed for their allergenic potential or other food safety issues.
Schmidt also ignored scientific concerns about the Food and Drug Administration’s (FDA)
approach to gene-altered foods. Millstone et al. (1999) criticized the idea of “substantial
equivalence” that the FDA uses to evaluate genetically engineered foods, calling the concept
“inherently anti-scientific because it was created to provide an excuse for not requiring
biochemical and toxicological tests.” In a letter published in Nature Biotechnology, Schenkelaars
(2002) also derided the concept and noted that more appropriate testing methods would
“systematically detect unintended changes in the composition of GM crops … as such changes
may be of toxicological, immunological, or nutritional concern.” A lawsuit the CFS brought
against the FDA exposed documents from top level scientists throughout the agency, who
warned that the FDA’s equivalence-based policy was inadequate to protect against these kinds of
unintended changes in gene-altered food (Alliance for Biointegrity 2004).
The purported benefits of gene-modified varieties should be examined against other agricultural
approaches that have shown documented gains for food production and the environment.
Schmidt (2005) cited a study of recent field trials of gene-altered rice in China that looked at a
few dozen farms (Huang 2005). However, in one of the largest-ever studies of commercial rice
growing, researchers found that thousands of Chinese farmers using agroecologic techniques
saw yield increases of 89% while completely eliminating some of their most common pesticides
(Zhu 2000). Other large-scale projects have shown that thousands of Chinese farmers using
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ecologic techniques significantly reduced pesticide use without expensive, patented genemodified seeds (Yanqing 2002).
Finally, Schmidt (2005) claimed he could get no answer to his questions about industry’s plans
for protecting their patented seeds in the developing world. However, that answer came in 1998,
when family farm advocates exposed the biotech industry’s “terminator genes” that instill seed
sterility in gene-altered varieties (Rural Advancement Foundation International 1998). This
terminator technology was developed to ensure that farmers in the developing world could not
reuse genetically engineered seed (ETC Group 2002). Advocates have uncovered over two
dozen similar industry patents for seed sterility engineering (Rural Advancement Foundation
International 1999). This technology threatens the lives of over 1.4 billion people who rely on
saved seed for their daily nutritional needs, yet it is being brought to market by a genetic
engineering industry that perversely promises to “feed the world.”
Chandra Prakash Kala,1 Pitamber Prasad Dhyani,2 and Bikram Singh Sajwan1.(1National
Medicinal Plants Board, Ministry of Health & FamilyWelfare, Government of India, 36Janpath, Chandralok Building, NewDelhi- 110 001, India, 2G.B. Pant Institute of
Himalayan Environment & Development, Kosi-Katarmal, Almora, Uttaranchal- 263 643,
India. Corresponding author: Chandra Prakash Kala: cpkala@yahoo.co.uk; Pitamber
Prasad Dhyani: ppdhyani@hotmail.com; Bikram Singh Sajwan: bssajwan@yahoo.com).
Developing the medicinal plants sector in northern India: challenges and opportunities. J
Ethnobiol Ethnomedicine. Volume 2, (2006): 32. (Online)
The medicinal properties of plant species have made an outstanding contribution in the origin
and evolution of many traditional herbal therapies. These traditional knowledge systems have
started to disappear with the passage of time due to scarcity of written documents and relatively
low income in these traditions. Over the past few years, however, the medicinal plants have
regained a wide recognition due to an escalating faith in herbal medicine in view of its lesser
side effects compared to allopathic medicine in addition the necessity of meeting the
requirements of medicine for an increasing human population. Through the realization of the
continuous erosion of traditional knowledge of plants used for medicine in the past and the
renewed interest at the present time, a need existed to review this valuable knowledge of
medicinal plants with the purpose of developing medicinal plants sectors across the different
states in India. Our major objectives therefore were to explore the potential in medicinal plants
resources, to understand the challenges and opportunities with the medicinal plants sector, and
also to suggest recommendations based upon the present state of knowledge for the
establishment and smooth functioning of the medicinal plants sector along with improving the
living standards of the underprivileged communities. The review reveals that northern India
harbors a rich diversity of valuable medicinal plants, and attempts are being made at different
levels for sustainable utilization of this resource in order to develop the medicinal plants sector.
Carlos Novas. (Competing Interests: The Wellcome Trust had no role in the preparation of
this article. The author declares that he has no competing interests. Carlos Novas is a
postdoctoral fellow at the BIOS Research Centre for the Study of Bioscience, Biomedicine,
Biotechnology and Society (http://www.lse.ac.uk/collections/BIOS), London School of
Economics, London, United Kingdom. E-mail: c.novas@lse.ac.uk). What Is the Bioscience
Industry Doing to Address the Ethical Issues It Faces? PLoS Med. 3(5), (2006) May: e142.
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Corporations are increasingly expected to behave ethically and to make their operations as
transparent as possible. This is especially the case for the bioscience industry (biotechnology and
pharmaceutical firms). These firms deal with a commodity like no other: our health and wellbeing. They also engage in research that manipulates the basic building blocks of life and
challenges common understandings of the boundaries between humans and animals, the
treatment of disease versus the enhancement of healthy lives [ 1], and when life begins or ends.
To address these complex challenges, bioscience corporations have begun to implement a range
of practices to address the scope of ethical questions that their operations pose. In a new Policy
Forum article published in PLoS Medicine, Jocelyn Mackie and colleagues describe the variety
of mechanisms that bioscience firms have put in place to address the ethical issues confronting
them [ 2].
Junqi Liu,2 Susan S. Miller,2 Michelle Graham,2,3 Bruna Bucciarelli, Christina M.
Catalano, D. Janine Sherrier, Deborah A. Samac, Sergey Ivashuta, Maria Fedorova,4 Peter
Matsumoto, J. Stephen Gantt, and Carroll P. Vance*. (Department of Agronomy and Plant
Genetics (J.L., M.F., P.M.) and Department of Plant Biology (M.G., S.I., J.S.G.), University
of Minnesota, St. Paul, Minnesota 55108; United States Department of Agriculture,
Agricultural Research Service, St. Paul, Minnesota 55108 (S.S.M., B.B., D.A.S., C.P.V.);
and Department of Plant and Soil Sciences, Delaware Biotechnology Institute, University of
Delaware, Newark, Delaware 19711 (C.M.C., D.J.S.). *Corresponding author; e-mail
vance004@umn.edu; fax 651–649–5058, 2These authors contributed equally to the paper,
3
Present address: USDA-ARS CICGR Unit, Ames, IA 50011., 4Present address: DuPont
Agriculture and Nutrition, Johnston, IA 50131). Recruitment of Novel Calcium-Binding
Proteins for Root Nodule Symbiosis in Medicago truncatula1[W][OA]. Plant Physiol., 141(1),
(2006): 167–177.
Legume rhizobia symbiotic nitrogen (N2) fixation plays a critical role in sustainable nitrogen
management in agriculture and in the Earth's nitrogen cycle. Signaling between rhizobia and
legumes initiates development of a unique plant organ, the root nodule, where bacteria undergo
endocytosis and become surrounded by a plant membrane to form a symbiosome. Between this
membrane and the encased bacteria exists a matrix-filled space (the symbiosome space) that is
thought to contain a mixture of plant- and bacteria-derived proteins. Maintenance of the
symbiosis state requires continuous communication between the plant and bacterial partners.
Here, we show in the model legume Medicago truncatula that a novel family of six calmodulinlike proteins (CaMLs), expressed specifically in root nodules, are localized within the
symbiosome space. All six nodule-specific CaML genes are clustered in the M. truncatula
genome, along with two other nodule-specific genes, nodulin-22 and nodulin-25. Sequence
comparisons and phylogenetic analysis suggest that an unequal recombination event occurred
between nodulin-25 and a nearby calmodulin, which gave rise to the first CaML, and the gene
family evolved by tandem duplication and divergence. The data provide striking evidence for the
recruitment of a ubiquitous Ca2+-binding gene for symbiotic purposes.
Susana Rodríguez Coutoa, and José Luis Toca Herreraa,. (aDepartment of Chemical
Engineering, Rovira i Virgili University, Av. Països Catalans 26, 43007 Tarragona, Spain,
Corresponding authors. Tel.: +34 977 55 9617; fax: +34 977 55 9667). Industrial and
biotechnological applications of laccases: A review. Biotechnology Advances, Volume 24(5),
(2006): 500-513.
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Laccases have received much attention from researchers in last decades due to their ability to
oxidise both phenolic and non-phenolic lignin related compounds as well as highly recalcitrant
environmental pollutants, which makes them very useful for their application to several
biotechnological processes. Such applications include the detoxification of industrial effluents,
mostly from the paper and pulp, textile and petrochemical industries, use as a tool for medical
diagnostics and as a bioremediation agent to clean up herbicides, pesticides and certain
explosives in soil. Laccases are also used as cleaning agents for certain water purification
systems, as catalysts for the manufacture of anti-cancer drugs and even as ingredients in
cosmetics. In addition, their capacity to remove xenobiotic substances and produce polymeric
products makes them a useful tool for bioremediation purposes. This paper reviews the
applications of laccases within different industrial fields as well as their potential extension to
the nanobiotechnology area.
Keywords: Food industry; Industrial applications; Laccase; Nanobiotechnology; Pulp and paper
industry; Textile industry
Deepa L. Persad,* Uyen Quach, Halla Thorsteinsdóttir, Fabio Salamanca-Buentello, Peter
A. Singer and Abdallah S. Daar.(Canadian Program on Genomics and Global Health,
Joint Centre for Bioethics, University of Toronto, 88 College Street, Toronto, Ontario,
Canada M5G 1L4. E-mail: deepa.persad@utoronto.ca). Enabling knowledge societies in
developing countries: the example of genomics. Int. J. Biotechnology, Vol. 8(1/2), (2006).
To address the health needs of developing countries, it is necessary to build and strengthen
knowledge societies. By using genomics as an example, we aim to demonstrate that creating
effective knowledge societies requires transformative steps and concrete mechanisms. We
present four transformative steps towards the development of an expansive outlook regarding
equity: developing a global state of mind; promoting long-term self-interests; facilitating public
engagement and enhancing the production of Global Public Goods (GPGs) using the example of
genomics knowledge. In support of these steps, we identify concrete mechanisms as an action
plan using four pragmatic solutions: foresight exercises for identifying needs and prioritising
technologies; strengthening capacity and improving access to knowledge in developing
countries; defining intellectual property and regulatory concerns for these technologies; and
establishing global governance and financial mechanisms.
Keywords: knowledge societies; equity; genomics; biotechnology; developing countries;
foresight; Global Public Good (GPG).
Elizabeth Dowdeswell,* Peter A. Singer and Abdallah S. Daar. (Canadian Program on
Genomics and Global Health, Joint Centre for Bioethics, University of Toronto, 88 College
Street, Toronto, Ontario, Canada M5G 1L4. E-mail: edowdeswell@nwmo.ca). Increasing
human security through biotechnology. Int. J. Biotechnology, Vol. 8( ½), (2006): 119.
In this paper, we examine the bright and dark, the light and shadow of emerging technologies
through the lens of human security. Human security is becoming increasingly debated and
discussed in global governance circles, but not yet in relation to emerging technologies. The
threats and opportunities to attaining human security in various domains – disease, hunger,
environment, poverty and bioterrorism – are discussed. Finally, we explore the implications for
actions that follow from this analysis. Two promising possibilities are suggested, the use of
networks of leaders from developing and industrialized countries and/or a more effective use of
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existing instruments of the UN. The key question is whether or not we can come together as a
global community to harness significant technological developments and minimise their risks for
the betterment of all.
Keywords: human security; biotechnologies; disease; hunger; environment; poverty;
bioterrorism.
Bruce E. Rittmanna. (aProfessor and Director, Center for Environmental Biotechnology,
Biodesign Institute at Arizona State University, PO Box 875701, Tempe, AZ 85287-5701,
USA). Microbial ecology to manage processes in environmental biotechnology. Trends in
Biotechnology, Volume 24(6) , June 2006: 261-266.
Microbial ecology and environmental biotechnology are inherently tied to each other. The
concepts and tools of microbial ecology are the basis for managing processes in environmental
biotechnology; and these processes provide interesting ecosystems to advance the concepts and
tools of microbial ecology. Revolutionary advancements in molecular tools to understand the
structure and function of microbial communities are bolstering the power of microbial ecology.
A push from advances in modern materials along with a pull from a societal need to become
more sustainable is enabling environmental biotechnology to create novel processes. How do
these two fields work together? Five principles illuminate the way: (i) aim for big benefits; (ii)
develop and apply more powerful tools to understand microbial communities; (iii) follow the
electrons; (iv) retain slow-growing biomass; and (v) integrate, integrate, integrate.
David I. Shapiro-Ilana , Dawn H. Gougeb, Simon J. Piggottc and Jane Patterson Fifed, 1 .
(aUSDA-ARS, SAA, 21 Dunbar Road, Byron, GA 31008, USA, bUniversity of Arizona
MAC, 37860 West Smith-Enke Road, Maricopa, AZ 85239, USA, cBecker Underwood,
Harwood Road, Littlehampton, UK, dThe Ohio State University/OARDC, Wooster, OH
44691, USA Corresponding author. Fax: +1 478 956 2929. 1 Present address: Battelle
Memorial Institute, Columbus, OH 43201, USA). Application technology and
environmental considerations for use of entomopathogenic nematodes in biological control.
Biological Control, Volume 38(1), (2006) 124-133.
A wide range of technology is available for application of entomopathogenic nematodes
including various irrigation systems and spray equipment. The choice of application equipment,
and manner in which the nematodes are applied, can have substantial impact on pest control
efficacy. For example, nozzle or pumping system types are some of the parameters that can
affect nematode performance following spray applications. Operating pressures for some
nematode species may reach up to 2000 kPa without notable damage, whereas other species may
require lower pressure limits, e.g., 1380 kPa for Heterorhabditis megidis. In addition to
application equipment, a variety of other abiotic and biotic factors must be considered. In
general, a rate of 25 infective juvenile nematodes/cm2 is required for successful pest suppression.
Critical environmental factors include avoidance of ultraviolet radiation, adequate soil moisture,
and appropriate temperature. Certain fertilizers and chemical pesticides can have positive effects
on entomopathogenic nematode efficacy, whereas other agents may have neutral or negative
effects. Similarly, certain biotic agents present during soil applications can be expected to be
detrimental to nematode applications (e.g., nematophagous mites and fungi), whereas other
organisms may be beneficial (e.g., some combinations with Bacillus thuringiensis). With some
exceptions foliar applications have been less successful than soil applications due to nematode
susceptibility to desiccation and UV; recent research, however, indicates that frequent low-rate
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applications of nematodes to foliage can result in substantial suppression of greenhouse pests
such as thrips. Further innovation in application technology will undoubtedly contribute to the
expansion of entomopathogenic nematodes as biocontrol agents.
Keywords: Application technology; Biological control; Entomopathogenic nematode;
Heterorhabditis; Steinernema
I. P. Abrol* and Sunita Sangar. (Centre for Advancement of Sustainable Agriculture, DPS
Marg, Pusa, New Delhi 110 012, India). Sustaining Indian agriculture – Conservation
agriculture the way forward. Current Science, Vol. 91(8), (2006): 1020- 1025.
Indian agriculture has been successful in increasing foodgrains production in the past, guided by
thegoals of ‘self-sufficiency’ in the country. The mission of increasing foodgrains production
somehow stands achieved, however, accompanied by series of problems related to the
environment and natural resources. We have reached a situation where we must look for new
directions, learning from our past. Conservation agriculture can be seen as a new way forward
for conserving resources and enhancing productivity to achieve the goals of sustainable
agriculture, which demands a strong knowledge base and a combination of institutional and
technological innovations.
Keywords: Conservation agriculture, foodgrains production, Indian agriculture, institutional
changes, resource conservation.
William D. Dar, B. V. S. Reddy, C. L. L. Gowda* and S. Ramesh. (The authors are in the
International Crops Research Institute for the Semi-Arid Tropics, Patancheru 502 324,
India). Genetic resources enhancement of ICRISATmandate crops. Current Science, Vol.
91(7), (2006): 880-884.
The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru is
a science-based international organization, which conducts research on sorghum, pearl millet,
chickpea, pigeonpea and groundnut crops that support livelihoods of the poor in the semi-arid
tropics. ICRISAT’s strategy (among others) is to make its mandate crops more productive and
nutritious through genetic enhancement approach. In this article, we describe briefly (i) priorities
of genetic enhancement research and resultant breeding products, (ii) on-farm impact of these
products, (iii) application of biotechnology tools, (iv) capacity building of national research and
extension programmes and (v) future research focus.
Keywords: Breeding products, genetic resources, hybrid parents, ICRISAT, on-farm impact.
S. R. Bhat* and V. L. Chopra. (National Research Centre on Plant Biotechnology, Indian
Agricultural Research Institute, New Delhi 110 012, India; Yojana Bhawan, New Delhi 110
001, India). Choice of technology for herbicide-resistant transgenic crops in India:
Examination of issues†. Current Science, Vol. 91(4), (2006): 435- 438.
Herbicide resistance is the major trait that has been engineered into crops and herbicide-resistant
crops (HRCs) occupy the largest area under transgenic crops in the world. The relevance of
HRCs in Indian agriculture, however, has been debated due to socio-economic and technical
reasons. In this article we examine the scientific issues that will need careful consideration
before taking a decision on this matter.
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Keywords: Herbicide resistance, herbicide-resistant crops, resistant weeds, technology,
transgenic crops.

Agricultural Biotechnology
Lan Lü†. (Department of Social Sciences, School of Humanities, Hangzhou Dianzi
University, Hangzhou 310018, China. †E-mail:lulandk27@yahoo.com). Chinese public
understanding of the use of agricultural biotechnology—A case study from Zhejiang
Province of China*. J Zhejiang Univ Sci B, 7(4), (2006): 257–266.
This study explores the Chinese public’s perceptions of, and attitudes to, agriculture and food
applications of biotechnology; and investigates the effect of socio-demographic factors on
attitudes. A questionnaire survey and interviews were used in an attempt to combine quantitative
analysis with qualitative review. The main finding of this study is that the Chinese population
has a superficial, optimistic attitude to agricultural biotechnology; and that, in accordance with
public attitudes, a cautious policy, with obligatory labelling, should be adopted. The study
reveals that education is the factor among socio-demographic variables with the strongest impact
on public attitudes. Higher education leads to a more positive evaluation of GM (genetically
modified) foods and applications of biotechnology with respect to usefulness, moral
acceptability, and suitability for encouragement. In addition, public attitudinal differences
depend significantly on area of residence. Compared with their more urban compatriots,
members of the public in less developed areas of China have more optimistic attitudes, perceive
more benefits, and are more risk tolerant in relation to GM foods and agricultural biotechnology.
Finally we obtained a very high rate of “don’t know” answers to our survey questions. This
suggests that many people do not have settled attitudes, and correspondingly, that the overall
public attitude to agricultural biotechnology and GM foods in China is at present somewhat
unstable.
Keywords: Chinese public, Attitude, Agro-food, Biotechnology
Fiona M McCarthy, #1,7 Nan Wang,#2,7 G Bryce Magee,2,7 Bindu Nanduri,1,7 Mark L
Lawrence,1 Evelyn B Camon,3 Daniel G Barrell,3 David P Hill,4 Mary E Dolan,4 W Paul
Williams,5 Dawn S Luthe,6,7 Susan M Bridges,#2,7 and Shane C Burgess#1,7. (1Department of
Basic Sciences, College of Veterinary Medicine, Mississippi State University, P.O. Box
1600, Mississippi State, MS 39762, USA, 2Department of Computer Science and
Engineering, Bagley College of Engineering, P.O. Box 9637, Mississippi State University,
MS 39762, USA, 3European Bioinformatics Institute, Wellcome Trust Genome Campus,
Hinxton, Cambridge CB10 1SD, UK, 4Mouse Genome Informatics, The Jackson
Laboratory 600 Main Street, Bar Harbor, ME 04609, USA, 5USDA ARS Corn Host Plant
Resistance Research Unit, Box 5367, Mississippi State University, MS 39762, USA,
6
Department of Biochemistry and Molecular Biology, P.O. Box 9650, Mississippi State
University, MS 39762, USA, 7Institute for Digital Biology, Mississippi State University, MS
39762, USA. Corresponding author: #Contributed equally, Fiona M McCarthy:
fmccarthy@cvm.msstate.edu; Nan Wang: nw43@msstate.edu; G Bryce Magee:
gbm1@msstate.edu; Bindu Nanduri: bnanduri@cvm.msstate.edu; Mark L Lawrence:
lawrence@cvm.msstate.edu; Evelyn B Camon: camon@ebi.ac.uk; Daniel G Barrell:
dbarrell@ebi.ac.uk; David P Hill: dph@informatics.jax.org; Mary E Dolan:
Mary_Dolan@umit.maine.edu; W Paul Williams: wpwilliams@msa-msstate.ars.usda.gov;
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Dawn S Luthe: dsluthe@ra.msstate.edu; Susan M Bridges: bridges@cse.msstate.edu;
Shane C Burgess: burgess@cvm.msstate.edu). AgBase: a functional genomics resource for
agriculture, BMC Genomics. 2006; 7: 229. (Online)
Many agricultural species and their pathogens have sequenced genomes and more are in
progress. Agricultural species provide food, fiber, xenotransplant tissues, biopharmaceuticals
and biomedical models. Moreover, many agricultural microorganisms are human zoonoses.
However, systems biology from functional genomics data is hindered in agricultural species
because agricultural genome sequences have relatively poor structural and functional annotation
and agricultural research communities are smaller with limited funding compared to many model
organism communities.
Description
To facilitate systems biology in these traditionally agricultural species we have established
"AgBase", a curated, web-accessible, public resource http://www.agbase.msstate.edu for
structural and functional annotation of agricultural genomes. The AgBase database includes a
suite of computational tools to use GO annotations. We use standardized nomenclature following
the Human Genome Organization Gene Nomenclature guidelines and are currently functionally
annotating chicken, cow and sheep gene products using the Gene Ontology (GO). The
computational tools we have developed accept and batch process data derived from different
public databases (with different accession codes), return all existing GO annotations, provide a
list of products without GO annotation, identify potential orthologs, model functional genomics
data using GO and assist proteomics analysis of ESTs and EST assemblies. Our journal database
helps prevent redundant manual GO curation. We encourage and publicly acknowledge GO
annotations from researchers and provide a service for researchers interested in GO and analysis
of functional genomics data.
Conclusion
The AgBase database is the first database dedicated to functional genomics and systems biology
analysis for agriculturally important species and their pathogens. We use experimental data to
improve structural annotation of genomes and to functionally characterize gene products.
AgBase is also directly relevant for researchers in fields as diverse as agricultural production,
cancer biology, biopharmaceuticals, human health and evolutionary biology. Moreover, the
experimental methods and bioinformatics tools we provide are widely applicable to many other
species including model organisms.
Lilian Gout,1,2 Maria Eckert,3 Thierry Rouxel,1 and Marie-Hélène Balesdent1*.
(Phytopathologie et Méthodologies de la Détection, INRA, F-78026 Versailles, France,1
Protection des Plantes, INA-PG, F-78850 Thiverval-Grignon, France,2 Rothamsted
Research, Harpenden AL5 2JQ, United Kingdom3. *Corresponding author. Mailing
address: INRA, Unité PMDV, Route de Saint Cyr, 78026 Versailles Cedex, France. Phone:
33 1 30833229. Fax: 33 1 30833195. E-mail: mhb@versailles.inra.fr). Genetic Variability
and Distribution of Mating Type Alleles in Field Populations of Leptosphaeria maculans
from France. Appl Environ Microbiol., 72(1), (2006): 185–191.
Leptosphaeria maculans is the most ubiquitous fungal pathogen of Brassica crops and causes the
devastating stem canker disease of oilseed rape worldwide. We used minisatellite markers to
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determine the genetic structure of L. maculans in four field populations from France. Isolates
were collected at three different spatial scales (leaf, 2-m2 field plot, and field) enabling the
evaluation of spatial distribution of the mating type alleles and of genetic variability within and
among field populations. Within each field population, no gametic disequilibrium between the
minisatellite loci was detected and the mating type alleles were present at equal frequencies.
Both sexual and asexual reproduction occur in the field, but the genetic structure of these
populations is consistent with annual cycles of randomly mating sexual reproduction. All L.
maculans field populations had a high level of gene diversity (H = 0.68 to 0.75) and genotypic
diversity. Within each field population, the number of genotypes often was very close to the
number of isolates. Analysis of molecular variance indicated that >99.5% of the total genetic
variability was distributed at a small spatial scale, i.e., within 2-m2 field plots. Population
differentiation among the four field populations was low (GST < 0.02), suggesting a high degree
of gene exchange between these populations. The high gene flow evidenced here in French
populations of L. maculans suggests a rapid countrywide diffusion of novel virulence alleles
whenever novel resistance sources are used.
Shruti Juneja1, Aparna Das1, Shailesh V. Joshi1, Subhash Sharma1, Yogesh Vikal1, B. C.
Patra2, Tajinder S. Bharaj1, Jagir S. Sidhu1 and Kuldeep Singh1,*. (1Department of Plant
Breeding, Genetics and Biotechnology, Punjab Agricultural University, Ludhiana 141 004,
India, 2Central Rice Research Institute, Cuttack 753 006, India). Oryza nivara (Sharma et
Shastry) the progenitor of O. sativa (L.) subspecies indica harbours rich genetic diversity as
measured by SSR markers. Current Science, Vol. 91(8), (2006): 1079-1085.
Rice yield seems to have reached a plateau, probably as a consequence of narrow genetic base of
modern varieties that are being used in the breeding programmes. Wild species, especially the
closely related ones, could be a potential source for broadening the genetic base both for
qualitative and quantitative traits, including productivity-related traits. Oryza nivara, the
immediate progenitor of cultivated indica rice, is one such species that grows widely in South
and South East Asia. A large number of accessions of this species are being preserved in vitro.
However, for effective utilization of this germplasm a core collection needs to be identified for
use in hybridization. A set of 127 O. nivara accessions and two cultivars were analysed for
genetic variation using SSR markers. DNA of each of the 129 lines was amplified in vitro using
33 SSR markers and resolved in 2.5% high-resolution agarose gels. A total of 132 alleles, with
an average of 3–7 alleles per accession, were amplified. PIC value of the primers varied from
0.41 to 0.80. The similarity coefficients based on Nei and Li’s similarity coefficient ranged from
0.2 to 1.0, showing strikingly high level of genetic variation in the candidate germplasm. At
0.5% similarity, the 127 accessions formed 42 independent lineages. Based on genetic diversity,
resistance to bacterial blight and other morphological traits in these accessions, a set of 13
accessions has been identified that are now being used for detection and transfer of novel QTL
alleles for productivity traits into the O. sativa background.
Keywords: Genetic diversity, microsatellites, Oryza nivara, rice, SSR markers.
Karabi Datta1,4, Mayank Rai1,2, Vilas Parkhi1,3, Norman Oliva1, Jing Tan1 and Swapan K.
Datta1,4,*. (1International Rice Research Institute, Plant Tissue Culture and Genetic
Engineering Lab, Manila, Philippines, 2Plant Molecular Biology Lab, Cornell University,
USA, 3Institute of Plant Genomics and Biotechnology, Texas A&M University, USA,
4
Botany Department, University of Calcutta, 35, Ballygunge Circular Road, Kolkata 700
019, India). Improved ‘golden’ indica rice and post-transgeneration enhancement of
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metabolic target products of carotenoids (b-carotene) in transgenic elite cultivars (IR64
and BR29). Current Science, Vol. 91(7), (2006): 935-939.
Transgene stability and post-translational expression levels of genes are of tremendous interest
for developing value-added transgenic crops. Transgenic high-yielding indica rice cultivars
(IR64 and BR29) with enhanced level of carotenoid accumulation have been developed by
Agrobacterium-mediated transformation. Genetic transformation was done using non-antibiotic
PositechTM marker system. Selectable marker gene, phosphomannose isomerase (pmi), and two
carotenogenic pathway genes, phytoene synthase (psy) and phytoene desaturase (crtI) were
introduced in two popular Asian rice cultivars, IR64 and BR29. The highest level of total
carotenoids obtained in progenies of trangenic BR29 was 9.34 µg/g and b-carotene level alone
reached to 3.92 µg/g in polished grains. Whereas the highest accumulation of total carotenoids
obtained in transgenic progenies of IR64 was 2.32 µg/g in polished grains. T2 seeds showed
higher carotenoid content than the original parental line which might be attributed to
posttransgeneration effect.
Keywords: Agrobacterium transformation, carotenoids, post-transgeneration effect, transgenic
rice.

Bioenergy
Thomas A. Kotsopoulos, Raymond J. Zeng, Irini Angelidaki *. (Institute of Environment &
Resources DTU, Technical University of Denmark, DK-2800, Lyngby, Denmark;
telephone: +45 4525-1429; fax: +45 4593-2850. email: Irini Angelidaki (ria@er.dtu.dk).
Biohydrogen production in granular up-flow anaerobic sludge blanket (UASB) reactors
with mixed cultures under hyper-thermophilic temperature (70°C). Biotechnology and
Bioengineering, Volume 94 (2), (2006): 296 – 302.
Hyper-thermophilic hydrogen production without methane was demonstrated for the first time in
granular up-flow anaerobic sludge blanket (UASB) system fed with glucose using mixed
cultures. The maximum hydrogen yield in this study was 2.47 ± 0.15 mol H2/mol glucose. This
high yield has never been previously reported in mixed culture systems and it was likely due to
more favorable thermodynamic conditions at hyper-thermophilic temperatures. Different start-up
strategies (bromoethanosulfonate (BES) addition and flow recycle) were evaluated. BES
addition during start-up prevented the establishment of methanogenic cultures in granules. Flow
recycle was important to achieve higher hydrogen yield through enriching better hydrogenproducing organisms and reduced the start-up period as well. This study indicated UASB system
was a promising system for hydrogen production.
Keywords: biohydrogen, UASB, hyper-thermophilic, start-up, granular, mixed cultures.
Ying Mu1, Hu Teng1, Dai-Jia Zhang1, Wei Wang1 and Zhi-Long Xiu1. (1Department of
Bioscience and Biotechnology, Dalian University of Technology, Dalian, 116024, P.R.
China. Corresponding author: Zhi-Long Xiu, Email: zhlxiu@dlut.edu.cn, Fax: +86-411Abstract Vol. No. 9, December 2006
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84706369). Microbial production of 1,3-propanediol by Klebsiella pneumoniae using crude
glycerol from biodiesel preparations. Biotechnology letters, volume 28(21) (2006): 17551759.
1,3-Propanediol (1,3-PD) was produced by Klebsiella pneumoniae using crude glycerol obtained
from biodiesel production. The 1,3-PD concentration of 51.3 g/l−1 on crude glycerol from alkalicatalyzed methanolysis of soybean oil was comparable to that of 53 g/l−1 on crude glycerol
derived from a lipase-catalyzed process. The productivities of 1.7 g l−1 h−1 on crude glycerol
were comparable to that of 2 g l−1 h−1 on pure glycerol. It could be concluded that the crude
glycerol could be directly converted to 1,3-PD without any prior purification.
Keywords: Alkali-catalysis - Lipase-catalysis - Biodiesel - Crude glycerol - 1,3-Propanediol
Per Sassnera, Mats Galbea and Guido Zacchia. (aDepartment of Chemical Engineering,
Lund University, P.O. Box 124, SE-221 00 Lund, Sweden. Corresponding author. Tel.: +46
46 222 79 23; fax: +46 46 222 45 26). Bioethanol production based on simultaneous
saccharification and fermentation of steam-pretreated Salix at high dry-matter content.
Enzyme and Microbial Technology, Volume 39(4), (2006): 756-762.
Simultaneous saccharification and fermentation (SSF) was performed on the slurries resulting
from steam pretreatment of non-, SO2- and H2SO4-impregnated Salix chips. The aim was to
increase the ethanol concentration by running SSF at high dry-matter content, while maintaining
a high ethanol yield. Using SO2-impregnated Salix chips in steam pretreatment resulted in the
highest ethanol concentration in the subsequent SSF. At a water-insoluble solids concentration of
9%, 32 g/L ethanol was obtained after 78 h of SSF, using 3.3 g/L baker's yeast (Saccharomyces
cerevisiae) cultivated on the pretreatment liquid. This corresponds to an overall ethanol yield of
76% of the theoretical, based on the glucan and mannan content in the raw material. The
cultivation procedure made the yeast better adapted to the medium. However, increasing the
substrate loading further resulted in decreased fermentability.
Keywords: Ethanol production; SSF; Steam pretreatment; Salix; Willow
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